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PREFACE: 

When the original edition of this book hdd reached the grand age of 
nearly thirty years, Bill Peters began needlirig"mi,.abotit preparing an up: 
dated r~vision ,to inco;pOrate th_e inany n~w fiiidings. I toyed With the 
id.ea but balked -'at the work involved; however: I told hinl 1that1 when I 
retired, I "would seriously consider underlakirig the task.' A's ;I b1egan 
Working iowaTd the project, it becime obVio'us that I needc!d,helP: atld s~ 
I recruited Manny Pescador to be coatithor Of the reVision. . ! ; : 
' In· all, we devoted nearly three years to lhe revisih'g and rew~ititlg of 

the 1950 edition. Many sections were completely rewiitten; the fetained 
parts were updated where necessary. New' keys to adults and 'nymph~ 
were prepared. Under each taxonomic heading we ha\te included chiefly 
those references published since 1950 when thC original edition of The 
Mayflies of Florida appeared. However, our list of publications includes all 
papers or books 'mentioned in th'e 'text. Maily new dr:iwings' were niade.· 
Wher:e appropriate, we borrowed illustrations or dia"grams from other 
a:uthOrs. The format for treating species is much the s3me as in the origi
rial editiOn exCept that we have Omitted detciiling specific locality records. 
Instead, we have listed Florida counties from which sPbcimens have been 
taken, and we have included new maps to show riiore clearly whefe a_ spe-
cific form occurs. 1 

• 

1 

Many people have contributed "in ways. too· Oumerous to mention. 
There are special ones, however, to whom we would like to call attention. 
Particularly, we are most grateful to Dr. William L. Peters. who allowed us 

xiii 
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free access to the excellent mayfly collections of Florida A & M Uii.iversity; 
Janice G. Peters and Ralph W. Flowers for helpful suggestions and valu
able comments on the keys; Dr. !vlichael Hubbard for assistance with 
literature; Jerome Jones for his help in many ways; and Evelyn Sellars for 
secretarial assistance. All of these people are associated with Florida 
A & M University. A research grant (Flax 79009 and 85007) from CSRS, 
USDA, to Florida A & M University supported Manuel L. Pescador's re
search efforts in preparing this book. 

Mr. Richard Cantrell, Florida Department of Environmental Regula
tion, provided his records of mayllie.s fro1n .southwestern Florida to help 
flesh out inforrnation about the insects in that region. Dr. Richard K. Allen 
allo\\'ed us to use son1e of his excellent illustrations, and Dr. George F. 
Edn1unds, Jr., gave us free access to his illustrations as well. Dr. \\I. J>. 
~lcCafferty generously allowed us to reproduce a table and diagram frorn 
one of his papers, and Dr. Boris Kondratieff furnished copies of his draw
ings of Isonycltia structures. Dr. Tomas Soldftn's paper on Brachycercus 
served as the source of drawings for that genus and for Cercobrach;•s. To 
these persons, Manny and I express our sincere gratitude. 

A small grant from the Southern Regional Education Board provided 
financial help that supported three trips fron1 Gainesville to Tallahassee. 
1'hese visits offered us the opportunity to study the Florida A & M collec
tions together and to plan the details of this monograph. We are grateful 
to the board for its help in our study. 

The Departrnent of Zoology of the University of Florida has provided 
so niuch assistance that without it this revision would not have been 
undertaken. The staff artists, Paloma Ibarra and Daryl Harrison, were 
most helpful in preparing maps, drawings, and plates. Mrs. Grace Kiltie 
was superb in la·r at1en1io11 tn detail while tra11scrihi11g- the 111an11sc:ript 
01110 a word processor. Her keen eyes detected i11co11siste11cics and spell
ing errors, and her typing was impeccable. We are most grateful to her 
for her dedicated work. Others arnong the zoology department secre
tarial staff \vho assisted in entering the manuscript into the word pro
cessor were Carol Binello, Dawn Vallejos-Nichols, Alice !\ilcClaughry, and 
Janice Zeigler. We thank all of them. 

The staff of the University Presses of Florida have been exceptionally 
cooperative in bringing this revision to fruition. Their attention to detail 
and their continued interest in this project over several years are reflected 
in the final product. 

LE\.\'IS BERNER 

PREFACE TO THE FIRST EDITION 

1'he present investigation was begun in I937 after it was learned that al
n1ost nothing was known of mayflies in Florida. It was soon apparent that 
the study of these insects was far 111ore complex than first appeared and 
that relatively few of the species inhabiting the state were recorded in the 
literature. As the insects became better known, wider vistas were opened 
and facets of the problem, which previously were only faint shadows, now 
began to manifest themselves. The real task soon became clear-it \vould 
consist of several phases, chiefly identifying those species of Ephemerop
tera occurring in Florida, mapping their distribution, studying their ecol
ogy and habits, and learning as much as possible of (heir life histories. In 
all. seven years were devoted 10 1hi.s cndc:ivor, in the course of which 
11cady all of' FliH·icla was u1ven·cl, al1(1tll. lirty 1lu111sa1ul s11eci111c11s were 
collected and examined, nurncrous species of mayflies were reared, and 
much ecological information was obtained. 

This work is an attempt to bring together all available <lat~ on Florida 
mayflies so that future students of the Ephemeroptera will have available 
a ready .source of information on the group as it occurs in this south
ernn10.st extension of the Coastal Plain of the United States. Perhaps the 
material included here may serve as a starting point for some of the many 
problems still confronting the fresh-water biologist in Florida. 

I wish to express my sincere appreciation to the many people who have 
helped in one way or another in this study. In particular, I should like to 
thank Professor T. H. Hubbell, of the University of Michigan, for his con-
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tinual encouragement in this work, for many helpful criticisms, and for 
examination of the manuscript; Professor J. S; Rogers, also of the Univer
sity of Michigan, whose aid, encouragement, and advice have been in
valuable; and Professor H. H. Hobbs, of the University of Virginia, for 
numerous suggestions and discussions of the problem, aid in collecting, 
and help in preparing the illustrations. Various members of the faculty of 
the Department of Biology of the University of Florida have offered 
many suggestions and participated in discussions which have been very 
elucidating. 

To the many friends who have collected mayflies for me, I wish to ex
press my gratitude. In particular, Dr. H. H. Hobbs, Dr. F. N. Young, 
Dr. L.J. Marchand, and Mr. W. A. McLane have assiduously collected all 
ephemerids with which by chance or otherwise they have happened to 
come in contact. 

All half-tone illustrations were prepared by Miss Esther Coogle, Staff 
Artist, Departn1ent of Biology. University of Florida, who spent countless 
hours perfecting techniques and laboring over the drawings. She was also 
most helpful in preparing the line drawings for publication by eradicat
ing the discoloration caused by storage during my period of service in the 
army. Mr. William Brudon, Staff Artist, Museum of Zoology, University 
of Michigan, illustrated the distribution of mayAy nymphs on a rock. 

The staff of the University of Florida Press has worked diligently in 
helping n1e get the manuscript in final form for publication. Dr. Lewis F. 
Haines, Director of the Press, has done a most careful job of editing the 
paper. Miss Penelope Griffin has read and reread the manuscript many 
times in an attempt to eradicate any possible discrepancies that may have 
crept into the writing. TO these two people in particular, and to the other 
members of the Press staff, I should like to take this means of expressing 
my gratitude. . 

And finally, I wish to thank Dr. F. P. Ide, of the University of Toronto, 
Dr. H. T. Spieth, of the College of the City of New York, and Dr. J. R. 
Traver, of the Massachusetts State College, for examining and verifying 
identifications of many of the Florida species of mayflies. 

University of Florida 
October 1, 1949 

LEWIS BERNER 

1 

INTRODUCTION 

When the first edition of this book was published, one of us (Berner) 
wfote: "Few orders of insects have been so little studied in Florida as the 
mayflies, or Ephemeroptera." The great upsurge in environmental stud
ies changed this so that now it is possible to say that one of the best known 
orders of insects in Florida is the Ephemeroptera. Following World War 
II, there was a rapid expansion of the academic institutions in the state 
and an increase in the number of faculty and graduate studenL'\ who 
devoted attention to the aquatic environment. The resultant studies re
vealed hitherto unknown dimensions in the size of the mayfly fauna, 
especially in northwestern Florida, where it was learned that only 70 per
cent of the insects were previously known. As n1ore detailed investigations 
are undertaken in the panhandle, even more species will probably be dis
covered in some of the more remote and less accessible areas of the state. 

. Although the Ephemeroptera include no enemies of agriculture and 
therefore at first glance appear to have little or no economic importance, 
such an impression is altogether erroneous. The entire economy of aquatic 
life is intimately bound up with the presence and abundance of mayflies, 
and it has been demonstrated time and again that these insects, in both 
immature and adult stages, constitute an important item in the diet of 
many species of fish or of other organisms that are eaten by fish. The 
words of the late Dr. Frison (1935, pp. 284-285) apply with particular 
force to the study of ephemerids today: 
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The insect life of our inland streams (and lakes) affords a most 
interesting and profitable field for investigation; and the 
sooner we learn to place and evaluate this fauna correctly, the 
sooner we will be in a position to formulate conclusions and 
generalizations of importance in our efforts to understand 
our aquatic resources and to forward their intelligent use. 

In his Travel~ (1791), William Bartram beautifully describes the life and 
mating of the mayAies along the St. Johns River. Nearly 60 years passed 
before Ephemeroptera were again noted in the state, when Francis Walker 
(1853) described the tiny Caenis diminuta from the St. Johns Bluff on the 
St. Johns River. Not until 1900 was the group once more reported from 
Florida; in that year Dr. Nathan Banks described a new species, Callibaetis 
floridanus, from southern Florida. In 1931 the late Dr. J. R. Traver de
scribed Hexagenia weewa (H. limbata) and Hexagenia orlando from the state. 
Oreianthus sp. no. I (Neoephernera youngi) was recorded from Florida by 
Dr. Traver in 1935, and in 1937 she gave a full description of the nymph. 
Subsequently, with the increased interest shown in aquatic insects, other 
species were found and described, but during the years of World War II, 
work with such insects, other than mosquitoes, virtually ceased. Following 
the cessation of hostilities and \Vith the population surge that occurred in 
the state and the concomitant growth in universities and environmental 
concerns, research related to aquatic environments and the organisms in
habiting them experienced a major revival of interest. Reflecting this 
growth, this edition will be concerned with 71 species of mayflies, 23 more 
than were treated in the earlier edition. , 

The Biology of Mayflies by J. G. Needham,]. R. Traver, and Yin-Chi Hsu 
suminarized the knowledge of North American mayflies occurring north 
of Mexico up to 1935. This book provided a stimulus to a few workers, 
but the real growth of knowledge of this insect order did not occur until 
well into the 1950s. Many new and younger workers began to study these 
fragile but interesting insects, and with their publications there was a vir
tual explosion of knowledge concerning them. The most recent treat
ment of New World forms is found in The Ma)'fiies of North and Central 
America, by G. F. Edmunds, Jr., S. L. Jensen, and L. Berner (1976). Spe
cies identification is still a difficult undertaking, and the newer book does 
not include keys at that level. The serious student must still return to the 
Needham, Traver, and Hsu volume or to subsequent revisional papers 
treating certain genera for aid in idcntific:1tion beyond the generic level. 
·rhc 1nos1 recent elTort to hri11g 1og-ether i11fon11a1io11 that ht'lps to idl'n-
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tify mayfly immatures is that of J. D. Unzicker and P. H. Carlson, pub
lished in 1982 as a part of the volume Aquatic Insects and Oligochaetes of 
North and South Carolina, edited by A. R. Brigham, W. U. Brigham, and 
A. Gnilka. The keys in this volume are of only limited value in identifying 
Florida mayfly nymphs; however, they do include about 70 percent of the 
Florida species, those that are also found in the Coastal Plain habitats of 
South al}d North Carolina. 

With increased emphasis on ecological investigations in recent years, 
mayfly immatures have taken their rightful place as important animals to 
be studied in evaluating human impact on natural.environments. Envi
ronmental studies in which these insects have been key elements in evalu
ating pre- and postdisturbances have grown in number exponentially. At 
the same time, interest in taxonomic, phylogenetic, and distributional 
studies has also grown. Ecologists recognize the importance of specific 
identification of the organisms they are working with; as a result, the en
couragement of taxonomic studies has led to a mu~h firmer and more 
logical system than was formerly available. 

With the recognition of the importance of aquati~ insects to freshwater 
environments, emphasis has been placed on life histories and differentia
tion of-the immature stages. Mayflies spend almost all their life as aquatic 
insects, and it is in the immature stage that the mayfly is important in the 
economy of fresh waters. 
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THE ORDER EPHEMEROPTERA 

1'he order Ephemeroptera is a natural grouping of primitive, pterygote 
insects. In general, the forewings are delicate, membranous, and tri
angular in outline; they usually have intercalary veins as well as many 
crossveins. The hind wings are much smaller than the forewings and may 
sometimes be wanting. The wings are normally held vertically over the 
back when the insects are at rest. The mouthparts of the adult are ves
tigial, and the alimentary tract has undergone modifications fitting it as 
an aerostatic organ. There are 10 abdominal segments, and from the pos
terior end of the abdomen either two or three caudal filaments arise. The 
immatures are aquatic and undergo a hemimetabolous development. 
The mouth parts of the nyn1phs are usually well developed for chewing. 
They have two or three caudal filaments, and gills are present on certain of 
the abdominal segments. Mayflies are the only insects that molt after they 
have a trained functional wings; prior to this final molt they are spoken of 
as subin1agoes. Although the extra subimaginal molt facilitates further 
changes in body form, Snodgrass (1954) and Schaefer (1975) still consid
ered it to be a nonadaptive relict trait. Recently, the subimaginal molt of 
1nayflies has been considered to be analogous to the pupal molt of holo
metabolous insects. According to Maiorana (1979), the pattern of reten
tion or loss of the subimaginal molt in extant mayflies suggests that this 
molt may be necessary to complete elongation of caudal ·filaments and 
forelegs of adults. 

The imago, or final adult form, in most instances can be easily differ
entiated from the subimago by several characteristics. The wings of the 
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subimago are dull and grayish, whereas those of the adult are normally 
glistening and iridescent; the hind margin of the wings of the subimago 
are ciliated, but those of the adult are usually bare;_ the body.of the sub
imago is dull, and that of the adult is glossy; the forelegs of the subimago 
are relatively short, but in the imago they are much elongated, particu
larly in the male; the caudal filaments are somewhat hairy and relatively 
short in the subimago and usually lose this hairy condition when they 
elongate in the imaginal stage. Many of the males have divided com
pound eyes, which are less prominent and rather dull in the subimago 
and very prominent and glossy in the in1ago. The adult has norifunctional 
mouthparts, and reduction to this condition has still not culminated dur
ing the subimaginal stage, as the mandibles, which are stunted and non
functional, are distinctly larger than they are in the imago. 

The duration of the subimaginal stage varies from a few minutes to a 
few days. Temperature plays a decisive role. Pescador and Peters (1974) 
indicated that subimagoes of Baetisca rogersi lived for an average of 19 · 
hours and 8 minutes when exposed at an average temperature of 79°F, 
while they survived for 24 hours and 9 minutes at an average tempera
ture of 70°F. Under room temperatures (23°C-24°C), the subimaginal 
stage of Neoephemera youngi lasted from 12 to 16 hours (Jones 1977). Th_e 
male subimagoes of Dolania americana have a brief adult life ranging from 
12 to 15 minutes (Peters and Peters 1977). 

Mayfly adults either have two caudal filaments, the cerci, and a vestige 
of a median terminal filament, or three caudal filaments-two cerci in ad
dition to a fully developed median filament. The long·caudal filan1ents, 
along with the forelegs, are reproductive adaptations of mayflies (Need
ham et al. 1935). The caudal filaments aid in the balance of the insect dur
ing flight, as a considerable share of the total drag of the body falls on the 
cerci and prevents the adult from the drifting that even a very light wind 
during swarming can cause (Brodskii 1973). Behavioral and electro
physiological experiments have shown that the principal function of the 
cerci of contemporary insects is sensory. In mayflies the long caudal fila
ments associated with the control of flight have giant axons, which pro
vide considerable information at high speed from the cerci to the ganglia 
of the thoracic segments (Brodskii 1973). The lorig forelegs of the males 
play an essential part in the coupli!J.g of males and females during mating 

(Brinck 1957). 
The eggs of nearly all mayflies (Callibaelis and CIOeon are ovovivipa

rous) are laid in fresh water, where varying periods are required for their 
development. Mayfly eggs. are characterized by their ·attachment struc-
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tures, micropyles, and chorionic sculpturings (Koss 1968). As the term 
implies, attachment structures are devices that prevent the eggs from 
being washed downstream or carried to an unfavorable environment. 
The three basic types of attachment structures in mayfly eggs are polar 
caps, accessory attachn1ent structures, and external adhesive layers. Polar 
caps are found on one or both poles of the egg, while accessory structures 
are suckerlike discs, plates, or threads that are connected to the lateral 
surfaces of the eggs. Some eggs have only external adhesive coatings, 
which swell on contact with water and become effective attachment de
vices. The micropylar_ device is composed of the micropyle, the actual 
opening for sperm entrance, and the sperm guide, which presumably fa
cilitates the funneling of sperm into the micropyle. Chorionic sculpturing 
in rnayfly eggs may be peglike, netlike, or rugose. The manner of sculp
turing is sometin1es useful as a characteristic serving to establish generic
level phylogenies (Koss and Edmunds 1974). 

l'he freshly hatched nyn1phs possess no gills, but within one to three 
molts these structures make their appearance; the mouth parts, however, 
are all present, though generalized and simple in form. Soon the nymphs 
assume the body shape and structures that they retain over most of their 
ny1nphal life. In the few species for which the life history has been com
pletely worked out, there are at least 12 preadult molts, and in most cases 
more than this nun1ber are thought to occur; some species may require as 
many as 45. 

The nymphs of mayflies are morphologically and behaviorally adapted 
to their environments in n1any and various ways. They all have certain 
features in common, such as gills, caudal filaments, and chewing mouth
parts, although a few species are now known to be carnivorous and lack 
a n1olar area on their mandibles. The burrowing species exhibit some of 
the n1ost remarkable adaptive characteristics; in these nymphs the legs 
have become flattened digging structures-the forelegs are used for 
pushing the silt aside, the hind legs for passing it back out of the burrow. 
The frontal process of the head and the greatly elongated tusks, or ra1ni, 
of the mandibles first encounter the silt or sand in the digging process, 
loosening it so that the legs may complete the task of excavation and 
removal of the material. The gills of these bUrrowers are feathery and 
thoroughly penetrated by tracheae, providing a particularly efficient 
mechanism for obtaining oxygen. Even the feeding habits have become 
modified to such an extent that these nymphs, much like earthworms, 
eat the organic materials encountered in their burrowing in addition to 
other materials filtered from water moving past their bodies. It has been 
reported that some Ephem~ra nyn1phs are also carnivorous. The fact 
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that little sand is found in their digestive tracts indicates that they feed 
selectively. . 

Numerous other distinctive modifications of form and structure en
countered among the nymphs that do not burrow are directly related to 
their behaviors and the habitats in which they norm.all}r live. Dodds and 
Hisaw (1924) have shown that nymphs living on the undersides of rocks 
in midstream in the relatively still boundary layer have ·flattened bodies, 
whereas those inhabiting the swiftest waters have fusiform or torpedo
shaped bodies. Others with rounded, streamlined bodies dwell. in ponds, 
but here the ability to swim and dart about rapidly is correlated with 
the streamlined form. Fusiform body shape offers the least resistance to 
fluids, and the mayflies having the nearest form to this are Baetis nymphs, 
which also have pilose caudal filaments that can move rapidly up and 
down, making an efficient paddle (Einsele 1960). Flattened bodies occur 
mostly among the heptageniid nyn1phs and some of the ephemerellids 
and Ieptophlebiids. Usually the dorsoventrally compressed bodies are 
pressed close to the substrate, allowing the current to flow over the nymph, 
technically making the whole body a part of the substratum (Illies 1968). 
Flattened nymphs adhering to substrate surfaces are often better pro
tected from predation. For example, the flattened, clinging Rhithrogena 
hageni were more difficult for the predatory stonefly, lsogenoides elongatus 
(Hagen), to capture than the rounded, swimming Baetis tricnudatus nymphs 
(Corkum and Clifford 1981). Some nymphs with flattened ventral sur
faces have devices that nlake their bodies come in close contact with the 
substrate. Nymphs of Dn1nella doddsi, a species occurring in fast-flowing 
streams of western North America, have the ventral surface of the ab
domen covered with a mat of hairs, which increase resistance and mini
mize the danger of the nymph's being lifted from its attachment by the 
current (Hynes 1970). 

We have found that there is a definite correlation between claw size and 
habitat. The species that dwell in ponds and in very slow-flowing water 
have thin, attenuated claws, which lightly touch the· object to which the 
insect is clinging but do not form a strong clamp. A nymph with such long 
claws would probably have difficulty in maintaining itself in a strong cur
rent, for the claws could scarcely have sufficient leverage to support the 
insect in this situation. Mayfly 'nymphs living in swifter currents have 
short, thick claws, which clamp firmly into the substrate on which the in
sect is living. The stronger the current, in general, the shorter and thicker 
the cla\vs. Nymphs from rapids have very short, thick claws, often with 
strong teeth on the underside; in the genera Dactylobaetis and Camelobaetid
ius pectination has converted the tarsal claws into comblike, powerful 
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grasping structures. For the most part, the size of the tarsal claws is fairly 
uniform within a genus, but this is not always so. In one genus, Centrap
tilum, there are two Florida species: viridocularis, which occupies slow
ftowing water, and hobbsi, which inhabits swift-flowing water. In- vir
idocularis the claws are three-fourths as long as their respective tarsi; in 
hobbsi the claws are only one-half as long as their respective tarsi. All 
Baetisca nymphs, however, have curved and sharply pointed claws, pro
viding a firm grip to the substrate on which they are living. Prior to emer
gence, the Baetisca nymphs crawl from the water and ding to solid objects 
a few inches above the water surface. When the nymphal skins are lifted 
and removed, the legs are often broken, with the detached claws still 
firmly anchored to the object on which the nymphs have crawled. Nymphal 
claws of some mayfly species are believed to have a sensory function. Re
cently, it was suggested by Corkum and Clifford (1981) that the subapical 
setae on the claws of Baetis bicaudatus and B. tricaudatus nymphs are 
probably mechanoreceptors that may be used to detect subtle changes in 
water flow and thus assist in orienting the nymphs to the current. In addi
tion, all species of Baetis with subapical setae on the nymphal claws have a 
reduced terminal filan1ent and inhabit fast-flowing water. 

The nymphal leg structure, even in the nonburrowers, is correlated 
with the habitat. Species inhabiting ponds and relatively quiet waters have 
rather elongated limbs that stand out from the body and hold it above the 
object to which the nymph is attached. Quite an exception are the long, 
spiderlike legs of the sand-dwelling, rheophilic nymphs of Pseud£ron. 
When at rest, the legs of the nymphs are spread out and have the long, 
thick, girdled tarsal claws deeply buried in the sand. The sprawlers have 
shorter, thicker legs, the femora being somewhat broadened; the legs are 
held ·Out horizontally from the body and do not serve to lift the insect 
much above the substrate on which it is crawling. The clingers of swift 
water have thickened, shortened legs with a correspondingly greater de
velopment of their muscles. Their legs are held horizontally, with the 
femora close to the body; the latter are thin along the anterior edge but 
relatively thicker posteriorly, thus presenting lessened resistance to the 
current. 

Mayfly nymphs usually have seven pairs of abdominal gills, although 
some groups have fewer to none as in the Chilean genus Murphyella.·The 

gills are undoubtedly involved in respiration but to what extent largely 
depends on nymphal habits. The burrowing nymphs of Ephemera and 
Hexagenia use their gills primarily for respiration, but among such free
swimming forms as Baetis and Cloeon the gills are mainly involved in the 
production of water currents over the abdomen so that respiration, which 
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is a function of the body surface, can be accomplished. This was demon
strated experimentally when the gills of Baetis and Cloeon nymphs were 
removed, and it was found that oxygen consumption was the same as that 
of nymphs with intact gills, so long as an artificial water current equal to 
that provided by the excised gills was provided. 

Nymphal gills of mayflies have chloride cells similar to those found in 
freshwater fish gills. The chloride cells, which vary. from a single cell to 
groups of organized complex cells, are involved in osmoregulation in the 
nymphs, and it seems that their chief function is probably the absorption 
of electrolytes (Wichard and Komnick 1971). · 

The caudal filaments show special features in the freely swimming and 
darting n1ayfly nymphs. In these species, there is a great development of 
hairs medially from the cerci or lateral filaments and laterally· from the 
median filament so that the hairs overlap to form a paddle. By rapidly 
flicking their abdomens and straightening their tails, the insects develop 
very efficient swimming organs enabling them to move rapidly through 
the water. Those species that swim little or not at all have a correspond
ingly small development of hairs on the caudal filamen~s. and in some of 
these nymphs the tails are almost bare. In addition to swimming, the 
caudal filaments are known to aid some nymphs to.live in fast-moving 
waters. Hora (1930) surmised that the caudal filaments might reduce 
drag on nymphs exposed to current flow. Baetis nymphs with progres
sively shorter terminal filaments live in habitats with increasing current 
velocities (Dodds and Hisaw 1924; Hora 1930). Interestingly, the rheo
philic nymphs of Baetis bicaudatus and B. tricaudatus exhibit different al
titudinal distributions in a particular mountain stream. Ward and Berner 
(1980) showed that the two-tailed nymphs of B. bicaudatus live at high al
titudes while the three-tailed B. tricaudatus have aii. ups_tream limit in St. 
Vrain Creek in Colorado of about 2400 meters. Similarly, the upper limit 
of B. tricaudatus nymphs in the HighWood River in the Rocky Mountain 
Forest of Alberta is 1500 meters, while B. bicaudatus was found at ·an al
titude of 1735 meters (Corkum and Cliffe.rd 1981). It has also been sug
gested, but not proved, that the caudal filaments of some mayfly nymphs 
are respiratory organs (Popovici-Baznosanu 1906). Corkum and Clifford 
(1981) suggested that since Baetis nymphs with a reduced terminal fila
ment are found in rather specific habitats (altitude and latitude), gradual 

· reduction of the appendage may be a response to lower respiratory de
mands in the cooler, fast-flowing waters. 

PRIMITIVE AND SPECIALIZED CHARACTERS. It is frequently said that mayflies 
are primitive insects, and it is certainly true that many p~imitive character-
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istics are exhibited by this order. Snodgr<:1ss (1935, p. 12) wrote: "During 
the Carboniferous period, or probably earlier, a group of winged insects 
evolved a n1echanis1n in the wing base for nexing the wings horizontally 
over the back when not in use. l'he descendants of this group (Neo
pterygota) include the majority of n1odern winged insects, while the more 
prirnitiYe non-wing-Hexing insects are represented today by only two 
orders (Odonata and Ephemerida), both of which have descended fro1n 

Carboniferous tin1es but are not closely related to each other." The earli
est known fossil insects identifiable as n1ayfties were taken from Permian 
shales. ·rhese early mayflies were long-winged, long-bodied insects with 
slender legs and three long tails. The forcwings and hind wings were of 
nearly equal size and the wing veins were very well developed. Kukalova
Peck (1078) described a fossil ny1nph taken fro1n the Lower Permian beds 
of Oklahon1a in which lhere were "<lrticulated_ and n1ovable prothoracic 
wings which became in son1e modern insects transformed into protho
racic lobes and shields." 

"fhe forewings of the more generalized mayflies possess nearly all the 
veins of the archetype venation. The costal vein runs to the wing base and 
thence outward to the edge of the wing; the fore nlargin consists of a 
slightly thickened, folded wing 1ne1nbrane beyond the costa. The sub
costa extends from the wing base to the apex of the \Ving, and the radius 
branches a short distance fron1 the wing base to give rise to Rh which runs 
parallel to the subcosta and to the radial sector, which in turn divides. 
The radial sector forn1s Rt, R~ .. and R 1 plus R,,~ R 1 and R~ make up a single 
vein and the tenninology is used only to prevent confusion. l,he n1edia is 
represented by both its prin1itive branches, the anterior media (lost in the 
Neopterygota) and the posterior 1nedia; and the cubitus is likewise repre
sented by the anterior and posterior cubitus. The Ephemeroptera are the 
only 1nodern insects in which both branches of the media persist. The 
nu111ber of anal veins varies fro1n one to three according to the genus. 

In the hind wings of the 1nore prin1itive genera the venation is but little 
1nodifie<l f ron1 that of the forewings~ however, with the shortening of the 
wing the area occupied by Rs has become smaller and R, has disappeared. 

"rhe genitalia of mayflies are likewise primitive. In1ms (1931, p. 41) 
stated that "a very primitive condition is fourid among Ephemeroptera, 
where the penis lobes, instead of being fused to form an aedeagus, are 
relatively large and entirely free, with the pa.rameres closely applied to 
thenl." A styliger plate is borne on the tenninal end of the ninth sternite, 
and forceps originate al the postc1·inr edge of the styliger plate. ·rhe 
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penes belong to the 10th abdominal segment (Brinck 1957). According to 
Spieth (1933, p. 73), "the styli!(er plate of the mayllies is interpreted by 
Crampton and Walker as representing coxites, which have fused together 
to form a single structure. This structure, however, is ·separate fron1 the 
ninth sternite. A parallel condition is to be found acCording to Walker, in 
the Phasmoidea and Acridoidea, except that in these groups the styli are 
lacking." The forceps (absent in Homoeoneuria) of male Ephemeroptera 
are homologues of styli, and in all mayfly genera, except for the known 
males of the Caenidae genera, are segmented. In the females, the oviducts 
open to the ouL'iide or into a common vestibule fanned as a fold of the 
thin membrane joining the seventh and eighth segments. The sternum of 
segment 7 is produced backward to form a structure known as an egg 
valve, but no true ovipositor is formed; however, ih some of the Lep· 
tophlebiidae there is the beginning of such a structure (fig. 171 ). 

The abdomen of mayflies, although possessing only 10 distinct seg· 
ments, is nevertheless considered to be quite primitive. The usual number 
of segments in the abdomen of modern insects is IO or I I, but em· 
bryological evidence indicates that the number of segments of the early 
insects was 12. The generalized form of an abdo111inal segment is ap
proximately retained in those larval forms that preserve rudiments of the 
abdo111inal appendages. In mayflies each gill-bearing segment is distinctly 
divided into a dorsum and a venter by large lateroventral lobes support· 
ing the gill. These lobes represent the bases of abdominal appendages. 
Snodgrass ( 193[>, p. 273) concluded that there is little doubt that the gills 
of mayflies are appendicular parts of abdominal lin1bs, of which the sup
porting lobes are the bases. He stated that "the gill stalk or gill plate, by its 
position on the basis and its basal musculature, suggests that it is the ho
mologue of the stylus of the thysanuran abdominal appendages. The gill 
basis is very evidently the equivalent of the stylus-bearing plates of the 
tvlachilidae, though since it is in1movable, there are no body muscles in
serted upon it." 

In order to arrive at any conclusions as to the primitiveness of the 
tnouthparts of the Ephemeroptera, it is necessary to turn to the nymphal 
stages. The n1ayfly mouth parts are of the mandibulate type throughout 
the order, consisting of a labrum, hypopharynx, a ·pair of mandibles, a 
pair of maxillae, and a labium. The mandibles of mOst mayflies are very 
generalized in possessing a ventral incisor area and an inner or dorsal 
molar surface. Between the incisor and molar areas tl~ere is a small struc
ture called the lacinia mobilis, the function of which is unknown. This 
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structure has been interpreted by some as a mandibular palp and a pros
theca, but according to Crampton (1921), it cannot represent a true palp. 
He has suggested that the mandibles of mayflies in some respects ap
proach those found in the Crustacea. A pair of superlinguae is attached 
as lateral lobes of the hypopharynx. Superlinguae are best developed' in 
apterygote insects and in some of the more primitive members of the 
Pterygota. The galea, lacinia, stipes, 3nd palpifer are fused in the max
illae of all modern mayflies and form a structure called the galea-lacinia. 
In some of the more primitive genera it is thought that a line of separa
tion can be seen between the galea and the lacinia. On the whole, the 
n1axillae of nlayAies rnust be considered as rather specialized. 

The prin1itive condition of the tarsus of adult pterygote insects is be
lieved to be five-segmented; tarsi having fewer than five segments have 
probably been specialized by the loss or fusion of some of the segments. 
In the adults of some of the more primitive mayfly genera, the tarsi are 
composed of five freely movable segments, but in most mayflies there is a 
certain degree of fusion. The legs, therefore, cannot be used as reliable 
indicators of the phylogenetic position of the Ephemeroptera with rela
tion to other insects. 

The gills of mayfly nymphs are considered to be homologous with ab
dominal legs-appendages that have been modified for respiratory pur
poses. SnodgTass states that t.here is no question b111 that the gills arise 
fron1 lin1blikc rudirncnts ol'thc en1bryo, and that their structure and tnus
culature suggest that they are parts at least of true abdominal append
ages. Kukalova-Peck ( 1978, p. 68) summarizes the evidence homologizing 
the gills with the thoracic wings of adult ma}'Aies, and she points out that 
pro-wings, or preflight wings, were the incipient functional "wings" of 
early flightless pterygotes and that they were present on all thoracic and 
abdominal segments. She further summarizes Wigglesworth's stylus the
ory thus: "the gill-plates of mayflies are segmentally arranged abdominal 
appendages, always located above the spiracle, which evaginate and de
velop very much like the thoracic wings; they are also provided with ·true 
venation, articulated between the subcoxa and tergum, and moved by the 
subcoxo-coxal muscles like thoracic wings." The most primitive of the 
modern mayfly genera bear gills on the first seven abdominal segments, 
and the earliest fossils known had these structures on the first nine seg
ments. The retention of these abdominal structures appears to indicate 
primitiveness, even though they are present in highly modified and vari
able forms. 
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A consideration of the characters discussed above. will also show that 
while generalized in many respects mayflies are at the same time highly 
specialized in certain features (Edmunds 1972; 1975). As Needham has 
said: "The group as a whole, while retaining a good many primitive char
acters, has gone a long way in specializing on lines of its own. There are 
no very primitive mayflies. There is no one genus or species that can be 
set down as nearest to the ancestral form in all particulars. The lines run 
criss-cross here as elsewhere; and do not lend themselves to a serial ar
rangement" (Needham et al. 1935, pp. 207-208). 

One of the principal modifications and specializations undergone by 
t.he wings has been the cephalization of the Right mechanism, with rela
tive enlargement of the forewings and corresponding reduction of the 
hind wings until, in some genera, the latter have entirely disappeared. In 
the specialized genera, venation tends to become reduced, with certain of 
the longitudinal veins becoming detached, some even being shifted at 
their bases and reattached. Paralleling this modificatiOn of the longitudi
nal veins is a tendency toward reduction in the number of crossveins in 
the forewings; in the highly specialized genera they rrtay be almost com

pletely absent. 
The hind wings indicate degree of specialization very clearly, for in the 

Ephen1eroptera there exists a whole series of species ranging from those 
wi1h well-developed 111eta1horacic wings to those showing- co1nplete ab
sence of such structures. In certain of the highly specialized groups the 
hind wings are reduced to tiny threadlike rudiments, whtch are some
times so small as to be difficult to find and which could hardly be of any 
use as organs of Hight. The venation of these threadlike wings consists 
only of one to three longitudinal veins. 

The form of the forewings in the primitive genera of Ephemeroptera 
is somewhat triangular. With increasing specialization, they have become 
more elongated and narrower. but in those genera with greatly reduced 
hind wings there is a tendency for the secondary development of a tri
angular wing with a well-developed anal angle, perhaps in compensation 
for the partial or complete loss of the hind wing. The return to a triangular 
';Ying shape reaches its culmination in the highly modified Caenidae, which 
lack metathoracic wings. 

Not only is there a correlation between specialization and reduction in 
size of the metathoracic wings, but closely linked with this reduction is a 
decrease in body size. It is very likely that as wing size decreas.ed a diminu
tion in body size was a natural consequence. As the amount of wing sur-



14 1'1n:-MAVFLIES_OF FLORIDA 

face for support of the insect lessened, the necessity for less body weight 
or an increase in wing surface of the other pair of wings was encountered. 
Both conditions have resulted. Diminution of body size parallels diminu
tion in size of metathoracic wings, with concomitant changes in shape of 
the mesothoracic wings but with no relative increase in resulting wing su,r
face. In Caenis, which has no hind wings and in which the body is thick 
and heavy by comparison with that of the Baetinae, the forewings have 
become enlarged and broadened considerably at the anal angle. Al
though certain other genera of mayflies have lost their metathoracic 
wings (Pseudocloeon and Cloeon}, there has been no such increase in size of 
the forewings. In these dipterous mayflies, the body is lightened to ac
commodate the lessened wing surface. 

There are few specializations in the genitalia of mayflies; however, in 
the more advanced genera "there appears to be a fusion of segments of 
the forceps, and in Caenis and Brachycercus this fusion has reached its cul
mination, the claspers consisting of but a single segment. The n1ales of 
the more specialized species also show a fusion of the paired penes, al
though the vasa deferentia still open to the outside separately, and in the 
Baetidae the penes have become internal. 

Although the Leptophlebiidae are not the most highly specialized may
flies, certain of the females have the sternites of the seventh and eighth 
segments modified to fonn a simple "ovipositor" (Brinck-1957). The 
ovipositor is really nothing more than a prolongation of the egg valve of 
other mayflies, and its value in oviposition is unknown. 

All mayflies have 10 abdominal segments; however, in Baetisca and 
Prosopistoma there seems to be some amalgamation of the segments, al
though it is claimed that 10 segments can be distinguished. The first ab
dominal segment of Baetisca is intimately related to the metathorax, and it 
is only with difficulty that this segment can be differentiated. Spieth 
( 1933) considered that gills in the nymph of Baetisca occur on segments 1 
through 5. Traver (1935) claimed that these structures are found on seg
n1ents 2 through 6 but it has now been established that there are six pairs 
of abdominal gills on mature nymphs (Pescador and Peters 1974). Traver 
further stated that segment I is almost completely fused with the thorax, 
a statement with which we are in agreement. Thus this condition of de
creasing the number of abdominal segments, although indicating spe
cialization, is found in a genus that has many primitive characters. 

The mouthparts of immature mayflies are relatively unspecialized. 
The greatest modifications occur in the burrowing species, where each 
mandible gives rise to a long tusk used in digging (fig. 112; plate 15). The 
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fusion of the parts of the maxillae indicates a specialization in these struc
tures. Spieth stated (1933, p. 81) that "even the most primitive maxilla of 
the mayflies (as is patent from the nature of the lacinia-galea) is special
ized as compared with more generalized insect types." The degeneration 
evinced by the mouthparts of adult mayflies is a highly modified condi
tion paralleled in relatively few other insects. The mouthparts of the 
adults are reduced in size, are asymmetrical in forffi, an~ lack sclerotiza
tion. Internally, the musculature degenerates. As a whole the mouthparts 
are shrunken very closely together into a single whitish mass beneath the 
clypeus. 

One of the most interesting specializations shown by mayflies is the 
enormous development of the eyes in males. Baetid males have com
pound eyes divided into two parts, a lower rounded structure and a much 
larger "turbinate" portion capping the smaller part. The ommatidia of 
the turbinate eyes have become greatly elongated, and the shape of these 
eyes is extremely varied, ranging from a caplike, flattened structure 
closely hugging the lower eye to one that extends vertically from the head 
for some distance. In many species the turbinate eyes are brightly colored 
in shades varying from yellow to orange to brown. It is thought that this 
exceptional development of the male eye is correlated !Vith the habit of 
aerial mating, for in the mating flight the male approaches the female 
from below (Brinck 1957). It has been pointed out by Cooke (1940) that 
the specializations have reached such a state of development that if a male 
(of Stenonema vicarium) is approached by a female from below, she , .. rill be 
co~mpletely ignored, probably because she is invisible to him; however, if 
the female is above the male, she is immediately seized, and copulation 
ensues. 

The legs of mayflies, although primitive in some respects, are really 
highly modified organs. Adult mayflies do very little walking and no run
ning whatsoever. Jn such groups as the genus Tortopus, for example, the 
legs (except the forelegs of the male) have become vestigial, and the adult 
can no longer alight but must remain on the wing during its entire im<igi
nal life. The forelegs of male mayflies are elongated and have ·acquired a 
reversible joint at the base of the tarsus as an adaptation for seizing the 
f~male during the mating flight. The more specialized mayflies show a 
tendency toward a reduction in the number of tarsal segments in the two 
posterior pairs of legs by fusion of the basal segmefits with the tibia. The 
alteration of the alimentary tract to suit it for its aerostatic functions is a 
specialized character common to all mayflies. 

The modification of the mouth parts, the overdevelopment of the ova-
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ries, the enlargement and emptying of the alimentary canal, the enor
mous development of the eyes of the males, the elongation of the forelegs 
of the males, and the development of elaborate copulatory organ.s-all fit 
the adult mayfly for efT1Cient n1ating and the certitude of continuing the 
species. 

FAMILIES OF MAYFLIES. There have been many arrangements of mayflies 
in various families and much shifting back and forth of the genera. 
The latest, and the most firmly based on phylogenetic studies; is that of 
McCafferty and Edmunds (1979).* Their classification proposes two sub
orders of Ephemeroptera and recognizes the reclassification of several 
families and subfamilies. 

Because the McCafferty-Edmunds classification scheme appears to.be 
a logical arrangement based on contemporary studies, we will follow its 
arrangement in our treatment of Florida mayflies. The. two suborders 
erected by these authors are the Pannota arid the Schistonota. The Pan
nota are characterized in the mature nymphal stage by a fusion of the 
wing pads along the mesonotun1 with a general enlargement of that seg
ment. Mature nymphs of the Pannota have less than half the developing 
forewing pad freely extending beyond its fusion to the thorax. Mature 
Schistonota nymphs usually have the forewing pads free from notal fu
sion for one half or more of their length. 

According to McCafferty and Edmunds, the gill series of pannote 
nymphs tends to be reduced and protected in various ways, while that of 
Schistonota is usually well developed and highly variable and reflects a 
number of different adaptive modes and lineages. Behavioral differences 
are also generally apparent between the two lineages, with pannote 
nymphs being generally slow-moving, relatively inactive crawlers. Schis
tonota nymphs are 'swimmers, sprawlers, burrowers, or sometimes 
crawlers or clingers. Characteristics that will distinguish adults are not as 
easily seen as those separating nymphs of the two suborders. 

VVe are including McCafferty and Edmunds's table 1 from their 1979 
paper and have indicated by an asterisk those categories represented 

*The recent Paper by Ors. V. Landa and T. Soldan, "Phylogeny and higher classification 
of the order Ephnneroptera: A discussion from the comparative anatomical point of 
view" (1985, Czechoslovakian Academy of Sciences, Prague, 121 pages), came to our 
attention after our manuscript was in press. The changes these authors propose are 
herewith recognized, but they do not significantly alter our taxonomic arrange
ments.-LB and MLP. 
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TABLE I 
ErttEMEROPTERA OF THE WORLD 

Higher classification of the extant Ephemeroptera of the world, including suborders, 
superfamilics, families, and subfamilies. Distributional realms for cad1 subfamily are 
indicated. Amphinotic distribution is southeastern Australia, Tasmania, New Zealand, 
and Chile and adjoining Argentina (from McCafTerty and Edmunds 

0

1979). 

SuborderSCHISTONOTA* 
Superfamily Baetoidea* 

Family Siphlonuridae 
Subfamily Oniscigastrinae (Amphinotic) 
Subfamily Ameletopsinae {Amphinotic) 
Subfamily Siphlonurinae (Holarctic, Amphinotic) 
Subfamily Rallidentinae (New Zealand) 
Subfamily Acanthametropodinae (Holarctic) 

Family Ametropodidae (Holarctic) 
Family Baetidae* 

Subfamily Siphlaenigmatinae (New Zealand) 
Subfamily Baetinae (Widespread, except in New Zealand)* 

Family Metretopodidae (Holarctic)* 
Family Oligoneuriidae* 

Subfamily Isonychiinae {Holarctic, Oriental)* 
Subfamily Chromarcyinae (Oriental) 
Subfamily Coloburiscinae (Amphinotic) 
Subfamily Oligoncuriinae (Ethiopian, Neotropical, Holarc.tic)* 

Family Heptageniidae* 
Subfamily Arthropleinae (Holarctic) 
Subfamily Pseudironinae (Nearctic)* 
Subfamily Heptageniinae (Holarctic, Oriental, Ethiopian)* 
Subfamily Anepeorinae (Nearctic, Holarctic?) 
Subfamily Spinadinae (Nearctic)• 

Superfamily Leptophlebioidea* 
Family Leptophlebiidae (Widespread)* 

·superfamily Ephemeroidea* 
Family Behningiidae (Holarctic)* 
Family Potamanthidae (Holarctic, Oriental) 
Family Euthyplociidae (Oriental, Ethiopian, Neotropical) 
Family Polymitarcyidae* 

Subfamily Polymitarcyinae (Holarctic, Ethiopian, Oriental) 
Subfamily Campsurinae (Neotropical, Nearctic)* 
Subfamily Asthenopodinae (Neotropical, Ethiopian, Oriental) 

Family Ephemeridae (Holarctic, Ethiopian, Oriental, New Zealand, Neotropical)* 
Family Palingeniidae* 

Subfamily Pentageniinae (Nearctic)* 
Subfamily Palingeniinae (Palearctic, Oriental, Ethiopian) 
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SuborderPANNOTA• 
Superfamily Ephemerelloidea• 

Family Ephemerellidae• 
Subfamily Teloganodinae (Ethiopian, Oriental, Palearctic, Australian} 
Subfamily Ephemerellinae (Holarctic, Oriental)* 
Subfamily Melanemerellinae (Neotropical) 

Family Tricorythidae• 
Subfamily Leptohyphinae (Neotropical, Nearctic, Ethiopian)* 
Subfamily Ephemerythinae (Ethiopian) 
Subfamily Tricorythinae (Ethiopian, Oriental) 
Subfamily Dicercomyzinae (Ethiopian) 
Subfamily Machadorythinae (Ethiopian) 

Superfamily Caenoidea• 
Family Neoephemeridae (Holarctic, Oriental)* 
Family Caenidae (Widespread, except New Zealand)* 

Superfamily Prosopistomatoidea• 
Family Baetiscidae {Ncarctic)* 
Family Prosopistomatidae (Ethiopian, Oriental, Palearctic) 

*These higher categories are represented by species occurring in Florida. 

among the Florida mayflies. We have also reproduced their figure show
ing their interpretation of the phylogenetic relationships among con
temporary suborders and superfamilies, as weU as an illustration of the 
nymphal mesonotum and wing pads of the two suborders (fig. 1). 

Table 1 reveals that all superfamilies ti3.ve representatives in Florida 
and that 14 families are now known to occur in the state. Beyond the bor
ders of Florida, the number of families occurring in adjacent States, 
where there is a greater variety of streams, increases to 16. Thus far there 
is no evidence that the two additional families, Siphlonuridae and Pota
manthidae, might be found in Florida. 

WING VENATION OF MAYFLIES. The wing venation of mayflies has been re
viewed by numerous authors, especially by Martynov (1922), Tillyard 
(1923), Spieth (1933), Needham et al. (1935), and by Edmunds et al. 
(1976). The origin and evolution of wing venation and corrugation was 
treated in detail by Kukalova-Peck (1978) and discussed by Hubbard and 
Kukalova-Peck in 1980. Presently, there seems.to be ge~eral agreement 
among Ephemeropterists that the· terminology and interpretation given 
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1. The upper figure illustrates the present concepi of the pf:iylogeny of the extant 
superfamilies and suborders of Ephemeroptera (ancestors lettered). The lower 
figures show the nymphal mesonotum and wing pads of generalized mayflies. I. 
Pannota. 2. Schistonola. (From McCaffeny and Edmunds 1979) 
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by Edmunds et al. is a satisfactory one; it is the one we shall follow in this 
treatment of Florida mayflies. 

Mayflies are unique a_riong pterygote insects in completeness of fluting 
or corrugation of the wings. There is a regular alternation of high and 
low (convex and concave) veins. A very important feature of the mayfly 
wing, as shown by Spieth, is that all convex veins belong to the dorsal sur· 
face of the wing and all concave veins to the ventral surface. His findings 
( 1933, p. 60) indicate that "the cross veins belong principally to the dorsal 
surface, i.e., at the base where they join the concave veins a stump ~f the 
cross vein is attached to the main vein, while on the dorsal surface the 
cross veins are always complete and vigorously developed .... It is impor
tant to note that veinlets at the edge of the wings are always restricted to 
the dorsal surface." · 

The triadic type of branching is also a characteristic feature of mayfly 
venation. When a longitudinal vein forks, there is interpolated between 
the two branches a third vein of opposite position, which does not reach 
the base of the fork. For example, the anterior media, a convex vein, 
forms a fork just beyond the middle of the wing. The two branches of this 
fork are convex; however, the intercalary vein lying between the two 
branches is concave. The system of fluting is primarily an adaptation for 
radial strengthening of the wing, and the crossveins serve chiefly to hold 
the ridges and furrows in place. In the more specialized mayflies, which 
have sn1all hind wings or none at all, there is a deer.ease in the number 
of crossveins, while in those species that have large wings with promi
nent fluting, the crossveins are well developed, reaching a maximum in 
Ephoron, in which there are several hundred crossveins in the forewings. 

The origin of the various wing veins h<is been studied in depth by pro
ponents of the Cornstock-Needham system. Ann Morgan (1912) investi
gated the origin of the definitive adult venation, but later studies by 
~fillyard and others show that some of Morgan's results were erroneous. 
She adopted for mayflies the same interpretation of the relationship of 
radial sector and rnedia as that proposed by Needham for the Odonata 
\•.ring, with Rs crossing M. fyfore recent work, however, lends no support 
to the idea that this occurs in either order. In fact, Kukalova-Peck (1978, 
p. 64) refutes the Needham concept stating, "the 'media' comes out 'cross
ing' the 'sector radii,' which is never the case among the Pterygota and 
creates the false impression that the dragon flies are thus unique." 

For the sake of consistency, in figure 2 we are reproducing the fore
wing illustration shown in the paper by Edmunds and Traver (1954). The 
abbreviations for the names of the wing veins are shown in the caption. 

Fig. 2. 
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CB 

Forewing of Siphlonuras, showing the bullae and concave(+) and convex(·) 
veins. (From Edmunds and Traver 1954) 
C=costa MA 1=1nedia anterior 1 

Sc=subcosta MA2=media anteriof2 
· R1=radius 1 MP 1=media posterior' 1 

Rs=radial sector MP2 =media posterior2 • 

R2 =radiu!>:! CuA=cubitus anterior 
R,=radius, CuP=cubitus posterior 
R4+,=radius03 A1=anal 1 

Intercalary veins lie between the main veins, extend inward from the 
wing margin, and end in the wing membrane. 

Other important landmarks in the forewing include the humeral, or 
costal, brace near the base of the wing; the bullae, which are apparently 
weak spots in some of the main veins providing flexibility in the outer 
portion of the forewings; and the stigmatic area, located near the wing tip 
between the costa and the su bcosta. The disc of the wing is a central area 
that is sometimes pigmented with brown spots. 

The venation of the hind wings is generally much reduced, with the 
venation difficult or impossible to interpret. The costal projection is 
present near the base of the hind wing in most genera and in some is 
strongly developed. Hind wings are absent in a few genera. In some of 
the smaller adults this characteristic may be difficult to determine because 
the wing may be threadlike. 

TAXONOMIC CHARACTERS. Perhaps taxonomists in the past have not been 
sufficiently thorough in their treatment of mayflies. For the most part, ex
ternal structures or features have been used in separating taxa and in de
veloping phylogenies. However, in the past few years there has been a 
change brought about by the studies of a few ephemeropterists, particu
larly Dr. V. Landa, who undertook an intensive study of the comparative 
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anatomy of mayfly nymphs ( 1969). Using his data as a basis, he developed 
a phylogeny for the order that employs internal structures such as the 
tracheal system, the Malphighian tubules, and the nervous system. More 
recently, Landa et al. (1980) have investigated the internal anatomy of 
nymphs of the family Leptophlebiidae in an attempt to understand the 
relationships of a rather unique family of Ephemeroptera. 

In separating families, genera, and species of mayflies, the wing veins 
are utilized extensively. The wing veins of each genus of mayflies (particu
larly the longitudinal veins) are very constant in structure and position
so much so that only in a few groups can specific differentiation be'found, 
and then only hy reference 10 1ninute details. ·rhe highly 1noclificd hind 
wings are very useful in diO'erentiating genera, and in n1any cases the 
shape of the costal angulation, the number of longitudinal veins, and the 
general shape and relative proportions of these wings are helpful even in 
distinguishing species. 

The structure of male genitalia has been widely employed by tax
onomists throughout the field of entomology and even in the study of 
other animals. These reproductive structures are particularly useful in 
the differentiation of ephemerid species and have been widely applied. 
Many of our n1ore recently described species have been established on 
genitalic differences alone, but there are usually other characters that 
parallel such genitalic divergences. Each genus has its own peculiar penial 
shape, and within the genus there may be much variation. One of the best 
exan1ples of this is seen in Paraleptophlebin; in which the penes of each spe
cies are distinctive. The shape. number of segments, and relative propor
tions of the forceps or claspers are also very useful in differentiating gen
era and, in some cases, species. The reproductive apparatus of the female 
mayfly is so poorly developed externally that it is of no use taxonomically, 
except in those few genera that possess a rudimentary ovipositor. 

Dr. Osgood Smith studied the eggs of a number of genera of n1ayflies 
and found that within a genus the sculpturing and accessory structures 
are very uniform. He was able to construct a key to the known "eggs of 
North American mayflies, which was incorporated in the book by Needham 
et al., The Biology of Mayflies. With the development of newer techniques 
such as provided by scanning electron microscopy, phase contrast, and 
Normarski interference contrast the study of mayfly eggs has becon1e 
much more prevalent and has provided insight into phylogenetic rela
tionships in the order. In 1974, Koss and Edmunds published their ex
tensive studies of mayfly eggs and used the data to assist them in under
standing mayfly phylogeny. Keys to the eggs of the insects studied were 
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included in their monograph. We have discussed the egg in an earlier sec
tion on the order Ephemeroptera. 

The number of tarsal segments in the posterior pair of legs of adult 
mayflies has proved useful as a familial character. Within some families, 
the length of tarsal segments of the forelegs of the males is used to distin
guish genera, and in some cases this character has been relied on to such 
an extent that it is impossible to identify a female to genus, unless males 
can be definitely associated with her. Although somC families have been 
studied intensively (e.g., Heptageniidae), females are still not ~asily dif
ferentiated even to genus! Within the genera, leg structure of adults is 
liulc used taxo110111ically, though careful study 1nay prove that they arc 
indeed helpful, as one of us (Berner 1978) recently showed in studying 
spination of the forelegs of Siphloplecton basalt and S. interlineatum. 

Another character frequently used, and rightfully so, is eye structure 
of adults, but this trait again is applicable only to males. Sexual dimor
phism in mayflies is often so pronounced that unless one is familiar with 
the groups, males and females of the same species may easily be placed in 
different genera. Among the male ephemerids, there appear all grada
tions in structure of the compound eyes, from a simple type to those that 
are completely divided and enormously enlarged into bizarre shapes. 
The division, or lack of division, of the male eye is used as a criterion for 
separating some families, and in some cases this character is also used as a 
generic differentiator. There appears to be a definite correlation between 
eye size and shape and the night- or day-flying hahits of the species. 
Those mayflies mating at dusk or after dark have small eyes that are ap
proximately the same size in both sexes, or only slightly larger in the 
males. In Pa/ingenia, widely distributed in the old world, the female is ap
proached by the male as she floats on the wa~er surface. In this genus the 
eyes of the male are a little smaller than those of the female. The males of 
day-flying species, on the other hand, have huge eyes that are far larger 
than those of the females, as shown in the illustration of the South Ameri
can genus Miroculis by Savage and Peters (1983) (fig. '.l). 

The colors found in adult mayflies vary from white through yellow, 
orange, red, and brown, to black. All their colors, which are generally 
drab, aid in making mayflies inconspicuous. Spieth (1938) pointed out 
that the more primitive species have particularly dull and subdued colors. 
He found that in most mayflies the entire exoskeleton is transparent, and 
that if color is present in the chitin, it is always some shade of olive brown. 
The tissues immediately underlying the exoskeleton are often impreg
nated with pigments that are the principal cause of the distinct adult color 
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Fig. 3. Eyes of Miroculi.s male imago; (a) M. rossi (b) M.jittkaui (redrawn from Savage 
and Peters 1983). 

pattern. Spieth found that the white colors in the Ephemeroptera are due 
to two distinct factors: ( l) in all adults, a chalky white substance is present 
underneath the exoskeleton and epidermis but external to the muscula
ture; and (2) certain species have a milky appearance that occurs not only 
in the body but also on the wings. This is a physical color, which disap
pears when the insect is immersed in liquids of the same refractive index 
as that of the white structure. The two types of white combine to form the 
color pattern of the adults showing this second type of coloration. He also 
pointed out that some of the oranges, bright yellows, and greenish yel
lows present in certain species are probably chlorophyll derivatives, since 
they deteriorate in dried specimens and are completely destroyed by 
preservatives. 

The disposition of pigments in strongly sexually dimorphic species is 
particularly interesting. The wings and body of both sexes of these forms 
are brilliant. In the males, however, the pigments are no longer evenly 
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distributed in each abdominal segment but are concentrated in the first 
and last four, with the intervening ones hyaline white. There may be a 
definite color pattern overlaying the white of segments 2 through 6, but 
this is never conspicuous. In nearly all cases this strongly localized colora
tion is lin1ited to specialized genera of mayflies in which the individuals 
are generally less than 10 mm in length. It is probable that the glistening 
wings and the hyaline segments help to render the insects inconspicuous, 
because there is such a great reduction in the amount of dark-colored ab
domens, but it has been suggested that if the entire exoskeleto.n of these 
insects were transparent, the light-colored muscles· as well as the egg 
masses would show through and the females would be easily seen. 

Differences in maculation are reliable, in general, for distinguish
ing species, but the great degree of variability in some species causes 
misgivings whenever color pattern alone is used, uriless it is absolutely 
distinctive. The genus Stenonema is one of the chief groups in which 
color has been used for the establishment of new spe~ies. Bednarik and 
McCafferty's study (1979) of Stenonema attempted to de-emphasize use of 
color for separating species; however, the differentiation of one from an-
other is still difficult. . 

To distinguish between species, colorational differences have probably 
been employed more than any other character or group of characters. 
Spieth's study of coloration and its relation to seasonal emergence in the 
Ephemeroptera has indicated that some of the species, which have been 
described solely on the basis of maculational differences, are really only 
seasonal fonns of the same species. As an cxan1ple of this we have been 
told by Drs. Spieth, E. F. Lyman, and D.Jenkins, all of whom have worked 
in the Great Lakes region, that Stenonema tripunclatum (now S. femoratum) 
shows seasonal variation in coloration exceptionally well. ·rraver described 
several species differentiated from S. trif>unctatum by colorational varia
tions; but the other workers mentioned, through obserVations made dur
ing the entire emergence period of the mayflies of a ~estricted region, 
agree that all of these are merely seasonal forms of the one species. Bed
narik and McCafferty's study considered the previo.usly described sub
species of femoratum simply color phases within the range of variation of 
S. femoratum. 

Size of adults, including both wing length and bo_dy length. has been 
used to some extent for the determination of species; however, so many 
factors modify size that it is not considered a safe criterion by itself for the 
erection of species. Wing length is much less variable than is body length, 
for body length is subject to shrinkage, elongation, swelling, and other 
distortions when the insect is killed. Although there has been little taxo-
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nomic use of relative proportions of wings, they may become more im
portant as more is learned about them, 

It is generally agreed that the present arrangement of mayfly families 
represents natural groupings. Evidence from the adults is substantiated 
by studies of the anatomy of the immatures (Landa 1969). In The Biology 
of Mayflies, Needham (1935, p. 208) stated that "in this order the.struggle 
for existence has fallen largely upon the nymphs, which are better 
equipped to meet competitors. These show greater divergences in adap
tation to their several types of habitat. These have differentiated on lines 
of their own, independently of the adults, and tell their own story. 1lt goes 
without saying that our interpretations of nymphal and adult evolution 
will, when correct, be in agreement. One must corroborate the other; for 
nature preserves or eliminates species as wholes." 

~fouthparts, head shape, and structure of gills are characters most 
often used to separate the families of mayflies in the nymphal stages. Gill 
shape and structure are extremely varied. The gills may be foliaceous, 
single, double, or recurved; they may be highly tracheate, or they may 
completely lack tracheae. Gills may be present on seven abdominal seg
n1ents or absent from some of them. They may lie flat on the abdomen or 
be so shifted that they serve as suckers on the venter of the insecl. l"hey 
1nay be modified so that son1e form protective covers for others, or all 
rnay be cornpletely exposed. They may be strongly muscled so that they 
can be vibrated very rapidly or so flabby that such reactions are difficult 
or in1possible. They n1ay be confined entirely to the abdomen or, in a few 
cases, n1ay also occur at the base of the fore coxae or even on the maxillae. 
In short, the gi!ls are probably the most vai-iable structures to be found in 
nymphal Ephen1eroptera. 

As hind wings are absent in the adults of son1e species of mayflies, the 
immature stages of these naturally lacks hind wing pads. The presence or 
absence of meta thoracic wing pads is used as a taxonomic character. 

The caudal filaments (two cerci and one terminal filament) are very 
useful in Studies of the nymphal forms. In some species, they are fi~xible 
organs; in others they are sturdy swimming structures. The cerci of many 
of the genera are densely clothed with hairs medially. The terminal fila
n1ent has heavy growth laterally, forming a powerful propelling structure 
when the three filaments are overlapped. In many other genera the three 
tails are almost bare, having only a light covering of short hairs. 

Color pattern, while frequently used for species determinaLion, is 
much less often employed in nymphs than in the adults. Often when such 
characters are found to distinguish species, structural differences paral
lel them. 

3 

A COMPARISON OF FLORIDA MAYFLIES 

WITH THE NORTHERN FAUNA 

TAXONOMY. Many of the genera of mayflies occurring in Florida are widely 
distributed over eastern North America. Son1e, however, arc rather local
ized and rare, often because of the difiiculty of collecting specin1ens or 
because the appropriate habitats have not been discovered or examined. 
'rhe n1ore distributionally restricted gener;1 include 1-lomoeoneuria, Pseu
diron, Macdunnoa, and Dolania. 

Of the 71 species now known from Florida, only six have not yet been 
·encountered beyond the state's boundaries. The total list of 71 seems 
large for such an ecologically limited region where the land is n1ostly low
lying and the streams and rivers gently flowing or aln1ost stagnant. When 
compared with the large number of species that may be taken from a 
single stream where the variety of habitats for the immatures allows for 
virtually every need, the number is actually quite small. Ide (1935) found 
55 species in one stream in Ontario, and later he was able to collect more 
than one hundred from a single stream. No such concentrations of species 
are found in any Florida waters. Conditions in Florida streams are just 
not as favorable, as they lack the highly aerated, rapidly flowing water 
and rocky habitats characteristic of streams with a highly varied may
fly fauna. 

COMPARATlVE ABUNDANCE. In Florida the actual Ii.umber of individual 
mayflies present in a given habitat is generally smaller than in more north
ern, cooler streams. This is partly explained by the relatively small num-

27 



28 THE MAYFLIES OF FLORIDA 

ber of suitable nymphal habitats in any particular stream. That Florida 
streams are relatively depauperate in numbers is not always· true. For in
stance, in the apparently sterile sandy bottom of the Blackwater River in 
northwestern Flo_rida, the numbers of Dolania nymphs is significantly high. 

In the smaller rivers and streams descending from the mountains 
along the eastern slopes in MeXico, the number of individual inse.cts on a 
single rock is amazing. Nearly two hundred mayfly nymphs were taken by 
one of us (Berner) from one rock, approximately 15 X 15 x 8 inches, and 
on the same rock the caddis fly cases and blackfly larvae literally covered 
the surface. When a Florida stream is compared with such a river;' it can 
be seen that even though mayfly nymphs are the predominant insects, 
they are so much less abundant that they can in no wise be as important in 
food chains as those of the rocky trout streams of the northern United 
States and the mountainous areas of North America in general. 

Adults of the great majority of Florida species emerge throughout the 
year, and for this reason there are no great swarms (except of some of the 
burrowing forms and the tiny Caenis). The flights, which are small, are 
composed of inconspicuous insects that gather in groups to mate. The 
literature indicates that many of the small, more northern species collect 
in very large swarms to carry out their mating flights; but in the areas 
where such flights occur the emergence of those species forming the large 
swarms is limited to a short time period. It has been stated that the species 
that emerge over a long period-the entire summer-do not form large 
flights, and from these accounts it would seem that the flights of such spe
cies resemble in size the flights of the Florida ephemerids. 

Prior to the extensive eutrophication of the lakes of central Florida, 
burrowing mayflies, being more or less seasonal, emerged in great nun1-
bers but never formed such tremendous swarms as occur in the more 
northerly parts of the country. The lake species, however, during their 
emergence period were a conspicuous part of the insect fauna in the Cen
tral Highlands of the state. When mating flights occurred, the adults _con
stituted an important part of the food chains in the lakes of the region. 
The number of individuals in Florida lakes more closely approaches the 
abundance characteristic of unpolluted lakes of northern regions than do 
the numbers of mayflies occurring in any other type of situation in Flor
ida. Only one larger stream among those examined-the Santa Fe River 
in north-central Florida-may perhaps compare favorably in abundance 
of mayflies with some of the small, more northern streams, and then only 
in its rapidly flowing stretches. 
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COMPARATIVE ECOLOGY. Naturally the conditions most affecting the distri
bution of mayfly species are the ecOlogical factors of the aquatic environ
ments where the nymphs occur. The great majority of mayflies are rheo
colous, and the rate of flow of water is probably the most important single 
factor determining the presence or absence of a given species. The very 
sWift, rocky streams preferred by many northern species are absent in 
Florida, but there are numerous streams in the northwestern part of the 
state that have a constant and fairly rapid movement. Nevertheless, many 
species that occur in streams with a similar rate of flow iri nortl~ Georgia 
and North Carolina are not found in the Florida streams. The inter
punctatum complex of Stenacron is represented in Florida by two species, 
interpunctatum and fioridense, and this complex also occurs in the moun
tain streams of North Carolina. Yet Epeorus, which in North Carolina oc
curs in association with the Stenacron nyn1phs, for some unknown reasons 
does not extend its range south of the region of Atlanta, Georgia. Per
haps Stenacron possesses a greater tolerance to higher temperatures, or 
there may be differences in the feeding habits of the two that prevent the 
spread of Epeorus into the Coastal Plain. 

Ide and others (i.e., Kamler, Hynes, Lager, Lehmkuhl, etc.) have 
shown that the entire stream fauna is very much affected by thermal con
ditions, and water temperatures are very closely tied up with rate of Row 
of streams. In Ontario, according to Ide, the number of mayfly species 
increases downstream owing to the higher temperat~1res that prevail in 
the lower stretches; the addition of species adapted to the higher tem
peratures is more rapid than the elimination of headwater species that 
require lower tetn peratures. His analysis of an Ontario. stream in terms of 
tcn1perature is very interesting; and although no si1nilar studies have 
been made of Florida streams, Ide's results are not applicable to them 
since they have a nearly uniform ten1perature throughout. His conclu
sions would also suggest that the greatest number of species should be 
found in the southern part of North America where higher temperatures 
prevail throughout the year. The reverse is true in Florida, likely because 
of other ecological factors. 

Habitats within Florida streams are apparently more limited in extent 
and variety than in more northern ones. A great n1any of the rapidly 
flowing streams of other states are filled with rocks and pebbles, a condi
tion that evidently affords the optimum circumstances for great nu1nbers 
of mayfly species. Combined with rocks are, of course, pools, vegetation, 
debris, and many other sites that offer refuge to the mayfly nymphs. Flor-
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ida streams, mostly devoid of rocks and with much barren, sandy bottom 
(the Blackwater River is an exception), can offer little variety in com
parison, even though all available habitats in these streams are utilized. 

Perhaps the greatest barriers to the wide dispersal of more northern 
1nayfiy species in Florida are the large areas in which there are no con
stantly flowing streams. Thousands of square miles of the state, particu
larly in the coastal regions, are low and flat, and the grade of the lowlands 
is not sufficient to maintain permanently flowing creeks and rivers. Typi
cal rheotropic species cannot exist for long in standing water, and even 
if a species were accidentally introduced while there was some flow, as 
soon as the flow ceased, the nymphs would probably die. The dry, sandy 
scrublands of southwest Georgia and of Florida also offer a serious bar
rier to less vagile species, and this has probably helped to keep the num
ber of species in Florida less than in neighboring states and the northern 
part of the continenr. Rogers (1933) found that the same conditions 
affected the distribution of crane flies. He wrote, "[OJne of the most im
portant barriers to the northern groups, the ranges of which extend into 
the Piedmont Province of Georgia and the Carolinas, is the monotonous, 
lo\v pine-lands of the southern coastal plain with their dearth of clear, 
fairly rapid, pebble-botto1n streams." 

COMPARISON OF LIFE HISTORIES. Many differences in behavior would be 
expected between the mayflies of the riorthern parts of the United States 
and those of the south, but the most striking are found in life histories. 
The species of Ephemeroptera known to occur both in Canada and Flor
ida show wide variations in emergence peri,ods and might in consequence 
be considered different physiological subspecies. In Canada and the 
northern states, all these species have a rather limited period of emer
gence during late spring and summer; but in Florida every one of the 
species con1mon to both north and south emerges throughout the year 
except during the short cold spells, and mating takes place at any time of 
the year except during cold weather, when the insects become lethargic. 

Although Spieth had little definite information on the point, he stated 
rather accurately (1938, p. 214) that "in the southern part of the United 
States, the length of the emergence period of the group is much longer. 
There seems to be no reason why in the tropics and subtropics there 
should not be some species emerging during each month of the year." 
The greater part of Florida cannot be considered subtropical, yet Spieth's 
conjecture holds true for the whole area. 

Not only are many of the mayflies nonseasonal in Florida, but this 
holds for other groups of animals as well. This characteristic of non-
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Temperatures of Florida streams. Zones A, B, C, and D show a north 
to south increase in stream temperatures. The upper figures in each 
zone show the average annual temperatures of Florida waters in de
grees Fahrenheit, the lower in degrees Celsius. Many factors influ
ence the stream temperatures, and the numbers should be consid
ered only as generalizations. {Map and temperatures from Anderson 
1971) 

seasonal emergence has been found to be true particularly in the south
ern part of the peninsula. 

Map I shows that average temperatures in Florida are suitable, even 
in winter, for the adult stages of insects that are prirnarily of north
ern origin. 

The few definitely seasonal Floridian species of n1ayflies are probably 
southern in origin; whereas those species emerging throughout the year 
are northern forms that have itnmigrated to Florida. ~fhis phenomenon 
has been noted by specialists working with the lycosid spiders, dragonflies, 
crane flies, and Orthoptera. The temperature factor appears to be linked 
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with this unique behavior. The colder the water inhabited by immature 
mayflies, the shorter the period of adult emergence. In Florida the lowest 
winter temperature of the water is probably equal to, or only slightly be
low, that of many northern waters during the summer period of emer
gence. Consequently, mayflies in Florida are seldom, if ever, confronted 
with conditions unfavorable for transformation. For this reason a species 
(Paraleptophlebia volitans, for example) that emerges in Canada. for about 
two weeks during the summer can emerge throughout the year in Flor
ida. The generalization that species of northern origin are nonseasonal in 
Florida, and that seasonal forms in this state are all of soulhern origin, 
holds true; but this is not a complete stalemetit of the facts. Marly of the 
species believed to be southern in origin are nonseasonal, like lhe north
ern forms in this area. But this too may be explained on the basis of tem
perature if the southern forms arose in the cold waters of the southern 
Appalachians or the h_illy regions of the Piedmont. There are, of course, 
some species that are strictly limited in their periods of emergence such as 
Dolania amen.cana, Neoephemera compressa and N. youngi, and the Florida 
species of Baetisca. 

Some species of mayflies are now known to have surprisingly brief de
velopment tirnes, while others require more than one year. Individuals of 
the same species may require a long or short developmental time, de
pending on environmental conditions. Lawrence J. Gray (1981) reported 
that he had reared certain species from egg to adult in Arizona in incred
ibly short times, as noted in the following: 

Baetis quilleri-7-13 days 
Callibaelis monlanus-9-14 days 
Le/1tohy/1hes packeri-8 days 
Tricory•thodrs dimorph)'s-8 days 

Edmunds (1957) reported that Parameletus columbiae nymphs hatch in 
May or June from eggs laid in June of the previous year and complete 
nymphal life in from 16 to 22 days. 

In Florida, Pescador and Peters (1974), studying BaetiSca rogersi, found 
that the nymphs have 12 instars in their development and concluded that 
there is a single generation per year. Jones (l 977) investigated the life his
tory of Neoephemera )'Oungi and found 15 nymphal instars. He reported 
that Dr. P. Tsui, also studying the same species, determined that there are 
17 instars, based on a count of the rings in the Pai men organ. Jones also 
concluded that there is a single generation per year in N. youngi. 

4 

ZOOGEOGRAPHY 

The topography of Florida has been described by C. W. Cooke ( 1939) in 
his Scenery of Florida. He divided the state into five natural areas (map 2) 
and these have been found to be closely related with differences in the 
rnayfly fauna. Recently, Blanton and Wirth ( 1979) discussed the present 
physiography and climate of Florida and its geological history in relation 
to the distributional patterns of the native Culicoides species. In the san1e 
paper there is a brief review of previous accounts (l-larper I 927; Howell 
1932; Rogers 1933; Berner 1950; Young, 1954; Neill 1957; McPherson et 
al. 1976) of the biogeographic divisions in relation to the distributional 
patterns of the flora and fauna of the state. Our interpretations of the 
biogeographic division of Florida arc discussed in the section treating the 
ecology of the mayflies. 

Since mayflies are so limited ecologically, compared tO other groups of 
aquatic insects, their introduction into a new area is subject to n1any ob
stacles. The various factors influencing drainage (stream flow, substrate, 
vegetation) are the dominant elements directing the movement of pri
marily aquatic insects. Hubbell and Stubbs (in Carr 1940) have suggested 
that the following events and conditions have occurred.in the more recent 
geological history of Florida: 

I. Persistence of a land area in central Florida, in the form of large 
islands or a group of keys, at least since the beginning of the Pleisto
cene and probably since Pliocene times. : 

2. The bridging of the gap to the mainland on one or more occa-
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Map 2. The physiographic divisions of Florida (from Cooke 1939). 

sions (perhaps first in the Pliocene), followed by renewed insular 
isolation. 

3. Final establishment of peninsular conditions during the Pleistocene. 
4. ~fore or less extensive marginal submergences in late Pleistocene, 

reducing much of the eastern margin of the peninsula to a coastal 
archipelago. 

5. Persistence ofa salt-water barrier between Florida and the West In
dies at least since pre-Cenozoic times and certainly throughout the 
period of derivation of the modern biota of the state. 

It is unnecessary to hypothesize the existence of such islands in order 
to derive the Ephemeroptera fauna. The winged stage of 1nayflies and the 
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methods of dissemination of the insects would allow for rapid penetration 
of an area should ecological conditions become satisfactory for the main· 
tenance of that s:Pecies. Active or windblown dispersal of egg-bearing fe
male mayflies can be propagules and a few individuals have been trapped 
as high as 3000 feet above the ground (Edmunds 1972; Glick 1939). Al
though Florida is geographically so situated as to receive maximum aerial 
and rafted dispersals from the neighboring West Indies, mayfly faunas of 
both these areas show no phyletic relationships. Based· on his study of the 
leptophlebiid mayflies, Peters ( 1971) indicated that there is no evidence to 
suggest any dispersal from the West Indies to Florida. 

Conditions today on many of the existing low-lying Bahamian Islands 
would not permit very extensive development of mayflies. It is not at all 
unlikely that as isolated islands were rising from the sea to form Florida, 
they were very similar to the present-day Bahamas. If the same conditions 
persisted until land connections were formed, the introduction of may
flies into the region has been very recent, and, as is suggested below, the 
fauna was derived mainly through the larger river drainages. Quite likely 
there were some mayflies inhabiting Florida islands, but they must have 
been pond forms and species that could withstand wide variations in eco
logical conditions. The species that may be endemic to Florida, Baetisca eJ
cambiensis, Siphloplecton brunneum Berner, S. fuscum Berner, S. simile Ber
ner, Stenacron fioridense (Lewis), and Hexagenia orlando Traver, could easily 
have arisen since the establishment of the peninsula in the Pleistocene. 

As Florida rose, the streams draining the southe<istern portion of the 
continent and carrying with them their northern faU.na were extended 
onto this new area. In the western part of Florida, the Chattahoochee 
River, which drains the foothills of the Appalachians; and the Flint River, 
which drains the Piedmont of Georgia, came together to form the new 
Apalachicola River. As the Florida tributaries of this great stream began 
to erode back into the uplands, the conditions of their valleys tended to 
approach those of the more northern reaches of the river. As conditions 
in these tributaries became suitable, the mountain and Piedmont species 
came to occupy all available habitats within the small, rather rapidly flow
ing, sand-bottomed streams. 

The Apalachicola River drainage has without doubt been the main 
highway of ingress to Florida for the great majority of animals that re
quire flowing water or hardwood forests. Rogers (1933) found that eco
logical conditions in the Apalachicola drainage would admirably explain 
the distribution of many northern crane flies in Florida. Carr (1940) 
reported that the most extensive invasion of Florida by the northern ele-
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n1cnt is encountered in that portion of the panhandle drained by the Ap
alachicola River. Hubbell (1936, p. 3354) stated that "in this particular en
vironment [the deep ravines of the Apalachicola region] a great many 
northern plants occur, evidently the remnants of a northern Aora left as 
relicts from the Pleistocene times in these deep moist cool ravines." It has 
also been noted that many northern plants reach their southernmost lim
its in these ravines and that many typically southern plants intermingle 
here with the northern species. Not only is this true of plants, but it has 
also proved to be the case in the crane Aies, sand flies, the Odonata, the 
opilionids, the ichneumonids, the Orthoptera, the crayfish, the an1phibi
ans, and the reptiles. Cooler temperatures and/or higher rainfall during 
glacial times brought many plants and animals with northern distribution 
into Florida. Indeed, during the Wisconsin tin1es Florida was too cool to 
support a tropical flora but cool and wet enough to support some orga
nisms that now occupy the transition or even' more northerly life zones 
(Neill 1957). According to Neill, deep embayments of the Gulf of Mexico 
along- three river systems (the Escambia-Blackwater-Yellow River basin; 
the Choctawhatchee-Alaqua basin; and the Apalachicola basin) may ex
plain the n1any peculiarities of east-west distribution in the Panhandle. 
Many 1nayfty species that have entered the state have probably spread out 
frorn these river systems and now occupy rather wide ranges in Florida 
(Baetis spp., Eurylophella temporalis, Hexagenia limbata); but certain forms 
(Baetisca spp., Homoeoneuria dolani, ·Pseudiro11 centralis, Siphloplecton spp.) 
seem to be more or less confined in these areas, particularly in the Ap
alachicola drainage. 

Glacial events undoubtedly had a significant impact on the origin of 
the mayfly fauna of Florida. In our study of the biosystematics of the 
genus Baetisca (Pescador and Berner 1981), we suggested probable expla
nations for the origin of the species diversity of the group. "Speculation 
about the origin of the diverse Florida fauna lead us to the conclusion 
that the boreal endemic genus Baetisca (Edmunds et al. 1976) was pushed 
southward during the Pleistocene glaciation. With the receding of the ice 
sheet, the streams of northwestern Florida provided ideal conditions for 
speciation." Perhaps the same process has produced similar effects on the 
other fauna! groups that are now established in the state. 

The Apalachicola River was doubtless not the only route of entry from 
the north. It seems probable that the Suwannee and its tributaries may 
also have brought in certain northern elements, such as Brachycercus macu
latus, Cercobrachys etowah, and Stenonema exiguum. Very likely there has 
been some migration along the more easterly Coastal Plain region, where 
the streams descend from the higher Piedmont. However, the forms that 
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may have entered Florida over such routes are few in comparison with 
those that have come in by way of the western path. Perhaps some species 
have entered by more than one course, moving in from the west and 
meeting to form a unified population in northern Florida. 

Traver's paper on the Ephemeropteran fauna of Puerto Rico (1938) 
and infrequent records of other species from the West Indies show that 
the species of mayflies found in Florida have few affinities with the insular 
fauna. No species are shared in common, and the genera that occur in 
both regions are very widely distributed. Although other species of in
sects have becorne established in both Florida and the West Indies, the 
mayflies have been unable to do this principally because of the ecological 
conditions of South Florida. The great majority of forms described from 
the islands are inhabitants of streams, particularly of mountain strean1s, 
and even if these mayflies were accidentally introduced into Florida, es
tablishment would be impossible in the south. If, by some rare chance, a 
fertilized female were carried to one of the permanently flowing sand
bottomcd streams, it is barely possible that the species might gain a 
foothold, but apparently this has not occurred. 

Among the factors used to explain the present distribution of rheo
tropic mayflies in Florida, temperature exercises a considerable influence. 
In a study of stream temperatures, Anderson (1971) divided Florida into 
four geographic areas (map 1), which show a definite north-to-south 
increase in stream temperatures. An interesting pattern of fauna! dis
tribution and stream temperature relationship is established when the 
mayfly distribution is superimposed over the four geographic divisions of 
the state. All 71 mayfly species occurring in the state are found in areas 
where the average annual stream temperature ranges from 64°F to 68°F 
(20.0'C-24.4'C) and 76+'F (24.4+'C). The mayfly fauna of Florida is 
highly concentrated in the northwestern section, where the stream tem
peratures are comparatively lower than in the rest of the state. Since tem
peratures in streams are less subject to variations than those in air, it is 
likely that average annual temperatures are more important to aquatic or
ganisms than to terrestrial forms, for which the extremes of temperature 
are more likely to be the critical factors. It seems reasonable to suppose 
that the score or so of mayfly species (Callibaetis fioridanus, Choroterpes hub
belli, Stenonema exiguum, Tricorythodes albilineatus, etc.) Common .to penin
sular Florida and the western part of the state must have relatively wide 
limits of temperature toleration. Those species having more restricted 
temperature toleration (Baetisca spp., Pseudiron centralis, Siphloplecton 
spp.) have remained confined to the northern and northwestern parts of 
the state. 
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DISPERSAL or MAYFLIES. The two most important factors involved in the 
dissemination of mayflies are wind and water. Of.these, water is by far the 
more important for the actual establishment of species, since the imma
ture stages of Ephemeroptera (except for a very few brackish water spe
cies) require fresh water. 

"I"he ability to fly allows for the greatest amount of movement of 
ephemerid species, although the adults are more or less confined to moist 
situations. The relatively short life span of the imagoes must necessarily 
lin1it the flight range of the insects; however, the area occupied by a spe
cies can be extended somewhat through voluntary flight of the adults. 

Such small, feeble insects as mayfly imagoes are easily carried by the 
wind. This can be seen in the present distribution of the more diminutive 
genera such as Caenis, Baetis, and others, which are found over most of 
the world. In 1939 P.A. Glick of the U.S. Bureau of Entomology con
ducted a thorough study of the distribution of insects, spiders, and mites 
in the air by using traps suspended from the wings of an airplane. Al
though they were not numerous, he did collect mayfly adults at altitudes 
from as low as 200 feet ·to as high as 3000 feet. 

Dr. Click's results show that mayflies can be carried to extreme heights, 
and by means of horizontal air currents, doubtless to considerable dis
tances. Perhaps the greatest obstacles to be surmounted in aerial distri
bution at great heights are the short adult life and the necessity of the 
fertilized female's reaching fresh water. Even when these two obstacles 
are overcome, the chance of encountering satisfactory ecological condi
tions is slight; current-loving species could hardly develop in a pond, and 
vice versa. The possibility of distribution through wind currents at great 
heights, therefore, seems lo be somewhat remote, but the chance never
theless exists and must be considered. 

Dr. Glick pointed out that the intensity of air currents is a great factor 
in the distribution and dispersal of insects. Most of the insects collected by 
him were taken at lower altitudes when the surface wind velocity was 
from five to six miles per hour, and fewest when it was calm. Winds at low 
altitudes are of importance in transporting adult flying insects from one 
region to another, but their effects are probably local; ,however, local 
spreading continued over a long period would eventually greatly increase 
the range of a species. A combination of strong winds at low altitudes, 
flight, and proper ecological conditions would allow rapid distribution of 
mayflies. 

Within the continental area as a whole, stream piracy probably has 
acted as an important agent for the dispersal of mayflies. By this means, 
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species may spread from one drainage system to another and from one 
region to another, gradually coming to occupy very wide ranges. This 
would be of particular importance in the case of those species that as 
adults have limited powers of flight and those that are unable to withstand 
desiccation. 

Flood conditions also affect the spread of a species during the in1ma
ture stages. Because of increased stream velocity during floods, rocks, logs, 
pebbles, and other objects are n1oved violently downstream. Although 
most of the animals on these objects are destroyed, a few may survive to 
carry the species far from its original home. From the lower reaches of 
the stream to which the nymphs have been carried, the species may ex
tend its ranges into new drainages by the flight of the winged stages. 

As a corollary to floods, the more modest phenomenon of stream drift 
might produce the same results but on a much slower and smaller scale. 
The importance of drift as a populating mechanism has been -recognized 
only in recent times but now receives much attention from aquatic biolo
gists. The reverse of stream drift, upstream repopulation by the species, 
has also become the subject of many studies, and it is now known that the 
winged stage plays a major part in stabilizing the population throughout 
the stream system. Additionally, downstream drift continuing over long 
periods of time might accomplish the same results slowly as floods do 
swiftly. 

It is barely possible that wading birds might play a part in transporting 
mayfly nymphs or eggs from one body of water to another. Many water
dwelling organisms have been transported successfully on the legs of such 
birds. lf the flights of the birds are short, necessitating only little time out 
of the water, it is possible that certain mayfly nymphs or mayfly eggs 
might survive a journey of this nature. 

When the various postulated distributional agencies are analyzed, it 
can be seen that n1ayflics are disseminated principally by flight, by winds 
near the earth's surface, by floods, by stream drift, and more· rarely by 
high air currents and stream piracy. 

HABITATS OF FLORIDA MAYFLIES. It is generally recognized that the mayfly 
population of a region is intimately related to the aquatic conditions of 
~hat region. From the standpoint both of the ecological distribution of 
mayflies and qf physiography, Florida can be divided into five natural 
areas, as proposed in 1939 by C. W. Cooke (map 2). Numerous papers 
dealing with the geography and geology of the state have appeared since 
Cooke's work, but for our purposes the five regions are still quite satisfac-

"I 
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tory. The boundai:ies of these natural topographic areas shown on the 
map are rather arbitrary. The aquatic conditions in the Coastal Lowlands 
overlap to a great extent those conditions found in the other areas, but 
these boundaries are useful in delimiting in a broad way the freshwater 
situations as they occur in Florida. 

The Coastal Lowlands almost every,vhere lie less than I 00 feet above 
sea level; the height of the other regions varies from 100 to about 300 
feet. The drainage of each of these subdivisions of lhe state is closely 
linked with the topography. 

The Coastal Lowlands are swampy and marshy, including, in their 
southern reaches, the great expanse of the Florida Everglades, and con
tinuing northward into the mucklands of the Lake Okeechobe~ region, 
which in turn is continuous northward on the east and west with the 
lowlands of the coast. - · 

The Central Highlands may be divided into two areas. The southern 
half is entirely a lake region where almost every natural depression has its 
own pond or lake; the northern part of this division includes not only 
lakes and ponds but also numerous surface and subterranean streams of 
all sizes. 

The Tallahassee Hills and Western Highlands are rolling areas com
posed of red-clay hills, well drained by many small strea1ns. The Marianna 
Lowlands, on the other hand, are chiefly flatwoods, swampy areas, and 
rolling sandy hills covered by pine forests with few permanently flowing 
streams. 

Several large rivers rising in Alabama and Georgia flow through north
western Florida and empty into the Gulf of Mexico. In the east. the large 
St. Johns River flows north along the border between the Central High
lands and the Coastal Lowlands. 

DESCRIPTIONS OF HABITATS. In the following descriptions of 1nayfly habi
tats, we have confined our discussion to include those factors that appear 
to be crucial in determining whether mayfly nymphs will inhabit them or 
not, assuming that pollution is not a factor. There have been many fine 
studies in recent years characterizing physical. and chemical characteris
tics of natural waters, but we are not reviewing them here. We are listing 
the authors of some of those that pertain particularly well to Florida 
freshwater habitats: Beck (1965), Benke et al. (1984), Blanton and Wirth 
(1979), Brezonik et al. (1969), Gilmore (1977), Hellier (1967), Hubbell, 
Laessle, and Dickinson (I956), Hynes (1970), Johnson (1972), Macan 
(1961, 1974), Means (1981), Nordlie (1972), Rosenau et al. (1977), Sloan 
(1956), and Yount (1956). 
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INTERMITIENT CREEKS 

In Florida, there are relatively few intermittent streams. These few are, 
for the most part, merely con.necting canals between swamps, ponds, or 
other bodies of water, the levels of which fluctuate continually according 
to the amount of precipitation. Intermittent streams are rather poor habi
tats for mayflies. Only the very tolerant Callibaetis and Caenis nymphs can 
withstand the alternating conditions in the creeks produced by the con
tinual changes in the levels of the bodies of water connected by the inter
mittent streams. Vegetation is usually abundant but differs from the type 
found in constantly flowing waters. Also, the drying of parts of the canal 
bed produces conditions that stream-inhabiting mayfly nymphs cannot 
long endure, so that even if by chance a species should become estab
lished during the period of flow, the cessation of this flow would bring 
about the death of the immatures. 

PERMANENT CREEKS 

Permanently flowing streams are the most important of the mayfly habi
tats in Florida. The creeks of this area may arbitrarily be divided into the 
following categories: 

Sand-bottomed creeks with little vegetation 
Sand-bottomed creeks choked with vegetation 
Silt-bottomed creeks with little vegetation 
Silt-bottomed creeks choked with vegetation 

Sand-bottomed creeks with little vegetation. These are small, shallow, gently 
.flowing streams with sandy beds. The creeks vary from l to 40 feet 
in width, and in depth from a couple of inches to as n1uch as 5 feet. 
The bottom is composed of loose, rolling sand, which builds up in mid
stream into small ridges behind which small masses of debris accumu
late. Large rocks almost never occur in Florida streams, but pebbles may 
be found imbedded in riffles where the water becomes quite shallow. 
There are occasional pools, but they are not a conspicuous element of the 
streams. The pools are usually small, quiet areas near the banks or at 
curves. Debris. aCcumulates to a rather marked degree in some of the 
streams, almost any obstacle forming a nucleus for the accumulation of 
much leaf drift, sticks, and other objects. Tree trunks frequently form 
dams and give rise to riffles, while the tangle of branches and twigs pro
vides 3 network in which much detritus becomes trapped. Silt accumu
lates near the shore and in places may produce rather thick deposits, in 
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some streams even forn1ing a layer more than two feet in thickness; how
ever, the silt deposits in the sand-bottomed streams are usually sparse and 
of little consequence. Near shore. leaf drift becomes a fairly important 
habitat, for many insects are harbored in this material. In the almost stag
nant shore pools the leaf debris, interspersed with silt, may be several 
layers thick. The flow of water in the sand-bottomed streams is never 
rapid; rather the flow is gentle, with the water surface seldom breaking. 
Most of these streams are circumneutral to slightly acid, but some may be 
pronouncedly acidic. Nearly all of them have tinted waters varying in 
shade from almost colorless to a strong tea color, according to the area 
drained and to the amount of rainfall. Most of the streams drain flat
woods, hammock lands (hardwood forests), or swampy areas, and

1
are fed 

by springs or diffuse seepage areas. Vegetation is almost completely ab
sent fron1 the streams except for a few scattered Orontium plants and an 
occasional clump of Polygonum near the quiet shore zone; however, these 
plants are not particularly important from the standpoint of furnishing 
habitats for mayfly nymphs. 

Sand-bottomed creeks clwlied with vegetation. Sand-bottomed streams occur 
n1ostly in the northwestern part of Florida beyond the Apalachicola 
River. ~fhe beds of the creeks are con1posed of fairly loose sand; instead 
of being aln1ost bare, as in the type of stream mentioned above, they are 
filled with dense growths of Valli.snen·a, Sagittaria, and Potamogeton, which 
in turn are thickly covered with algae. There may be some debris col
lected in the slower areas near shore, but in midstream the. vegetation is 
swept clean, although an occasional partially submerged log may lie 
an1ong the plants. These streams are usually nOt much more than 20 feet 
across and may be as deep as 5 feet at the center. In their deeper parts, 
the vegetation tends to disappear and may be entirely absent fron1 excep
tionally deep stretches. The rate of flow is moderate but seldom strong 
enough to cause any marked disturbance of the water surface. Mainly, the 
creeks drain scrublands and high pine and hammock country. The water 
is n1uch lighter in color than that of the sand-bottomed creeks with little 
vegetation; however, the water is usually definitely acidic, with a pH ap
proximating 6.0. Silt deposits are not so pronounced in these streams as 
in those of the first class, and debris along the shore is likewise less in 
quantity. 

Silt-bottomed creek~ with little vegetation. Silt-bottomed streams are rather 
common in the northern part of the Central Highlands of Florida. The 
stream bottotn is covered with a layer of silt overlaying the sand and vary
ing from a few inches to several feet in depth. The rate of Aow is com-

ZooGEOGRAPHY 43 

paratively slower than that of the sand-bottomed streams, but it is steady 
and quite perceptible. The water is definitely acidic and usually a rather 
strong tea color. The silt bottom is frequently overlaid by layers of leaves 
and strewn with much other debris, but there are few or no plants in the 
stream proper. Near shore, Polygonum and various sedges and grasses may 
be present, but they are not especially abundant. This typ~ of creek aver
ages about 20 feet in width and from a few inches to 3 feet in depth. 

Silt-bottomed creeks choked with vegetation. Not especially common in Flor
ida and confined mostly to the northwestern part of the state, silt-bottomed 
creeks choked with vegetation are shallow, one to three feet deep, often 
wide, very meandering in their courses, and sometimes braided. The vege
tation is dense and may include plants characteristic of more slowly flow
ing or even stagnant water, such as Ludwigia, Polygonum, and Pontederia. 

Other plants also found in the course of the stream include Vallisneria, 
Potamogeton, and Sagittaria, as well as many algae. The silt iO·the streams is 
very loose and may be as much as three to four feet in thickness. This 
material is soft, fluffy, and somewhat sticky and at the slightest distur
bance stirs up and clouds the water. There is usually a broad floodplain, 
over which the stream spreads during high water, until all vegetation ex
cept for larger bushes and trees is completely submerged. There is a con
stant flux of channels due to the flooding. In the shallower zones, the rate 
of flow of the water is negligible and during rare severe cold spells may 
partially freeze over. 

RIVERS 

Stagnant rivers. Stagnant rivers are confined chiefly to the southern por
tion of the Florida peninsula. Many have been dredged to serve as drain
age canals for the Everglades. Strictly speaking, these rivers are not 
stagnant, but the How is so slight that only rheotactic organisms that are 
very tolerant to stagnation can live in them. The Miami River, now heavily 
polluted, is an ideal example. Until the drainage plans were carried out, 
the much abused Miami River was in places a shallow, moderate- to swift
flowing stream cutting through the limestone that forms the bedrock of 
south Florida. In his book Hunting and Fishing in Florida, Charles B. Cory 
described and illustrated the Miami River as it was in 1895; the picture he 
painted differs enormously from the present state: "The Miami River, 
which runs from the Everglades into Biscayne Bay, is probably die only 
river in Florida which has a fall or rapid worthy of the name. For about a 
half a mile at the head of this strean1 there is considerable fall. At this 
point the river is shallow and not navigable for boats, and has a very rapid 
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current, in which 'Cavalia' (Carow: hippus) are numerous and may be 
taken with an artificial fly." Dredging has completely eliminated all rapids 
from the river, and flow is not perceptible to any degree, even during the 
rainy season. The salt water of Biscayne Bay backs up into the river and 
produces a brackish condition son1e distance from the mouth of the canal. 

Stagnant rivers have fairly heavy growths of aquatic vegetation near 
their shores, but they bccon1c deep rapidly, and in the <lecp regions the 
plants arc quite lin1ited. The rivers vary from 100 to 200 feet in width in 
the widest places, and usually range from 15 to 20 feet in depth. Some of 
the rivers show a pronounced flow during the rainy season and may even 
be subject to floods. Since the digging of the drainage canals, however, 
this is the exception rather than the rule. There is very little deposit of silt 
in these streams, and the bottom is mostly bare limestone. 

Slowjlowing, deep rivers. Nearly all of the larger rivers of Florida, such 
as the Suwannee and the Apalachicola, are slow-flowing, deep rivers, 
draining extensive areas. The Suwannee drains the Okefenokee Swamp, 
and the Apalachicola, now dammed just at the Florida-Georgia state line, 
rises in the foothills of the Appalachians and the Piedmont of Georgia 
and Alabama. The larger rivers have continuous Ao\v. During excessive 
rains they spread out over their floodplains. In the large rivers, vegetation 
is lin1ited and occurs principally near the shores in protected places where 
the current is slow. The vegetation is more characteristic of standing 
water than of streams. Although there may be some rocks near shore in 
the shallow water and silt may be deposited in protected areas, for the 
most part the bottoms are composed of hard clay or limerock. The Ap
alachicola River is often very muddy owing" to the heavy burden of silt 
it brings down from the Georgian highlands. The Suwannee is much 
clearer, although the water is generally strongly colored by the various 
organic acids con1ing fron1 the swamps drained by the river. The St. 
Johns River has a 1nuch slower current than the othc1- two strea1ns; north 
of Lake George the flow is slight and is affected by the tides. The St. Johns 
has been plagued by masses of water hyacinths growing at the shore; in 
recent years, however, there has been a concerted effort to eradicate 
thern. When the hyacinths were flourishing, conditions were not very dif
ferent from conditions in the lakes of the Central Highlands, which sup
ported luxuriant growths of this pest plant. Nearer the headwaters of the 
St. Johns, Vallisneria and Sagi,Uaria grow in the stream, and water flow is 
more noticeable. Much of the water of the river originates in swamps, 
producing the brownish color;uion of the stream. 
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Larger calcareous streams. The Silver River, the Wakulla River, and the 
Santa Fe River are examples of larger calcareous streams, which are, in 
general, distinctly basic in their reactions and smaller than those de
scribed above. Most of these streams rise from springs; they. are clear, 
cool, and moderately Rowing with rather dense growths of vegetation in 
the stream proper. Vegetation is composed chiefly of Vallisncria, Sagittaria, 
Naj(L~, L1idwigia, n1osscs, and n1any algae, which in "the shallower zones 
form dense mats completely covering the floor of the stream. The water 
may be colorless if the source is confined to springs, but if swamp waters 
also contribute to the stream the water may be brown. Many of these 
rivers have sand bottoms. ·rhick deposits of calcareous silt may occur in 
the quieter shallow zones. Leaf drift and other debris become entangled 
in fallen trees and other catchalls and form an important habitat for 
n1any mayflies and other org:anisn1s. In some of the rivers there are out
crops of limestone; in the Santa Fe River, specifically, there are n1any 
loose rocks that are important habitats for aquatic organisms. The depth 
of the streams varies fro1n 3 feet to 20 feet or more, the width from 75 to 
300 feet or more. Faunistically, this type of stream is -the richest found 
within the boundaries of Florida, both in numbers of individuals and in 
species. Carr (1940, p. 25) stated that "opti1nu1n conditions [for fluvial or
ganisms] apparently exist in those rivers which run over ledges of ex
posed limestone, or which receive most of their water from calcareous 
springs." 

DITCHES AND POOLS 

Roadside ditches. 'fhese are extremely rich situations for aquatic organisms 
if there is permanently standing water in them. The ditches are highly 
varied in appearance, but the fauna in them is fairly constant. In some 
ditches there are dense gro\' .. tbs of Ponlerferia, which is the predon1inant 
plant. ·rhc waler is shallow in the zone of pickcrelwccd hut 111.ay hecon1c 
n1uch deeper beyond this region; in the deeper parts other vegetation 
that can withstand greater degrees of submergence occurs. The bottom 
of the ditches is usually covered with grasses and may have heavy growths 
of Micranlhemum umbrosum, Ludwigia, and Polygonum. Algae form dense 
mat'i in some of the ditches, along with Utricularia, Ceratophyllum, Po
tamogeton, and Myriophyllum. At times during the summer the water may 
become very warm; in winter it is often quite cold, with ice occasionally 
forming over the surface in lhe northern part of the state. The water in 
1he di1ches is usually acid h111 111:1y he basic; the lowest pH we have re-
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corded was slightly above 4.0. The depth of the water varies from a few 
inches to as much as 4 or 5 feet, and the width of the ditch (the part con
taining the water) may be from I to 15 or more feet. 

Pools. Pools are the small and transitory bodies of water left by the re
treat of a stream or formed by heavy rains. Very little or no aquatic vege
tation occurs in them. Immature insects are only rarely found in the 
pools. They are usually entrapped stream insects, most of which perish 
when the pools disappear during dry weather. We have found mayflies in 
such places (Baetisca obesa nymphs in large numbers in puddles left by the 
receding Chipola River), but they cannot survive there for long. In some 
of the pools there may be several layers of leaf debris. Silt accumulates 
between the leaves, and algae begin to grow, continuing as long as the 
water remains. 

PONDS 

The ponds of Florida may be divided into several types, but nearly all of 
them share one characteristic in common-they seldom have surface 
streams draining into or from them. 

Sinkhole ponds. Sinkhole ponds are formed by the dissolution of under
lying limestone. Rainwater percolating downward to the water table dis
solves vertical chimneys in the limerock into which the surface cover may 
collapse gradually or suddenly, producing a steep-walled, open sink. 
Where the cover is thicker or less compact, a saucer- or funnel-shaped 
depression may result. There are many of these ponds of sinkhole origin 
in Florida and particularly in the Gainesville area. Though some of the 
them are dry, the great majority have standing water maintained at a 
fairly constant level, because the water table is generally high enough to 
supply the ponds continually. The sides of the ponds both above and be
low the water level are steep, and the zone of rooted vegetation is very 
limited. The sides of the sinkholes above the water are usually covered 
with vegetation that extends from the edge of the water up to the rim of 
the depression. In many of the sinkholes a narrow sand beach may be 
formed where the slope of the sides levels off, but the shore zone extend
ing into the water from this beach is very narrow, and the drop to deep 
water is rapid. The sinkhole ponds are usually about 100 to 300 feet in 
diameter and are mostly round in shape. Some of the larger ponds are 
formed by the coalition of two or more sinkholes. 

There are two chief types of sinkhole ponds: (I) ponds with their sur
faces free of vegetation; and (2) ponds with their surfaces covered by 
vegetation. The first of these is one of the common types of sinkholes en-
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countered in peninsular Florida. The margin of the pond has a fairly rich 
growth of both submergent and emergent vegetation·, which extends out
ward to the region where the drop-off to deep water occurs. The plants 
are principally Sacciolepis striata, Polygonum, Mayaca fiuviatilis, Panicum, 
and some Typha, as well as numerous species of algae. The sudden drop to 
deeper water begins at a depth of about 4 feet and extends to a depth of 

·about 10 feet; thence the drop continues more gradually to about 20 feet. 
In many of the ponds there may be deeper holes, such as the one found 
in Lake Mize (Harkness 1941), which reaches a depth of nearly 80 feet 
over a very small area. In the shallower portions the bottom is sandy and 
covered with patchy growths of Utricularia. There are only small deposits 
of silt in the shallower zones, but in the very deepest parts the bottom may 
be thickly covered with black, dense silt in which practically anaerobic 
conditions exist and from which larger organisms are almost entirely ab
sent. The water varies from colorless to a strong tea color depending on 
the type of region drained by the pond. Many of the ponds are rather 
turbid, and this turbidity, combined with strongly tinged water, allows 
little penetration of light to the deeper parts. The water .varies in reaction 
from pond to pond, being acidic, circumneutral, or slightly basic. 

The second type of sinkhole pond includes two principal varieties: 
(1) those covered with water hyacinths, Eichhornia crauipes; and (2) those 
covered with duckweed, Lemna obscura, mud-marys, Spirodela punctata, 
and Azolla caroliniana. The first variety of pond may have a marginal ring 
of open water with the water hyacinths concentrated over most of the re
maining area, or the entire surface may be covered with water hyacinths. 
If there is some open water, submergent vegetation may take root and 
become fairly well established, but usually the water hyacinths are the 
only plants Of any importance in the ponds. 

The duckweed-covered ponds sel<lon1 have any submergent vegetation 
growing in them, for the entire surface is covered with a single layer of 
duckweed that cuts off light from any rooted vegetation that might at
tempt growth on the pond bottom. When there is any wind the duckweed 
piles up and leaves clear areas on the water surface, but as soon as the 
wind dies down, the plants again spread evenly over the surface. Amphi
pods living among the duckweed are very numerous in the ponds, but 
bottom organisms are scarce, probably because of the small amount of 
available oxygen. The bed of the duckweed-covered pond has rather 
thick accumulations of black silt overlaying the sandy bottom. Almost an~ 
aerobic conditions exist in the silt, which is heavily loaded with hydrogen 
sulfide. 
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Fluctuating ponds. Fluctuating ponds constitute one of the more fre
quently encountered types of Florida ponds. Water fills shallow basins
some merely depressions in the original sea-laid sands, the majority 
produced by solution of underlying limestone or by wind action. The 
level of the water in these hollows varies with the amount of rain and sur
face runoff. Although there is great fluctuation in the area occupied by 
the water because a slight rise or fall causes marked spread or retreat of 
the margins, the depth usually does not change greatly because of the 
shallowness of the pond. True aquatic vegetation follows the rise and fall 
of the water to some extent, but it is chiefly confined to the part of the 
pond below the more permanent water level. Rogers (1933) stated that 
"these periodic and sporadic Huctuations (due to rainfall) prevent the de
velopment of any permanent vegetation within the broad zone of fluctua
tion. As the water recedes in the dry season, it leaves a belt of saturated 
earth in which some grasses and sedges spring up among mats of stranded 
algae and other aquatic vegetation .... The permanent water is usually 
filled with submerged, floating, and en1ergent aquatic plants and may 
support extensive floating mats of green algae." 

The vegetation includes many true aquatics such as Pontederia, Utricu
lan·a, Polygonum, Micranthemum, and Typha, as well as Hydrocotyle, maiden 
cane (Panicum), and other serniaquatics. Many of the ponds have growths 
of Nymphaea, but very few are covered with water hyacinths. Plants are 
not confined to a shore zone as in the sinkhole ponds but may extend 
much farther out and, in some instances, may completely penetrate the 
ponds. Although the bottom of the fluctuating pond is mucky, the layer of 
silt is not deep. The water is subject to rapid changes in temperature and 
is much influenced by external weather conditions. There is normally a 
slight tint to the water, which is usually acidic. ' 

Temporary wood~ ponds. Formed in depressions in hardwood hammocks, 
temporary woods ponds are of a more or less temporary nature. The 
vegetation present, however, is such as to indicate its habitual occupation 
of the depression. Blackgum (Nyssa biflora), button bush (Cephalanthus oc
cidentalis), willow (Salix nigra), and bladderworts ( Utricularia sp.) are fre
quently found in the ponds and around their margins. If the water re
mains for a sufficient length of time, other more succulent vegetation will 
become established. After the water has been standing in the depression 
long enough to allow growth of algae, many of the usual pond anin1als 
begin to migrate to and become established in the pond. 

Sporadic ponds. The sporadic ponds, which are of a rather temporary 
nature, may disappear for a brief period or even permanently during the 
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dry season. The ponds are shallow and may be large or small, depending 
on the depression and the drainage of the region. 

Jerome sink. Because Jerome sink is so unusual, it deserves special Classi
fication. A description of the sink is included in the discussion of the ecol
ogy of Choroterpes hubbelli. 

LAKES 

Nearly all lakes in Florida are the result of solution of underlying lime
stone; however, such lakes as Lake Okeechobee seem to occupy basins 
that are natural depressions in the surface formed as the land rose during 
the last geologic period. Cooke (1939, pp. JOO-JOI) stated: ''Many Flor
ida lake basins are simple sinks that have always been tributary to the 
groundwater supply and never have had a surface outlet. Others at one 
time or another formed part of the surface drainage and therefore were 
connected with the river system. Their history is complicated, for the fluc
tuations of sea level and the consequent fall or rise of the water table gave 
opportunity alternately to deepen the basins or to flood them. Some of 
them appear to have been estuaries during higher stages of the sea, for 
the sand-covered terraces around them stand within the limits of altitude 
of the coastal terraces." Cooke concluded that Lake Okeechobee, Lake Is
topoga, Lake Kissimmee, Crescent Lake, Lake George, and others origi
nated as hollows in the sea bottom. 

Sand-bottomed Lah.es. The sand-bottomed lakes are the most common 
type of lake found in Florida. There are literally thousands of these lakes 
in the Central Highlands, being particularly numerous in Lake County, 
and many have undergone extensive eutrophication i~ recent years. The 
lakes vary in size from a quarter of a mile to 9 or I 0 miles in width. The 
depth is not correspondingly great, and most of them are shallow, not 
more than 40 or 45 feet deep al their deepest holes. There is little vegeta
tion except at the margin, and this is chiefly Sacciolepis striata, Utriculan·a, 
and algae. Wave action is slight, but it is probably sufficient to prevent the 
growth of other aquatic vegetation along the sandy shore. 1'he Sacciolepis 
extends out into the lakes to a depth of five or six feet. Beyond this zone 
vegetation is limited to submergent plants such as Utricularia, which lie on 
the sand bottom as far out as there is sufficient light penetration for nor
mal photosynthesis to take place. In this region; some silt is intermingled 
with the sand, but much of the sand is bare. Beyond a depth of about 20 
feet, silt accumulates and covers the bottom sand with a layer several 
inches deep. With increase in the depth of the lake there is a direct in
crease in the amount of silt. The silt 1nay reach a depth of a foot or more 
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in the very deep parts of the lakes, where it is a very thick, black, fine, and 
oozy mud in which few organisms live. Along the shore some debris col
lects but is not abundant; the debris forms a habitat for many Florida in
sects that are normally found in streams. Probably the wave action in this 
region is sufficient to oxygenate the water and produce conditions that 
simulate those found in the moderately flowing streams of the state. The 
water of the lakes varies from very clear to strongly tea-colored. Turbidity 
is also variable according to the lake. Most of the lakes are circumneutral, 
ranging not much more than 0.5 on either side of a pH of 7.0. 

Silt-bottomed lakes. Newnan's Lake near Gainesville is a good example of 
a silt-boltomed lake. The lake is large-about four miles long and two 
n1iles wide, averaging about six feet in depth (Brezonik et al. 1969). it is 
bordered by a ring of cypress trees that extends from dry land out into 
the water. A dense growth of water hyacinths, which were n1atted among 
the bases of the cypress trees and extended out onto the lake surface as 
far as there was a protected zone, formerly margined the lake. With every 
shift in the direction of the wind, masses of water hyacinths would break 
free and float across the lake, pushed onward-by the wind. Frequently 
during a period of sustained n1oderate winds, the lake was dotted with 
nu1nerous floating "rafts" of water hyacinths; eventu<tlly the plants piled 
up along one shore until the wind changed and sent thern sailing back to 
the opposite shore. The conlinual rain of dead water hyacinths onto the 
botto1n of the lake gave rise to a thick layer of loose Huffy silt that com
pletely covered the bottom to a depth of several feet. Few living organisms 
could be found in these botto1n deposits because such conditions are not 
conducive to life. In recent years the hyacinths have been controlled. The 
lake is now virtually free of them and appears to be recovering from the 
long invasion by this pest species. The water of the lake is brown-tinged 
and generally rather turbid. 

Numerous other lakes in the Central Highlands belong in this same 
category. Orange Lake, one of the larger lakes of the region, is similar to 
Newnan's Lake in its type of bottom, but it is deeper, has much rooted 
vegetation such as water bonnets, and is somewhat exceptional in having 
nun1erous floating islands of vegetation. Some of the floating islands are 
large enough to support trees, but the great rnajority are composed 
of small clumps of vegetation that float about, changing location with 
each change in direction of the wind. An invasion of H)•drilla, an intro
duced plant, has occurred in recent years and the lake waters have be
come choked with it. What its ultimate effect will be is still unknown, but 
there is some belief that it may benefit certain species of fish living in 
the lake. 

ZOOGEOGRAPHY 51 

According to Rogers (1933), "[TJhese lakes show great variations in 
their aquatic vegetation; in many, the succession is directly toward swamp 
conditions with extensive development of cypress along the muddy shores; 
in others there is a distinct development and zonation.of marsh vegeta
tion before the shallow water is invaded by cypress or hardwood swan1ps." 

Disappearing lakes. Certain large lakes in the northern part of Florida 
go dry during periods of drought. Lake Iamonia, which has gone dry sev
eral times since the area was settled, is an ideal example of a disappearing 
lake. There is another near Lake City that is said to go dry "once every 
seven years." These lakes are shallow and in most respects are Similar to 
the silt-botton1ed lakes in formerly supporting an abundant growth of 
water hyacinths (prior to control procedures) and in being ringed by 
cypress. Although at their maximum extent the disappearing lakes are 
fairly large, they vary greatly in size with seasonal fluctuation in depth. 

MARSHES 

Marshes are very con1mon in peninsular Florida, particularly in the lower 
regions. Many of them have disappeared in recent years as they have been 

. drained to acco1nn1odate the greatly increased hun1an population of Flor
ida. Marshes 1nay be very limited in extent or quite large, according to the 
size of the original basin. Many ponds and lakes have becon1e converted 
into marshes and n1any others are in the process of transition. 1~he water 
is shallow and vegetation extends throughout, growing very profusely. 
The predominant plants are emergent and include cattail, pickerelweed, 
nlaiden cane, saw grass, water lilies, sn1artweed, and various grasses. Suh
mergent plants are pro1ninent and include Ludwigi,a, Micranlhemu:m, Myri
ophyllum, and many algae. The water is rather warm during the summer 
and may freeze at the margins during prolonged periods of cold weather. 
The filling of lake and pond basins is rapid, and the great amount of de
caying vegetation quickly builds up deposits of peat, which finally replace 
the water of the marshes. The level of the water is subject [O great fluctua
tions according to the amount of rainfall, and at times the marshes go 
con1pletely dry; however, during the greater part of the year when rain
fall is normal, water remains in them. 1"hc 1narshes are distinctly acidic, 
some having a pl-I below 3.6; but this condition is local, and at different 
points in the same marsh the pH may range from 3.6 to 6.0 or higher. 
The organisms found in the marshes are not essentially different from 
those occupying similar habitats in ponds and along lake margins, for 
conditions in the marshes are very much like those of the pond margins. 
The principal differences are that emergent vegeti:ttion occurs through
out the water rather than being confined to a shore zone and that the 
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marshes are shallow-not much more than three feet deep at their deep
est point. 

Another type of marsh found in the central part of Florida is very simi
lar to the marshes just described, except that vegetation is composed prin
cipally of Polygon um and saw grass ( Cladium jamaicense), with Pontederia 
much more limited in extent and with no Nymphaea present; however, the 
organisms inhabiting these marshes are identical with those found in the 
other types. 

THE EVERGLADES 

The Everglades are so distinctive that they require special treatment. Be
cause they are so extensive and drairi southward from Lake Okeechobee, 
they are sometin1es referred to as a "river of grass." C. W. Cooke (1939, 
pp. 55-56) states: 

The Everglades occupy a nearly level plain, which slopes from 
15 feet above sea level at the south shore of Lake Okeechobee 
to sea level at the tip of the Peninsula, a distance of more than 
one hundred miles. On the west the Everglades merge into 
the Big Cypress Swamp, which presumably is a few feet higher. 
On the south and southwest the Everglades are bounded by 
mangrove swamps, which separate them from the open waters 
of Florida Bay and the Gulf of Mexico .... 

The Everglades, as the name implies, are open grassy 
meadows. Here and there clumps of trees lend variety to the 
landscape. . . . · 

The Everglades differ from most swamps and boggy places 
in the scarcity of trees and in their lack of ordinary mud and 
clay. The entire Everglades are underlain by hard limestone, 
which is cushioned in the lower, generally nooded parts by de
posits of peat. ... Where peat is absent, bare limestone shows 
at the surface. 

Since drainage ditches have been put through the Everglades, during 
the dry periods the land becomes very susceptible to burning, and much 
of the peal has been destroyed by fire. In the rainy season most of the 
Everglades is covered to a depth of two or three feet by water, which over
flows from the drainage canals. When this flooding occurs, the normal 
biocoenoses of the canals are no longer confined to the channels but 
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spread uniformly over the inundated areas; however, the density is thin 
compared with the concentration of organisms within the canals them
selves. Only pond, swamp, and stagnant water animals can maintain 
themselves in this environment, and the mayflies associated with this re
gion, Callibaetis Jloridanus and Caenis diminuta, are typical pond and swamp 
inhabitants that are found throughout Florida. 

Saw grass is the predominant vegetation and grows p'rofusely through
out the marsh. The lack of shade trees allows the water to become very 
warm, except in the canals where the water temperature is several de
grees cooler. There is little submergent vegetation where the overflowing 
water has spread over the glades, but after it has stood for some time al
gae become noticeable. 

SWAMPS 

Cypress swamps. Cypress swamps are numerous in Florida. Some, such as 
the Big Cypress Swamp, occupy huge areas. The cyp.ress swamps are 
formed in shallow depressions in flatwoods regions: Over most of the 
year during periods of normal rainfall standing water is p·resent. Not only 
does cypress occur in them, but black gum is also very common. Herba
ceous vegetation is, however, limited, though there _may be clumps of 
Polygonum, Utricularia, and some sphagnum along with n1asses of algae. 
The water is usually tinted by humic acids al-id its reaction is definitely 
acidic. Depth of water varies considerably, but it is seldom over three or 
four feet. 

Bayhead.s. Bayheads are very similar to cypress swamps, but the vegeta
tion is much denser, and the bayheads often form the headwaters of small 
creeks. The plants consist mostly of small trees and shrubs and also in
clude some cypress. The other trees are principally sweet bay, black gum, 
wax myrtle, red maple, loblolly bay, titi, Virginia willow, and dahoon holly. 
The growth of the shrubs is so dense as to be almost impenetrable in 
places. Water stands in the depressions for the major part of the year, and 
it is only during the very driest seasons that it entirely disappears from 
the bayheads. 

SPRINGS 

The most recent comprehensive description of the springs of Florida is 
that of Rosenau et al. ( 1977), in which each known spring is described in 
some detail. C. W. Cooke (l 939. pp. 88-89) wrote of the Florida springs 
as follows: . 
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Most of the la1·ge springs of Florida arc artesian. 1'he water 
flowing from them rises through deep, generally vertical holes 
in limestone, some of which holes open into caverns, pre
sumably nearly horizontal, through which flow underground 
nvers .... 

The cavity through which water ascends to an artesian 
spring is generally a former sink in which the direction of mo
tion of the water has been reversed by the rise of the water 
table. If the water table were to fall below the mouth of the 
cavity, the spring would cease to flow and would revert to 
the form of a sink, provided the tubular cavity leading to the 
spring does not penetrate an impervious stratum, which might 
confine the water below it under pressure. 

·rhe runs of son1e of the larger springs have been discussed above 
under "Larger Calcareous Streams," but most spring runs are much 
smaller. Two of these, Homosassa and Weeki Wachee, were studied in de
tail by Sloan (1956). Vegetation is very dense just below the exit of the 
spring, but around the spring itself there is nothing but bar~ sand. Imme
diately beyond the periphery of the "boil," Chara, Myrinph)'llum, Cerato
jJh)·llum, \!alli.nuria, Sag-ittaria, and Ludwigia becon1e very abundant. ·rhe 
surface of the vegetation close to the spring is usually covered with a coat
ing of calciun1 carbonate deposited from the water as the bicarbonate ex
posed to the air changes to the carbonate. The low oxygen content of the 
water is reflected in the small populations of truly aquatic insects in this 
region; however, snails of the genus Elimia are exceedingly numerous on 
the vegetation, and Pomacea occurs frequently on the bottom sands. Ap
proximately a quarter of a mile below the head of the springs a more 
abundant insect fauna becomes noticeable, and in this region the plants 
are quite free of the calcium carbonate. The water of the springs is crystal 
clear, cool, and alkaline. 

2( I) 

3(2) 

5 

KEY TO FLORIDA MAYFLIES 

Adults 

Forewing venation complete or only moderately reduced, nu
merous longitudinal veins present behind R 1 (fig. I I). Male 
genital forceps present (fig. 45)............. . ......... 2 

Forewing venation greatly reduced \Vith only three or four 
lon.gitudinal veins behind R1 (fig. 26). Male genital forceps ab
sent (fig. 68) . . . . . . . . . . . . . (Oligoneuriidae, Oligoneuriinae) 
............... : ..................... Homoeoneuria dolani 

Vein MP of hind wing forked near margin; stem longer than· 
fork (fig. 34). Forelegs extensively dark b~own; middle and 
hind legs pale ......................................... . 
.............. (Oligoneuriidae, Isonychiinae) J.wn)'Chia ... 3 

Vein ~fP of hind \ving- (if present) simple and unforked or 
l'orkecl near base. I .cg-.s variable in color .................. fl 

Male subgenital plate broadly concave or with only a slighl 
posleromedian emargination (fig. 71 ). Penes dorsally with 
acute sclerotized lateral and marginal serrations on incurved 
flap (fig. 73). Female subanal plate with no or only shallo\\I 
posteromedian emargination (fig. 88) .................... . 

. . . . . . . . . . . . . . . . . . . . Subgenus Prionoides, lsonychia (P.) sa)'i 

Male subgenital plate with deep posteron1edian emargina
tion (fig. 72). Penes dorsally without incurved flap bearing 
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Fig. 4. Tricorythode.s albilineatus, wing of male. Fig. 5. Caenis diminuta, wing of male. 
Fig. 6. Baetis propinquus, forewing of male. Fig. 7. Centroptilum viridocularis, forewing of 
male. Fig. 8. Callibaetis pretiosus, forewing of female. Fig. 9. Callihaetis floridanus, fore
wing of female. Fig. 10. Leptohyphes berneri, forewing of male (drawn by R. K. Allen). 
Fig. 11. Hexagnzia orlando, forewing of male. Fig. 12. Ephemera simulans, midsection of 
forewing of male. Fig. 13. Tortopu.s incerlus, forewing of ma1e. Fig. 14. Dolanin ameri
cann, forewing of male. 

4(3) 

KEY TO ADULTS 57 

sclerotized teeth or serrations. Female subanal plate with 
a moderate to deep posteromedian emargination (fig. 89) 
................................. Subgenus Jsonychia ... 4 

Fore tibia white in middle, dark brown at base and at apex. 
Penes as in figure 76 .................... Jsonychia (/.) arida 

Fore tibia entirely brown, sometimes darke.r at base and apex. 
Penes as in figures 74 and 75 .................... ·" ..... 5 

5(4) Penis lobes narrowly rounded distally (fig. 75). Wing veins 

6(2) 

7(6) 

8(7) 

9(8) 

whitish to very light brown ............. ls.onychia (I.) berneri 

Penis lobes broadly rounded to subtruncate distally (fig. 74). 
Wing veins yellowish brown to black ...... lsonychia (!.) sicca 

Penes longer than forceps. Female <i.ntennae inserted on promi
nent anterolateral projections. Four or more long cubital in-
tercalaries usually present in forewing (fig. 14) ............ . 
......................... (Behningiidae) Dolania americana 

Penes shorter than forceps (fig. 45). Female antennae not in
serted as above. Three or fewer long, cubital intercalaries 
present (fig. 11) ....................................... 7 

Base of veins MP2 and CuA of forewing strongly divergent 
from base of vein MP1 as in fig. l l. Hind wing with numerous 
veins and crossveins (fig. 3 7) ............ : ................ 8 

Base of veins MP, and CuA of forewing slightly divergent 
from vein MP1 as in figure 16. Hind wing not as above ... 15 

Basal costal crossveins weak or atrophied;.costal angulation of 
hind wings acute or at right angles. Median carina on proster
num... . . . . . . . . . . . . . . (Neoephemeridae) Neoephemera ... 9 

Basal costal crossveins well developed (fig. 11); costal angula
tion of hind wings usually rounded (fig. 44). If nearly acute or 
at right angles, no median carina on prosternum ........ 10 

Small purplish band present in distal fouf-fifths of femora; 
tarsal segments 2-4 of middle and hind legs ringed with pur
plish gray. Caudal filaments annulate .... Neoephemera youngi 

Legs extensively colored with purplish gray. Caudal filaments 
without annulations ................. Neoephemera compressa 
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Fig. 15. Siphlopkcton brunnrom, forewing of male. Fig. 16. LLptophkbia intermedia, fore
wing of male. Fig. 17. HabrophUbia vibrans, forewing of male. Fig. 18. Ch()Totnpts hub
btlli, forewing of male. Fig. 19. Parakptophlebia volitans, forewing of male. Fig. 20. Ha
brophltbiodts brunnripmnis, forewing of male. Fig. 21. /sonychia arida, forewing of male. 
Fig. 22. Bcutisca rogmi, forewing of male (from Berner I 940a). Fig. 23. Stmonnna 
smitluu, forewing of male. Fig. 24. Stenacron interpunctatum, forewing of male. Fig. 25. 
Eury!oplulla tnnporalis, forewing of male. Fig. 26. HITTnotonturia dolani, forewing of male. 

' I 
.I 

10(8) 

11 (IO) 

12(11) 

13( 12) 

14( 13) 

15(7) 

KEY TO ADULTS 59 

Middle and hind legs of male and all legs of female feeble, 
nonfunctional. Basal segment of male genital forceps with lat-
eral projections .......... (Polymitarcyidae) Tortopus incertw 

All legs of both sexes well developed, functional. Basal seg-
ment of male genital forceps not as above ............... I I 

Male pronotum well developed, no more than twice as wide as 
long. Penes variable, not long and tubular. Caudal filaments of 
female longer than body .............. Ephemeridae ... 12 

Male pronotum reduced, about three t.imes as wide as long. 
Penes long and tubular (fig. 48). Caudal filaments of female 
shorter than body ........ (Palingeniidae) Pentagenia vittigera 

Crossveins of wings crowded together near bullae (fig. 12). 
Wings with distinct pattern of dark markings. Terminal fila-
ment as long as cerci .................... Ephemera simulans 

Crossveins of wings not crowded near bullae. Wings without a 
pattern of dark markings, although croSsveins may be dark-
ened. Terminal filament vestigial ....... · ... Hexagenia ... 13 

Penes slender, somewhat beak-shaped .(fig. 46). Abdomen 
banded longitudinally with dark and light.areas .......... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H exagenia bilineata 

Penes more or less hooklike (fig. 47). Abdominal markings not 
as above (figs. 159, 160) ............. : .......... - ...... 14 

Hind wing with purplish brown border, large dark spots near 
middle; if brown border and blackish spots present, outer seg
ment only of middle and hind legs dark On underside. Ab
dominal color pattern as in figure 159 : . ... Hexagenia limbata 

Hind wing without prominent purplish brown border and no 
large blackish spots (fig. 37); outer segment of middle and 
hind legs with dark brown markings on underside. Abdomi-
nal color pattern as in figure 160 ......... Hexagenia orlando 

Three well-developed caudal filaments present . . . . . . . . . . 16 

Two well-developed filaments (cerci) present; terminal (me-
dian) filament rudimentary or absent ................... 36 
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Fig. 27. CallibaetiJ pretiosus, hind wing of female. Fig. 28. Baetis frondalis, hind wing of 
male. Fig. 29. BaetiJ intercalaris, hind wing of male. Fig. 30. Baetis ephippiatus, hind wing 
of male. Fig. 31. Baetis propinquus, hind wing of male. Fig. 32. Btutis pygmaeus, hind 
wing of male. Fig. 33. Centroptilum viridocularis, hind wing of male. Fig. 34. /sonychia 
arida, hind wing of male. Fig. 35. Leptophlebia intermedia, hind wing of male. Fig. 36. 
Tortopus incertw, hind wing of male. Fig. 37. Hexagenia orlando, hind wing of male. 
Fig. 38. Leptoh_vphes berneri, hind wing of male (drawn by R. K. Allen). Fig. 39. Baetisca 
rogeni, hind wing of male (from Berner l 940a). Fig. 40. Paraleptophkbia volitans, hind 
wing of male. Fig. 41. Habro-phlebiodes brunneipennis, hind wing of male. Fig. 42. Choro
terprs lmbbelli, hind wing of male. Fig. 43. Habro-plilebia vibran.I, hind wing of male. 
Fig. 44. Eurylo-phella trmporalis, hind wing of male. 

16(15) 

17(16) 

18(17) 

19( 18) 

20(19) 

21 ( 19) 

22(21) 

KEY TO ADULTS 61 

Hind wings present and relatively large with one or more 
veins forked; cost.al projection shorter than wing width (fig. 
44) ................................................. 17 

Hind wings absent or small; if present, with two or three 
simple veins and long straight or recurved costal projection 
(l l'i-3 times the width of wing) (fig. 38) ................ 29 

Short, basally detached, marginal intercalaries present be
tween veins along entire outer margin of wings (fig._ 25). Geni
tal forceps of male with one short or long terminal segment 
(figs. 65 and 69) .................... Ephemerellidae ... 18 

No true, basally detached, marginal intcrcalaries in positions 
indicated above; usually absent along entire outer n1argin of 
wings (fig. 17). Genital forceps of male with two short terminal 
segments (fig. 62) .................. Leptophlebiidae ... 23 

Terminal segment of male genital forceps six times as long as 
wide (fig. 69) ........................... Attenella attenuata 

Terminal segment of male genital forceps less than four times 
as long as wide (fig. 65) ............................... 19 

Penes with dorsal and ventral spines ..... ; Ephemerella . .. 20 

Penes without spines .................................. 21 

Penes lobes short and broad with nearly parallel lateral mar
gins. Fewer than 15 dorsal spines. Six Or more ventral spines. 
Thorax and abdomen pale yellow ........ : .............. . 
. . . . . . . . . . . . . . . . . . . . . . E phemerella dorothea, E. choclawhatchee 

Penes lobes not so short and broad, usually with round lateral 
margins. More than 15 dorsal spines. Fewer than five ventral 
spines. Thorax yellow, shaded with brown. Abdominal terga 
yellow with a brown transverse band .... Ephemerella rotunda 

Penes ·with lateral subapical projections (fig. 70) ........... . 
...................................... :. Serratella deficiens 

Penes without lateral sub.apical projections (fig. 66) ...... 22 

Segment 3 of fore tarsi shorter than segment 2: penes basally 
swollen, narrow apically (fig. 65) ...... Eurylophella temporalis 
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23( 17) 

24(23) 

25(24) 

26(25) 

27(23) 
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Segment 3 of fore tarsi longer than segment 2; penes basally 
narrow, expanded apically (fig. 66) ......... Dannel/a simplex 

Hind wings without costal projection (fig. 35) ........... 24 

Hind wings with distinct costal projection (fig. 41) ....... 27 

Terminal filament subequal to or shorter than cerci. Long, 
slender, anteriorly directed, ventral appendages arising at 
apex of penes lobes and often extending to base of lobes (fig. 
64). Hind wings more than one-third the length of forewings 
....................................... Leptophlebia ... 25 

Terminal filament as long as cerci. Ventral appendages of 
penes short and stout as in figure 60. Hind wings less than 
one-third the length of forewings .... Paraleptophlebia volitans 

Terminal filament subequal in length to cerci. Ventral append
ages of penes curved and spatulate. Basal one-fourth of penes 
fused (fig. 62) ......................... Leptophlebia lnadleyi 

Terminal filament distinctly shorter and thinner than cerci. 
Penes not as above (fig. 64) ............................ 26 

Ventral appendages of penes extend to base of notch between 
divisions of penes (fig. 63). Terminal filament two-thirds the 
length of cerci ...................... Leptophlebia intermedia 

Ventral appendages of penes shorter, do not extend to notch 
between divisions of penes (fig. 64). Terminal filament not 
more than one-third the length of cerci ... Leptophlebia collina 

Vein Sc of hind wings extends well beyond costal projection 
(fig. 43). Each penis lobe with a mesal decurrent appendage 
(fig. 59). Combined length of two terminal segments of male 
genital forceps approximately equal in length to preceding 
segment. ............................ Habrophlebia vibrans 

Vein Sc of hind wings terminates at or slightly beyond costal 
projection (fig. 42). Penes not a.S above. Two terminal seg
ments of male genital forceps short; combined length ap
proximately one-fourth the length of preceding segment (fig. 
ITT) ........................................ 28 

28(27) 

29(16) 

30(29) 

31(29) 

32(31) 

KEY TO ADULTS 63 

Costal projection of hind wings acute 'and located in apical 
half of wings (fig. 41). Penes with short, lateral decurrent ap
pendages (fig. 67). Female subanal plate deeply cleft apically 
............................. Habrophlebiodes brunneipennis 

Costa! projection of hind wings iounded and near midpoint 
of wings (fig. 42). Penes without appendages (fig. 61). Female 
subanal plate slightly emarginale ...... : . Choroterpes hubbelli 

Vein MA of forewings forming a more or less symmetrical 
fork, and veins MP2 and IMP extending less than three-fourths 
of distance to base of vein MP1 (fig. 4). Genital forceps of male 
two- or three-segmented (fig. 79). Thorax usually black or 
gray .......................... ' ....... Tricorythidae ... 30 

Vein MA of forewings not as above; MA2 attached basally to 
MA1 by a crossvein; veins MP2 and IMP almost as long as vein 
MP1 and extending nearly to base (fig. 5). Genital forceps 
of male one-segmented (fig. 78). Thorax usually brown 
........................................ Caenidae ... 31 

Wings of male greatly expanded in cubito-anal area. Vein CuP 
evenly recurved (fig. 4). Hind wings absent. Genital forceps 
with an ovoid swelling at base of second segment on inner 
margin (fig. 79) .................... Tricorytlwdes albilineatus 

Wings of male not expanded in cubito-anal area~ broadest 
near midpoint of length. Vein CuP abruptly recurved (fig. 10). 
Hind wings present in males (fig. 38), absent in females 
....................................... , Leptohyphes dolani 

Prosternum twice as wide as long. Fore c~xae widely separated 
···································· .............. 32 

Prosternum two to three times longer than wide. Fore coxae 
much closer together ........................ Caenis . .. 35 

Pedicel at least l l/s-2 times the length of Scape. Posterolateral 
spines on abdominal tergum 6 slightly bent dorsally ....... . 
...................................... · Brachycercus ... 33 

Pedicel only slightly longer than scape or equal in length. 
Posterolateral spines on abdominal tergum 6 strongly bent 
dorsally .............................. Cercobrachys etowah 
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33(32) 

34(33) 

35(31) 

36(15) 

37(36) 
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Abdominal terga and sterna without dark brown markings 
........................... · .......... Brachycercus nasutus 

Abdominal terga and sterna with dark brown markings .. 34 

Abdominal terga 1-6 with dark brown stippling. Penes ap
proximately as long as wide _with distinct posterolaterally 
rounded lobes ...................... Brachycercus maculatus 

Abdominal terga 1-3 and sterna 1-3 with dark brown stip
pling. Penes longer than wide; weakly produced posterolat-
erally with slightly concave posterior margin (fig. 77) ...... . 
...................................... Brachycercus berneri 

Stigmatic, dark brown streaks on posterior abdominal terga 
only. Head pale. Short, fine, black streaks on dorsal edge of 
each femur ................................. Caenis hilaris 

Stigmatic, dark brown streaks on anterior abdominal terga. 
Head dark shaded. Hind femora with a dark apical band 
......................................... Caenis diminuta 

Hind wings with numerous long, free, marginal intercalaries 
(fig. 39); cubital intercalaries absent in forewings, with vein 
A1 ten11in;Hing- in outer n1argin of wings (fig. 22) , ......... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (Baetiscidae) Baetisca ... 37 

Hind wings not as above, sometimes absent; cubital inter
calaries present in forewings, wJth vein A 1 terminating in hind 
margin of wings (figs. 6, 23) ........................... 42 

Penes sharply tapered distally (fig. 87). Eyes striped ....... . 
. . . . . . . . . . . . . Subgenus FasciocUlus, Baetisca (F.) escambiensis 

Penes smoothly tapered distally (fig. 86). Eyes uniformly col-
ored ............................ Subgenus Baetisca ... 38 

Fig. 45. Hexagrnia orlando, male genitalia. Fig. 46. Haagrnia bilineala, male genitalia. Fig. 
47. Htxagrnia limhata, male genitalia. Fig. 48. Prntagenia vittigera, male genitalia. Fig. 49. 
Siphlopkcton fuscum, male genitalia. Fig. 50. Siphlcpkcton brunneum, male genitalia. Fig. 
51. Siphlcpkctonsimik, male genitalia. Fig. 52. Stnumnnasmithae, male genitalia. Fig. 53. 
Stnumnna aiguum, male genitalia. Fig. 54. Stmacron imerpunclalum, male genitalia. Fig. 
55. Strnacron jloridense, male genitalia. Fig. 56. Heptagniiafiav~cms, male genitalia. Fig. 
57. Macdunnoa brunnea, male genitalia. Fig. 58. Pseudiron crntralll, male genitalia (from 
Pescador 1985 ). 

KEY TO ADULTS 65 
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38(37) 

39(38) 

40(38) 

41(40) 

42(36) 

43(42) 

44(43) 

THE MAYFLIES-OF FLORIDA 

Wings fully or partially flushed with orange, yellowish to red-
dish brown (figs. 22, 39) ........... , , , , ............... 39 

Wings hyaline, rarely with brown tint at extreme base .... 40 

Abdominal tergum 10 with a pair of small, dark brown spots. 
Basal one-third of hind wings faintly Hushed with orange 
brown ................................. Baetisca (B.) becki 

Abdominal tergum 10 without spots. Basal three-fourths of 
hind wings strongly flushed with dark reddish brown (fig. 39) 
...................................... Baetisca (B.) rogersi 

Penes lanceolate, apically blunt (fig. 86) ... Baelisca (B.) obesa 

Penes deltoid, apically pointed ......................... 41 

Abdominal sterna dark brown; posterior margin of sterna 
6-8 almost black; sterna with broad, brownish, elongate, an-
terolateral markings ................... Baetisca (B.) gibbera 

Abdominal sterna pale to light brown; markings absent ..... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Baetisca (B.) laurentina 

Short, basally detached, single or double marginal interca
laries present in each interspace of forewings. Veins MA2 and 
MP2 detached basally from their respective stems (figs. 6, 7, 8). 
Hind wings small or absent. Pcnes membranous. Upper por-
tion of male eyes turbinate (plat~ I) ......... Baetidae ... 43 

Marginal intercalaries attached basally to other veins. Vein 
MA, attached basally (fig. 23). Hind wings larger. Penes well 
developed. Male eyes not turbinate .................... 57 

Hind wings present, although often minute ' ............ 44 

Hind wings absent ................................... 53 

Hind wings with numerous crossveins, usually IO or more; 
prominent, blunt costal projection (fig. 27). Abdomen with 
nt11nerous, distinct dark spots.. . . . . . . . . . . . Callibaetis ... 45 

Hind wings with few cross.Veins, usually five or fewer; costal 
projection either sharply pointed, hooked, or absent but never 
blunt (figs. 29, 30, 33). Abdomen without speckled color pat-
tern ................................................ 47 

45(44) 

46(45) 

47(44) 

48(4 7) 

49(47) 

50(49) 

KEY TO AnuL TS 67 

Intercalaries in midposterior margin of forewing occur singly. 
Male abdominal segments 2-6 whitish hyaline with reddish 
shadings on dorsum. Female fore.wing with 20-25 crossveins 
posterior to vitta; vitta brown, margin straight; posterior mar-
gin of forewing unicolorous ...... Callibaetis ftoridanus ... 46 

Intercalaries in midposterior margin of male forewing occur 
either in pairs or singly; female in pairs. Male abdominal seg
ments 2-6 whitish hyaline with prominent brownish shadings 
on dorsum (plate 4). Female forewing with 35-40·crossveins 
posterior to vitta; vitta brown, undulating; ·posterior margin 
of forewing with alternate yellowish and brown areas; brown 
spots throughout membrane ............ Callibaetis pretiosus 

Forewings of female colorless or only slightly colored; spots 
Covering body brown or reddish brown; body coloration 
somewhat dulled. Central and North Florida ............. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . Callibaetis fioridanus (form A) 

Forewings of female tinged with brown; spots covering body 
red; body coloration intense. South Florida: .............. . 
............................. Callibaetis jloridanus (form B) 

Marginal intercalaries of forewings occur singly (fig. 7). Costa! 
projection of hind wings hooked or recurved (fig. 33) ..... . 
..................................... : . Centroptilum ... 48 

Marginal intercalaries of forewings occur in pairs (fig. 6). Cos-
tal projection of hind wings variable, sometimes absent .... . 
............................................. Baetis ... 49 

Abdominal terga 2-6 with reddish areas ................. . 
................................. Centroptilum viridocularis 

Abdominal terga 2-6 without extensive reddish areas ...... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Centroptilum hobbsi 

Costa! angulation present on hind wings (fig. 32) ........ 50 

No costal angulation on hind wings (fig: 30) .............. . 
.....•.................................. Baetis ephippiatus 

Segment 2 of genital forceps with prominent projection on 
inner margin (fig. 83). Female with large U-shaped figure on 
head ................................... 

1 

Baetis propinquus 
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51(50) 

52(51) 

53(43) 

54(53) 

55(54) 

KEY TO ADULTS 69 

Segment 2 of male genital forceps without projection on inner 
margin (fig. 81 ). Female head not as above ... _ ... _ ... _ .. 5 l 

Abdominal segments 2-6 of male opaque brown. A small 
spine between bases of genital forceps (frg. 81). Costa! angula
tion of hind wings much reduced (fig. 28) . _ .. Baetis frondalis 

Abdominal segments of male translucent white. No spine be
tween bases of male genital forceps. Costal angulation of hind 
wings more prominent (fig. 32) ....... : · ................ 52 

Hind wings with two longitudinal veins (fig. 32). Distal seg
ment of genital forceps twice as long as wide (fig. 82). Male 
forewing about 3 mm Jong or slightly longer. ............. . 
- ... _ ... - ... - ...... - - ................ ·., .. Baetis /rygmaeus 

Hind wings with three longitudinal veins (fig. 29). Distal seg
ment of genital forceps about as long ~s wide. Male forewing 
approximately 5 mm long ................ Baetis intercalaris 

Marginal intercalaries single ............. Cloeon rubropictum 

Marginal intercalaries paired ............ Pseudocloeon ... 54 

Abdominal terga 2-6 with large ruddy patches .......... 55 

Abdominal terga 2-6 immaculate or with very limited mark-
ings . - .......... _ . __ .... __ ..... _ . _ ... _ . __ .... _ . _ .... 56 

Middle and hind femora with a ruddy dash anteriorly on 
lower edge and a distinct, ruddy spot near the apex, well be-

Fig. 59. /labrophlebin. vibmr1S, male genitalia. Fig. 60. ParaleptophUbia volitans, male geni· 
talia. Fig. 61. Clioroterpes h11bbelli, male genitalia. Fig. 62. Leptophlebia bradleyi, male geni
talia. Fig. 63. Leptoplilebin intermedia, male genitalia. Fig. 64. Leptophlebia collina, male 
genitalia. Fig. 65. Eurylophella temporalis, male genitalia. Fig. 66. Dannella simplex, male 
genitalia (from Allen and Edmunds I 962a). Fig. 67. llabroplilebiodes brunneipennis, 
male genitalia. Fig. 68. Jlomoeoneuria dolani, male genitalia (from Pe.'lcador and Peters 
l!lRO). Fig. fi9. Allrril'/la allenuata, male g-l'nit;1Jia (from Allt'n ;md Edmumls l!lGI). 
Fig-. 70. Srrrntrllri 1l1firint~, mall' g-cnicalia (!"nun Alll'll and Edmunds I !16'.'\a). Fig-. 71. l.111-
rryrhi11 m11mlatr1, mall' gl'nitalia (from Kondratidf and Vo.~hl'll 1981). Fig. 72. l.w11yrl1ia 
luscalroen.1is, male genitalia (from KondraticfT and Voshell 1984). Fig. 73. ls.onyd1ia sayi, 
male genitalia (from Kondratieff and Voshell 1984). Fig. 74. Jsonychia Jicca, male geni
talia (from Kondratieff and Voshell 1984). Fig. 75. lsonycliia berneri, male genitalia (from 
Kondratieff and Voshell 1984). Fig. 76. /sonychia an·da, male genitalia (from Kondratieff 
and Voshell 1984). 
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Fig. 77. Brachycercus berneri, male genitalia. Fig. 78. Caenis diminuta, male genitalia. Fig. 
79. Tricorythodes albilineatus, male genitalia. Fig. 80. Pseud-0cloeon alachua., male genitalia. 
Fig. 81. Baetisfrondalis, male genitalia. Fig. 82. Battis pygmaeus, male genitalia. Fig. 83. 
Baetis propinquus, male genitalia. Fig. 84. Psrodiron centralis, female subgenital plate 
(from Pescador 1985). Fig. 85. Baeti.sca rogersi, male genitalia (from Berner 1955). Fig. 
86. Baetisca obesa, male genitalia (from Berner 1955). Fig. 87. Baetisca escambimsis, male 
genitalia (from Berner 1955). Fig. 88. /son)'cl1ia (PrionoiMs) sp., female subgenital plate 
(from Kondratieff and Voshell 1984). Fig. 89. /sonychifl (lsonj'chia) sp., female subgenital 
plate (from Kondratieff and Voshell 1984). Fig. 90. Stmonema smithae, male hind tarsus. 
Fig. 91. Siphloplecton brunneum, male hind tarsus. 

56(54) 

57(42) 

58(57) 

' l, 59(58) 
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yond the middle of the segment. Distal segment of male geni-
tal forceps much thinner than third segment ............. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pseudocloeon paroulum 

Legs without ruddy markings. Distal segment of male genital 
forceps as wide as third segment (fig. 80) ................. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pseu.docloeon alachua 

Abdominal terga 2-6 without reddish markings. Posterior 
margin of sterna with a row of minute dots ............... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pseudocloeon p~nctiventris 

Abdominal terga 2-6 with small, paired red spots. Posterior 
margins of sterna without dots ...... Pseudocloeon bimaculatus 

Hind tarsi apparently four-segmented, Basal segment fused 
or partially fused to tibiae (fig. 91). Cubital intercalaries vari-
able but may consist of one or two pairs (fig. 15) ......... 58 

Hind tarsi distinctly five-segmented (fig. 90). Cubital inter-
calaries consist of two pairs (fig. 23) ...................... . 
............................ Heptageniidae, in part ... 62 

Male eyes contiguous or nearly contiguous dorsally. Fore tarsi 
three times the length of fore tibiae. Female abdomen with 
apical and basal segments subequal to middle seginents in 
length and width. Subanal plate evenly convex ............ . 
..... , , , , , , . , , .. , . . . . (Metretopodidae) Siphloplecton,,, 59 

Male eyes separated dorsally by twice the width of median 
ocellus. Fore tarsi twice the length of fore tibiae. Female ab
domen long and slender, with apical segments distinctly more 
elongate and slender than basal segments. Subanal plate with 
median emargination (fig. 84) ........................... . 
. . . . . . . . . (Heptageniidae, Pseudironinae) Pseudiron centralis 

Crossveins of costal, subcostal, and radial spaces of forewings 
thickly infuscated with brown; membrane in region of bullae 
with brown stain ..................................... 60 

Crossveins not infuscated with brown; membrane .without 
brown stain ........................ Siphloplecton speciosum 
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60(59) 

61(60) 

62(57) 

63(62) 

64(62) 

THE MAYFLIES OF FLORIDA 

Venation of forewings dark brown. Crossveins of wing disc 
heavily infuscated. Brown stain at base of forewings extends to 
vein CuA. Basal one·fourth of male hind wings with brown 
stain. Female forewings and hind wings without stain. Penes as 
in figures 50, 51 ...................................... 61 

Venation of forewings much lighter. Crossveins of wing disc 
not heavily infuscated. Brown stain at base of male forewings 
extends to vein CuP or absenl. Male hind wings with brown 
stain mostly limited to subcostal space. Female forewings and 
hind wings without stain. Penes as in figure 49 ............ . 
. . . . _ ................................ S iphloplecton fuscum 

Caudal filan1ents uniformly brown. Penes as in figure 50 .... 
................................... Siphloplecton brunneum 

Caudal filaments light brown or pale wEth strong brown an
nulations. Penes as shown in figure 51 .... Siphloplecton simile 

Wings with two or three crossveins below bullae between R1 

and Rz connected or nearly connected by dark pigmentation 
(fig. 24), rarely only a dark spot. Basal crossveins between R1 

and R2 dark margined. Penes with well-developed lateral clus-
ters of spines (figs. 54, 55) ................. Stenacron ... 63 

Wings with crossveins below bullae not connected as above 
(fig. 23). Crossveins between R1 and R2 rarely dark margined. 
Penes without lateral clusters of.spines (fig. 52) .......... 64 

Penis lobes with dusters of latefal Spines (fig. 54) .......... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Stenacron interpunctatum 

Penis lobes with clusters of lateral and dorsal spines (fig. 55) 
...................................... Stenacron floridense 

Penis distinctly L-shaped; median titillators usually well devel
oped (fig. 52). Basal segment of fore tarsi usually one-third to 
two-thirds the length of segment 2 ..................... 65 

Penis not distinctly L-shaped as above; median titillators mod
erately to well developed (fig. 56). Basal segmerit of for.e tarsi 
one-fifth to one-half the length of segment 2 ............. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Heptagenia Jlavescens 

65(64) 

66(65) 

67(66) 

I 

r 
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Apical lobes of penes without spines (fig. 57). Female ab
domen without dark markings:. . . . . . . . Macdunnoa brunnea 

Apical lobes of penes with spines (fig. 53). Female abdomen 
with dark markings ...................... Stenonema ... 66 

Dark gray, median longiu.~dinal line on terga 3 and 6. Cross
veins in bulla region and beyond arranged serially across 
wing, usually forming elongate cells. Spiracular marks, if 
present, consist of black, oblique streaks ................. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . Stenonema mexicanum integrum 

No dark gray, median longitudinal line on terga 3 and 6 . 
Crossveins in bulla region and beyond not arranged serially 
across wing (fig. 23). Spiracular marks, if present, consist of 
black dots (plate 9) ................................... 67 

Dark spiracular spots on abdomen. Tails narrowly annulate 
with purplish brown atjoints. Posteromedial portion ofpenes 
angulate (fig. 52) ............ Stenonema modestum, S. smithae 

Dark spiracular spots on abdomen absent. Caudal filaments 
white. Posteromedial portion of penes round

0

ed (fig. 53) ..... 
...................................... Stenonerna exiguum 
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Fig. 92. Hexagroia sp., distal segment of labial pulp. Fig. 93. Habrophletnodes brunneipro-
11is, labrum. Fig. 94. Paraleptophltbia volitam, labrum. Fig. 95. Btutis propinquw, labrum 
(from Morihara and McCafTerty 1979a). Fig. 96. Battis ephippiatw, labrum (from Mori
hara and McCafTerty I979a). Fig. 97. Btutisfrondalis, labrum (from Morihara and Mc
CafTerty l979a). Fig. 98. Euryloplulla tnnporalis, maxilla. Fig. 99. Ephemrrtlla chocta
whatclue, maxilla. Fig. JOO. Strrattlla deficiens, maxilla. Fig. 101. Stnw11ema smitluu, 
maxilla. Fig. 102. Stroonnna txiguum, maxilla. Fig. 103. Callibtutis prttiosu.~. maxilla. Fig. 
104. Callibattis Jlorida111JJ, maxilla. Fig. 105. Cloeon rubropictum, maxilla. Fig. 106. Battis 
pygmaros, labial palp (from Morihara and ?vfcCafTerty 1979a). Fig. 107. Carois diminuta, 
maxilla. Fig. 108. Centrapti/um viridocularis, labial palp. Fig. 109. Battis intercalaris, labial 
palp. Fig. 110. Baetis prt>pinquw, labial pulp. Fig. 11 l. Psnidiu:m crotralis, maxilla (from 
Pescador 1985). Fig. 112. Hexagmia orlando, mandible. 

2( 1) 

3(2) 

4(3) 

Nymphs 

Thorax with well-developed mesonotal shield extended to ab
dominal segment 6. Gills enclosed beneath shield. Nymph as 
in plale 28 ..................... (Baetiscidae) Baetisca ... 2 

Thorax not as above. Gills exposed ...................... 7 

Eyes striped (plate 25). Abdominal segments 6-9 with long, 
thick, lateral hairs. Claws more than two-thirds the length of 
tibiae ......... Subgenus Fascioculus, Baetisca (F.) escambiensis 

Eyes uniformly colored (plate 28). Abdominal segments 6-9 
either glabrous or with few minute hairs. Tarsal claws less than 
two-thirds the length of tibiae ....... Subgenus Baetisca ... 3 

Dorsal projections of mesonotal shield well developed; dis-
tinctly taller than medial hump ......................... 4 

Dorsal projections on mesonotal shield weakly to moderately 
developed; height less than, or subequal to, that of medial 
hump ................... , .............. · ...... : ....... 6 

Lateral spines of mesonotal shield prominent, Jong, sharply 
pointed. Thoracic and abdominal markings as in plates 24a 
and b ..... · ............................. Baetisca (B.) becki 

Lateral spines of mesonotal shield shorter."Thoracic and ab-
dominal markings not as above ......................... 5 

75 
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6(3) 

7( I) 
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Frontal projections of head well developed, distinctly ex
tended beyond anterior margin of head (plate 27). Ventral 
margins of mesonotal shield lack dark brown outline. Abdomi
nal sternites 2-6 with prominent dark brown spots near lat-
eral margins ........................... Baetisca (B.) obesa 

Frontal projections of head moderately developed, not ex
tended beyond anterior margin of head (plate 24c). Ventral 
margin of mesonotal shield prominently outlined with dark 
brown (plate 24d). Abdominal sternites 2-6 lack pr:ominent, 
dark brown sublateral spots but are freckled with brown (plate 
24d) .............................. Baetisca (B.) laurentina 

Mesonotal shield weakly flared (plate 28). Lateral margins of 
mesonotal spines serrate. Mesonotal shield distinctly longer 
than width. Lateral spines of mesonotal shield more than I Y2 
times as long as width at base. Abdominal sternites 7-9 with a 
pair of brownish black spots ............ Baetisca (B.) rogersi 

Mesonotal shield strongly Aared (plate 26). Lateral margins of 
mesonotal spines smooth. Mesonotal shield length subequal to 
width. Lateral spines of mesonotal shield blunt, as long as 
width at base. Abdominal sternites 7-9 without defined spots 
...................................... Baetisca (B.) gibbera 

Gills on abdominal segments 2-7 forked, with margin fringed. 
Mandibles usually with large tusks projecting forward and 
visible from above (plate 15; fig. 112). If tusks absent, head 
and thorax with pads of long spines (plate 14) ............ 8 

Fig. l 13. Stenonrma smithae, 4lh gill. Fig. 114. Stnwcron interpunclatum, 4th gill. Fig. 115. 
Psetulocloeon bimnculatJLs, 7th gill. Fig. 116. Pseudodoeon parvulum, 4th gill. Fig. 117. Calli
baetis sp., 2d gill (from Spieth 1933). Fig. 118. Callibaetis pretiasus, 7th gilt Fig; 119. Calli
baetisfioridanus, 7th gill. Fig. 120. Pseudiron centralis, 7th gill (from Pescador 1985). Fig. 
121. Centroptilum hobbJi, !st gill. Fig. 122. Centroptilum hobbsi, 7th gill. Fig. 123. Centrop
tilum viridocularis, !st gill. Fig. 124. Centroptilum viridocularis, 4th gill. Fig. 125. Cloeon sp. 
A, 1st gill. Fig. 126. Clo,on sp. A, 4th gill. Fig. 127. Cfo,on rubropictum, 1st gill. Fig. 128. 
Baetis ephippiatu.s, 7th gill. Fig. 129. Baetis pygmaeu.s, 7th gill. Fig. 130. Brutis propinquus, 
4th gill. Fig. 131. Baelis propinquw, 7th gill. Fig. 132. Leptophltbia intenn,dia, 3d gill. Fig. 
133. Choroterpes hubbelli, 3d gill. Fig. 134. Leptophlebia bradleyi, 3d gill. Fig. 135. Paralep
tophltbia volitans, 3d gill. Fig. 136. Habrophleflia vibran.s, 3d gill. Fig. 137. lsonychia (Pri
onoides) sp., 7th gill (from Kondratieffand Voshell 1984). Fig. 138. /son;,chia (lsonychia) 
sp., 7th gill (from Kondratieffand Voshell 1984). 
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Gills on abdominal segments 2-7 variable; if gills forked, mar
gins not fringed (fig. 132). Tusks absent' on mandibles .... 14 

8(7) Head and prothorax with dorsal pads of long spines on each 
side (plate 14). Mandibles not modified into tusks. Gills ventral 
......................... (Behningiidae) DolanJa americana 

Head and prothorax without pads of spines. Mandibles modi-
fied into tusks .. Gills lateral or dorsal (plate 15) ............ 9 

9(8) Mandibular tusks apically curved upward when viewed later
ally. Ventral apex of hind tibiae projected into distinct acute 

10(9) 

11 (I 0) 

point ............................................... 10 

Mandibular tusks apically curved downward when viewed lat-
erally. Ventral apex of hind tibiae roun.ded ............... . 
. . . . . . . . . . . . . . . . . . . . . . . . . (Polymitarcyidae) Tortopus incertus 

Mandibular tusks broadened laterally and with row of spurs 
along lareral margins. Terminal segment of labial pal pi club-
shaped, broadly rounded apically ....................... . 
. . . . . . . . . . . . . . . . . . . . . . . . (Palingeniidae) Pentagenia vittigera 

Mandibular tusks slender and without a row of spurs along 
lateral margins. Terminal segment of. labial palpi pointed, 
truncate or falcate apically (fig. 92) ..... Ephemeridae ... I I 

Frontal process of head distinctly bifid (fig. 153). Mandibular 
tusks with srnall gnu1p or has;il and lateral spurs. Fore tihiac 
11ot c111aq.~i11atc apically a11d not g-rcatly f1:111e11ed (fig. 118) 
........................................ Ephemera simulans 

Fig. 139. Centroptilum m"ridocu/aris, nymphal tarsal claw, hind leg. Fig. 140. Cmtroptilum 
hobb.si, nymphal tarsal claw, hind leg. Fig. 141. Siphloplecton .speciosum, nymphal larsal 
claw, foreleg. Fig. 142. Leptohyplu.s.sabinas, foreleg of nymph (drawn by R. K. Allen). Fig. 
143. P.ieudiron cmtrali.s, nymphal tarsus and claw, foreleg. Fig: 144. llomoeoneuria dolani, 
nymphal foreleg (from Edmunds, Berner, and Traver 1958). Fig. 145. Tricoryt/W<U.s 
albilineatu.s, nymphal fore femur. Fig. 146. Ephemrre/la choctawhatchee, nymphal fore 
femur. Fig. 147. Hexagenia sp .. nymphal fore libia. Fig. 148. Ephemera sp., nymphal fore 
tibia. Fig. 149. Brachycercus nasutu.s, nymphal fore tarsus and claw. Fig. 150. Brach)•cercu.s 
maculatu.s, nymphal fore tarsus and claw. Fig. 151. Hexageni.a bilineata, nymphal hind 
claw (redrawn from Gooch 1967). Fig. 152. Hexagenia limbata, nymphal hind claw (re
drawn from Gooch 1967). Fig. 153. Ephemera sp .. nymphal frontal process. Fig. 154. 
Hexagenia limbata, nymphal frontal process. 
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13(12) 
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Frontal process of head entire (fig. 154). Mandibular tusks 
without spurs but with long hairs. Fore tibiae slightly to dis-
tinctly emarginate along distal margin (fig. 14 7) ........... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . H exagenia ... 12 

Color pattern of abdominal terga and sterna.as in figure 160. 
Size relatively small (14-22 mm). Confined to sand-bottomed 
lakes in central Florida highlands ......... Hexagenia orlando 

Color pattern of abdominal terga and sterna not as above. Size 
relatively large (18-32 mm). Occurs thrOugh«?ut central and 
northern Florida ..................................... 13 

Mesotarsal claws swollen near base (fig. 151 ). Developing pen es 
of mature nymph angulate and beaklike. Frontal process 
slightly conical ......................... Hixagenia bilineala 

Mesotarsal claws slender for 111ost of their length (fig. 152). 
Developing penes of mature nymph more evenly curved. 
Frontal process usually evenly rounded. Color pattern of ma-
ture nymphs as in figure 159 ............. Hexagenia limbata 

14(7) Inner surface of forelegs with a double row of long setae (fig. 

15(14) 

144) ............................... Oligoneuriidae ... 15 

Inner surface of forelegs not as above ...... : ........... 18 

Gills ventral on abdominal segment l. FOre coxae without 
basal gill tufts. Fore tarsi reduced and papilla'iike (fig. 144). 
Meso- and metatarsal claws nondenticulate ............... . 
. . . . . . . . . . . . . . . . : .... (Oligoneuriinae) H_omoeoneuria dolani 

Gills dorsal on abdominal segtnent I. Fore coxae with basal gill 
tufts. Fore tarsi normal with a double row of hairs. Meso- and 
metatarsal claws denticulate ............................ . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . (lsonychiinae) Isonychia ... 16 

Fig. 155. Dannel/a 5impUx. mature nymph (from Allen and Edmunds 1962a). Fig. 156. 
Ntoepliemn-a comprtssa, half-grown nymph (from Berner 1956). Fig. 157. Neoephnnna 
youngi, half-grown nymph (from Berner 1956). Fig. 158. Attend/a attn1uata, mature 
nymph (from Allen and Edmunds 1961). Fig. 159. Hl'Xagroia limbata, abdominal color 
pattern (common Florida type), male (a) dorsal (b) ventral (from Spieth 1941). Fig. 160. 
Hexagtnia orlando, abdominal color pattern, male (a) dorsal (b) ventral (from Spieth 
1941). 
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Fig. 161. Bro.diJCt'TCUS nasutw, head of nymph (from Soldan 1986). Fig. 162. Brach)·cercus 
maculnl1LS, operculate gill (from Soldan 1986). Fig. 163. Brach)·cncw bernt'Ti, operculate 
gill (from Soldan 1986). Fig. 164. /·/rj1tngn1ia flm1escm.1, 7th gill. Fig. 165. Stn1011nnn 
n11ithae, 7th gill. Fig. 166. Str11acro11 i11tnpunctal111n, 7th gill. Fig. 167. /frutis e/Jhi/J/Jiatus, 
nymphal abdomen. Fig. 168. Puudocloeon bi"mculat1Lt, nyn1phal abdomen. Fig. 169. 
Pseudocloeon paroulum, nymphal abdomen. 

16(15) 

17(16) 

18(14) 

19(18) 

20(19) 

21(19) 
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Abdominal gill lamellae with stout, apical marginal spines (fig . 
138). Fore coxal gills in tufts ofrnultibranched filaments .... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . Subgenus lsonychia s.s .... 17 

Abdon1inal gill lamellae without stout, apical marginal spines 
(fig. 137). Fore coxal gills usually a single, stout filament .... 
. . . . . . . . . . . . . . . . . . . . Subgenus Prionoidrs, /Jonychia (P.) sayi 

Sclerotized distal edge of anterior margin of abdominal gill 
Jamellae 6 and 7 usually with two or fewer indistinct rows of 
stout spines, and median sclerotized ridge usually with a row 
of spines along entire length ............. l~onychia (/.) sicca 

Sclerotized distal edge of anterior margin of abdominal gill 
lamellae 6 and 7 usually with three or more indistinct rows of 
stout spines and median sclerotized ridge usually with only 
scauered stout spines ................... ·lsonychia (/.) arida 

Gills on abdominal segment 2 operculate ·or semioperculate, 
covering succeeding pairs (plate 19) ...... : ............. 19 

Gills on abdorninal segrnent 2 neither operculate nor semi· 
operculate; either similar to those on suc;:ceeding segments or 
absent .............................................. 28 

Gills on abdominal segment 2 triangular, subtriangular, or 
oval, not n1eeting medially (plate 19). Margi_n of gill lamellae 
3-6 not fringed ....... : .............. ·rricorythid.ae ... 20 

· Gills on abdominal segment 2 quadrate·, meeting, or almost 
meeting, medially (plate 20). Margin of gill lamellae 3-6 
fringed ............................................. 21 

Operculate gill elongate·oval to oval. Fore fen1ora with trans· 
verse band of moderately long to short, robust spines (fig. 142) 
........................................ Leptohyphes dolani 

Operculate gill triangular or subovate (plate 19). Fore femora 
with transverse band of long, delicate setae (fig. 145) ....... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tricorythodes albilineatus 

Mesonotum with a distinct anterolatcral lobe (plate 20). Oper· 
culate gills fused mesally. Developing hind wing pads present 
. .................... (Neoephemeridae) Neoephemera . .. 22 
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22(21) 

23(2 l) 

24(23) 

25(24) 

26(25) 
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Mesonotum without anterolateral lobe. Operculate gills not 
fused mesally (plate 22). Without developing hind wing pads 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Caenidae ... 23 

Posterolateral abdominal spines strongly produced (fig. 156). 
Posterior margin of abdominal segments 6-8 with median 
spines. Anterolateral corners of pronotum pointed. Pronotal 
sub1nedian tubercles prominent ....... Neoephemera compressa 

Posterolateral abdominal spines moderately produced (fig. 
157). Posterior margin of abdominal segments 7-8 without 
median spines, slightly developed on 6. Anterolateral corners 
of pronotum rounded. Pronotal submedian tubercles incon-
spicuous ..................... _ ......... Neoephemera youngi 

Head with tubercles. Maxillary and labial palpi two-segmented. 
Depressed body form ................................. 24 

Head without tubercles. Maxillary and labial palpi three-
segmented (fig. 107). Compressed body form (plate 22) .... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Caenis ... 27 

Abdominal segments 7-9 without posterolateral spines. Ante
rior margin of mesosternum with long, anteriorly directed 
bristles. Abdominal segment 6 with spines arising anterolat-
erally ................................. Cercobrachys etowalt 

Abdominal segments 7-9 with posterolateral spines. Anterior 
margin of mesosternum withot.it bristles. Abdominal segment 
6 with spines arising posterolaterally (plate 23) ............ . 
................•...................... Brachycercus ... 25 

Frontal ocellar tubercle long, I \/2 times longer than lateral 
ones (fig. 161), and twice as long as eye width ............. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Brachycercus nasutus 

Frontal ocellar tubercle short, almost as long as lateral ones 
(plate 23), and at most I Y:2 times as long as eye width ..... 26 

Gill cover apically angulate (fig. 163). Pronotum with a pair of 
anterolateral spines .................... Brachycercus berneri 

Gill cover apically rounded (fig. 162). Pronotum without lat-
eral spines .......................... Brachycercus maculatus 

27(23) 

28(18) 

29(28) 

30(29) 

31(30) 

32(29) 
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Length of mature nymph 3.9-6. 7 mm. Pro- and mesonotum 
with numerous yellow spots. Predominantly pond forms .... 
.......................................... Caenisdiminula 

Length of mature nymph 2.6-3.8 mm. Pronotum without 
yellow spots; mesonotum with yellow spots at bases of wing 
pads, and. a pair of submedian spots. Predominantly stream 
forms ...................................... Caenis hilaris 

Gills absent fron1 abdominal segment 2; rudimentary on or 
absent from segment l; present on or absent from segment 3. 
Paired tubercles often present on abdominal terga ........ . 
.................................. Ephemerellidae ... 29 

Gills present on abdominal segments 1-7 or 2-7. Tubercles 
absent from abdominal terga .......................... 34 

Lamellate gills present on abdominal terga 3-7 (plate 18) .. . 
.................................................... 30 

Lamellate gills present on abdominal terga 4-:---7 (plate 17) ... 
.................................................... H 

Caudal filaments with whorls of spines at apex of each seg
ment and with only sparse intersegmental setae or none (plate 
l 8). Maxillary pal pi absent (fig. l 00) ....... Serrate/la deficiens 

Caudal filaments rarely with whorls of spines at apex of each 
segment but with heavy intersegmental setae (plate 17). Max-
illary palpi well developed (fig. 99) ........ Ephemerella ... 3 l 

Abdominal terga with paired sub1nedian tubercles on seg
ments 2-9. Tubercles small but discernible on terga 3-8, 
barely discernible on terga 2 and 9. Fore femur with moder-
ately wide band of subapical spines ...... Ephemerella rotunda 

Abdominal terga with paired submedian tubercles on seg
ments 3-8, barely discernible on terga -3 ~ind 8. Fore fenn1r 
usually with a narrow band of only a few spines (fig. 146) 
................................ Ephemerella choctawhatchee 

Tarsal claws usually without denticles. Head, body, and ap-
pendages with long setae (fig. 155) ......... Dannel/a simplrx 
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33(32) 

34(28) 

35(34) 

36(35) 

37(36) 

38(37) 
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T'arsal claws with denticles. Head, body, and appendages with-
out long setae ........ , , ........ , , ........ , .......... 33 

Abdominal segment 9 distinctly longer than segn1ent 8. Gills 
on tergum 4 semioperculate (plate 17) ................... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Eurylophella lemporalis 

Abdominal segments 8 and 9 about equal in length. Gills im-
bricate (fig. 158) ........................ Allene/la allenuata 

Nymphs distinctly flattened. Head capsule flattened and ex-
panded, dorsally covering mandibles (plate 8) ............ . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Heptageniidae ... 35 

Nyn1phs spindle-shaped to slightly flattened (plates 2, 12). 
Head capsule not dorsally covering mandibles ........... 43 

l'arsal claws as long as or slightly longer than tarsi (fig. 143). 
Maxillary palpi four-seg1nented (fig. 111). Gills with finger-
like branch arising near middle (fig. 120) ................. . 
. . . . . . . . . . . . . . . . . . . . . . . . (Pseudironinae) Pseudiron centralis 

·rarsal cla\vs shorter than tarsi. l\:faxillary palpi two-segn1ented. 
Gills variable but not as above ......................... 36 

Abdon1inal gills all inserted dorsally or laterally. Lan1ellae 
broad on segments 2-6 or 2-7 (plate 8). Thorax without 
tubefcles ........................... Heptageniinae ... 37 

Abdominal gills on segments 2 and 3 inserted ventrally. La
mellae slender on segments 2 and 3, about sa1ne length as 
fibrilliform portion. Thorax with a pair of tubercles on each 
segment .................... (Spinadinae) Spinadis wallacei 

Gills on abdominal segn1ent 7 sin1ilar to preceding pairs but 
sn1aller (fig. 164). Trachea or gill 7 with lateral branches ..... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hfptageniafiavescens 

Gills on abdon1inal segment 7, iC present, reduced to slender 
filaments.or minute. Trachea of gill 7, if present, with few or 
no lateral branches (fig. 165) ........................... 38 

Gills on abdominal segments 1-6 pointed at apex (fig. 114). 
Spinelike setae present on crown of maxilla (fig. l 02) ...... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Strnacron ... 39. 

39(38) 

40(38) 

I 

I 

41(40) 

I 
42(41) 

43(34) 

44(43) 
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Gills on abdominal segments 1-6 truncated or rounded at 
apex. Hairlike setae, spinelike setae, or both present on crown 
of maxilla (fig. IOI) ................................... 40 

Middorsal pale streaks continuous or nearly so. Nine or 10 

pectinate spines on crown of maxilla. More. than 25 lateral 
setae on ventral surface of galea-lacinia ................... . 
................................. Stenacron interpunclatum 

Middorsal streaks, if present, discontinuous. Eigryt (rarely 
nine) pectinate spines on crown of maxilla. Fewer than 25 lat-
eral setae on ventral surface of galea-lacinia .............. . 
.................................. .- ... Stenacron flon'dense 

Gills on abdominal segment 7 greatly reduced, visible only 
under high magnification . . . . . . . . . . . . . Macdunnoa bninnea 

Gills on abdominal segment 7 distinct and elongate (fig. 165) 
........................................ Stenone111a ... 41 

lvlaxillary crown \Vith fewer than 10 (usually 0) hairlike setae 
(fig. 102). Mesonotum of last-instar nymphs with conspicuous 
yellow hand at base of wing pads (plate 8) ................ . 
....................................... Stenonemaexiguum 

Maxillary crown with 10 or more hairlike setae. Mesonotum of 
last-instar nymphs without yellow band ................. 42 

Abdominal terga 7-9 with distinct V-shaped pale mark. Two 
or three spinelike setae on crown of maxilla .............. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . Stenonema mexicanum integrum 

Abdo1ninal terga 7-9 without V-shaped mark. "[hree to seven 
(rarely five) spinelike setae on crown of maxilla (fig. 101) 
............................ Stenonema modes/um, S . .unithae 

Fore claws bifid (fig. 141); rniddlc and hind claws sin1ple and 
pointed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (Metretopodidae) 
. . . . . . Siphloplecton brunneum, S. simile, S. speciosum, S. Ju.scum· 

All cla\"/S simple, sharply pointed ....................... 44 

Abdominal gills on segments 2-7 either forked (fig. 135), in 
tufts (fig. 136), or with double la1nellae terminating in fila-
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48(47) 

49(46) 

THE MAY~LIES OF FLORIDA 

n1ents or poinLo; (fig. 132). Distal 111argin of 1naxillae with a 
dense brush of hairs ................ Leptophlebiidae ... 45 

Abdominal gills not as above but either ovate (broad at base), 
obovate (narrowed at base). or subcordate; lamellae single, 
double, or triple (figs. 117, 125, 127). Distal margin of maxillae 
variable; never with dense brush of hairs .... Baetidae ... 50 

Abdominal gills on segments 2-7 with cluster of filaments (fig. 
136) ................................. Habrophlebia vibram 

Abdominal gills 2-7 forked (fig. 135) or bilamellate (fig. 132) 
................................................. ~ 

Gills on abdominal segment I differ in structure from 1hose 
on succeeding segments (plate I 0) ............... , , . . . . 4 7 

Gills on abdominal segment 1 similar in structure to those on 
succeeding segments (plate 12) ........................ 49 

Cills on ahdon1inal segn1e111 I single; gills 2-7 with dorsal 
la1nellac ending in a single, spatulate filarncnt (plate 10; fig. 
133) .................................. Choroterpes hubbelli 

Gills on abdominal segment I forked; gills 2-7 not as above 
(plate 13; fig. 132) ...................... Leptophlebia ... 48 

Gill lamellae relatively slender, smoothly tapered toward apex 
(fig. 134). Tarsal claws slender and gradually tapered distally 
............................ •. . . . . . . . . Leptophlebia bradleyi 

Gill lamellae broad, produced into one or two blunt lobes at 
base of terminal filament (fig. 132). Tarsal claws moderately 
broad at base and abruptly tapered toward apex .......... . 
................................... Leptophlebia intennedia 

Li.brum with moderately deep ·V-shaped median emargina
tion (fig. 93). Lateral spines on abdominal segment 9 half as 
long as the length of that segment; small row of spines present 
only on posterior margins of dorsum of abdominal segments 
6- J 0 . . . . . . . . . . . . . . . . . . . . . . . . H abrophlebiodes brunneipennis 

Labrum with broad and shallow median emargination (fig. 
94). Lateral spines on abdominal segment 9 no more than 
one-fourth the length of that segment~ small row of spines 

I 

I 
I 
I 
I 
I 

50(44) 

51(50) 

52(51) 

53(51) 

54(50) 

55(54) 
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present on posterior n1argins of dorsun1 of abdon1inal seg-
ments 1-10 ....................... Paraleptophlebia volitans 

Two caudal filaments; if small terminal filament present, no 
longer than length of abdominal tergum I 0 (fig. 169) ...... . 
.................................... ·. . Pseudocloeon ... 51 

l'hree caudal filaments; terminal filament developed, either 
shorter than or equal in length to cerci (fig. 167) ......... 54 

Caudal filaments with a brown band at the middle ....... 52 

Caudal filaments without brown band ... : .............. 53 

Abdominal gills l-6 unicolorous, tinged with brown; gills on 
abdominal segment 7 with lateral two-thirds reddish brown, 
inner margin clear (fig. 115). Band on caudal filaments dark 
brown. . . . . . . . . . . . . . . . . . . . . . . . . . . Pseudocloeon bimaculatus 

Abdon1inal gills 1-7 unicolorous, tinged with brown. Rand on 
caucl;d lilan1c111s lig-ht brown ....... l'.w•1ulor:lm•o11 /11au:li1 11•11triJ 

Length of terminal fila1nent less than width of cerci at base. 
Cerci prominently banded with alternate dark and light brown 
annulations (fig. 169). Grayish area in gills (fig. 116) ........ . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pseudocloeon panndum 

Length of terminal fila1nent greater than width of cerci at 
base. Cerci faintly or not at all annulate with brown. No gray-
ish area in gills ....................... Pseudocloeon alachua 

Terminal filament shorter and often thinner than cerci. Ab
dominal gills with single lamella (fig. 130) . . . . . . Bae/is ... 55 

Terminal filament about equal in length and width to cerci. 
Gill lan1ellae double, single, or single with dOrsal recurved flap 
(figs. 121, 127) or flaps (fig. 117) ........................ 59 

Gills on abdominal segrnent 7 slender, asymmetrically tear
drop-shaped (fig. 129). Segment 2 of labial pal pi with median 
lobe thumblike, projecting anteriorly (fig. 106) ............ . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Baetis f'Yff11!GeUS 

Gills on abdominal segment 7 rounded apically (fig. 131). Seg-
ment 2 of labial pal pi variable ........... ." ............. 56 
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Second segment of labial pal pi not distally expanded (fig. 109) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Bae.tis intercalaris 

Second seg1nent of labial pal pi expanded distally (fig. 110) .. . 
······················ ......................... 57 

L .. i.brum with subn1arginal setae slender ~ind unbranched, re-
duced in number, and often paired (fig. 95) .............. . 
........................................ Baetis propinquus 

Labrum with subn1arginal setae either branched (fig. 96) or 
son1ewhat spatulate (fig. 97) ........................... 58 

Labrun1 with submarginal setae branched (fig. 96). Gill 7 red-
dish brown (fig. 128) ..................... BaetiS ephippiatus 

Labrun1 with submarginal setae spatulate, often fringed api-
cally (fig. 97). Gill 7 not deeply colored ....... Baetis frondalis 

1-Iind wing pads absent ...................... Cloeon . .. 60 

Hind wing pads present ............................... 61 

Gills double on abdominal segment l (fig. 127) ............ . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cloeon rubropictum 

Gills single on all abdominal segments (figs. 125, 126) ...... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cloeon sp. A 

Gills on all segments with a single latnella or with a small dor
sal recurved flap on first gill (fig. 121). Apex of labial palpi 
truncate (fig. 108) ...................... Centroptilum ... 62 

Gills on abdo1ninal segments 1-4 and usually 5-7 with ventral 
recurved flap or flaps, rnaking each gill appear double (fig. 
117) or triple. Apex of labial pal pi rounded ............... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Callibaetis ... 63 

Gills double on abdon1inal segrnent I (fig. 121). Branching of 
gill tracheae asymmetrical, mostly on inner side (fig. 122). Ab
dominal segments 8-10 with spines on lateral margins. Ster-
nites unmarked. Tarsal claws shortened (fig. 140) ......... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Centroptilum hobbsi 

Gill single on abdominal segment I. Branching of gill tracheae 
symmetrical (figs. 123, 124). Abdominal segments 4-10 with 

63(61) 

KEY TO NYMPHS 91 

spines on lateral margins (plate 5). Row.of large brown spots 
on lateral borders of sternites 2-9, becoming.large ·and elon
gated transversely on 8 and 9. Tarsal claws altcnuated (fig:. 
139) ............................. CentrofJtilum viridocularis 

Maxillary palpi shorter than body of maxilla (fig. 103). Seg
n1ent 2 of 1naxillary pal pi about half the length of segn1ent 1, 
and width of segment 1 about half its length. Gill 7 with small 
recurved flap (fig. 118) .................. Callibaetis pretioJus 

Maxillary palpi equal in length to body of maxilla (fig. 104). 
Segment 2 of maxillary pal pi approximately equal in length to 
segment l. and width of segment I less· than one-third its 
length. Gill 7 without recurved flap (fig. 119) .............. . 
.............................. .' ...... Ca//ilmelfa flaridanu.< 
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SPECIES OF FLORIDA MAYFLIES* 

Suborder SCHISTONOTA 
Superfamily Baetoidea 

Family Baetidae 
Subfamily Baetinae 

Baetis ephippiatu.s Traver 
Hartis frondali.f McDunnough 
Baetis intt'Tcalarli McDunnough 
Baetis propinquus (Walsh) 
Baetis pygmaeus (Hagen) 
Callibaetis floridanus Banks 
Callibtutis pretio.sw Banks 
Ctntroptilum hobbsi Berner 
Centroptilum viridocularli Berner 
Cloeon rubropictum McDunnough 
Cloron sp. A 
Pseudoclot'o11 alad1ua Berner 
Pseudocloeon bimaculatus Berner 
Pseudocloeon parvulum McDunnough 
Pseudocloeon punctivnitris McDunnough 

Family Metretopodidae 
Siphlophcton hrunneum Berner 
Siphloplectrm Jus1eum Berner 
Siphlophcton simih Berner 
Siphlophctrm speciosum Traver 

*Our arrarigement follows the scheme proposed by McCafferty and Edmunds (1979). 
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Family Oligoneuriidae 
Subfamily lsonychiinae 

lsonychia arida (Say) 

LIST OF SPECIES 

Isonychia btmni Kondratieff and Voshell 
/sonychia sayi Burks 
Jsonychia sicca (Walsh) 

Subfamily Oligoneuriinae 
Homoeoneuria dolani Edmunds, Berner, and Traver 

Family Heptageniidae 
Subfamily Pseudironinae 

Psrndiron centralis McDunnough 
Subfamily Heptageniinae 

Heptagroia Jlavescms (Walsh) 
Macdunnoa brunnea Flowers 
Stenacron florithrue (Lewis) 
Stenacron interpunctatum (Say) 
Stmonema txiguum Traver 
Stenonema mexicanum integrum (McDunnough) 
Stmonnna modestum (Banks) 
Stenonnna smithae Traver 

Subfamily Spinadinae 
Spinadis walltun Edmunds and Jensen•• 

Superfamily Leptophlebioidea 
Family Leptophlebiidae 

Clwrolerpt's hubbt'lli Berner 
Habroplilebia vibrans Needham 
Hahrophlebiodes brunneipennis Berner 
Leptophlebia bradleyi Needham 
Leptophlebia collina (Traver) 
Leptophhbia intnmedia (Traver) 
Parahpt&fJhlebia volitans (McDunnough) 

Superfamily Ephemeroidea 
Family Behningiidae 

Dolnnia amnirana Edmunds and Traver 
Family Polymilarcyidae 

Subfamily Campsurinae 
Tortopus incertw (Traver) 

Family Ephemeridae 
Ephemera simulans Walker 
Hexagenia bilineata (Say) 
Hexagniia limbata (Serville) 
Heragenia orlando Traver 

Family Palingeniidae 
Subfamily Pentageniinae 

Pnitagenia vittigera (Walsh) 

**Occurrence of this species in Florida has not been confirmed. 
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Suborder PANNOTA 
Superfamily Epl1cml'rclloidca 

Family Ephemerellidac 
Subfamily £phemerellinae 

Attnulla attniuata (McDunnough) 
Dmirulla simplex (McDunnough) 
Ephnnerrlla d1octawhatcf1ee Berner 
Eplirml'rella dorothea Needham 
Ephnnerella rotunda ~forgan 
EU'l)'laphella temporalis (McDunnough) 
Snratelln deficiens (t\.forgan) 

FamilyTricorythidae 
Subfamily Leptohyphinae 

Leptohyphes dolani Allen 
Tricorythodes albilineatus Berner 

Superfamily Cacnoidea 
Family Neoephemeridae 

Neol'jihnntm eompressa Berner 
l\'ror/Jhnnrm _wm11[;i Berner 

Family Caenidae 
CaeniJ dimiriuta \Valker 
Canzis hilaris (Say) 

Brach;'cercu.r berneri Soldan 
Bra.rh)'crrcw maculat1Lf Berner 
Brach-'•cercu.s nasutw Soldan 
Crrcobrad1_vs etowah Soldan 

Superfamily Prosopistoma1oidea 
Family Baetiscidac 

/Jartiffa brclri Schneider a!ld Berner 
Bnetiffa nrambiensis Berner 
Baetisca gibbn-a Berner 
Baetisca laurentina McDunnough 
Bneti1ca obr.m (Say) 
Baetisca rogersi Berner 

7 

ANNOTATED LIST OF MAYFLIES 

BAETIDAE 

When Needham, Traver, and Hsu's book \Vas published in 1935_, the fam
ily Baetidae was broad in scope, including the majorily of North Ameri
can genera of mayflies. Subsequently, most of the subfamilies were raised 
to family level and the definition of the Baetidae was severely .restricted. 

As now interpreted by Edmunds et al. (1976), the farnily includes the 
following Florida genera: Baetis, Callibaetis, Cenlro/Jtilurn, Cloeon, and 
Pseudocloeon. Another of the Baetidae, Paracloeodes, which occurs in the 
southeastern United States, eventually may be found in Florida. All of the 
genera have suffered great reduction in the size of, or complete loss of, 
the hind wings; and the n1ain veins, IMA, !vfA2 , l~f P, and MP2 , are de
tached basally in the forewings. The difficulties in assigning placement of 
species are summarized by Ed1nunds et al. as follo'\'S: "The absurdity of 
the present classification does not escape us. We are plagued further by 
the knowledge that a series of adults collected in Idaho, which appears to 
represent one species, has hind wings in the males bul not in the females. 
There is also a species of Baetidae in Argentina in \Vhich only the tnales 
have hind wings" (1976, p. 155). 

The members of the family are distributed worldwide, being present 
on all continents and many islands. 

Much work still retnains to be done to untangle the puzzles presented 
by the Baetidae and to establish some clear understanding of the relation
ships of the genera. Edmunds et al. point out that the primary center of 
evolution of the Baetidae was South An1erica, with dispersion fron1 that 
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continent. The recognition of South America as a major center of evolu
tion has important implications for the taxonomy of the family. 

B aetis Leach 

Berner 1950, pp. 204-205 (Acentrella); pp. 
209-211. 

Burks 1953, pp. 122-126. 
Edmunds, Jensen, and Berner 1976, pp. 

158-164. 
lvforihara and lvfcCafTerty 1979a, pp. 

139-149. 
Unzicker and Carlson 1982, p. 3.91. 

Baf'lis, one of the first-known 1nayfly genera, was described by Leach in 
I 815. Brachyphlrbia, which Westwood described in 1820, proved to be syn-
011y111ous with Baetis, and in 1843 a portion of Baetis was synonymized by 
Pictet. ·rhe genus Acenlrella, split off in 1912 by Bengtsson, is no longer 
recognized as a valid taxon. During its long existence, many species of 
n1ayflies were described under the genus Baetis before this all-inclusive 
category was divided into several smaller genera. In the latest treatment 
of the genus (Morihara and McCafferty 1979), 39 North American (north 
of Mexico) species are included as being valid forms. · 

~lorihara and McCafTerty suggested that the North American species 
n1ight be divided into species groups in the way that Miiller-Liebenau · 
(l 9G9) divided the European species of Baetis. Morihara and McCafTerty 
decided not to establish the group names as taxonomic categories but to use 
them simply as a convenience. They found that some species are not assign
able to a group because their relationships are unclear or they are relativ.ely 
unique.1-woofMorihara and McCafTerty's groups are represented by Flor
ida species-the B.fuscatus group includes B. intercalaris; their B. propin
quu~ group includes B. ephippiatus, B. Jrondalis, and B. propinquus. Only B. 
/J)'{;truu•us remains unassigned to a group. !vf iiller-Liebenau (1981 ), review
ing the llaetidae from the Sunda Islands and the Philippines, confirn1s that 
propi11quus and ephippiallls belong to the genus Baetis, not to Acentrella. 

'fhe species of BaetiS are rather generally distributed throughout the 
world. In the Nearctic and Neotropical regions, the genus is widely dis
persed fron1 southern South America to the Arctic region in North 
America; its only requirement apparently is the presence of permanently 
1noving fresh water. 

'fhe 1norphological similarities of the adults make identification rather 
difficult; so identification must be based on male characteristics such as 
eye shape and color, abdon1inal color pattern, genitalia, and hind-wing 
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venation and shape. Females are so similar that species identification rnust 
be dependent on relating them with identifiable males or by rearing them 
from nymphs that may be identified. Identification of nymphs can be 
1nade with some degree of accuracy when one works in a restricted geo
graphic region where the rnayfly fauna is rather well known. Morihara 
and tvfcCafferty constructed a key to the known nymphs of 21 North 
American species, which now permit~ identification with some reasonable 
degree of certainty. This key makes extensive use of taxonomic characters 
and methods of preparing specimens that were developed by Miiller
Liebenau (1969) in her excellent study of European species of Baeli.s. 

From a consideration of the hind wings of Baetis there appear to be at 
least three lines of development: enlarged wings with three or more lon
gitudinal veins and a small costal process; medium-sized wings, usually 
with three longitudinal veins and a rather large, hooklike costal process; 
and smaller hind wings with two longitudinal veins and usually a small, or 
no, costal process. From the standpoint of nymphs, othe~ lines of develop
n1ent may have evolved: those nymphs with three caudal filaments and 
those with only two. l~he former group can be further subdivided into 
those possessing rounded seventh gills, and those with. lanceolate seventh 
gills. Again, the former group can then be subdivided into those species 
with a~ expanded second segment of the maxillary palp and those in 
\vhich this segment is not expanded.* 

Ecologically, the nymphs are confined to water in Which there is con
stant rnotion. In Florida, Baetis nymphs mostly occur in streams, although 
Richard Cantrell reports finding them at lake rnargins in the central part 
of the state. 

Baetis ephippiatus Traver 

(F1r.s. 30, 96, 128, 167. MAP 3) 

Berner 1950, pp. 205-208 (Acentrella ephip
piatus); 1958, p. 30; 1977, p. 16. 

Morihara and McCafTerty I979a, pp. 
180-182. 

Peters and Jones I 973, p. 246. 
Schneider 1967, p. 205. 

*The 1987 paper by R. D. Wah7. and \V. P. McCafferty (New genera of Bne1idae for 
some Nearctic species previously included in Baeti~ Leach [Ephemeroptera]. Ann. En
lomol. Soc. Amer. 80: 667 ~670) was received afler lhis book ,was in press. They have 
reslricted Nearc:tic Baetis and erected three new genera to include species formerly 
included in Baetit. Fu1ure papers by 1hem are likely to modify funher the concept of 
Baeti.~. 
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TAXONOMY. Traver described Baetis ephippiatus in The Biology of Mayflies 
(Needham, Traver, and Hsu 1935) but based.her description on males 
only. In 1937 she re-erected Acentrella, and by this action removed ephip
piatus to Bengtsson's genus. The nymph of this species was described (by 
Berner) in 1940, at which time it was pointed out that the species, on the 
basis of the nymph, formed an intermediate between Baetis and Acentrella. 
Subsequently, with the synonymizing of the two genera, the generic name 
of the species is now settled. 

The adult rnale is easily distinguished frorn the various /larli.1· species 
f'ou11d in Florid;1 hy the ahscnc:c ol" 1hc cost:il process J'ro111 the n1c1:i

thoracic wings and by the presence of a lruncate penis cover; the adult 
female is less easily separated. We have found that the best trait for sepa
rating these females from those of B. propinquus and B. pygmaeus is the 
presence of a distal femoral band on each leg of B. ephippiatus. The 
nymphs are distinct from all other Florida species in having a strongly 
colored seventh pair of gills; without the use of this characteristic, many 
of the nymphs might be confused with those of B. propinquus, for the la
bial pal pi of the two species are very similar. Morihara and McCafferty 
(1979) have noted that the form of the submarginal labral setae of ephip
piatus is distinctive in being branched. In well-marked nymphs, the promi
nent red-brown tergites of segments 2, 5, and 8, and the reddish mark
ings on the venter easily separate this species from others. 

In the first edition of this monograph, a group of specimens lacking ab-. 
dominal markings was assigned the name Baetis propinquus (Walsh). In the 
discussion it was mentioned that they could be differentiated fron1 e/Jhi/J
piatus only by the fact that adult males of ephippialus have dorsal markings 
on the pale abdominal tergites. Several specimens of ephippiatus have since 
been found on which the markings are obsolescent. Because of this and the 
very sin1ilar hind-wing venation and 1nale genitalia, it was suggested that 
these specimens called propinquus might be merely variants of f'phippiatus. 
J\:lorihara and McCafferty (I 979a) substantiated the suggestion that the 
Florida specimens named propinquus really belong to the species ephippiatus. 

GEOGRAPHIC DISTRIBUTION. Baetis ephi/Jpiatus is widely distributed in north
western Florida and in the two southernn1ost counties of Alabama. Can
trell has found the species to be the second most comn1on Baetis in the 
central and southwestern counties of Florida. B. ephippiatus was described 
by Traver from specimens collected at Fort Valley and Rome, Georgia. 
Rome is located near the southern tip of the Valley and Ridge physio
graphic province; Fort Valley is on a plateau just below the Fall Line Hills. 

• a .. r1, •phfppl•tus Traver 

* B. frond•fl• McOunnough 

.&. 8. lnf•rc•l•~I• McOunnough 
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Map 3. The distribution of Baetis ephippiatus, B.Jrondalis, and B. intercalaris in 
Florida. 

The Florida and Alabama records are from typical Coastal Plain country. 
B. ephi/Jpiatu.s is known from the following Florida counties (rnap 3): Ala
chua, Bay, Charlotte, Columbia, DeSoto, Dixie, Escambia, Glades, Hardee, 
Highlands, Hillsborough, Holmes, Jackson, Lee, J\lartin; Okaloosa, Santa 
Rosa, Sarasota, Taylor, and Walton. 

ECOLOGY. Nymphs inhabit sand-bottomed streams and n1argins of large 
lakes where they cling to the vegetation. We have found them most fre
quently in those creeks emptying into the Choctawhatchee Bay in north
western Florida. "rhe streams have dense growths of Valli.sneria, Potamoge
ton, Sagi,ttaria, and algae in all parts except the deepest, and in thern, 
ephippiatus nymphs are the most frequently encountered of the ephemer
ids. The nymphs cling to the vegetation in the swiftest, as well as the slow
est, parts of the creek, but are seldom found on Submerged logs and 
boards or in the very slow-flowing water near shore. Many of the creeks 
in the panhandle region of Florida are small and shallow and have very 
little submergent vegetation, but nymphs manage to live in them by cling-
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ing to the small bits of plant material and to the accumulated debris. In 
these streams there is a paucity of habiLats, which is reflected in the 
sn1aller number of nymphs present, for there are far fewer insects per 
cubic foot of area than in the streams first described. 

In Alachua County, the nymphs and adults have been taken only from 
Hatchet Creek which, prior to modification, had one of the richest n1a)itty 
faunas in central Florida. In the shallower parts of the creek, there were 
dense growths of Potamogeton, Fonlinalis, and other plants among which 
the nymphs lived. Nymphs seldom venture into the quieter \vater nearer 
shore where the kindred nymph, B. propinquus, is often found. Even the 
1nore rapid water of Hatchet Creek is fairly slow when compared to many 
northern streams, but the flow is continuous and the current is quite no
ticeable, particularly iri the shallower portions. 

Subin1agoes only are known front the Hillsborough River; they were 
collecled where it is fairly shallow, rapid, and filled with vegetation, prin
cipally Vallisneria. 

Every slream from which \'\'e have collected nymphs of B. ephippialus 
and al which we have taken pH readings showed a definitely acidic reac
tion. In no case did the acidity range below 5.8; all readings were by the 
colorimetric method. The Hillsborough River, from which we have only 
adults, is slightly basic. The acidic strearns drain flatwoods or swampy 
areas and usually are lightly to strongly brown-tinted. 

SEASONAL UISTIUllUTION AND LIFE lllSTORY. n. ejJhijJJ1iatus occurs in l·latchct 
C1·eek near Gainesville, but the species has been taken only intermittently 
on many collecting trips to the stream; consequently, seasonal data are 
not very co1nplete. Though a study of the specimens from west Florida 
and from Hatchet Creek indicates that the species emerges throughout 
the year, adults in our collections were taken only in March, April, May, 
June, August, October, and Novernber. Nymphs in their last instar were 
collected in August and September, whereas half-grown specimens are 
known for April, May, and June, and very immature nymphs for June 
only. These latter specimens seem to indicate that emergence occurs dur
ing the winter and falL However, we have no definite information for the 
ren1ainder of the year, owing primarily to lack of collecting in the other 
months. The late P. W. Fattig collected the type specimens in Georgia on 
June I and August 3, 1931. 

Nyn1phal life probably lasts only a few 1nonths. The matter of develop
n1ental time is much in need of detailed investigation, especially following 
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the findings of L. J. Gray (1981), who reared Baetis quilleri in from 7 to 13 
days. Eggs that he obtained from reared adults hatched in I or 2 days; 
subimagoes emerged in from 9 to 11 days. Nymphs with fully developed 
wing pads were present after 6 days. Gray's study. was conducted in a 
Sonoran Desert stream in Arizona. Jacobi and Benke (1985) conducted 
growth-rate studies of B. ephippiatus collected from the Ogeechee River in 
east-central Georgia. They estimated that during the summer months this 
mayfly completed its development in 24 days. 

When the subimago is ready to emerge, the nytnph swims to the sur
face, its thoracic covering splits, and in an instant the subimago rises from 
the water. This speed is particularly necessary in streams, for if the adult 
is thrown off balance and the wings become we·t, they crumple when 
freed from the water. The insect is then doomed, for it cannot again 
straighten its wings. When the subimago rises fron1 the water, it flies up
ward and may reach a support close to the stream. Usually, the flight is 
upward until the insect is out of sight some 25 feet in the air. It then 
probably flies to one of the trees that line the strean1 margin, where it sits 
quietly and awails the ultimate molt. The shedding occurs within eight or 
nine hours. In the field, adults have been observed emerging just after 
sunset, and in the laboratory the performance is the same. Nothing is 
known of the maling flight or oviposition. Females of some species of 
Baetis have been seen crawling beneath the water surf~tce to glue their eggs 
to ol~ects e1nhcddcd in the strca111bcd (Thew 1957; Echnunds ct al. 197G). 

BEHAVIOR. 'fhe nymphs of this species are rapid swimmers that cling 
gracefully to vegetation, their heads facing upstream and their tails wav
ing as the current swings their bodies from ;ide to side. As they move 
slowly over their supports, they gr~ze on the materials covering the plants 
and occasionally dart to another plant, but always facing upstream. The 
nymphs, which seldon1 go deep into the clumps of vegetation, remain 
mostly near the outer leaves and stems away from ~tccumulations of silt 
and detritus. · 

The body of the nymph is quite rounded, and when a specimen is 
placed in a pan or dish, it usually falls on its side and can move only by 
flicking its abdomen. If the insect falls on its belly surface, it can cra\vl, but 
not so rapidly as the leptophlebines. 

Examination of the alimentary tract of west Florida specimens indi
cates that the ny1nphs feed predominantly on fila'n1entous algae, but an 
occasional diatom is picked up along with the filaments. 



102 THE MAYFLif.'..S OF FLORIDA 

Baetis frondalis McDunnough 

(FIGS. 28. 81, 97. MAP 3). 

Berner 1950, pp. 218-221 (B. australis); 
1958, p. 30 (B. australis); 1977, p. 15 
(B. australis). 

Morihara and McCafferty 1979b, p. 133 
(B. frondnlis = B. australis); I 979a, pp. 
182-185. 

Needham 1949, p. 457 (B. australis). 
Peters and Jones 1973, p. 30 (B. auslrahs). 
Schneider I 969, p. 205 (B. australis). 

TAXONOMY. Baeti.s frondalis was first reported f ram Florida in 1940 (Berner) 
as B. australis. This latter name was used for the species until Morihara 
and McCafTerty (I 979a) synonymized it with frondalis. They pointed out 
that Traver had erected aIL~lralis on the basis of some rather trivial and 
subjective criteria and that their study had demonstrated Traver's differ
ences were inconsistent. In Morihara and Mc'Cafferty's paper figure 17 is 
apparently mislabeled as being the forceps of B. frondalis; in reality it is a 
clr;1wi11g of /J. trir:olor (fig. 11 l:i of Mil\lcr-Lichc11a11). a European specil's 
that rcsc1nblcs fnnulalis. 

Morphologically, the nlale is distinct from all other Baetis adults in 
North America and can easily be separated from other Florida Baetis by· 
the dark coloration of abdominal segments 2 through 6. The genitalia of 
frondalis resemble those of propinquus but lack the inwardly directed 1ne
dial projection of the basal enlargen1ent of the forceps of that species. 
'[he metathoracic wings of the two species are very similar in that they are 
long and narrow, the longitudinal veins are reduced to two (the third 
being variable), and the costal process is obsolescent. 

None of the females we have exan1ined can be assigned with any de
gree of certainty to Jrondalis; some are doubtless included among the 
specin1ens we have identified as propinquus. The differences arc so slight 
that the females of the two species are virtually indistinguishable. The 
nyrnphs are likewise very difficult to separate, and we have found no 
characters that are easily used to distinguish then1. Examination of a large 
series of specimens shows that the cerci of propinquus are shorter than 
those of frondalis. In the last-instar male nymphs, the abdomen of fron

dalis is unicolorous while that of propinquus is more variegated. Gills and 
mouthparts of the two species are very similar; however, Morihara and 
McCafferty (1979a, p. 182) have separated nymphs of ef1hippiatus, propin-
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quu.s, and frondalis on the basis of the dorsal setal arrangement on the la
brum; "l~he labrum of B. frondalis has an irregular row of subapical setae 
composed of a variable number of distally expanded setae ... ; in B. 
ephippiatus this row is composed of setae which are branched ... ; and in 
B. propinqtttLS the submarginal setae are simple· and occur in small 
aggregates." 

GEOGRAPHIC DISTRIBUTION. Traver described B. atL~lralis in 1932 from 
specin1ens taken at Goshen Swan1p, at Burncoat Swa1np, and in Lenoir 
County, North Carolina. Later, she recorded B. Jrondalis (as. australis) 
from Fort Valley, Georgia, which is in the rnore hilly section of the Coastal 
Plain. We have specimens collected from Alachua County to the Alaban1a 
state line. Needham (1949) mentioned that he had taken specimens (iden
tified for him by Traver as B. au.stralis) fron1 Highlands County but we 
have no adults from this far south and our nymphs show only pro/1inquu.s 
characteristics. We also have a few nymphs from Lee ·county in extreme 
southwestern Florida. B. frondalis is known from Ontario and Quebec in 
Canada and from the southeastern and central United States. We have re
corded specimens from the following Florida counties (map 3): Alachua, 
Calhoun, Collier, Columbia, l)eSoto, Escan1bia, (;Jades, Gulf, Hamilton, 
l·ligl1la1uls, .facks,,n, [.cc, l.c1in. l.cvy, l.ihcrty. M:uliso11, Mario11, ()ka
loos:1, Santa Rosa, and \Valto11. 

ECOLOGY. Identifiable nymphs and adults have been collected only from 
acidic streams, all of which fall into the sand- and silt-bouomed catego
ries. In the forn1er streams, the nymphs can be found living on the vege
tation in the most swiftly nowing portions as well as in the slo\vest areas. 
Like propinquus, the nymphs tend to remain near the distal parts of the 
plants where there is the greatest flow and the smallest deposit of silt. 
Nymphs may occur on all sorts of stream debris. Submerged logs, in par
ticular, are sought by the nymphs, which hide in the cracks and crevices 
on the downstream side. In the Alachua County creeks, the nymphs were 
found principally on Panicum and on a moss that grows profusely in cer
tain parts of some of the streams where the flow is at least perceptible. 
The '"''est Florida nymphs ,.,.ere chiefly inhabitants of the dense mats of 
Vallisneria and Potamogeton that choke the streams. Cantrell has told us 
that B. frond.a/is is one of the few species inhabiting seasonal, intermittent 
streams in southern Florida. 

~rhe silt-bottomed streams from which nymphs were taken had lux
uriant growths of Ludwigia, Polygonum, and eelgrass. Despite this plentiful 
vegetation, the mayfly fauna was not excessively large. 
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SEASONAL DISTRIBUTION AND LIFE HISTORY. Adults have been reared or 
collected in each month except January, June, and July; and it is likely 
that adults occur then, but we have not been fortunate enough to en
counter them. The rate of develop1nent of the in11natures is probably 
ten1perature-dependent, so that during most of the year it occurs rapidly, 
especially in southern peninsular Florida. 

The process of emergence is like that of B .. f1ro/Ji11quus. The subimago 
emerges during the afternoon about two or two and one-half hours be
fore sunset. All subimagoes that were observed in the field emerged from 
very small streams, and in every case the insect flew to the nearest support 
and settled about three or four feet above the water surface. The sub
imaginal molt takes place after 7 to 10 hours, and the imago remains 
quiescent until time for the mating flight. We have not observed the flight 
nor has it been reported by other workers. Most flights of Baetis occur in 
late morning or early afternoon, and the swarms are highly variable in 
size. Generally they occur over water or a stream bank at heights varying 
from a fe,v feet to as high as 15 feet above the water. 

BEHAVIOR. We have noted no differences in the behavior of nymphs of 
B. propinquus and those of B. frondalis. Observations relating to the for
mer species will apply equally well to frondalis. 

Baetis intercalaris McDunnough 

{FIGS. 29, 109. MAP 3) 

Berner 1950, pp. 221-224; 1958, p. 30; 
1977, p. 16. 

Cowell and Carew 1976, pp. 590-591. 
Jones 1977,p.65. 
Lanquist I 953, pp. 50, 53, 66. 
Morihara and McCafferty l 979a, pp. 

168-171. 
Peters and Jones l 973, p. 246. 
Schneider 1967, p. 205. 
Sloan I 956, p. 92. 

TAXONOMY. McDunnough's taxonon1ic work on the Epherneroptera began 
with his description of Baetis intercalaris in 1921. The species was again 
described by McDunnough in 1923 when he examined living insects in 
order to clarify the differences existing in the eyes of certain species of 
Baeti.s. Traver (I 935) redescribed the male adult in the taxonomic portion 
of The Biology of Mayflies, and Ide (1937) completed the life history with 

! 
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his description of the nymph. In 1940 the species was reported from Flor
ida (Berner 1940); the identification was tentative as only nymphs and fe
males were available at that time. Subsequently, ihe correctness of the 
identification has'been confirmed. 

The shape of the labial palp, which is not expanded, easily separated 
the nymphs of intercalaris from most other Florida Baetis. The relatively 
long cerci and the mode of banding of these structures are also character
istic. The rounded seventh gills immediately separate the nymphs from 
those of B. pygmaeus. The adults, male and female, are easily separated 
from other Florida species by the large hind wing, which has a definite 
costal projection and a third longitudinal vein. 

Morihara and McCafferty (I 979b) separated the nymph of intercalaris 
from its very similar relative B. fiavistriga on the basis of color pattern of 
the abdominal terga. As fiavistriga is not known to occur south of the 
mountainous regions of Tennessee and North Carolina, there are no 
other species with which intercalaris might be confused in Florida. 

GEOGRAPHIC DISTRIBUTION. For many years after the first report of inter
calaris occurring in Florida and Ontario, there were no further records 
between these widely separated localities. The species is· now known to be 
\Videspread throughout eastern and central North America. We have 
records of intercalaris extending its range frOm Hillsboiough County in 
peninsular Florida to the Alabama state line in the northwestern part of 
the state. Our county.records include the following (map 3): Alachua, 
Calhoun, Charlotte, DeSoto, Escambia, Gadsden, Hardee, Hillsborough, 
Holmes,Jackson,Jefferson, Lee, Liberty, Okaloosa, Sumter, Walt~n. and 
Washington. · · 

ECOLOGY. Basic streams, where the flow is swiftest, support the largest 
populations of B. intercalaris nymphs. Although the species does inhabit 
acid water, the creeks are usually only slightly acidic, and they have sand 
bottoms. In the central portion of Florida, nymphs have been collected in 
greatest numbers from the Santa Fe River and fron1 the Hillsborough 
River, both of which are alkaline streams. The nymphs are very rare 
in the sand-bottomed streams of peninsular Florida, but Cantrell has 
found them to be very common in the Peace Riv.er dr;1inage of west
central and southwest Florida. In Alachua County where collecting has 
been most intensive, nymphs have been taken only at the Santa Fe River. 

In the Santa Fe River, the number of immatures fluctuates greatly 
from one time to another, but the population is never so great as that of 
B. propinquus, with which intercalaris is associated. Both species inhabit 
eelgrass in the swiftest water; but in more rapid currents the intercalaris 
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nymphs congregate in greater numbers than do those of propinquus. In 
the slower areas the ratio of inlercalaris to propinquus is reversed. 

l'hcre are never large concentrations of nyrnphs in the sand-hotton1ccl 
strearns. Frequently, even though other species of Baetis are fairly co111-

1non, only one or two specimens of intercalaris are taken. "rhe nymphs in
habit the vegetation and debris wherever the water is permanentlY flow
ing. If there is debris in the middle of the stream, the nymphs will more 
likely be found there in greater numbers than near the shore. In the 
creeks of Gadsden County there are often masses of exposed roots ofter
restrial plants that are washed by rather rapidly flowing water. B. intl'r
calaris nymphs can usually be collected from these mats. Submerged logs 
in the swifter water are also productive situations; but exan1ination of 
such logs is a rather arduous task and less profitable than root collecting. 

The size of the strean1 evidently has no bearing on the presence or ab
sence of nyn1phs, as the insects have been found in brooks as narrow as 
three feet across and as shallow as three inches deep, as well as in creeks 
and in rivers. 1n the sn1allest streams there was no vegetation, and the 
nyn1phs inhabited debris lodged in the streambed. The botrom of one 
s1nall creek, about three or four inches in depth, was covei-ed with a thin 
growth of algae, in which several nyn1phs Were found. 

Cowell and Carew ( 1976), while studying strean1 drift in Blackwater 
Creek in 1-lillsborough County (a sinall stream draining into the 1-lills
horough River), found that Bueti:~ intPrcalaris nymphs fanned a significa'nt 
cornponent of the con1plex of drifting insects. 'rhe strea1n has dense 
growths of Vallisneria, Potamogeton, and Egeria. Ephemeroptera formed 
17% of the benthic fauna; however, Cowell·and Carew found marked dif
ferences in the composition in the three benthic habitats sampled: riffles, 
pools, and aquatic vegetation. These authors noted that major peaks in 
drift rates occurred in Decen1ber and March, and the rates were low in 
late Dece1nber and in January; they also tended to be low during the 
warn1er months of April to late August. 

Cowell and Carew found Baetis intercalari.s to be the n1ost abundant or
ganis1n in the drift, comprising 35.2% of the total. Seasonal changes in 
the drift of intercalari.s accounted for much of the variability in the total 
drift. 'rbere was a marked night-active periodicity in the drift rate. In 
their four die! studies peak drift rates that were 700-800 ti1nes g-reater 
than daytirne levels occurred within one hour after sunset. 

The data showed peak drift rates in winter and early spring dropping 
to minimal values during the summer. Cowell and Carew (1976, p. 593) 
concluded that "different life history patterns related to the marked dif-

BAETIDAE !07 

ferences in environmental conditions (e.g. temperature, photoperiod, 
patterns of allochthonous import, etc.) found between northern and 
southern strcan1s arc prohahly responsible for the din·crc11ccs in seasonal 

drift patterns." 

SEASONAL DISTRIBUTION AND LIFE HISTORY. That B. intercalaris en1erges 
throughout the year is clear from the fact that adults or Iast-instar nymphs 
have been collected in each month of the year. ~fhere is some indirect evi
dence lending credence to the belief that this species does have a ten
dency to forn1 broods within a particular streant. The collection.s fro1n the 
Santa Fe River seem to indicate that- March and October are important 
months for emergence because the mature nymphs were very common 
during these periods; however, nlature nymphs were also found on other 
d.ites but not in such numbers. Nymphs collected from Sweetwater Creek 
in northwestern Florida were predominantly in the last nymphal stage 
during December, but mature nyn1phs were also present in other months 
in which collections were 1nade there. 

1n their study of strean1 drift, Cowell and Carew reported that large 
numbers of last-instar exuviae \Vere collected in their drift nets at Black
water Creek on March 28, July 25, and October 3, 1972, indicating that 
adults were emerging at that tin1e. . 

When ti.1cDunnough ( 192 l; I 923) collected the t}rpe specimens of inter

calaris at the Rideau River, Ottawa, fro1njune 11 through June 14, 1920, 
and other specimens two years later, he noted that there were apparently 
two generations, one en1erging in early June and the other from the 
middle _of August until early in September. McDunnough also noted that 
individuals of the second generation were somewhat smaller than those 
of the first. 

Ide ( l 935), working on the effect of te1nperature on the distribution of 
1nayflies in a stream in Ontario, found that in the lower, warn1er reaches 
of the stream, inlPrcalaris gave definite evidence of ihe occurrence of two 
generations in the san1e season, the first during the early part of June, the 
second starting in July and proceeding until the middle of August. Collec
tions from the upper part of the stream indicated that there is probably 
only one generation produced at the upper stations in a season. 

J·larper and 1-larper ( 198'1) found s1nall nunihers of adults enierging in 
September in southern Ontario, and Burks ( 1953) observed them through
out the summer in Illinois. Bergman and Hilsenhoff ( 1978) noted the 
sa1ne behavior in Wisconsin. 

At the san1e time that Jacobi and Benke ( 1985) were studying growth 
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rates of other mayflies collected frotn the Ogeechee River in east-cen1ral 
(;eorgia, they i11vcstiga1cd those of II. i11ft~rr:alaris in an artificial strc:un 
using water frorn the river. 'fhey esti1nated that during the sun11ner 
months development was completed in 24 days. 

Because the limits of tolerance of B. intercalaris are not very great, rear
ing in the laboratory presents some difficulties. Many attempts were 
n1ade to bring live specimens to Gainesville from the Santa Fe River, but 
most of them died en route. However, a few were successfully tra~s
ported to the laboratory and several lived for slightly more than two days 
in an aerated aquarium. Of these, only remales emerged. Essentially 
en1ergence is like that of propinquus. The nymph makes a few rapid 
dashes that end at the water's surface, the thoracic covering splits, and the 
fully emerged subimago immediately appears and at once Aies to the 
nearest support. E1nergence has also been observed in the field, where jt 
was seen that the insects do not at once head for shore, bt1t fly directly 
upward until lost to sight. They probably seek refuge among the protect
ing leaves of the higher trees. 

rrhe'subin1agoes begin rising just about sundown and continue for ap
proximately 30 minutes, the peak being about 15 minutes after emer
gence starts. In the laboratory :a subimago emerged an hour after d:ark, at 
7:30 P.M., and underwent its imaginal n1olt at 8:07 A.M. 1'his is an exces
sively long subimaginal period and is probably atypical for a n1ember of 
the genus Baetis because most s.pecin1ens that were observed in the labora·
tory n1olted within 8 to 10 hours after transformation. 

The mating Hight of B. intercalaris has not been described, nor have \\'e 
ever observed it. 

BEHAVIOH. l'he living nymphs can usually he distinguished fro111 those of 
B. projJi1u1uus <ind frorulalis without microscopic exarnination, although 
they are superficially sirnilar and agree in body size and in length of 
caudal filan1ents. When nymphs of B. intercalaris are placed i_n a smarI 
an1ount of water in a white-enameled pan, the gills are spread outward 
from the abdomen so that they overlap its borders considerably. Further
n1ore, the gills, as seen against the white background, frequently have a 
greenish tinge. B. propinquus and frondalis, on the other hand, usually 
hold their relatively colorless gills much closer to the body. In addition the 
caudal filaments of intercalaris are usually less intensely banded than those 
or /1rojJi11quus and frondalis. Swimming and clinging activities of intercalaris 
are very sin1ilar to those of propinquus. 

The nyrnphs live on vegetation growing in the swift water and cling 
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near the upper. free ends of the leaves where the full force of the current 
Gill strike then\. Re1naini11g Oil the 1111dersurfacc or the leaves, they f"ced 
on the rnate1·ials covering the plants. l'he food consists chiefly of algae, 
but diatoms, desmids, and plant epidermis are frequently eaten. 

Although the upper surfaces of the rocks in the Santa Fe River are 
completely covered with the moss Fontinalis, this moss does not serve as a 
habitat for intercalaris nyn1phs, probably because of the slowness of the 
current through the plant and because of the heavy silting \\'here it grows. 
B. inlercalaris has one of the most rheotactic nymphs of all the mayflies 
inhabiting Florida streams. 

Baetis propinquus (Walsh) 

(PLATE I. F1GS. 6, 31. 83, 95, 110, 130, 131. 170. 
MAI' 4) 

Berner 1950, pp. 211-218; 1958, p. 30; 1977, 
p. 18 (B. sf1i11osu.1). 

Jones 1977, p. 65 (B. Jj1ino.\"1L~). 
Lanquist 1953, pp. 23, 24, 27, 40, 44, 50, 53, 

62, 66 (B. spinosus). 
Morihara and McCa!Terty 1979b, p. 130 

(B. j1rnpinq11tL~ = R. spinosus); I 979a, pp. 
185-187. 

Peters and Jones 1973, p. 246 (B. sjJinosus): 
Schneider 1967, p. 205 (B. sf1inosus). 
Sloan l 956, p. 92 (B. spinosm). 
Wurtz and Roback 1955, p. 194 (B.sj1i11osm). 

TAXONOMY. For 1nany years the Florida spet:ies now recognized as /L pro
/Jinquus was called Baetis spinosus McDunnough. Morihara and McCaffcny 
(l979b, p. 130), after carefully examining the n1ale lectotype of R. pro
pinqu1L~ at the Museum of Cotnparative Zoology, stated that "the natne B. 
spinosus, commonly and incorrectly applied to this species in the past, rnust 
be regarded as a junior synonym. l'he incorrect usage is a result of the 
male genitalia of B. propinquus never having been described or figured." 

~fhese authors point out that the male genitalia have "a distinct, n1edi
ally directed projection of the basal enlargement of the forceps ... , 
which readily distinguishes B. propinquus from any other North American 
Baetis." 

Another trait that has caused confusion in the past is the presence or 
absence of a small costal projection on the hind wing of the male. Burks 
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Plate 1. Baetis propinquus (Walsh), male irnago 
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(1953), in his discussion of B. spinosus in Illinois, found the structure to be 
vestigial or absent. He described propinquus as lacking the .projection: Our 
Florida male specimens from which 've have removed the hind wing for 
examination show a very small, but distinct, costal projection, but it is ob
solescent in the female. We do not consider the presence or absence of 
this structure to be of sufficient importance to retain the name spinosus 
for the Florida form and concur with Morihara and McCafferty in the 
synonyn1y. 

Walsh described B. propinquus from specimens collected in Illinois. 
This widespread species is now known to occur throughout eastern North 
America. Males are easily distinguished from the other species of Baeti.s 
by the characteristics described above. Generally, females cannot be sepa
rated from those of other species. 

Ny.mphs are easily differentiated fron1 all other Florida species by the 
shape of the seventh gill, which is rounded, the enlargen1ent of the sec
ond segn1ent of the labial pal pi, and the sub1narginal setae of the lab1·un1, 
which are slender, unbranched, reduced in number, and often paired. 
f\1ature nymphs can be separated from those or ephippiatus, which they 
resemble, by the n1ore strongly marked abdominal tergites of ephifJjJiatus. 
They are less easily distinguished in the field from the nyn1phs of frondalis 
and the submarginal lateral setae must be examined microscopically for 
their differentiation. 

GEOGRAPHIC DISTRIBUTION. BaetL5 jJropinquus is distributed over.the entire 
eastern portion of North America fron1 Manitoba to south Florida. In 
Florida, B. propinquus is one of the most widely dispe_rsed of all the may
flies. It is found from the southwestern border of Alabama to the north
eastern corner of Florida, and from this latter locality as far south as Col
lier County. In the panhandle of Florida, nymphs can be found in every 
unpolluted strearn in which there is permanently flowing water, and in 
peninsular Florida this is true ahnost without exception. B. pruj1i11quIL5 
specimens have been collected in the following Florida counties (n1ap 4): 

Alachua, Baker, Bay, Charlotte, Citrus, Clay, Collier, Columbia, DeSoto, 
Escambia, Gadsden, Gilchrist, GladeS, Hamilton, Hardee, HernandO, 
Highlands, Hillsborough, Holmes, Jackson, Jefferson, Leon, Levy, Lib
erty, Madison, Marion, Nassau, Okaloosa, Polk, Putnam, Sumter, Su\van
nee, Taylor, Volusia, Walton, and Washington. 

ECOLOGY. Without doubt, this is one of the most adaptable of all Florida 
1nayflies. The following instance is a fairly good example of its ubiquity. 
Nymphs were observed in a fturne leading to a dam at the origin of' Little 



112 .-THE i\fAYf.'LIES Of FLORIDA 

0 M•"• 000 

~= 

• B•etl• proplnquus (Walsh) 

* B. PYrJmeeua (Hagen) 

l\.fap 4. The distribution of Bartis /1ropinquus and B. pygmarus in Florida. 

Sweenvarer Branch in Liberty County. l'he.sides of the Hume, constructed 
of wood, were covered with a thin growth of algae, and there was a con
tinuous flow of water through the trough. The ·level of the water was not 
nnich over two or three inches, yet it supported a rather large population 
of B. propi11qu1u nymphs of all sizes. We have found immatures along the 
edges of creeks where the water was practically stagnant and the nyn1phs 
were living under accumulated masses of dead leaves and silr. Conversely, 
the nymphs have been found in the most rapid parts of the most rapidly 
flowing Florida streams, where they can be found in all regions ranging 
fron1 the slowest to the swiftest. 

Those streams in which there are dense growth of Vallis11en·a, Sagit
taria, and Potamngeton support the largest populations of B. propinquus 
nyn1phs. l'he reason for this abundance is seen in the tremendous amount 
of surface presented by the thick masses of this submerged vegetation. 
An abundance of food materials in the form of algae and diatoms covers 
the surfaces of the leaves. An excellent example of this type of str,eam is 
the Santa Fe River in the vicinity of Poe Springs. There, the Vallisneria and 
Sagittan·a grow so thickly that in wading the strean1 one might easily walk 
almost across it without touching the streambed. During the late winter, 
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spring, or summer, 50-100 nymphs may be collecled with a few strokes 
of the dip net Lhrough this tangle of vegetation. In this mass, the nymphs 
seem to prefer the more distal or free portion of the leaves and become 
less numerous near the base of the plants. 

The spring runs in the west-central and the north-central parts of 
Florida are usually similar to the Santa Fe River in h<;lving great growths 
of eelgrass. Near the head of the runs, where the springs emerge, may
flies are very rarely found, although within a short distance downstream 
they become noticeable. Their absence from the head of these .runs may 
possibly be explained by the fact that the water emerging from the ground 
carries in solution large arnounts of bicarbonate which arc deposited as 
carbonate when the water reaches the surface. By fonning a covering 
over the surface of the plants this salt prevents the mayflies from securing 
sufficient food to survive. Another explanation of the absence of mayflies 

. from the springheads might be the lack of sufficient oxygen in the water 
just after it emerges from its subterranean channels. As surface water, it 
has not yet had time to become sufficiently oxygenated for the mainte
nance of rnayfly populations. At the head of the springs the snail Elimia 
nonnally occurs in almost unbelievable nun1bers. We have almost filled a 

· dip net with them after taking a few strokes through the eelgrass; these 
snails 1nay also be a factor in restraining the introduction of mayfly nyn1phs 
into springheads. 

Sloan (1956), in his study of insects in two Florida sf>rings, found that 
ecological niches in thern are relatively few in number. He demonstrated 
that the g~neral trend in the rivers forn1ed by the springs is for species 
nurnbers to be low initially at the spring pool, to increase rather sharply 
further downstream, and to decline gradually as the water n1oves toward 
the brackish estuary. Sloan also found a striking correlation between the 
distribution of the insects and the oxygen concentration and partially con
firmed the hypothesis that in the springhead areas this may be an impor
tant limiting factor that explains the paucity of aquatic insects here. 

Any slightly acidic stream containing detritus, submerged logs, leaf 
drift, or vegetation in midstream or near shore will ordinarily have 
nymphs, even though they may occur in very limited nun1bers. Many of 
these streams have so little vegetation and other suitable habitats for de
velopment of nymphs that only small nun1bers can be supported. Only 
rarely do nymphs enter such dense rnats of algae as those forn1ed by 
Spirot,')'Ta and Batrachospenn111n. 

Physically, the water inhabited by the nymphs of B. propinquus shows a 
wide range. The imrnatures are found in streams with a PH as low as 5.0, 
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as well as in alkaline streams, with a pH as high as 7.8. In general, it seems 
that the nymphs thrive better in slightly alkaline water with a pH of about 
7.3. The temperature factor is not particularly important in Florida, al
though during a cold spell the degree of emergence greatly lessens and 
may completely stop. As the water gradually warms, the nymphs again 
become active enough to attain the adult state. 

Nymphs can apparendy tolerate standing water for a time because we 
have been able to keep them alive in unaerated aquaria for as long as two 
days, and in shallow pans of water for as long as three. If the water is 
aerated, however, the life of the insect may be prolonged as much as two 
weeks in the laboratory. This ability to tolerate standing water is probably 
one of the factors accounting for the wide distribution of the species. If 
the nymphs can live in intermittent streams and in those that flow most of 
the time but that occasionally become stagnant, it would greatly increase 
the adaptability of the species. There is some field evidence to indicate 
such tolerance. \Ve have collected nymphs from several streams that con
nect two bodies of standing water. Norn1ally there is a slight movement of 
water front one of these bogs to the other, but during low water the flow 
ceases. If the flow ceases for too long a time, the nymphs die off; but as 
soon as the water begins moving again, these intermittent creeks become 
repopulated from nearby permanently flowing strean1s. 

Even though B. propi11quus is so tolerant, it has not yet become adapted 
to lake margins in Florida as have Eurylophella temporalis, Chorolerpes hub
belli, and Stenacron interpunctatum. Our examination of the margins of 
n1any sand-bottomed lakes has produced not a single immature even 
though we often found nymphs of the ~ther species. 

SEASONAL DISTRIBUTION ANO LIFE HISTORY. Among the materials at hand, 
there are adults or ny1nphs in their last instar taken during each 1nc>nth of 
the year, dearly indicating that B. jJropinquus is one of the many species 
of 1nayflies that emerges throughout the year in Florida. In the northern 
pan of its range, propinguus has a short seasonal emergence, but the far
ther south it occurs, the longer the season, until in Florida seasonal limits 
disappear. 

rvlany unsuccessful attempts have been made to hatch eggs in the labo
ratory. Adult females forced to oviposit produced eggs that failed to de
velop; artificial fertilization also failed. Bergman and Hilsenhoff (1978) 
reported successful parthenogenetic reproduction when studying Wis
consin females collected in Jt1ne and August. They incubated 1503 eggs 
fro1n four females and of these 41 % hatched when kept at a temperature 
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of l9°-23°C with an incubation period of I9-20 days. Another female 
collected in June produced 258 eggs, of which 38% hatched in 32 days at 
a temperature of 13'-15'C. McCafTerty and Morihara (1979, p. 27) sug
gest that "[p]arthenogenesis is evidently the most selectively favored form 
of reproduction in relatively colder, or stressed, environments for some 
species [of Baetis]." We have no evidence of parthenogenetic reproduc
tion in the Florida population of propinquus. 

Published data record the detailed rearing of only a single species, 
B. vagans, which Dr. Helen Murphy (1922) raised from egg to adult both 
in the laboratory and in the field at Ithaca, New York. She found that 
under laboratory conditions the nymphs went through 27 instars, and, 
depending on temperature, the developmental peri.od. was six to nine 
n1onths. Definite broods emerged in May, August, and October. Gray 
(l 98I) reared B. quilleri from egg to adult in from 7 to 13 days in Arizona. 
In Florida where year-round emergence occurs, brooding has not been 
observed and, n1oreover, \\lould not be expected of B .. propinquus. 

Emergence occurs in late afternoon, usually just after sundown or 
as the sun is setting. The period of transformation lasts 15 to 30 minutes, 
with the peak occurring about 10 minutes after the first subimago rises. 
As the subimago lifts itself from the stream, it can be seen as a slow-
1noving, grayish body rising upward. If it encounters a tree or bush, the 
insect stops; if not, it continues its upward flight until it is lost to sight. 
When sufficiently high, it probably flies horizontally to a nearby tree or 
hush. We have seen the subimagoes fly almost straight up for 30 or 40 feet 
befOre they were lost to sight. When the insects begin to emerge, one can 
easily spot the area of transformation by observing the path of the giant 
dragonflies which begin to patrol the stream as the sun sets. The slow 
flight of the n1;1yflies makes them easy and choice prCy for these Odonata. 
"One day during the spring, as I stood in midstrean1 netting subirnagoes, 
a large dragonfly darted in front of me, grasped a n1ayfly which \vas at the 
n1outh of the "net, and darted away without even entering the mo_ving bag" 
(Berner 1950, p. 216). Another excellent indicator of emergence is the in
creased activity of the insectivorous birds along the stream margins. 

Spiders, numerous along the streams, are among the most in1portant 
decimators of Baetis propinquus subimagoes and adults. Many adult may
flies and subimaginal skins have been found entangled in the meshes of 
spiderwebs under bridges. If the subimago does not entangle itself too 
badly, and if the spider does not kill the insect at once, there is some 
chance of its becoming free at its final molt; this is, however, a com

paratively rare occurrence. 
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If the subimago escapes predators, it alights and becomes n1otionless 
and inconspicuous, hardly moving during the entire period of its life as 
an in1mature adult. After a period varying from 7 to IO hours, the final 
shedding occurs. The imago remains in a resting state until time for the 
mating flight. While resting, adulls of Baetis, both male and fen1ale, fre
quently twitch the abdon1en and swing the caudal filaments from side to 
side. At Ithaca, New York, Baetis performs the mating flight in the fore
noon; the time of the event in Florida propinquus is not known. 

E111ergence of the subin1ago has been observed frequently in the labo
ratory. \Vhen ready for emergence to occur, the nyn1ph floats freely at 
the surface of the water and almost immediately the subimago pops free, 
the whole process taking not more than 5 to 10 seconds. Naturally, in stich 
rheotactic forms, rapid emergence is an absolute necessity unless the 
nyn1phs 111igrate into slcnv water; even those Baetis nymphs that happen to 
be in almost stagnant water emerge very rapidly. 

Numerous attempts to rear the species in quiet water in the laboratory 
failed. Individuals were successfully reared, however, in a cage through 
which a slow but steady stream of tap water was allowed to flow. l'hc use 
of an aquariun1 equipped with an aerator gave an even greater degree of 
success. The aerator e1nitted a steady stream of bubbles that disturbed the 
surface. Apparently, water agitation helps the subin1ago release itself 
from the nymphal skin, perhaps by battering; or perhaps the increased 
amount of dissolved gases in the water aids the nymph in obtaining the 
air necessary for flotation and loosening of the skin. 

With respect to the longevity of the adult, the male shows almost no 
signs of life about 38 to 40 hours after emergence. The female adult in 
the subi111aginal and i1naginal stages 111ay live as long as 48 to 50 hours. 
Mating obviously n1ust occur very soon after the subi1naginal 1nolt and 
oviposition shortly thereafter. 

BEHAVIOR. The habits of posture and n1ovement easily distinguish B. pro
pinquus from other mayfly nymphs when they are examined in the labora
tory. Usually the insect swims to some point of attachment, grasps it with 
the claws, and raises the abdomen well above the support. If there is 
nothing to which it can cling, the nymph swims to the perpendicular sides 
of the container and hangs there until motivated to move. The gills are 
held close to and over the abdomen in contrast to B. intercalaris, one of 
the species with which propinquus may be most easily confused in the field. 
When stimulated, the nymphs d3rt in short spurts from one spot to an
other by rapidly moving the caudal filaments up and down. The hairs on 
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the filaments overlap and form a very effective organ for rapid propul

sion by vibration~ 
Certainly as swift or swifter than Callibaetis ny1nphs,.those of Baetis pro

pinquus are less graceful in their resting attitudes. They cling rather 
closely to their resting place, with their heads upstream and their abdo
mens swinging from side to side in the current. Slowly, the nyn1phs crawl 
over the surface of the leaves or rocks as they search for new and tender 
bits of food. During this slow movement, the orientation to the current is 
111aintained no rnatter whether the nymph is on the upper or the under
side of the leaf; in a current, however, the insect rarely moves to the upper 
side of its support, for there it is less protected from the force of the mov
ing water and the food supply is rnore limited. While feeding, the nymph 
swings its head from side to side as the maxillary p~lpi, continually mov
ing, aid it in bringing its food within reach of the maxillae and mandibles. 

l'he food found in the alimentary canals of nyn1phs indicates that mas
tication is very thorough, for in every specimen studied, the diatoms were 
broken and the remainder of the food was destroyed almost beyond rec
ognition, even though it was still in the anterior portion of the tract. The 
food of the Santa Fe River nymphs proved to he predo1ninantly fila1nen
tous algae and plant epidermis, although an occasional diato1n was noted. 

Adults are only mildly phototactic, with the taxis 1nore pronounced in 
the subimaginal stage. 

Baetis pygmaeus (Hagen)* 

(PLATE 2. Fies. 32, 82, 106, 129. MAP 4). 

Berner 1950, pp. 224-229; 1958, p. 30; 1977, 
p. 17 (/l. spiethi). 

Jones 1977, p. 65 (/l. spiethi). 
Lanquist 1953, pp. 20, 34 (B. spiethi). 
Morihara and McCafferty 1979a, pp. 190-

198 (B. pygmaeus = B. sf1iethi). 
Peters and Jones 1973, p. 246 (B. spiethi). 
Schneider 1967, p. 205 (B. spiethi). 

TAXONOMY. Baetis spiethi Berner, synonymized with p)'gmaeus by Morihara 
and McCafferty ( l 979a), was described from a large series of both reared 
and wild-caught specimens in 1940. After examining nymphs and para
types of spiel/ti from Florida and comparing them with B. pygmaeus speci-

*\V;iltz and McCafferty (1987) have assigned B. pygman.is to their new genus Acerpenna. 
Sec footnote, page 97, this volume. 
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mens gathered by Ide in Canada, as well as specimens from geographi
cally intermediate populations, Morihara and McCafferty concluded that 
the nymphs were identical. Adults could be separated only on the basis of 
a marginal intercalary vein in the firs_t interspace of the forewing, a trait 
that they believed to be variable. 

The rnale of /iygmaeus is easily distinguished from all other Florida spe
cies of Baetis by the shape of the genitalia, the coloration of the abdomen, 
and, most readily, by the structure of the hind wings, which have only two 
longitudinal veins and a much more pron1inent costal projection than 
does propinquus. ~rhe differentiation of the females is a more difficult 
mattei-. Compared with those of propinquus (with which they can most 
easily be confused), the metathoracic wings of frygmaeus are minute
being barely visible against the dark background of the thorax with the 
highest magnification of the dissecting microscope-and the head of pyg
maeus is more yellowish. The females of B. ephippiatus have a distal brown
ish band on the femora that distinguishes them from the females of pyg
maeus. Nymphs are immediately separable from all other known southern 
baetid mayflies by having lanceolate gills on abdominal segment 7. 

GEOGRAPHIC DISTRIUUTION. B. pygmaeus is known to occur from Hills
borough County in west-central Florida northward ·ta the Georgia state 
line and westward to Mobile County, Alabama. According to Morihara 
and McCafferty, the species is distributed throughout eastern North Amer
ica from southeastern Canada to Florida and westward to Louisiana. 
B. pygrnaeus is as widespread in Florida as propinquus, although we have 
not yet recorded it from the northeastern counties of the state. Florida 
counties from which specimens have been collected include (map 4): 
Alachua, Bay, Calhoun, Charlotte, Colun1bia, DeSoto, Glades, Hamilton, 
H<irdee, Hernando, Highlands, 1-Iillsborough, Holines, lndian River, 
Jackson, Jefferson, Lee, Leon, Levy, Liberty, Madison, Marion, Okaloosa, 
Polk, Putnam, Santa Rosa, Wakulla, Walton, and Washington. 

ECOLOGY. B. pygmaeus has been found most frequently in the stnaller, 
more slowly flowing creeks. Within a particular stream, they are very 
sin1ilar in habitat preference to B. propinquus. In general, the nymphs 
seem to remain in quieter and shallower water than do those of propin
quus, but almost always the two live side by side. They are most frequently 
found in sand-bottomed streams where the vegetation is scattered along 
the edge of the stream and Where the flow is still evident and constant. 
The nymphs thrive among these plants, and with other Baetidae form the 
major fauna! element. Hatchet Creek, which has been described else-
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where in this n1onogTaph, is a typical cx;:unplc of a strea1n in which f'Yg
maeuf prospers. In this creek the small bed of Potamogeton, Micranthemum 

umbrosum, and n1osses make up the predominant vegetation from which 
the nyrnphs have been collected. There they may be found in the swiftest 
as well as i11 the slowest parts of the current. In the 'forreya State Park 
region of northwestern Florida, the nymphs are also abundant among the 
exposed, but submerged, roots of terrestrial plants growing along the 
banks of the strean1s that drain into the Apalachicola River. 

In every stream fro1n which pygmaeus nymphs were collected, propin
quus or frondalis nymphs were also collected or seen, but not all streams 
fron1 which propinquus was taken contained pygmaeu.~ nymphs. The size of 
the stream does not affect the presence or absence of nymphs, as they 
have been collected from brooks that were merely trickles, as well as from 
streams as large as the run of Wakulla Springs. This river, like other west 
Florida streams from which collections were made, has dense growth of 
Vallisnen·a. Although the nymphs have not been found to be exceedingly 
numerous in the eelgrass, they do occur there. Some of the streams near 
the western border of the state have thick mats of Potamogeton in which 
pygmaeus nymphs occur as commonly as in Hatchet Creek near Gainesville. 

The nymphs live on the undersides of the leaves near the free ends, 
where they are protected from the current and find food plentiful. Near 
shore an1ong the vegetation, they may be found most often on the stems 
about halfway up from the streambed. Occasionally nymphs are found 
in leaf drift, and son1ewhat more freqUently on submerged logs in the 
current. 

B. /J')gmaeus nymphs are the most tolerant of all the Florida species of 
the genus. We have kept nymphs alive in a shallow pan of water without 
aeration for as long as a week, and they have remained alive in an aerated 
aquarium for as long as 14 days. The percentage of nymphs transforming 
in an aerated aquarium is usually greater than that of the other Baelis spe
cies, except perhaps propi11quu.s. 

Although nymphs of /J')gmaeu.s do inhabit alkaline streams, they seem 
to thrive far better in circumneutral or slightly acidic creeks. These usu
ally have a high content of humic and other organic acids that give the 
water a brownish tinge. 

Adults are often encountered in spiderwebs under bridges. The bridges 
are also the most productive places for securing free adults or subimagoes, 
as the humidity over the streams is fairly high and shade is plentiful-two 
qualities that the subimagoes and adults seem to demand. Apparently the 
subin1agoes of Bar.ti.~ can tolerate a nnich dryer atn1osphere than can 1he 
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Leptophlebii<lae for they can ntolt where the leptophlebii<ls would perish 

in the process. 

SF.ASONAI. J)JSTRil\UTION ANJ) LIFE HISTORY. Seasonally, Raeli,~ /ry~mnrus is 
not restricted in Florida. While emergence is, of course, greater in the 
summer than during the colder months, no month is entirely free of 
adults. Farther north, the species is strictly seasonal, adults e111crging dur

ing the sun1n1er only. 
Nymphal life probably occupies a period of less than six months, but as 

we were not success[ ul in rearing the species from egg to adult; the length 
of tirne required must remain conjectural. At all times of the year, nymphs 
of all ages can be found in Florida waters. 

When the nymph is mature and ready to transform, it swims to the 
surface. As a subimago, it suddenly bursts free of the nymphal skin, floats 
on the discarded exuviae for a moment, and then flies away. Emergence 
takes place in the slower-Hawing parts of the stream where upsetting is 
least likely to occur and where the insect may rest before testing its newly 
opened wings. After this short rest, the subimago rises to nearby bushes 
or trees where it remains, unless disturbed, until the ultimate moll takes 
place. The subimaginal stage lasts from 7 to 10 hours, and the males n1ay 
live about 24 hours longer. 

The transformation to the subimago takes place from perhaps an hour 
before sunset until sunset, but before darkness has fallen. The height of 
emergence occurs just after sunset, and lasts for about 15 minutes. 

We have observed the mating flight of /J')gmaeus, on only one occasion. 
While one of us (Berner) was collecting nymphs at the Waccasassa River 
on October 13, 1946, a swarm of small rnayflies was seen gathering at 
10: 15 A.M. in the warn1 sunlight. The males came together in small groups 
and then amalgamated into one large swarm of about 200 individuals. 
"fhey flew about 6 feet above the water, near the south shore of the 
strea1n, confining then1selves to the bank and seldon1 moving out over the 
water. The swarm hovered over the vegetation, now and then rising lo a 
height of about 15 feet above the water, but rarely more than 6 or 8 feet 
above the highest ground level. Only males were observed and collected 
from the swarm. The group would fly over the bank for a few minutes 
and then move away from the water only to return again within a short 
time. The presence of a black railroad bridge and the very dark water 
outlined the adults clearly so that they were easily observed as long as they 
rcn1aincd in the vicinity of' the strcani. 

'l'hc up-and-down flig-hl varied g-rcatly, having a rise and r.all fro1n six 
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inches to three or four feet. After a period of about an hour, the swarm 
apparently dispersed. No females were seen joining the males and none 
was noted until 3:00 P.M. when a single individual was collected while it 
was flying close to the water. 

Fro1n a distance, the mating flight resembled the swarming of midges 
so commonly observed along the margins of the lakes of Florida. It was 
only by approaching the swarm closely and noting the trailing caudal fila
ments that the members were identified as mayflies. 

BEHAVIOR. The habitats of frYgmaeus nymphs are not essentially different 
front those of propi11quus. The food we examined \Vas so finely n1asticated 
that it was difilcult to determine its nature from a study of the contents of 
the alimentary canal. Some of the identifiable fragments included algae, 
parts of diatoms, small roots, and plant debris. 

Callibaetis Eaton 

Berner 1950, pp. 193-194. 
Edmunds, Jensen, and Berner 1976, pp. 

165-169. 

When Eaton treated the North American species of Callibaetis in his 
n1onograph (1883-88), he described only four, three of which were al
ready n;uned. Between 1900 and 1918, Banks added eight additional spe
cies, arnong which were included floridanus and pretiosus, the two Florida 
forms. Since the publication of The Biology of Mayflies in 1935, five addi
tional species of Callibaetis have been described, making a total of 24 
known from North America north of Mexico. Though adults as well as 
nymphs of the genus are distinct and easily separable fron1 other genera, 
within Callibaetis taxonomic characters are not so well defined, making 
differentiation of most of the species difficult and determinations often 
questionable. 

The genus is one of the unique groups in which ovoviviparity appears 
to be universal. Callibaetis vivipara frorn South America was first found to 
exhibit this condition. In 1935 a specimen of an unidentified species from 
New York was reported to contain first-instar nymphs. In 1941 one of 
us (Berner) reported the phenon1enon of ovoviviparity in C. floridanus, 
C. pretiosus, and another species from Michigan and noted that appar
ently many, if not all, of the species of this genus are normally ovovivipa
rous. Subsequently Edmunds (1945) confirmed that this method of re
production occurs in two Utah species. 
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Callibaetis is both a Neotropical and Nearctic genus, distributed widely 
over both continents. In North America, it is found from coast to coast in 
mountainous as well as level regions and its range extends northward to 
Alaska. Callibaetis is one of the most difficult of all ma)'fties with which to 
deal; hence published distributional records are few and far between, al
though the genus is often encountered. Marked sexual dimorphisn1, es
pecially in the wings, n1akes association of males and females especially 
difficult. As there are only two species known with certainty to occur in 
Florida, identification of males can be made only by assuming they are the 
same species when they are collected along with the more distinctive 
fenutles. 

Callibaetis fioridanus Banks 

(PLATE 3. FIGS. 9, 104, 119. MAP 5) 

Berner 1950, pp. 194-201; 1958, p. 31; 1977, 
p. 18. 

Berner and Sloan 1954, p. 98. 
Frost 1967, p. 281. 
Lanquist 1953, pp. 23, 24, 27, 31, 40, 44, 57, 

63. 
Schneider 1967, p. 205. 
Sloan 1956, pp. 92-94. 
Trost and Berner 1963, pp. 285-299. 

TAXONOMY. In the latter part of the nineteenth century, Mrs. A. T. Slosson 
collected Callibaetis fioridanus in the vicinity of Biscayne Bay in south Flor
ida and subn1itted her specimens to Dr. Banks for identification and de
scription. Her series consisted entirely of females, and the species was 
known only from this sex until 1940 when a description of the n1ale and 
ny111ph was published (Berner l940b). Our specin1ens from north Flor
ida, which we are calling C. fioridanus (form A), n1ay ultimately prove to 
be a new species. For the present, we are not con.sidering them as such. 
The north Florida forms differ in certain minor respects from the south 
Florida insects as follows: 

North Florida 

Callibaetis fioridanus (Form A) 
Forewings colorless or only lightly tinted· 
Spots covering body are brown or reddish brown 
Coloration somewhat dulled 
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Plate 3. Callibaetis floridanus Banks, nymph 
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South Florida 

Callibattis fioridanus (Form B) 
Forewings strongly tinged with brown 
Spots covering body are red 
Coloration intense 
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Although in south Floi:ida there are no mayflies that show the charac
teristics of the north Florida Callibaetis, we have· taken specimens in the 
Gainesville area that are very similar to the south Florida forms. From an 
examination Of the specimens at hand, it would appear that two forms of 
C. floridanus that inhabit Florida have their region of intergradation in the 
central part of the state. 

In the taxonomy of the genus Callibaeti.s, males are much more difficult 
to identify than· are females. In the Florida Species, the males are not ex
ceptional, and unless associated fen1ales are available, identification must 
be tentative. 

GEOGRAPHIC DISTRIBUTION. C. fioridanus (form B) is distributed through
out the southern tip of Florida and is known with certainty to spread as 
far north as Highlands County. It has been collected throughout the 
Everglades and as far south as Key Largo. 

C. ftoridanus (form A) occupies a range extending from Lake County 
northward into Georgia and throughout the northwestern panhandle. 

The species has been recorded from the following Florida counties 
(map 5): Alachua, Broward, Charlotte, Citrus, Collier, Columbia, Dade, 
DeSoto, Dixie, Gilchrist, Glades, Hardee, Hendry, ·Hernando, Highlands, 
Indian River, Jackson, Lake, Lee, Levy, Marion,. Monroe, Okaloosa, 
Orange, Palm Beach, Polk, Putnam, St. Johns, St. Lucie, Santa Rosa, Sem
inole, Sumter, Suwannee, Taylor, Volusia, and Walton. 

ECOLOGY. Callibaeti.s jloridanus nymphs have the widCst limits of tolerance 
of any mayfly in Florida and can be found in a wide variety of aquatic 
habitats. 

.The Everglades, which have been described many times and in many 
places, are broad open expanses of saw grass, partially submerged by 
water accumulating on the surf ace of the exposed pitted limestone (Miami 
oolite) during the rainy season. An occasional hammock (hardwood for
est) indicates a slightly higher mass of rock on which water does not 
stand. Almost stagnant drainage canals that are filled with gar and other 
fish, turtles, and vegetation penetrate 1nuch of the Everglades. During 
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Map 5. The distribution of Callibaelis fian·danw and C. pretiosw in Florida. 
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the dry season, mayfly nymphs develop in the canals, but in the rainy sea
son, when most of the land is under water and the Everglades is truly a 
"river of grass," mayfly nymphs can be found in almost any area where 
the water has been standing for a few weeks. At that time not only the 
mayflies but also crayfish, minnows, beetles, water bugs, and other n1em
bers of the canal association become widely disseminated. The water in 
the "glades" is shallow, one to three feel in depth, fully exposed to the 
sun, and consequently quite warm. The population of mayfly nymphs 
tends to thin out over this region and the mayfly fauna in a particular area 
would be smaller than the fauna in an area of equal size in the canals. 

In south Florida, nymphs have also been taken from temporary ponds, 
roadside ditches, and s1nall pools in abandoned rock pits. The species has 
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even been found breeding in a small, artificial fish pond. A colleclion 
taken at Key Largo included nymphs that were living in water where 
n1angrove trees were growing. The nymphs were collected not more than 
10 feet from the roots of the trees. Although the water from which the 
nytnphs came tasted brackish, analysis showed that it _had a salinity of only 
1. 7%. Later studies of the occurrence of nymphs in brackish water (Berner 
and Sloan 1954) reported the salinity at high tide to be near IO parts per 
1000 of chloride. C. Jloridanus nymphs were the only Ephemeroptera 
found in an estuary during a study of the distribution of insects in two 
Florida springs fi-0111 their origin to their estuaries in the Gulf of Mexico 
(Sloan 1956). Another report (rrost and Berner I 963) clain1ed that ex
pcrin1entally nymphs were able to live in, and emerge normally from, 
waler with salinities up to 12 parts per 1000, approximately one-third that 
of sea water. The late Jack Russell, while working on salt-marsh mos
quitoes near New Smyrna, frequently took mayfly nymphs along with 
mosqu.ito larvae. He neglected to save the nymphs, but.he did notice that 
they occurred in water that ranged from fresh to definitely brackish. On 
June 30, 1939, one adult female carne to his lighl at Coronado Beach; 
·J\1r. Russell infonncd us that the location is an island son1e distance fron1 
the 1nainlancl and as its surface water was brackish, the ny1nphs must have 
developed in the saline water. Moreover, \Ve collected immatures fron1 ca
nals in the city of Miami not n1ore than one or two miles from Biscayne 
Bay. ~rhese almost stagnant canals are brackish, particularly at high tide. 
We have been told that during the early part of the twentieth century Bis
cayne Bay, described by Banks as the type locality of C. floridanus, was dis
tinctly brackish to saline. C. flon"danus is one of the few mayfly nymphs 
known with certainty to inhabit saline waters (Davis (1980) reported find
ing Choroterpes mexicanus to be euryhalinous). Eaton (1895) recorded a 
Cingalese Palingenia that inhabits an estuary where the water "occasion
ally must be brackish." He also recorded Cloeon diptentm and Caenis 
luzlterata from brackish water streamlets of Hamman-eS-Salakin, Biskra, 
Algeria. Brittain (I 982), in summarizing the biology of mayflies, stated 
that a few species of Baetidae, Caenidae, and Leptophlebiidae occur in 
brackish water habitats. Wichard et al. (1973), studying the chloride cells 
of C. fioridanu.s in the gills of nyn1phs and their relationship to osmoregu
lation, used nymphs collected from brackish water ponds in the St. Marks 
National Wildlife Refuge in northwestern Florida. In comparing nymphs 
from fresh and brackish waler, the samples contained 0.5 and 26 mmoles 
of NaCl per liter, respectively. 

In north Florida, the habitat of C. fioridanus is similar to that of the 
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south Florida form. The nr.rnphs are most con1mon in roadside ditches 
where they live among the stems and leaves of submerged vegetation, 
clinging to the plants, darting swiftly from one stem or leaf to another, or 
moving slowly and gracefully over the surface of the plant. In the road
side ditches the water is usually not more than three to four feet deep, 
choked with vegetation, and stagnant. The plants most commonly include 
Pontederia, Polygonum, Micranthemum, Saururus, Ludwigia, Websten"a, and 
many algae. The nymphs are seldom found where the algae form mats, 
for the insects' movements would be much too restricted by the en
tangling strands. Normally, the nymphs can be found where the vascular 
plants are most dense. 

Nu1nerous Callihaelis nymphs are usually foun_d in temporary woods 
ponds, sinkhole ponds with open surfaces, and lakes with marginal vege
tation. Cypress swamps, n1arshes of various types, and margins of slow
flowing streams where there is vegetation suitable for harboring nyn1phs 
also n1aintain their populatjons of C. floridanus. The immatures cannot 
withstand a strong Aow of water, and we have never taken them from rap
idly flowing creeks unless these streams formed pools or had thick growths 
of shore vegetation that helped to slow the current in this zone. 

Those sinkhole ponds in which the surface is covered with duckweed 
usually do not have mayfly nyinphs. Several factors may account for their 
absence: the covering of plants makes it impossible for adults to oviposit 
successfully; an absence of subn1ergent vegetation provides no protec
tion; there is a lack of food rnaterials; or there n1ay be an abundance of 
predators. In this sort of place, mayflies find it difficult to live and the 
normal pond-margin inhabitants are also absent. Sinkhole ponds and 
lakes in which the margins are either permanently or intermittently cov
ered by water hyacinths are usually not inhabited by Callibaetis nymphs, 
probably for the san1e reason that they are absent from the duckweed
covered ponds. 

1-he ditches, pond, swa1nps, and other bodies of water that Callibaetis 
ny111phs inhabit may range from being very acidic to very basic. Ny1nphs 
have been collected fron1 a Ponteden"a marsh where the pH (colorimetric 
1neasurement) was lower than 4.0, which was below the lowest range of 
the instrun1ent. In Biven's Arm, a small lake in Alachua County choked 
with submergent vegetation, principally Myn·oplzyllum, nymphs were com
mon at a pH above 10.0 (glass-electrode measurement). 

In the standing fresh waters of Florida, the only ephemerid associates 
of C. flon.danus are C. pretio.sus and Caenis diminuta. Along the margins of 
slow-forming streams where C. jloridanus nymphs may occasionally be 
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found are also Caenis diminuta, Callibaetis pretiosus, Eurylophella temporalis, 

Leptophlebia brtuileyi, L. intmnedia, Baetis pygmaeus, B. propinqum, and Ste
nonema .smithae. The usual associates other than mayfly nymphs in the 
ponds and ditches include Odonata nymphs, Hemiptera, various water 
beetles, caddis Ay larvae, and other still-water forms. 

The adults of C. floridanus remain in a fairly moist situation, ~tlthough 
we have collected a large series of specimens from a burnt-over field adja
cent to one of the canals in the Everglades. In the rock pits of south Flor
ida, there are few or no bushes, but there are relatively dense growths of 
grasses where the mayfly adults remain hidden in the low vegetation until 
time for the females to release their young. In one seCtion of the Ever
glades, which is in part a cypress swamp with en1er.gent grasses scattered 
throughout the area, we collected some 90 mayflies by sweeping the low 
plants. Apparently the adults preferred to remain close to the water 
rather than to fly into the trees. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. ~fhe following discussion is 
quoted from a paper concerned with the biology of Callibaetis fforidanus 
by Trost and Berner (1963, pp. 287-291). 

The life cycle of Callibaeti.s floridanus is comparatively short 
and all stages can be found at all times of the year. Mature 
nymphs have been collected during every nlonth and collec
tions made at any time of the year will produce nymphs of all 
instars. We also have records of adults for all months of the 
year in Florida, even as far north as Gainesville. In this study it 
was found that the length of time required for nymphal devel
opn1ent varies with the time of year during which the nyn1phs 

. are studied. We believe this variation in tin1e of development is 
primarily due to ten1perature. The shortest time recorded 
from oviposition to emergence of the suhin1ago was 27 days 
(August 19 to September 14), although other nymphs fron1 
the same brood and reared under the same conditions took up 
to 35 days to co1nplete their life history. These results were du
plicated in the laboratory and in the field. During this period 
water temperature fluctuated between 28° and 32°C. In late 
October and early November the complete nymphal cycle 
took approximately 60 to 75 days. At this time the average 
water temperature ranged from 18° to 20°C. However, in 
these latter rearings, the nymphs were kept in the laboratory 
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because there was no convenient standing water in the ponds 
used for the study and it was extremely difficult to obtain 
gravid female imagoes. The mortality of the nymphs in this 
later period also seemed to be much higher than that which 
occurred during the summer. 

Needham (I 935) stated that the nymphal stage lasts five to 
six weeks from the laying of·the eggs to emergence, however, 
he gave no data to substantiate his estimate. [Needham was 
unaware of the universality of ovoviviparity in Callibaetis.] 
Dickinson ( 1948) found mature Callibaetis florid.anus (form A) 
nymphs in temporary ponds in the G3.inesville area within five 
to six weeks after the first water appeared in the ponds. 

Our observations indicate that Callibaetis floridanu.s nymphs 
apparently pass through 9 to 11 instars with the most cotnmon 
number being l 0 prior to emergence. Taylor and Richards 
(1963) state, ''judging from the number of rings in the Palmen 
body of an adult mayfly, which Needham et al. state as repre-. 
senting successive molts, the mayfly Callibaetis appears to un
dergo approximately 15 molts." If their estimate is correct, 
there are 16 instars in the nymphal life of the insect. 

Although 235 nymphs were reared and measured, it was 
difficult to determine the number of molts with certainty. In 
the early instars the nymphs are of such minute size that it is 
virtually impossible to find the exuviae to provide conclusive 
proof of molting. The number of instars was determined by 
measurement of the living nymphs every other day with an 
ocular micrometer. Because of the relative size constancy of 
the head exoskeleton, we selected change in width across the 
eyes as a criterion of growth. Using this measurement it was 
usually po:-;sihle to asccr1ai11 si1e d1;u1g-cs in 1hc 11y111phs. At 
1i111cs, lunvcvcr, very likely due to errors introd1Kcd in 
111easuring active, live ny111phs, this value seen1ed to grow 
sn1oothly from one size interval to another. Usually there is an 
easily observable difference in this measurement between in
stars, but the value does not hold constant. The first two in
stars are generally rigidly set in size and the nymphs are very 
similar, but following this stage much variation develops .... 

On September 14, 1962, a collection of 650 Callibaetis fio
ridantL5 nymphs was made at random from Stengel Field 
pond. These specimens were immediately preserved for later 
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measurement to attempt to establi.Sh a size range for particu
lar instars. That such conclusions as to correlation of size 
range and instar cannot be drawn is obvious .... The curve is 
bell-shaped which simply means that the great bulk of the 
nymphs were in the intermediate-size range. The early instars 
were too small to be collected in the field and the later instars 
were small in number, probably because of the greater natural 
death rate of older nymphs, predation, and emergence. Fur
ther, there are size differences because of sexual" dimorphi~m. 
"fhe 1neasurement of the head was selected for the study be
cause the changes in abdominal length between instars pro
duces too many inaccuracies to give a reliable indicator of size 
changes. Additionally, the length of the caudal fila1nents varies 
too much to be of any use as a marker for a particular instar. 

When a series of nymphs of a selected instar is measured 
there is a considerable amount of variation within that one in
star .... From our observations, it seems that the general size 
of the population varies as a unit. From April t6 August, speci
mens taken from the Stengel Field pond were predominantly 
in the smaller size range. During late August and early Sep
tember there was a trend toward increase in size, until in late 
September and October the large size predominated. At that 
tin1e the pond dried and the study, of necessity, ceased .... 

The newly hatched nymph is quite active .... Five ocelli 
are present on the dorsal surface of the head, the two pos
terior ones will become the compound eyes and the three an
terior will remain as the true ocelli. However, in the first instar 
this division is not obvious, There are no gills .... 

Transformation of the first to the second instar takes ap
proxi1na1cly three l.o f"our days under suni111cr condi1io11.-;, 
wht'rc the wo1lcr te111pcra1un: ranges between '..!H and 3~ de
grees ceruigrade. 'fhe second instar nyn1ph is quite different 
from the first instar and more closely resembles the later in
stars. Now there are six pairs of gills, all single and minute; the 
eyes have differentiated enough to distinguish the simple 
from the compound .... The median tail has still not devel
oped, but the cerci are between 1.00 and 1.08 1nm in length. 

The median caudal filament first appears as a stump at the 
beginning of the third instar. ... All seven pairs of gills are 
developed but they are still single and minute .... The time 
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interval between the second and third and between the third 
and fourth instars, lasts fron1 two to five days with the 1nost 
common period being three under summer conditions when 
the ten1per<1ture ranges between 28 and 32 degrees C. The 
tin1e interval is consistent with the suggestion of "1';1ylor and 
Richards (1963) of an average of two to three days for each 
instar. 

The fourth instar, also lasting from two to five days, cannot 
be differentiated from the third except in size .... 

Beginning with the fifth instar, the gills are all present and 
are con1pound as in mature nymphs. From this stage onward 
the variability becomes so great that development or size 
change in each instar cannot be characterized. 

Suhirnagoes en1eq:~·e in late afternoon or early evening. We have ob
served cn1crgcncc in February between :\:45 and 4:00 P.M. In su1n111er, 
the subin1agoes begin rising between 6:00 and 9:00 P.M. We believe that 
there is a correlation between light intensity and time of emergence. Trost 
and Berner (1963) found that nymphs kept in the laboratory see1ned to 
lose their nonnal synchronization of en1ergence time, with subitnagoes 
appearing either earlier or later than they would have in the field. 

The subin1aginal n1olt occurs about seven to nine hours following 
en1ergence of the winged stage. This n1eans that the adult stage is reached 
early in the n1orning following ernergence. The time of molting appears 
to be correlated with weather conditions, but there seems to be some syn
chronization as subimagoes mostly molt at about the same time. It was 
noted by Trost and Berner that the molt occurred in the field approxi
n1ately 15 minutes after the subin1agoes were exposed to bright sunlight. 

After dark the subin1agoes n1ove away from the water's edge and fly to 
vegetation 200 or 1nore feet away. where they await the final 1nolt in 
preparation for the 1nating flight. 

Mating flights, observed on several occasions, occur during the n1orn
ing hours. They begin within about 20 to 30 minutes afler the sub
i1naginal molt. 'I'he Hights have been seen as early as 6:50 and as late 
as 10:30 A.M. 

Occurring over an open field, the Aight follows a zigzag path upward 
to a height of from 4 to 25 feet. The abrupt rise and fall of the males 
ranges from a few inches to 2 feet. As the females fly into the swarn1, they 
rise and fall in the same rhyth1n as the males. 
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After mating, the females return to rest on the vege~ation, and the 
1nales rejoin the swarn1. Some of the swarms n1ay be very small, consisting 
of only a few males, while others may be quite large. The late Dr. Maurice 
Provost wrote in a letter to one of us (Berner): 

As I was leaving my home [Indrio Rd., 4 miles W of U.S. 1 1n 
northern St. Lucie Co.] this morning [October 17, 1956] at 
about 7:45, I was at once struck by the fantastic numbers of 
male May flies dancing from 2 to 10 feet above the ground 
everywhere. It was partly cloudy, the sun shining brightly, the 
temperature about 70°F and a wind of about 2 miles an hour 
blowing intennittently. The insects looked like snow and were 
very unifonnly disu·ibuted over lawns, fallow fields, pastures, 
flatwoods, roadsides,-i.e. everywhere over an area of at least 
100 acres and possibly much rnorc. 'rhe individual dance was 
up and down over so1ne 8 to 16 inch distance, and the n1ayflies 
were spaced at roughly one to 2 or 3 square feet of ground
surface with no sign whatever of groupings. 

There is a shallow Typha pond of some 15 acres in a pasture 
in the middle of the involved area, and roadside ditches and 
drainage canals everywhere in this citrus-grove and pasture. 
region. Monday [Oct. 15] there was a rainfall of6 to 10 inches 
throughout this region and by nightfall we were.pretty much 
under water, the flatwoods looking like cypress swamps. Tues
day there was very little rainfall, and I assume the mass en1er· 
gence of May flies occurred that afternoon . 

As adults, females have been kept alive for a maximum of 13 days. In 
natural habitats, however, the imaginal period is undoubtedly several 
days shorter. The 1nale dies within two days after enle_rgence. Longevity 
of the females is probably correlated with ovoviviparity. Normally the life 
span of adult mayflies is from less than an hour to two or three days, but a 
female Cloeon dipterum, the European ovoviviparous mayAy, survived for 
21 days. After mating. the female of C. fion"danu~ becomes quiescent until 
the eggs are ready to hatch. When the time arrives, the female takes to the 
wing, flies to a body of somewhat stagnant water, and releases the eggs, 
which hatch at the moment of laying. When the female oviposits, she 
places her abdomen against the water surface, releases her eggs, and then 
floats with wings held upright. Afterwards, as she attempts to leave the 
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water, she generally fails, struggles, and her wings become trapped in the 
surface film. She dies within 20 to 30 minutes unless earlier captured by 
some predator. 

BEHAVIOR. Callibaetis nymphs are the mc;>st graceful of all the mayfly im
matures found in Florida waters. Its body arched, the green insect hangs 
from a plant stem and ble~ds almost perfectly with its background. Only 
the delicate movements of the antennae and the shuttling motion of the 
large, foliaceous gills draw one's eyes to the nymph. If disturbed, the in
sect darts rapidly away from the disagreeable area by rapid flicks of the 
caudal filaments. Its streamlined shape, hairy caudal filaments, and ability 
to becon1e motionless in an instant assure Callibaetis maxinnnn efficiency 
in its darting actions. 

When collected and placed in a white-enameled pan in which the water 
has been drained away fron1 them, the nyn1phs hop about very n1uch like 
small minnows if one attempts to lift them. This action is particularly evi
dent in larger nymphs, especially those in the penultimate or last instar. 
Frequently the nymphs can be detected in the pan only by draining the 
water away from them and watching for their kicking and hopping as 
they attempt to return to the water. 

Examination of the contents of the alin1entary tract of nyn1phs showed 
that they feed predominantly on algae, but they also eat plant material of 
other sorts. The nymphs graze on the algae covering plant stems and 
leaves in the ponds and ditches rather than move in to the algal mats that 
sometimes form in these places. Food material passes through the gut 
rapidly, and it was reported (Trost arid Berner 1963) that during active 
feeding the nymphs extrude a mass of fecal ma'tter in volun1e equal to 
one-third to one-fourth the volume of the digestive tract every 20 to 40 
seconds. 

Callibaetis pretiosus Banks 

{PLATE 4. Fies. 8, 27, I 03, 118. 1-fAI' 5) 

Berner 1950, pp. 201-203; 1977, p. 18. 
Frost 1967, p. 281. 
Lanquist 1953, p. 27. 
Peters and Jones 1973, p. 246. 
Sloan 1956, p. 92. 

TAXONOMY. We have examined the specimens that we named Callibaetis 
pretiosus with great care, con1pared them with pretiosus from other areas, 
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studied specimens identified by Banks to be this species, and concluded 
that we are correct in assigning this name to the Florida specimens. Our 
earlier doubts arose because of the wide degree of variability in the pat
tern of pig1nentation that occurs in the forewings of the fe1nales, the only 
sex that can be identified with any degree of certainty. 

Banks first described the species from Virginia in 1914 and we are un
aware of any published reports of its occurrence other than in Florida 
since its description, except those of Berner (1977). In Traver's presenta
tion (1935) of Callibaelis the species was redescribed, but as only the fe
male was known at that time, it was the only stage included. The male and 
nyn1ph still remain to be described. 

In Callihaetis imagoes there is a very marked sexual dimorphism. The 
f"cn1ale Jnetiosus, as is usual for the genus, is strongly marked over the 
body and haS a brown vitta in the forewing, numerous crossveins behind 
this vitta, double intercalaries along the outer margin of the forewing, 
and generally bro\vn clouds of pig1nent in its membrane. The male has 
the normal darkened thorax and darkened distal abdominal segments 
with the pale intermediate area in common with many other species of 
Ca/libaPtis. In the forewings behind R1, there are, as in the n1ale of C. fiori
dr11111.'i, relatively few crossveins, and the lnarginal intercalaries are usually 
single. Even though the Florida fen1ales of Jloridanus are very easily distin
guished fro1n those of prelio.nJJ, the rnales of the two Florida species are so 
sirnilar that they can be differentiated only on the basis of coloration of 
the ahdotninal tergitcs, a characteristic that is not at all reliable. The 
nyn1phs, on the other hand, are easily separated from those of Jloridanus 
by the presence of a s1nall recurved flap on the seventh gill of preliosus and 
its absence in jlorida11us. There is also a difference in the size of the distal 
seg111ent of the n1axillary palp in the two ny1nphs. 

GEOGRAPHIC DISTRIBUTION. The distribution of c. pretiOSILS is much the 
same as that of C. floridan1JJ (form A) in Florida. We have examined speci
n1ens collected in the following Florida counties (map 5): Alachua, Bay, 
Brevard, Charlotte, Citrus, Collier, Columbia, DeSoto, Glades, Hamilton, 
Hernando, Highlands, Hillsborough, Holmes, Jefferson, Lee, Leon, Lib
erty, Madison, Marion, Monroe, Okeechobee, Pasco, Polk, ~utnam, Semi
nole, Taylor, Volusia, Wakulla, Walton, and Washington. 

ECOLOGY. Caltibaelis preliosus nymphs are ecologically very similar to C.fiori
d<111u5, except that they have never been found living in saline or brackish 
waters and the range of acidity-alkalinity appears to be son1ewhat nar
rower than that of flon.danus. Frequently the nymphs of the two species 
can be found together in the same roadside ditches, ponds, or lakes. 
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SEASONAL DISTRIBUTION AND LIFE HISTORY. The adults of this species 
emerge throughout the year in peninsular Florida. In the northwestern 
part of the state, emergence of adults generally occurs during the warmer 
months of the year. 

Dr. S. W. Frost, while in residence at the Archbold Biological Station in 
Highlands County, collected mayflies in light traps he operated over ape
riod of four years during the months of November through April. In 418 
nights of trapping, he found that C. pretiosus imagoes were·caught during 
hours of darkness as follows: 

6-8 P.M., 356 individuals 
8-IO P.M., 674 
IO P.M.-2 A.M., 964 
2-7 A.M., I089 

He also sorted the adults trapped during January through April by sex 
and reported their frequencies as follows: 

6-8 P.M., m. 59, f. I23 
8-IO P.M., m. 99, f. 3I8 
IO P.M.-2 A.M., m. I I8, f. 371 
2-7 A.M., m. I 73, f. 263 

Frost attributed the greater number of fen1ales in the collections to the 
fact that fen1ales are long-lived while males die soon after mating. 

- The life history of C. preliosus is believed to be very sin1ilar to that of 
jloridanus, but as no detailed studies of the species have yef. been made, we 
cannot confirm this. 

BEHAVIOR. The behavior of nymphs and adults is like that of C.fioridanus, 
and nymphs of the two species cannot be separated in the field to niake 
possible observations of any distinctive actions. · 

Centroptilum Eaton 

Berner I 950, p. 230. 
Burks 1953, pp. 119-I20. 
Edmunds, Jensen, and Berner I 976, pp. 

I69-I72. 
Jones I977, p. 65. 
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Eaton ( 1869) established Centraptilum to accommodate those European 
Baetidae that possess metathoracic wings and in which the intercalaries of 
the forewings are single. In his taxonomic revision of the mayflies, he in
cluded in the genus a species from Cuba as well as a species close to the 
European C. luteolum (Muller) (later described as C. semirufum McDun
nough) from the Hudson Bay region. Eaton (1892) again wrote of Cen
troptilum when he treated the Ephemeroptera of Central America and 
added to the list an undescribed species from north Sonora, Mexico. The 
status of the genus in the western hemisphere remained unchanged until 
McDunnough (1923) published descriptions of C. fragile and C. curiosum 
(= Heterocloeon curiosum). Following this pU.blication, descriptions of new 
species of Cenlroptilum began to appear frequently, and now there are 24 
species known to occur in North America north of Mexico, 14 of which 
were described by Dr. McDunnough. 

Prior to 1946, the genus was unknown from either the Coastal Plain or 
Piedn1ont provinces although Traver recorded C. album (?) from the 
mountains of North Carolina and Centroptilum sp. from the mountains 
of Alabama. Several species, two of which were described from Florida, 
are now kno\vn from the southeastern United States in all of the physio
~raphic provinces represented there. Centroptilum occurs in the Holarctic, 
in Africa, in the Australian and Oriental regions, and generally in the 
Ncarctic. 

Ide (1930) very briefly mentioned the habitat preference of C. con
vexum and C. helium nymphs. Beyond this, little has been written about the 
ecology of the nymphs. Of the former species Ide reported that nymphs 
were abundant in the Mad River at Ho;ning's Mills, where they lived 
among the lily pads and pond weeds. The nymphs of C. helluin, he con
tinued, were numerous in moderately swift water, where they clung to 
the upper surfaces of stones. Edmunds et al. (1976) added that some 
nyn1phs tnay be found on the sand along the n1argins of a large river and 
others tnay be found along the edges of lakes where there is wave action. 

Cmtroptilum hobbsi Berner 

(Fies. 121, 122, 140. MAP 6) 

Berner 1950, pp. 236-237; 1958, p. 31; 
1977, p. 19. 

Lanquist 1953, pp. 21, 23, 62. 
Schneider 1967, p. 205. 

TAXONOMY. The species was described in 1946 from a few nymphs and 
three female adults that were sufficiently different from any described 
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Map 6. The distribution of Centroptilum hobbsi and C. viridocularis in Florida. 

species to warrant their receiving a new name. Traver (1935) described 
C. rivulare in the adult Stage but dismissed the nymph with the assertion 
that it has.small dorsal flaps on the basal pairs of gills. C. helium has double 
gills on the basal segments at least. C. hobbsi, which also has double gills 
on the first segment, is certainly different from helium as drawn and de
scribed by Ide (1930), an.cl is probably just as distinct from C. rivulare and 
C. ozburni. All four of these have double gills. The uniqueness of the Flor
ida species lies in the fact that only the first pair of gills is doubled and 
that these gills are markedly different in form from the other: six pairs. 
All seven pairs of abdominal gills of C. viridocularis are single and similar 
in shape. Burks (1953) did not separate the nymphs of the three Illinois 
species he treated. 

GEOGRAPHIC DISTRIBUTION. Records of the occurrence of C. hohbsi are few 
and scattered, but they are sufficient to permit us to know that the species 
inhabits peninsular Florida from DeSoto County northward to the ex
treme northwestern part of the state. The species is also known from Ala
bama, Georgia, and Mississippi (Berner 1977). We hav~ records from the 
following Florida counties (map 6): Alachua, Calhoun, DeSoto, Escambia, 
Gadsden, Hillsborough, Jackson, !viarion, Pasco, and Santa Rosa. 
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ECOLOGY. Though the ecological factors limiting C. !wbbsi are complex, 
two are rather obvious. In the first place, the species is confined to streams; 
and second, these streams are all believed to be basic in reaction. In re
gard to the second characteristic, nymphs have been taken most com
monly from the Santa Fe River at Poe Springs in which the pH ranges 
close to 7.3, but other streams in which the nymphs were living have mea
sured up to and above 8.0.* For the most part, the rivers and creeks in 
which C. hobbsi nymphs occur are spring-fed and in some cases are the 
main spring runs. 

As noted elsewhere in this study, both spring runs and the Santa Fe 
River have abundant growths of Vallisneria and other water plants in mid
stream. C. hobbsi, an inhabitant of this vegetation zone in streams, has 
rarely been collected from other regions. The nymphs are clingers that 
attach their claws to the long, trailing strands in moderately swift to 
swiftly flowing water. The immatures occur in as swift water as the Val
lisneria can tolerate; they can also be found in the more slowly flowing 
portions where Najas and other aquatic vegetation predominate. The 
claws of this species are proportionately rnuch shorter and stouter than 
those of C. viridocularis-a condition correlated with the fact that C. lwbbsi 
nymphs inhabit faster-flowing water. 

In Jackson County, two nymphs were taken from a stream with a pH of 
7 .8 and with no vegetation in the A owing portions. The immatures were 
found clinging to submerged logs in the swiftest part of the creek. Farther 
west in Florida, along the Choctawhatchee Bay region, there are a num
ber of small creeks with dense mats of Vallisneria, Sagi.ttaria, and other 
aquatic plants in midstream. We found nymphs of C. viridocularis but 
none of hobbsi. l"hese streams are all clearly acidic with a pH ranging to 
not much above 6.0. It would seem, therefore, that C. hobbsi is quite sen
sitive to conditions of alkalinity and that this sensitivity is probably the 
major limiting· factor in the distribution of the species. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Fron1 the paucity of records, 
little can be said with certainty about the seasonal occurrence of C. hobbsi. 
Adults are likely on the wing each month of the year, weather permitting, 
as we have adult females collected in February, March,June,July, August, 
September, and October. 

*Cantrell, working in southwest and south-central Florida, has taken specimens from 
strertms that are set1sonally acidic; however, all of his nymphs were collected during 
periods when the water had a basic pH. He has pointed out that in southwestern Flor
ida the summer rainy season causes extensive swamp drainage into the streams creat
ing acidic conditions. He has no summer nymphal specimens. 
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Nothing is known of the life history, but it is prob~bly not different 
from that of C. viridocularis. 

BEHAVIOR. We have observed no differences in the behavior of this species 
from any other Centroptilum. Examination of the contents of the alin1en
tary tract of nymphs from the Santa Fe River showt;d the food to consist 
mostly of diatoms with a few interspersed strands of algae. 

Centroptilum viridocularis Berner 

(PLATE 5. FIGS. 7, 33, 108. 123, 124, 139. MAP 6) 

Berner 1950, pp. 230-236; 1958, p. 31; 
1977, p. 19. 

Frost 1967, pp. 281. 
Lanquist 1953, pp. 20, 21, 23, 24, 63. 
Peters and Jones 1973, p. 246. 
Schneider 1967, p. 205. 

TAXONOMY. Cenlro/Jtilum viridocularis has been described in both the 
nymphal and the adult stages. Adult males may be distinguished from 
other species by the mesothoracic color, the red markings on tergites 2 
through 6, the color of tergites 7 through 10, and the presence or absence 
of a projection on the inner margin of the second forceps segment. Be
cause both wings and genitalia are similar to those of rufostrigatum, known 
only from Illinois and Wisconsin in the United States, these two species 
appear to be closely related. 

GEOGRAPHIC DISTRIBUTION. The nymphs of this species are usually diffi
cult to find, but the specimens in our collections indicate that they occur 
in all parts of Florida where there are permanently flowing streams. 
Specimeii.s have been taken as far south as DeSoto County, \'.'here nymphs 
were found living in the Peace River (Lanquist I 953), in Hillsborough and 
Alachua counties, and from the Suwannee River as well as through
out northwestern Florida. The species is known to occur in Alabama, 
Georgia, and Mississippi (Berner 1977). Florida counties from which 
specimens have been collected are (map 6): Alachua, Charlotte, Citrus, 
DeSoto, Escambia, Gilchrist, Glades, Hardee, Highlands, Hillsborough, 
Jackson, Leon, Liberty, Polk, Sarasota, \Vakulla, Walton, and Washington. 

ECOLOGY. The nymphs of viridocularis prefer moderately swift streams, 
the size of the channel seemingly being of no consequence. After spend
ing many hours searching for nymphs of this species in Hatchet Creek 
near Gainesville, a catch of two or three inunatures was considered to be 
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good; yet examination of the stomach contents of several small bass (Mi
cropterus salmoides) revealed that C. viridocularis was their food of choice 
and that each fish had eaten 15 to 25 nymphs. After this discovery, a dili
gent search was made without success in the place from which the bass 
were seined; examination of other habitats in the creek resulted in the 
capture of only two nymphs. Subsequently, collections made from a much 
smaller stream near Gainesville have yielded significantly more· nymphs 
than did the larger Hatchet Creek. Som_e of the latter nymphs were 
reared to the adult stage. 

Hatchet Creek is a sand-bottomed stream, rather deep in places, but 
for the most part, a shallow, moderately rapid creek. The depth varies 
from six or seven feet in a dredged area at a bridge to as little as six inches 
in the more swiftly flowing portions. Near the shofe there are dense 
growths of parrot's feather (Myriophyllum sp.). and in the strean1 proper 
there are clumps of Potamogeton, Panicum, Micranthemum umbrosum, and 
some Fontinalis. Near the shore in quieter areas there a,re rather large ac
cu'mulations of leaf drift, and the stream is margined with various par
lially 'submerged grasses. Though two nymphs were collected from the 
leaf drift, most of the insects lived near the base of the grasses where 
there was a silty accumulation and very little current. 

Little Hatchet Creek, from which most of the nymphs have been taken, 
falls into the sand-bottomed category; it is about three feet wide and one 
foot deep. In the shallower parts where the current is more rapid there 
are growths of Panicum; in the more slowly flowing. deeper regions the 
mosses become the dominant element of the flora. Nymphs of C. vir£
docularis were frequently found on the silt-coveied mosses, and a few 
nymphs were also present in the detrilus that accu1nulated between the 
proje.cting roots of large trees along the stream margin. 

As previously stated, the Santa Fe River at Poe Springs is one of the 
swiftest of Florida streams. It is only in the most slowly flowing parts of 
the river that nymphs of vin.docularis cling to the ·vegetation, principally 
Najas. They ·never venture into the swifter waters where lwbbsi occurs. In 
their choice of environment within the river itself the two species of Cen
trojltilum afford one of the best examples of the theory that claw size is 
directly related to habitat. The claws of the quieFwater form, C. vir
idocularis, are thin and attenuated, being three-fourths as long as the tarsi, 
whereas the claws of C. Jwbbsi, from swift wa~er, are shorter and thicker, 
being about one-half as long as the tarsi. 

The streams inhabited by C. viridocularis nyinphs nlay be either slightly 
acidic or slightly basic. In Hatchet Creek, an excellent example of a 
swamp stream in which the water is heavily tinted with organic acids, the 
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coloration is so intense at times. that the water takes on the appearance of 
strong tea. On the other hand, the Santa Fe River, fed by springs, is nor
mally lightly colored and slightly basic in reaction. Although the species is 
tolerant of very slowly flowing water, it is not known to inhabit ponds and 
other standing bodies of water. The nymphs live in places in Hatchet 
Creek where there is no perceptible current; yet in standing, unaerated 
water in the laboratory they can survive only a few d~1ys. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Adults of c. viridocularis emerge 
throughout the year in Florida. Adults have been collected in some part 
of the state in every month except November and December. We have 
been unable to determine whether there is a synchronization of emer
gence with the tendency to form broods, but we consider it unlikely as 
nyn1phs of all sizes may be found throughout the year. 

The length of nymphal life has not been determined, but it probably 
extends over a period of just a few months in peninsular Florida. Emer
gence of the subimago during the summer occurs in late afternoon, just 
before or at approximately the same time as sunset. The final molt to the 
imagal state takes place within 10 to 12 hours. In the laboratory a female 
emerged as late as 6:30 P.M. on August 23,just at sunset. Although it was 
still lively on the n1orning of August 25, by 9:00 P.M. of that day it had 
begun to shrivel <ind showed only the slightest signs of life. Under ideal 
conditions it would seen1 I hat m<ixlmum longevity for fe1nales of this spe
cies is approxi1nately 50 hours. 

Some of the nymphs that were kept in the laboratory in an effort to 
rear adults were rather immature and remained alive Jong enough to un
dergo ecdysis. The following is a summary of the data on 1nolting: 

Nymph I. Two-thirds grown 
Collected at 3:00 r.M ...................... 8/13 
Molted about 1:00 r.M .................... 8/15 
Molted between 9:15 r.M., 8/19, 

and 9:30 A.M .•....••..•..••...•........ 8/20 
Molted .................................. 8/21 
Died .................................... 8/24 

Nymph 2. One-third grown 
Collected about 10:00 A.M ••..•. '. .........• 8110 
Molted between IO A.M. and 4:00 r.M ....... 8/14 
Died .................................... 8/16 

~I 

i]! 
' 

iji 
I' 

'' 

;·11 
1.' 

i~ ' 
ii': i I 

11' 
I I 

!' 

BAETIDAE 

Nymph 3. Penultimate instar 
Collected about 10:00 A.M .•.....••.....•.• 8/10 
Molted between 6:00 and 9:00 r.M. 

to last instar .................... · ....... 8/ l 0 
Wing pads blackened ..................... 8/13 
Died without emerging ................... 8/13 
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The mating flight of C. viridocularis has not been observed but, as the sun 
was setting in late October, a single female was seen flying over mid
stream about 6 to 10 inches above the water and apparently ovipositing. 

BEHAVIOR. The nymphs of Cenlroptilum are very easy to distinguish fron1 
other mayflies (except Cloeon) in the field. When the live nymph is placed 
in water, the tails are not held straight out as in Baetis but are depressed 
slightly at the tips. Moreover, a brown band is usually prominent on the 
caudal filaments of those mayflies likely to be confused with the nyn1phs 
of Centroptilum. In addition, the long hairs on the tails of Cenlroptilum are 
not evident, and the shape of the head is quite different fron1 that of 

·many of the other genera of the Baetidae. The rather abrupt frontal mar
gin gives the Centroptilum nymph the appearance of having pulled the 
lower part of its head close in to the sternun1, and its frontal margin is not 
so rounded as th;ll of Baetis. Finally, the body of Cenlro/1tilum is shorter 
<in<l thicker than that of Raetis. 

'fhc nyn1phs swi1n adeptly by rapidly flicking the abdo1nen and hold
ing the tails stiflly out from the body. The movement is slower than that 
of Baetis. 

When placed in a white-enameled pan without water, the nymphs, in 
common with other Baetidae, usually fall on their sides where they re
main helpless. If stimulated, they begin to hop about, flipping the ab
domen like small n1innows, but with n1uch less vigor. The older and n1ore 
rounded the nyn1ph, the more helpless it becomes when stranded out of 
water. The young nymphs, because of their more flattened bodies, often 
fall with the dorsal side up, and they are then able to crawl over the 
surface. 

In feeding, the nymphs do not often use their legs for bringing food to 
the mouth. As the nymph comes upon food material, the head is moved 
into a position best suited for seizing the food, which is taken into the 
mouth by means of the maxillae as they shuttle rapidly inward and out
ward. The food is 1nade up of plant materials of various sorts, principally 
epidermis, algae, and, to a slight extent, diatoms. 
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C !aeon Leach 

Berner 1959, p. 2 l. 
Burks 1953, p. 141. 
Edmunds, Jensen, and Berner I 976, pp. 

172-174. 

C/ofon, described by Leach in 1815, occurs virtually worldwide. The simi
larities between Cloeon and Centroptilum are striking in both the adult and 
the nyn1phal stages; however, adults of Cloeon lack n1etathoracic wings 
while they are present in Centroptilum. Nymphs are separated from those 
of Centroptilum most readily by the fact that Cloron nyn1phs have no hind 
\ving pads. 

In common \Vith Centroptilum, the marginal intercalary veins of the 
forewing are single and the nymphal mouthparts are very sin1ilar in 
structure. The two genera are, in fact, so similar in most respects that Ed
nn1nds et al. (1976) questioned the validity of separating the two merely 
on the presence or absence of minute hind wings. 

In Florida we have found two species that occur in the panhandle sec
tion of the state. They differ, as far as \Ve can tell, in gill structure only. 
For the present, we will not consider Centro/Jtilllm and Glor.on to be syn-
011yn1ous; when a suflicient nun1ber of study speci1nens beco1nes avail
able, we n1ay be moved to unite the two under a single nan1e, Cloeon. 

Cloeon rnbropictum McDunnough 

(Fies. 10:), 127. MAr 7) 

Berner 1950, pp. 237-240; 1958, p. 31; 
1977, p. 20. 

Jones 1977, p. 65. 
Peters and Jones 1973, p. 246. 
Schneider 196i, p. 205. 
Sloan 1956, p. 92. 
Wurtz and Roback 1955, p. 194. 

TAXONOMY. A series of ny1nphs from Florida is being referred to Cloeon 

rubrojJictuni, as these nymphs fit the criteria established for it better than 
any other described species. At this point, we do not consider the speci
mens to represent a new species. We have made many attempts to secure 
adult rnales of this species but have taken only nymphs and one fen1ale. 
Specific identification of nymphs in this genus is not yet possible as so 
1nany of the immatures remain unknown. We communicated lvith Dr. 
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F. P. Ide some years ago concerning the identity of our.specimens and he 
suggested that they rnight be n'bropictuni. Careful stud)' of our ny1nphs 
still leads us lo accept lhe name \\1ith son1e skepticism, yet we are nol pre
pared lo say that they are not nibropictum. Therefore, fOr the present we 
are retaining our specimens under this name. Our nymphs have a re
curved dorsal Hap on the first gills only, a characteristic that distinguishes 
them fro1n the other Florida species lhat has all gills single. 

The known nymphs of Cloeon can be divided into three groups based 
on gill structure: those with double lamellae on segments 1 through fi or 
1 through 7; those with single lamellae on all segments; and thOse with 
double lan1ellae on segment I only. l'he Florida nymphs 'Ne have desig
nated as nibropicturn fit into the last group. 

GEOGRAPHIC DISTRIBUTION. C. ntbropictum, described from Ontario in 
1923, has since been recorded throughout the eastern United States and 
from eastern Canada. Nymphs are known chiefly from a rather restricted 
portion of Florida-that part in which the streams mOst closely resen1ble 
tho'.se found in the Appalachians-except for Sloan's (1956) collection of 
nymphs fron1 I-lon1osassa Springs Run in Citrus County. The eastern 
spread of the species in Florida 1nay have been stopped by the wide area 
or dry, sandy country that separates the Aucilla River front the Suwannee 
drainage. ·rhis distribution would sec1n to support the theory that the 
species rnovc<l into the state along the western side of the Appalachians 
and gradually spread into western Florida. C. rubropictum has also been 
recorded from Alabama, Georgia, and Mississippi in the southeast. In 
Florida, it is known from the following counties (map 7): Bay, Citrus, Es
cambia, Holmes, Jackson, Okaloosa, Wakulla, Walton, and Washington. 

ECOLOGY. C. nibropictum nymphs are inhabitants of slowly flowing water. 
Of the numerous Florida streams \Ve have examined, only a few sup
ported populations of the species in nun1bers sufficient to indicate that it 
was a highly successful form in the creek. The first of these, from which 
we have collected on several different occasions, is located 5.6 miles north 
of Panama City in the panhandle region. 'fhe creek is about 15 feet across 
and varies in depth from I to 3 feet. Attached to the pilings supporting 
one of the two bridges over the strea1n where collections were made were 
large clumps of a densely growing moss which was also attached to all 
other firmly anchored objects in the strean1. When collections were first 
made there, the water was son1ewhat contaminated with masses of tar that 
had been discarded during road construction. Wherever the moss oc
curred, the current was slov·.r and the n1oven1ent of the water scarcely suf-
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• Paeudoclo.on punct/11entrl• IMcOunnough) 

O Clo.on tubrop/ctum (Mcounnough) 
.t.. Cloeon ep. A 

Map 7. The distribution of Pseudocloeon punctiventris, Cloeon rubro-pictum, and 
Cloron sp. A in northern Florida. 

ficic:111 to cause Lhe plants lo strearn out in the direction of the flow. Far

ther upstream, where the water was shallower, there was much less n1oss. 
A species of Polygonum, which is common in very slowly flowing water 
where the movement is barely perceptible, now became evident. l,he first 
trip to the creek yielded only a few specimens; on the second, about 25 
nymphs; and a still later trip produced more than 100 nymphs. In every 
case, the imn1atures were collected from the moss and, although the Poly
gonum \Vas thoroughly examined, not a single specimen could be found 
there. The density of the nymphal population in the stream was high, as 
shown by the fact that 67 nyn1phs were collected in one sweep of a dip net 
through the moss. 

At Wakulla Springs Run, about four miles below the springhead, IO 
nymphs were collected in about an hour. This stream, as is usual in spring 
runs, has dense growths of Vallisneria both in the slow current of the 
shore region and in the deeper, more swiftly moving central part. The 
river is about 75 yards wide and has a soft, sandy bottom that is overlaid 
with a deposit of calcium carbonate. The many Elimia snails taken in the 
dip net, as well as the numerous large Pomacea snails, indicated a high al
kalinity in the stream. Collections could be made without a boat only near 
shore because the river deepened rapidly, and even though all types of 
habitats were examined in the shallower zones, C. rubrojJictum nyrnphs 
were found only on eelgrass. The sole report of the species from penin
sular Florida is that of Sloan (1956), who collected nymphs from Val
lisneria growing in the bed of Homosassa Springs Run from one to three 
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miles below the springhead. The greatest concentration of nymphs was 
found at Sloan's three-mile station. Both Homosassa Springs Run and 
Wakulla Springs Run drain into the Gulf of Mexico. 

Other strea1ns fron1 which ny1nphs of this species have been collected 
are derived fron1 swamps, are slowly flowing, have ti~ted waters, and usu
ally have much vegetation. Never have the immatures been found by us 
other than in protected places located in vegetation. Schneider (1967) re
ported that while working in the Apalachicola River syste1n, he collected 
nymphs from vegetation or on boards or logs . 

The kinds of streams in which the nymphs live do not seem tO be lim
ited by pH, as individuals have been found both in basic and acidic waters. 
Rather low temperatures in the northwestern part of the state during the 
winter seen1 to interfere with emergence. Our evidence; from ny1nphal 
specimens, suggests that such interference occurs only intermittently dur
ing sharp drops in te1nperaturc. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. The specimens at hand indi
cate a year-round emergence for the species. We have a single adult col
lected in July and mature nymphs taken in May, June, July, Novernber, 
and December. The lack of material for other months is.due to our fail
ure to encounter this rather rare species. In the Noverriber collection, the 
presence of very immature, half-grown, and last-instar nymphs certainly 
indicates that ernergence is continuous throughout the year. 

There is no definite seasonal emergence of the sp~cies, and the few 
references to it give little indication of its life history or mating habits. 
Available evidence seems to indicate that the entire period from egg to 
adult probably requires less than six months. Ide (1930) has suggested 
that the species that Clemens (1913) called Cloeon dubium is, in reality, 
C. rubropiclum. Clemens described the flight of the adults as he observed it 
at Station Island, Georgian Bay, Lake Huron, in July. The adults Hew in 
small swarms along the shore at a height of from 10 to 15 feet about 7:45 
r.M. Ide (1930) found the adults swarming in late evening July 4-20, 
1929, at Lake Ni pissing, Ontario. Our single fe1nale flew into our auto
mobile as we stopped to collect at Sandy Creek in northwestern Florida. 

nF.HAVIOR. The living nymphs resen1ble, in morph_ology and behavior, 
those of CentrojJlilu"t Jwbbsi to such an extent that they cannot be differ
entiated in the field. The food of C. rubropictum nymphs consists of di
atoms, algae, and plant epidermis. 
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Cloeon species A 

(Fies. 125, 126. MAr 7) 

Herner 1950, p. 241. 
Edmunds, Jensen, and Berner 1976, p. 173 

(Cloeon = Neocloeon). 

Schneider 1967, p. 205. 
Wurtz and Roback 1955, p. I 94 (Neocloeon 

probably alamance). 

TAXONOMY. A smali number of nymphs collected in northwestern Florida 
were assigned the name Cloeon sp. A in the first edition of this study. We 
have had no success in clarifying the status of these insects and are, there
fore, leaving them in limbo. In the original treatment of the nymphs, it 
was indicated that they fit the criteria established by Traver for her genus 
Neocloeon. Since that time Neocloeon has been synonymized with Cloeon 
(Edmunds et al. 1976). These Florida nymphs, which are characterized by 
having all gills single, clearly fall into the group of Cloeon, having single 
gills as described under C. rubropictum. For a time we considered assigning 
them the name C. alamance, but we now believe that it would be better to 
assign no specific name until additional specimens, especially adults, can 
be obtained for study. 

GEOGRAPHIC DISTRIBUTION. Cloeon sp. A has been taken by us at only two 
localities, both in northwestern Florida. Three nymphs were collected 
from Holmes Creek, a part of the Choctawhatchee River drainage, and 
the remainder from a small stream draining into the Chipola River, one 
of the Apalachicola River tributaries. Schneider (I 967) also recorded 
the species from the same stream systems, but we believe he was citing 
those given in the first edition of this monograph. Wurtz and Roback's 
(1955) listing of the species from the Escambia River provides the west
ernmost report of the species. Cloeon sp. A has been taken in the follow
ing counties (map 7): Escarnbia (Wurtz and Roback's record), Jackson, 
and \Vashington. 

ECOLOGY. From an ecological standpoint, the species is virtually unknown. 
In the center of one of the branches of Holmes Creek from which the 
nytnphs were collected, there was an old stutnp of a hydrophytic lree 
(Nyssa sp.) that on its downstream side had a small amount of Polygonum 

that grew in the sand and silt covering the dead roots. Intermingled in 
this mass was an accumulation of leaf drift; silt, and other debris. Be hind 
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the stump the water was about two feet deep and there was no perceptible 
current. It was here that the nymphs were found. A single nymph from 
the Chipola River drainage was collcctccl fron1 either the vegetation near 
the shore or the leaf drift that had accumulated in this zone. 

Both streams described above are distinctly acidic and derived from 
swamps; the water is colored deep brown. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. So little evidence is available 
about these subjects that we can only comment that mature nymphs were 
taken in .July, and a nymph in the penultimate instar w'as collected in De
cember. Very likely the species emerges throughout the year just as does 
C. rubropictum. 

BEHAVIOR. Probably the behavior of these nymphs is like that of C. n1bro

piclum and Centroptilum. 

Pseudocloeon Klapalek 

Berner 1950, pp. 242-243. 
Edmunds, Jensen, and Berner 1976, pp. 

178-181. 
Keffermiiller 1980, pp. 115-121. 
Miiller-Liebenau 1981, pp. 201-203. 
Provonsha and McCafferty 1982, pp .. 29, 31. 

From the standpoint of phylogeny, Pseudocloeon is one of the most confus
ing genera of the Baetidae. The lack of metathoracic wings in the adult 
and the vestigial median caudal filament of the nymph are characteristics 
that indicate a rather high degree of specialization. The genus was not 
erected until I 905, when Klapalek considered that the group of species 
lacking hind wings and possessing doubled intercalaries in the n1eso
thoracic wings should, on the basis of these characteristics, be separated 
from the all-inclusive Cloeon, in which the intercalaries occur singly. Fur
ther, the nymphs of the two genera forn1 compact assen1blagcs, the 

·nymphs of Cloeon being three-tailed and those of Pseudocloeon two-tailed. 
In the former genus the labial palpi are truncate; in the latter they are 
rounded. Both genera occur in Florida. Pseudocloeon is very closely re
lated to Baetis and whether to na1nc our species Pseudocloeon or JJarliJ or 
give them a new generic title is still open to question. 

Miiller-Liebenau (1981, p. 201), reviewing Pseudocloeon in the Sunda 
Islands and the Philippines, the area from which Psewlocloeon was de-



152 - THE MA_YFLIES OF FLORIDA 

sc1·ibed, concluded that the genus is confined to the Oriental Region. She 
stated: "As Edmunds et al. (1976:155) point out, 'the genus Pseudocloeon 
was established from a species from Java, and it is not certain. that the 
American species are congeneric with the Javanese species.' In my opin
ion this is true not only for the American species but also for all 'Pseudo
cloeon' from outside the Oriental Region. These have to be studied care
fully and than [sic] possibly gathered into one or more new genera." 

Keffermiiller (1980, p. 120) contends that Pseudocloeon should be elimi
nated and the species transferred to ·Baetis, as all the characteristics 
"known to be typical for Baetis in both nymphs and winged forms are also 
found in Pseudocloeon, with the exception of the existence of hind wings. 
All the intermediate forms exist from the fully developed hind wings in 
Baetis to their complete reduction in Pseudocloeon. Thus hind wings must 
be excluded from the diagnostic characters for the genus Baetis." And 
Provonsha and McCafferty (1982, pp. 29, 31) wrote, "Although some au
thors (e.g., Keffermiiller 1979 [sic]), would choose to no longer recognize 
PJeudocloron as a valid genus because of apparent polyphyly in other parts 
of the world, we believe the distinction between Baetis and Pseudocloeon in 
North America remains practical." 

Long ago Spieth (1933, pp. 338-339) wrote: 

The genus Pseudocloeon is like Baetis in every item of nymphal 
and adult structure considered here [venation, genitalia, 
mouthparts, and gills], except that the adult lacks hind wings 
and the nymph has only two caudal setae. McDunnough has 
established a genus Heterocloeon (of which the nymphs are also 
unknown [these are now described]) for those species in which 
the hind wings are present, but are reduced to a mere thread. 
... Considering wing characters alone, a graded series can be 
found which extends from the condition found in Raetis par
vus to that found in Pseudocloeon . ... It is possible that even 
Pseudocloeon [as well as Acentrella and HeterocloeonJ should be 
considered part of the genus Baetis, comparable with the short 
\Vinged forms kno\vn among Drosophila, leaf hoppers, beetles, 
parasitic hymenoptera, gall wasps, etc. Each of the types of re
duced wings in these mayfly groups may have arisen by direct 
and independent mutation from a form such as B. parous. It is 
not necessary that there has been a gradual decrease in the 
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size or 1he hind wings. ·rhc Pseudocloeon species n1ay be 1nore 

closely related to a species of Baetis than are two species which 
are now unquestionably regarded as members of that genus. 
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Although Spieth's reasoning seems fairly sound, and although Pseudo~ 
cloeon may represent only a subgenus of Baetis, we feel that the conve
nience of arrangement justifies the retention of the genus for the present 
as recommended by Provonsha and McCafferty (1982). Further evidence 
to substantiate Spieth's argument is shown by the gradual diminution in 
size of the hind wings of females of certain Florida species of Baetis. Spe
cifically, the rnetathoracic wings of B. pygmaeus females.are so minute that 
in some specimens they are almost invisible and can be detected only by 
closest scrutiny of the lateral surfaces of the metathorax. Then, too, a se
ries of Baetis ny111phs of various species can be arranged to show all gra

dations in size of the median caudal filament. 
The species of North American Pseudocloeon are differentiated on the 

basis of rather 1ninor characteristics, of which the color pattern on the 
abdornen of the male adults is the most significant. We believe that when 
the presently described species of this genus are better known, color dif
ferences will be shown to be more variable than now supposed, and many 
of the species vvill become invalid. Provonsha and McCafferty (1982) 
pointed out that when adults of Pseudocloeon are preserved in alcohol, 
rapid fading of red color occurs so that identifications using color pat

terns are often useless. 
~fhe genus is widely distributed over the eastern portion of North 

America. There are also records from the central United States and from 
eastern and western Canada but only a single species is known fron1 the 
southwestern United States and one fro1n the northwest. 

In Florida the nymphs of Pseudocloeon are confined to running water, 
although in the north some species have been reported to inhabit lake 

margins. 

Pseudocloeon alachua Berner 

(Fies. 80, 170. MAP 8) 

Berner 1950, pp. 243-248; 1977, p. 21. 
Hynes 1970, p. 128. 
Lanquist I 953, pp. 50, 53. 
Schneider 1967, p. 205. 
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e Psrllldodoeon -.cJrua Bernef' 

• P.b/tqefllaru. Bemer 

* P.P#lt"llllllm McDunnough 

Map 8. The dis[ribution of Pseudocloeon alachua, P. bimaculatus, and P. par
vulum in Florida. 

TAXONOMY. Pseudocloeon alachua was described from Florida in 1940. Al
though it is similar to P. parvulum, it differs in having long, thin forceps, 
no intercalary veinlets in the first interspace of the forewing, and abdomi
nal segments 2 through 6 are whitish hyaline but marked with brownish 
red patches dorsa!Iy. The nymphs are much like those of P. parvulum but 
are easily separated by having faintly banded' cerci and by lacking colora
tion in the gills. 

GEOGRAPHIC DISTRIBUTION. ·rhe dislribution of P. alacltua is rather inter
esting, for the species is confined to the middle and western part of the 
state extending directly north from Hillsbo-rough and Polk counties into 
Madison, Han1ilton, and Holmes. Although we have collected carefully in 
northwestern Florida, we have taken only paroulum nymphs. Schneider 
(1967) recorded the species from the Escambia, Holmes, and Chipola 
rivers. P. alachua is known only from Florida plus a single record from 
Mississippi (Berner 1977). Florida counties from which specimens have 
been taken are (map 8): Alachua, Charlotte, DeSoto, Escambia, Hamil
ton, Hardee, Highlands, Hillsborough, Holmes, Jackson, Lee, Madison, 
Marion, Pasco, Polk, and Taylor. 

Fig. 170. 
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A diagrammatic representation of the distribution of the. nymphs of Pseudo· 
rlnron nlarl11w and Jlnrtis J1ropi11qmL~ on a rock in midstream. The two-tailed 
nymphs on the upper surface are />. r1!tlcluw: the threc·tailcd forms on the 
sides of the rock are B. propinquus. 

ECOLOGY. Ecologically, P. alachua nymphs are confined either to streams 
of the sand-bottomed type or to clear, moderately slOw-flowing streams 
such as Rainbow Springs Run. We have taken nymphs from a creek of the 
former type (the type locality and now severely polluted) that was not 
over a foot wide and three to four inches deep, as well as from Hatchet 
Creek (near Gainesville), a considerably larger stream. The preferred 
habitats in these streams appear to be the upper sides of rocks or other 
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solid structures in the swiftest current. The nymphs cling with their heads 
facing upstream and carry on their feeding activities with barely percep
tible movements. Figure 170 shows the positions in midstream taken by 
the nymphs on the surface of a rock that was partially embedded in sand 
and covered with about one inch of water. Most of the Pseudocloeon 
nymphs on the rock were exposed on the upper surface and seldom 
moved into the crevices. Baetis propinquus nymphs, however, tended to re
main in more sheltered areas on the downstream side of the rock, which 
n1easured 12 X 6 X 4 inches. The appearance of such a large number of 
Pseudocloeo11 nymphs on this rock represented the greatest concentration 
of nyn1phs of this species we have ever found at one time in such a small 
area in Florida. One or two nyn1phs are usually present on each of the 
sn1aller stones in the strean1 where they seem to prefer the downstrean1 
side. 

Other sand-bottomed streams that lack loose stones have relatively few 
nymphs in comparison to the Baetis represented. In the swiftest water 
only an occasional specimen is collected from the vegetation, where the 
nymphs live on the distal parts of the plants swinging freely in the cur
rent. Specimens have rarely been collected from submerged logs, but the 
most productive areas are the small, pebbly riffies that are occasionally 
exposed in the sand bed. 

The population of P. alachua nymphs is small in comparison with that 
of B. propinquus in the same stream. In every case where the two species 
\Vere collected at the same time, there were many more individuals of pro
/1inquu.s than of alachua, even in the riilles and on the rocks. 

The nyrriphs are more plentiful in· the Santa Fe River than they are in 
the sand-bottomed streams. P. alachua nymphs seem to find conditions 
very suitable not only in that river, but also in the Rainbow Springs Run, 
the Withlacoochee River (the southern one), the Hillsborough River, and 
other streams that have rather dense growths of Vallisneria in their beds. 
The nymphs may usually be found on the free ends of the leaves of Val
lisnen·a. where ir grows in the swiftest current of the streams, though they 
often inhabit slower waters in smaller numbers. 

Acidity or alkalinity that does not range below 6.0 or above 8.0 in pH 
does not seem to affect nymphs materially. Both these extremes in pH 
values are rather rare in the streams of the section of Florida in which P. 
alachua occurs; nymphs have, however, been taken from streams with the 
lower reading and frorn spring- runs that approach the higher pl-I. 
Though the immatures appear to thrive equally well in acidic or alkaline 
waters, they do not occur at the heads of springs-a peculiarity shared in 
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common with all other species of Florida mayflies. The possible explana
tion for their absence from such habitats has been discussed under the 

ecology of Baeti.s propinquus. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Adults of P. alachua emerge 
throughout the year. Although adults were taken or reared only in March, 
April, May, June, October, and November, ny1nphs in their 1ast instar 
were collected in February, November, and December, and other nymphs 
ranging from very immature to last instar were secured in November. 
The evidence definitely indicated that disregard for seasonal e1nergence 
is characteristic of P. alachua in Florida. 

We have been unable to rear nymphs through their entire life cycle, 
but a study of the species in a very sn1all strearn on the campus of the 
University of Florida leads us to believe that P. alacliua requires about six 
to eight months to complete its life history. An area near the source of the 
stream was thoroughly collected until no nymphs except very immature 
specimens could be found. About six months later the stream was again 
examined, and it \Vas found that mature as well as very young nymphs 
were present. Although a few half-grown individuals were also discov
ered, these might well have been offspring of adults that emerged in 
other parts of the creek than those examined, and that had flown to the 
collected area to oviposit during the six-month period. 

En1ergence of the subimago occurs from about 2:00 P.M. to 5:00 P.M. 

This en1ergence time has been noted both in the spring and the late fall, 
the only two periods during \\.'hich specirnens have been reared or ob
served en1erging in the field. When ready to transform, the nymph s_win1s 
to the water surface and in1mediately the subimago bursts free of the 
ny1nphal exuviae. It remains quietly resting on the floating skin for a mo
ment and then flies away. In a stream, this is a precarious time for the 
subimago as it may be swept along at a rather rapid rate. At the slightest 
disturbance of the floating exuviae, the subimago immediately takes to 
~~~ ' 

In the laboratory, the subimago molts after 8 to 10 hours, but the pe
riod is somewhat variable. The length of adult life, determined only for 
the female, has been found to be about 40 hours. 

"fhe mating flight of Pseudocloeon has not been observed for any of the 
Florida species. 

nl':HAVIOR. 'fhc swinuning habits of all n1ernber.s of this genus are si1nilar, 
but because observations have been made n1ore frequently on alachua 
nymphs than on any of the others they will be described for this species. 
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When the nymphs are placed in quiet water and stimulated, they move 
rapidly but very awkwardly. The tails, which nu~rely trail out behind the 
insect and serve as sensory structures,* have undergone such extensive 
changes that they are no longer efficient propelling organs like those of 
Baetis or Callibaetis. If a resting nymph is incited to move, it may crawl a 
short distance, then con1e to rest again. If the stin1ulus is stronger, the 
nymph may attempt to swim away from the source of annoyance. This act 
is accomplished by vigorous abdominal undulations and strong lashing of 
the almost useless caudal filaments. The whole process is very awkward, 
and the insect does not n1ove far. As soon as the nymph stops swimming, 
it usually spreads its legs, separates and raises its tails, arches its abdomen, 
and settles slowly to the bottom of the pan or dish. 

Pseudocloeon ny1nphs have become highly specialized for living in flow
ing water. Dodds and Hisaw (1924, pp. 142-143) and Hynes (1970) have 
discussed such structural modifications as those exhibited by Pseudocloeon 
nymphs, which adapt them to the swiftest water. In their discussion of 
Baetis bir:audnt1L~ (this will certainly also apply to P. alachua, for it has un
dergone the sa1ne changes as B. hicaudatus), Dodds and Hisaw stated: 

The in1portant changes [adaptations for inhabiting very swift 
streatns and torrents] are a great increase in the relative size of 
thorax and legs, with a corresponding reduction of the ab
domen, including an almost entire disappearance of the hairs 
of the caudal cerci. The decrease in absolute size of the body is 
probably also of significance, inasmuch as a small body offers 
less resistance to the curren·t than a large one. \Vithin the 
genus Baeti~. as illustrated by our three species, the progres
sive adaptation to swift water follows the same line as that 
which differentiates this type from the swin1n1ing type, namely: 
decrease in the size of the body, without a corresponding de
crease in the size of the legs; reduction of size of gill lan1ellae; 
reduction of middle cercus fron1 a length t\vo-thirds the other 
two, to a n1ere rudiment. The reduction of this cercus is, no 
doubt, of irnportance in reducing the pull of the water, by re
ducing the exposed surface in this part of the body, while the 
remaining two, when held close together, as they commonly 
are, serve to complete the pointed tip of the tapering body. 

*Peckarsky (1985) has performed experiments demonstrming that cerci serve in de
fense against stondly predation. 
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An examination of the alin1entary canal of several ny1nphs indicated 
almost nothing concerning the food habits of the species, for in every case 
the food had been so thoroughly masticated that iden_tification of the 
fragments was impossible. 1-lowcver, the diatoms and algae, which were 
abundant on the rocks and plants inhabited by th~ nymphs, were un
doubtedly the food of the insects. 

Pseudocloeon bimaculatus Berner 

(FIG. 168. MAP 8) 

Berner 1950, pp. 252-253; 1977, p. 21. 
Schneider 1967, p. 205. 

TAXONOMY. Pseudocloron bimaculntus Berner, originally known from three 
females, one n1ale imago, and numerous nymphs, was described in 1946. 
l"he male adult rnay be distinguished from other species of Pseudocloeon 
by its color pattern, particularly the paired red spots on the abdominal 
tergites. These sp~ns are also present on the abdo1nen of the female. 
Nymphs may be separated from others of the genus by the fact that the 
seventh pair of gills is deeply colored with reddish brown; moreover, 
the abdominal maculation is unique, and the banding of the cerci and 
the length of the vestigial tenninal filament in relation to the width of the 
cerci at their base are distinctive traits. The nymphs arc clearly marked 
and can be selected with the naked eye from unsorted Florida specimens, 
as it is the only species of Pseudocloeon found in this region in which the 
venter of the terminal abdominal segments is deep red-brown. When 
additional adult specin1ens of bimaculatus and punctiventris bccon1e avail
able for a careful study of the two species, they may prove to be the same. 
Until the problem is resolved, we feel that it is best to leave then1 in the 

status quo. 

GEOGRAPHIC DISTRIBUTION. Nyn1phs are known from various strean1s 
throughout Florida west of the Apalachicola River and from the Coastal 
Plain and Piedmont provinces of Alabama. The species is fairly common 
throughout northwestern Florida and southern Alabama, and nymphs 
may be found in nearly all permanently flowing strea~s. The species is 
also known from streams in the Coastal Plain and Piedrnont of Georgia, 
Mississippi, and South Carolina (Berner 1977). In addition to Schneider's 
(1967) records of nyrnphs from the Blackwater, Chipola, Choctawhat
chee, Escambia, Perdido, Shoal, and Yellow rivers, \\.'e have specimens 
from the following counties (map 8): Bay, Escambia, .Jackson, Okaloosa, 
Santa Rosa, and V·/alton. 
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ECOLOGY. The sand-bottomed streams of the northwestern part of Florida 
all support populations of P. bimaculatus, which is much more common in 
these streams than its kindred species of the more eastern regions. Par
ticularly abundant in those streams with rather dense growth of eelgrass, 
the nymphs elsewhere are second in abundance only to Baetis species. In 
the creeks, the nymphs Jive on the Vallisneria where the water is swiftest, 
but they can also be found in shallower, more slowly flowing water. Some 
of the streams along the Choctawhatchee Bay region have populations of 
these nymphs living in Vallisneria not more than one hundred yards from 
the salt water. In other sand-botto1ned strean1s, where there is no eel
grass, the nymphs live close to shore on the vegetation or on any other 
materials that are permanently anchored in the flowing \•.rater. In contra
distinction to P. alachua, the immatures do not seem to occur as com
monly on submerged logs and sticks as they do on the vegetation. In one 
sn1all creek, about three or four inches in depth, where the bottom was 
covered with an algal growth, several P. bimaculatus nymphs were found 
in midstream. 

The creeks fron1 which nymphs have been collected ranged in pH 
from 6.0 to 7.6, but the immatures appeared to be more numerous in the 
acidic strea1ns. 'fhis pH relationship may not be significant because vege
tation is quite dense in 1nany of the acidic and basic streams of north
western Florida. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Imagoes are known for June 
and July. Nymphs in their last instar have been collected in May, June, 
November, and December, and rather immature nymphs in June. Un
doubtedly e1nergence occurs throughout the year. The nyn1phs in our 
collections appear to fall into size groups and indicate that distinct broods 
forn1 in this northwest Florida species. There are probably at least two 
winter and three summer broods. Fron1 available data it is impossible to 
estimate the number for the other times of the year. 

Because of their high degree of sensitivity to stream conditions, it was 
almost impossible to keep nymphs of this species alive for more than a 
couple of hours in quiet water. Owing to this sensitivity and to our in
ability to remain near one of the streams in which the nymphs live for a 
sufficient length of time to rear the species, little can be said concerning 
the life history except that it probably does not differ materially from that 
of P. alachua. 

BEHAVIOR. The behavior of the nymphs is like that of P. punctiventris. 

BAETIDAE 

Pseudocloeon paroulum McDunnough 

(FIGS. I 16, 169. ri.1AP 8) 

Bernerl950,pp.249-251; 1958,p.31; 1977, 
p. 21. 

Schneider 1967, p. 205. 
Wurtz and Roback 1955, p. 194. 
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TAXONOMY. In I 950 doubt was expressed concerning the validity of the 
identification of the Florida specin1ens as Pseudocloeon paroulum. We are 
still unable to say with certainty that the correct name has been applied to 
them. A series of nymphs closely resembles lde's description and draw
ings of the species, and a single male adult in our collections is much like 
rvtcDunnough's description of the true P. paroulum. The Florida nymphs 
differ from those of the northern form only slightly in abdon1inal 1nacu
lation. The differences in the color patterns of the male adults hardly 
warrant the erection of a new species. 

McDunnough described P. paroulum from a series of adults taken at 
Tillsonburg, Ontario, and from Kazabuzua, Quebec. In his description, 
he included the male, female, and nymph, and at the s"ame time he indi
cated that the nymph of paroulu1n is at once distinguishable fron1 all 
others of the genus by the fact that the caudal filaments are alternately 
banded with pale and dark colors as in the nymphs of Stenonema. Ide 
(1937) added the maculation of the gills as a distinguishing feature of the 
nymphs. The Florida specin1ens all show very clearly the banded cerci, 
the definitely maculate gills, and mouthparts that are almost identical 
,..,ith those figured by Ide. The banding of the cerci, however, can no 
longer he considered to be unique because P. alachua also shows faintly 
annulate caudal ii laments. 

GEOGRAPHIC DISTRIBUTION. P. paroulum is known from the southeastern 
and central United States as well as eastern and western Canada. Our 
Florida records extend from Alachua County to Liberty County where 
speci1nens have been collected from the tributaries of the Apalachicola 
River on the eastern side of the stream. There the distribution is some
what spotty and rather difficult to explain, for although the streams on 
the west side of the Apalachicola do not differ materially from those 
on the east side, the nymphs do not appear in any of our collections from 
the western tributaries. Schneider (1967) has taken nymphs from the Chi
pola, Holmes, and Apalachicola rivers, and Wurtz and Roback (I 955) 
have reported the species from the Escambia River in extreme north-
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western Florida. Likewise, our failure to find nymphs in Hillsborough 
County is frustrating as the conditions in the Hillsborough River are very 
similar to those in the Santa Fe from which we have many nymphs. County 
records from Florida include (map 8): Alachua, Escambia, Gilchrist, 
Holmes, Jackson, Liberty, and Taylor. 

ECOLOGY. Nymphs have been found abundantly in the Santa Fe River 
where they live in the swifter parts of the stream on the Vallisneria, which 
grows very thick there. On the submerged plants the nymphs inhabit the 
distal portions of the leaves that float freely in the current. Only rarely 
have the nymphs been found on the rocks strewn here and there over the 
streambed, but this absence may be explained by the fact that mats of Fon
tinalis entirely cover the upper surfaces of the stones, rendering condi
tions unsuitable for the nymphs. Occasional immatures n1ay sometimes 
be found on the undersides or in crevices of the rocks, but they are far 
more numerous on the plants. 

In the Suwannee River, of which the Santa Fe is a tributary, the nymphs 
must of necessity remain close to shore, as the water becomes deep very 
rapidly and suitable habitats for the nymphs are rather scarce. The river 
current is fairly rapid, but the limited aquatic vegetation consists chiefly 
of M)'riophyllum and Polygonum. Mayflies were not common where our col
lections were made. Nonetheless, we caught nymphs of several species, 
among them P. paroulum, taken from rocks along the river margin. 

Other streams where nymphs were found have sand bottoms, are 
slightly acidic, and Row at a moderately s'vift rate. In these streams, the 
nymphs live on the vegetation and exposed roots of terrestrial plants that 
project into the water. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Although our collections of 
P. paroulum are not extensive, those at hand indicate that emergence oc
curs throughout the year. In the northern reaches of its range, the species 
is seasonal; McDunnough found that in the spring generation the indi
viduals are larger than those of the summer generation, which are ex
tre1nely minute. Burks (1953), '\..rorking in Illinois, found adults from 
early May to mid-June. 

Only a single male and one female have been reared by us. These 
en1erged during the afternoon about 3:00 P.M. and remained in the sub
in1aginal stage for about 9 or IO hours. No other life history data are 
available. 

BEHAVIOR. The behavior of the nymphs is like that of P. alachua immatures. 
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BAETIDAE 

Pseudocloeon punctiventris McDunnough 

(MAP7) 

Berner 1950,p.251; 1958,p.31; 1977,p.22. 
Peters and Jones 1973, p. 246. 
Schneider 1967, p. 205. 
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TAXONOMY. We have nymphs in our collections that we have referred to as 
Pseudocloeon punctiventris. These immatures differ from Ide's description 
in that the median pale band on the abdomen is quite distinc~ and the 
tracheae in the gills are prominent in our preserved material. McDun
nough (1923) described the species from the Rideau River, Ottawa, and 
since then it has been recorded widely from the southeast (Berner 1977) 
as well as from Illinois and Ohio by Burks (1953). 

The nymphs are distinct from all other Florida species in having a me
dian dark band on each of the cerci and in the absence of color from the 
seventh pair of gills. The adults, of which we have no Florida specimens, 
are easily separable from other Florida species of Pseudocloeon by the ab
sence of markings on the dorsum of the pale abdominal segments and by 
the presence of a minute midventral dot at the posterior margin of each 
abdominal sternite. 

GEOGRAPHIC DISTRIBUTION. In Florida the nymphs have the same range as 
P. paroulum and have been taken from the same strean1s. The species is 
known to occur in the following counties (map 7): Alachua, Clay, Escam
bia, Gilchrist, Holmes, Jackson, Liberty, Okaloosa, Putnam, Santa Rosa, 
and Walton. 

ECOLOGY. Ecologically, P. puncliventris is indistinguishable from P. paroulum. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Nymphs in the last instar have 
been taken in February, March, May, July, September, October, Novem
ber, and December. Though we have no Florida adults, these mature 
nymphs indicate that punctiventris emerges throughout the year.' 

Nothing is known of the life history, but it is probably very similar to 
that of P. alachua. 

BEHAVIOR. The behavior of the nymphs is similar to that of P. alachua. 
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METRETOPODIDAE 

The status of the fan1ily Metretopodidae was reviewed by one of us 
(Berner) in 1978. In that paper it was pointed out that the small family 
includes only the two closely related genera Metreloj1us and Sij1hlnj1lecton, 
the former being widely distributed in the Holarctic region, the !alter re· 
stricted to the Nearctic. Characteristics separating the adults and nymphs 
of the two genera were described so that individuals are easily recognized, 
the.adults on the basis of wing venation and the nyn1phs by the shape of 
the labial palpus, the Iabrun1, and the presence of spines or setae on the 
gills. McCafferty and Edmunds (1979, p. 9) derive the family phylogeneti
cally from within the Siphlonurinae. "Because of behavioral and gill 
structure similarities, its most probable common ancestry was with the 
Si/Jhlunurus-Parameletus cluster." These authors placed the family in their 
suborder Schistonota. 

Siphloplecton Clemens 

Bernerl950,pp. 102-103; 1959,p.51; 1977, 
p. 15; 1978, pp. 91-106. 

Burks 195:~. p. 150. 
Edmunds, Jensen, and Berner 1976, pp. 

149-151. 
Unzicker and Carlson I 982, pp. 3. 78-3. 79. 

"fhe history of Siphloplecton was reviewed by Berner (1978) and will not be 
repeated here. It is a small genus, including -only seven species, three of 
which were described in the 1978 paper. 

The species are "distributed \videly in North America occurring frorn 
the northwestern part of the Yukon Territory (Wiens et al. 1975) south
ward into Alberta, eastward across Canada, and southward through the 
eastern United States into northern Florida" (Berner 1978, p. 106). 

Siphlop!Pcton species can be divided into two groups, interlineatum and 
basale. The Florida species are represented in each of the groups \\(ith 
S. simile, brunneum, and speciosum allied with basale and fuscu11t with inter
lineatum. 

The adults of Siphloplecton are characterized by having two pairs of 
cubital intercalary veins in the forewings and by having MP2 strongly di
vergent from MP 1 at the base. "The crossveins of the stigmatic area are 
anastomose.d and form two rows of cells. The wings of the n1ales of 1nost 
species antn1a,rkcd wi1h brown at the base and bulla; n1a11y or the rostal 
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and discal crossveins are infuscated. Compound eyes of the male are large 
and contiguous dorsally; the first tarsal segment of both the middle and 
P.ind legs of the male and all of the legs of the female is fused to the tibia. 
Two caudal filaments are present" (Berner 1978). 

The ny1nphs of SiphlojJleclon, along with those of Metretopus, are unique 
in having bifid claws on the forelegs. They inhabit slow-flowing streams 
where the nymphs live among vegetation in shallow water. Unzicker and 
Carlson (1982) suggest that the nymphs of both Metreto/Jus and Siphloplec
ton arc probably predators. We do not agree with this supposition as the 
mouthparts of both genera conform to those of other mayfly genera 
ihat are herbivores. The mandibles of nymphs of both genera have well
developed molar areas, structures that are lost or highly modified in pre
daceous species. Clifford (1976), studying S. basale, demonstrated that the 

nymphs are herbivore-detritivores. 
The nymphs of the various Siphloplecton species are separable into the 

basale and interlineatum groups by a single characteristic, the presence or 
absence of ventral flaps on the first three gills (Berner 1978). Nymphs of 
the interlineatum group lack the ventral flaps. 

Siphloplecton brnnneu1n Berner 

(FIGS. 15. 50. 91. MAP 9) 

Berner 1978, pp. 115-116. 
Unzicker and Carlson 1982, p. 3.78. 

TAXONOMY. Siphloplecton brunneum is another species closely related to 
S. basale and S. simile. The adult male is easily separated from other spe
cies by the distinctive shape of its penes, the coloration of its hind wing 
veins, and of the uniformly brown caudal filaments. The fernales re
sen1ble the males in having strongly colored wing veins, but they Jack the 
brown basal stains of the male. The adults are a third smaller than those 
of S. basale and are 1nore deeply pigmented. We are unable to distinguish 
the nymphs of the three Florida species from each other. 

GEOGRAPHIC DISTRIBUTION. S. brunneuin is known to occur only in north
western Florida. The holotype male and the paratypes were collected 
at Pine Log Creek in Bay County; the allotype female came from the 
Blackwater River in Okaloosa County. Additional specirllens have also 
been taken fron1 the Blackwater River in Walton and Santa Rosa counties 

(1nap ~l). 
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* Sfphlopfecton brurmeum Berner 

.A. S. fuscurn Berner 

• S. simile Berner 

l'vfap 9. The distribution of Siphlo-plecton brunneum, S. fuscum, and S. simile in 
northern Florida. 

ECOLOGY. Nymphs from which adults were reared were collected from 
slowly flowing water where they lived in the vegetation. Both streams 
from which specimens were taken, Pine Log Creek. and the Black.water 
River, have brown, slightly acidic water. No other data are available about 
either immature or adult stages. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Because there have been so fei,.v 
observations, we can only speculate that the species is univoltine, with 
adults appearing during the winter as early as January 9 and into early 
April in the spring. We have no information about the life history. 

BEHAVIOR. There are no recorded observations of the behavior of S. 
brunneum. 

Siphloplecton Juscum Berner 

{F1G. 49. MAP 9) 

Berner 1978, pp. 125, 127-128. 
Unzicker and Carlson 1982, p. 3.78. 

TAXONOMY. Siphloplecton fuscum was discovered among specimens col
lected at the Black.water River in northwestern Florida and was described 
in the recent review of the Metretopodidae (Berner 1978). The species 
belongs with the interlineatum complex and is easily separated from the 
three other Florida species by genitalic differences in the males. Colora
tional differences in the wings, as described in the species key, also help in 
distinguishing this species. 
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Although fuscum is related to the northern species i1iterlinealum, adults 
differ in the intensity and pattern of color. Adults can qe separated from 
the third species of the complex, costalense, by the darker crossveins and 
lighter n1ain veins of Ju.scum. 

GEOGRAPHIC DISTRIBUTION. The species is known positively only from the 
Blackwater River in Okaloosa County in northwestern Florida (n1ap 9). A 
nymph collected from a stream in adjacent Walton County has been as
signed to fuscum, as it is the only one known to possess the characteristics 
of nyn1phs of the interlineatum group. 

ECOLOGY. No information about S.fuscum's ecology is available; however, it 
is likely to be very similar to that of other Florida species of the genus. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Both type specimens were cap
tured in March. Life history and seasonal distribution are probably iden
tical with those of other Florida species of Siphloplecton. 

BEHAVioR. We have no information on the subject. 

Siphloplecton simile Berner 

{Fie. 51. MAr 9) 

Berner 1978, pp. 114-115. 
Unzicker and Carlson 1982, p. 3.78. 

TAXONOMY. Siphloplecton simile was described in 1978 following a care
ful study of the various species of Siphloplecton. Its close affinity to S. basale 
is reflected in the fact that when adults were first collected in south
ern Georgia, they were identified, questionably, as belonging to that spe
cies. A collection of adults from extreme northwestern Florida made by 
Dr. W. L. Peters included adults of the same species, and it was then con
cluded that these individuals represented a species distin.ct from basale. 

S. simile is distinguished from basale by its size. being only two-thirds as 
large as the latter and much more intensely colored. Although there is no 
good evidence to substantiate it, simile may represent the tern1inus of a 
dine of basale extending from western Canada southward to Florida. 

GEOGRAPHIC DISTRJBUTlON. The species is known to occur oi:ily in the \Vith
lacoochee River, Hamilton County, a tributary of the Sl!wannee River, in 
southern Georgia and northern Florida, and in the Blackwater River in 
Okaloosa and Santa Rosa counties in northwestern Florida.(map 9). 
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ECOLOGY. Virtually nothing is known of the ecology of the species other 
than the fact that the nymphs from which adults were reared were found 
clinging to vegetation near shore in the more slowly flowing portions of 
srnall, brown-water rivers. In the Withlacoochee River, near Valdosta, 
Georgia, they were in the company of nymphs of Baetisca obesa, Paralep
tophlebia uolitans, and Eurylophella temporalis. The nymphs from the Flor
ida stream were taken from a similar habitat. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Siphloplectonsimile adults emerge 
early in the year. Our first imagoes were collected in southern Georgia on 
February I; the latest record of adults is May 3. As we have collected the 
streams of northwestern Florida extensively during all months of the year 
but have no records of the species for the warmer period, we surmise that 
the adults appear during the cool winter and spring seasons, mate, and 
lay eggs, which do not hatch until the water begins to cool. 

Development is apparently arrested in the egg stage during the hot sum
n1er months, with hatching beginning in October. Most of the nymphal 
growth likely occurs in the cool water of the winter and early spring 
1nonths. 

Clifford (1976, p. 269) studying S. basale in Alberta, Canada, found 
adults e1nerging during daylight hours. 

In the Bigoray River, S. basale emerges during full daylight, 
usually around midday. In Michigan, Lyman (1955) observed 
a nymph transforming at 1100 hrs and its subimago stage last
ing 48 hours. Males have been observed swarming in full 
daylight of the afternoon and early evening (Clemens 1915; 
Lyman 1955) and full daylight of the morning (present study). 
Males swarm above water, usually at a height of 3 to 6 meters. 
Lyman (1955) gives a description of the male's hovering and 
darting type Hight. Leonard and Leonard ( l 962) noted that 
once the female enters the swarm and is seized, the pair rises 
to tree-top level. Spieth ( 1940) determined that the S. basale 
pair normally remains coupled for no more than l Y2 minutes; 
however, when captured in a net, the pair might remain in 
copula for up to 7 minutes. I could not confirm Leonard and 
Leonard's (1962) observation that ovipositing females some
times drop their eggs while in flight. In the Bigoray River, all 
ovipositing females appeared to release a few eggs at a time by 
momentarily resting on the water's surface or less frequently 
by dipping the abdomen into the water. 
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BEHAVIOR. We have been unable to observe activities ofthC nymphs. 

Siphloplecton speciosum Traver 

(FIG. 141. MAP 11) 

Berner 1950,pp. 103-106; 1958,p.30; 1959, 
p. 51; 1977, p. 15. 

Jones 1977, p. 66 . 
Peters and Jones 1973, p. 246. 
Schneider 1967, p. 204. 
Unzicker and Carlson 1982, p. 3.78. 
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TAXONOMY. The nymph of Siphloplecton speciosum was described by Traver 
in 1932, along with the adult, from streams near Macon, Georgia, and 
others nearby. Nymphs were collected and reared by P. W. Fattig to enable 
correct association of adults with the immatures. Both sexes are easily 
separated from other species by a lack of pigmentation in most of the 
wing membrane, non margined crossveins, and strongly marked bullae in 
the forewing. Nymphs of S. speciosum, differentiated by Traver from 
others by the presence of a mid ventral, abdominal brown line and lateral 
lines, do not show these traits consistently enough to be reliable character
istics for separating then1 from those of other species. Tarsal length was 
also used as a differentiating characteristic by Traver; it, too, cannot be 
used as it does not separate the nymphs of the various species. 

GEOGRAPHIC DISTRIBUTION. This species has been reported from north
ern Florida, southeastern Alabama, and southern and central Georgia. Its 
known range overlaps that of the two other Florida representatives of 
the basale complex of species, brunneum and simile. The type locality of 
S. speciosum is very close to the Fall Line, which divides the Coastal Plain 
and the Piedmont physiographic provinces. Other localities given by 
Traver in her description of the species also abut the Fall Line. There is 
as yet no evidence that the species occurs in the Piedmont. The Florida 
records are from Escambia, Gadsden, Holmes, and Okaloosa counties 
(map 11). 

Though we have searched diligently for Siphloplecton nymphs in the 
more easterly and southern regions of Florida, none has been found in 
spite of the fact that they were collected from the Withlacoochee River 
in southern Georgia, a stream that is a tributary of the Suwannee, a Flor
ida riyer. 

ECOLOGY. Nymphs live among submerged vegetation in slowly flowing 
water, especially where the plant growth is rather dense. Streams in 
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northwestern Florida fro1n which nymphs came, such as the Blackwater 
River, have a rather strong current and little vegetation. The plants grow 
in protected places where water movement is slow, and favorable sites 
available for development of Siphloplecton.nymphs are scarce. The bed of 
the Blackwater consists of broad, sandy stretches composed of coarse
grained sand which shifts with the current so that little material becomes 
lodged in it. 

The Withlacoochee River in southern Georgia, where nymphs were 

collected and from which adults were reared, is a deep, slowly flowing 
stream bordered by ash, willow, cypress, and blackgum trees. Where the 
trunks of the trees are submerged, they are usually covered by a densely 
growing species of moss. Nymphs were found in the moss along· \Vith 
those of Baetisca obesa, Paraleptophlebia volitans, and Eurylophella temporalis. 

Other species of mayflies found in the vegetation with nymphs of 
S. speciosum included Stenacron interpunctalum, Leptophlebia bradle:yi, L. inter
mrdia, Callibaetis sp., Baetis propinquus, lson;1chia sp., Stenonema smithae, 
Neoephemera compressa, and Eurylophella temporalis. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Mature nymphs of this species 
have been collected as early as Nove1nher, and adults were reared on No
''c111her I I and :ZH. Other dates for adults range fron1 Fel>rua1·y 7 to early 
rvtay. Emergence appears to be governed by winter and spring water ten1-
peratures. It is likely that if there is a prolonged warm period during the 
winter, a fairly large number of adults may emerge. 

As with other Florida species of Siphloplecton, we believe that speciosum 
is univoltine. Hatching is delayed over the hot summer months, but as the 
water cools with the onset of fall and winter, growth is accelerated. 

Clifford's excellent study of S. basale (1976) was done in western Can
ada where ecological conditions are so different from those of Florida 
streams that his observations are not pertinent to our species. 

BEHAVIOR. We have no data on the behavior of nymphs or adults of 
S. speciosum. 

OLIGONEURIIDAE 

The family Oligoneuriidae, distributed worldwide, was broadened in 
1979 by McCafferty and Edmunds to include four subfamilies. In their 
reorganization of familial relationships, the Isonychiinae, formerly in
cluded with the Siphlonuridae (EdmundS et al. 1976), were reassigned to 
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the Oligoneuriidae. The association of the lsonychiinae with the other 
subfamilies was based on nymphal traits that include the presence of a 
double row of long setae on the prothoracic femora and tibiae, gills on 
the maxillae, tracheal system without a ventral cephalic branch, and 
highly setaceous maxillae and labium. McCafferty and Edmunds also 
indicated that the derived affinities of both the Isonychiinae and the 
Coloburiscinae are obvious as these characteristics are common to both, 
and they still retain many siphlonurid adult characteristics. The Oligo
neuriidae belong to the suborder Schistonota. 

Jsonychia Eaton 

Berner I 950, pp. 106-108. 
Burks 1953, p. 108. 
Edmunds, Jensen, and Berner 1976, p. 144. 
Kondratieff 1982, pp. 16-18. 
Kondratieff and Voshell 1983, pp. 128-138; 

1984, pp. 130-138. 

Eaton proposed the name !sonychia for manca Eaton and ignota Walker; 
IH1t in 1881, 11nder 1he i1npressio11 that t.he ge11e1·ic na111e was prcocc11picd 
by l.lrn1ychu,1· Mannlicin1, he suggeste<l the nan1c Chirolntelt's to replace Jso
nychia. McDunnough (1923) reexamined the group and concluded that 
according to the International Rules of Nomenclature !son)'Chia is available. 

The genus has been investigated in depth by KondratiefT and Voshell 
(1983; 1984), and the taxonomy at the species level carefully studied. As a 
result of their work there are now 18 recognized species in l~onychia, dis
tributed in two subgenera, Jsonychia and Prionoides. The authors further 
subdivided the subgenus Isonychia into four subgroups: arida, bicolor, di
versa, and sicca. Of these, only species in arida and sicca are known to oc
cur in Florida. 

Json)'chia is widely distributed in the Holarctic and Oriental regions. It 
is also found as far south as Honduras in Central America. It is an abun
dant and commonly encountered genus in the Nearctic, especially in east
ern North America. In Florida, the genus is confined to the northern part 
of the state and does not occur east of the Suwannee River drainage sys
tem. The nymphs are rarely found in Florida streains in the large num-
bers seen in more northerly areas. · 

Taxonomically, the nymphs are still poorly known, as suitable charac
teristics for distinguishing them are not available. Attempts at identifica
tion of immatures leave a considerable element of doubt as to correctness, 
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especially since there is such close resemblance among the nymphs of the 
various species. The length of Lhe tibial spur of the foreleg as cont pared 
to the length of the tarsus of this leg is a character used in the past to 
separate nymphs, and one that we previously employed. We now recog
nize that it is merely an individual variation related to the instar of the 
nymph. A nymph in the penultimate instaf was kept in the laboratory for 
several days, during which period it molted once. An examination of the 
exuviae showed the tibial spur to be long and sturdy, but comparison with 
the spur on the actual nymph revealed that the spur was no\v quite short 
and insignificant. This evidence, later substantiated, indicates that the size 
of this structure varies from instar to instar. In addition, it has been 
found that nymphs in the last instar invariably have short tibial spurs, 
whereas the spurs of those in earlier instars are variable in length, rang
ing in size from one-half to more than three-fourths the length of the 
tarsus. 

lsonychia (Isonychia) arida (Say) 

(PU.TE 6. FIGS. 21, 34, 76. MAP 10) 

Berner 1950, pp. 111-114; 1958, p. 30; 1977, 
p. I 3 (/. pictipes). 

Burks 1953, p. I I I. 
Edmunds, Jensen, and Berner 1976, p. 147 

(/. pictipes). 
Kondratieff and Voshell 198 I, pp. I 91-194 

(/. pictipes); 1983, pp. 135-136 (/. arida = 
I. pictipes); 1984, pp. 180, 182-184. 

Schneider 1967, p. 204 (/. pictipes). 

TAXONOMY. Traver described lsonychia pictipes from specimens collected by 
P. W. Fattig at the Apalachee and Alcova rivers in Georgia. She based her 
species on adult characters that included the bicolored fore tibiae, pale 
venation, and small size. Our Florida specimens fell clearly within the 
boundaries of her.description, and we assigned the name pictipes to them. 
It was not until Kondratieff and Voshell (I 983; I 984) published their 
studies of lsonychia that it became apparent that arida and pictipes are one 
and the same species. In their 1983 paper, they designated pictipes as a 
junior synonym of arida. They reported (1984) that the only reliable 
means of identifying nymphs is by slide mounting the forelegs of the ma
ture insects. The characteristic bicolored fore tibiae can then be seen 
through the nymphal cuticle. Adults of arida are characterized by their 
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Plate 6. Isonychia (lsonychia) arida (Say), nymph 
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,__ 

• lsonychla •rlda (Say) 

* I. bemerl Kondratieff and Voshell 

.\fap l 0. The distribution of /sonychia arida and/. bernrri in northern Florida. 

distinctive bicolored fore tibiae, by the structure of the penes, and by the 
surface sculpturing of the eggs. 

GEOGRAPHIC DISTRll\UTION. /. arida is a widely distributed species known 
to occur in Alabarna, Georgia, Illinois, Mississippi, and South Carolina as 
well as in Florida. Florida counties from which the species has been re
corded include Alachua, Calhoun, Dixie, Gadsden, Gilchrist, Jackson, 
Leon, Levy, Liberty, Okaloosa. Walton, and Washington (map I 0). 

ECOLOGY. Nytnphs are found only in flowing water where the current is 
rnost rapid. The necessity for their occupying such habitats is evident 
fro111 an exa111ination of their food-gathering habit of filtering particles 
from moving water by straining such m~tter through the double row of 
long hairs on the fore tibiae and femora (Wallace and O'Hop 1979). Grant 
and Stewart ( 1980) observed in their study of/. sicca that very early instar 
nyrnphs graze on detritus. It is likely that older nymphs rely entirely on 
filtration for their food supply. 

l"he majority of streams inhabited by this species are of the sand
botton1ed type. Rarely were nymphs collected frotn beds of Vallisneria and 
Polamogelon. \Vhich fonn such an itnportant eletnent or n1any of the 
streanis; however, arida nyn1phs were very frequenliy found on sub
n1erged logs, rocks, and boards that were solidly anchored in the stream. 
Collections from the few riffies encountered in west Florida creeks in
cluded no specimens of Isonychia. The most productive situations in the 
Florida streams are masses of debris caught in the swiftest parts of the 
current. The debris usually consists of branches, leaves, small sticks. and 
other trash that may have collected on son_1e permanently fixed obstruc-
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tion in n1idstrean1. Here the nyn1phs generally cling to the sticks and 
larger objects; as soon as they are disturbed, the immatures release their 
hold and thus are easily collected by use of a suitable net. 

By far the n1ost productive habitat in the sand-botton1ed creek is the 
tangle of roots of terrestrial planL'i that are exposed at the banks by the 
continual washing of the rather swift waters. Many leaves and sticks, as 
well as n1uch silt and other debris, collect among the exposed roots. Even 
though there is so much extraneous material present, the ny.mphs seem 
to find the conditions excellent, for they occur more pl~ntifully in a situa
tion of this type than on submerged logs where they would seem to be 
n1ore naturally situated. Where the roots are expos_ed and the flow of 
water is reduced, the nymphs are not so frequently encountered as they 
are in those places where the roots arc exposed to th.e full force of the 
current. !sonychia nymphs have been found to be partic_ularly comrnon in 
the masses of Spanish moss that often become enmeshed in the roots 
where the current is strong. 

\Vhen the nymphs occur on submerged logs or rocks, they select the 
undersides or more protected areas. Although the full force of the cur
rent does not strike them, they are assured a constant, swift flow of water. 
Clemens ( 1917), from his experiments on I son)'Chia bi color (identified as al
bomanicata), clainied that the nymphs cling to the undersurface of stones 
to avoid the full force of the current. Under the rocks the water moves 
much less rapidly than nearer the surface, but it still stipplies adequate 
amounts of food and oxygen to the nymphs. 

'fhe acidity or alkalinity of the stream appears to have little influence 
on the presence of the nymphs, as indicated by the fact that specitnens 
have been collected just as frequently from acidic as from basic waters. 
"fhe current must be permanent and fairly strong. since there is a direct 
correlation between the rate of now and the presence·of Isonychia nymphs. 
Sweeney (1978, p. 461), studying the effects of thermal variation on/. bi
color in a Pennsylvania stream, found that development rate of both eggs 
and nymphs was "correlated positively with increased magnitude of the 
die! tcrnpcraturc pulse." 1-lc also dc111011stra1ed that suhin1aginal body 
size and fecundity for winter-generation fcrnales wc1·e about double those 
for the summer generation. It is likely that Sweeney's findings for bicolor 
explain the smaller size of the Florida species of /sonychia that develop in 
the warmer streams of the state. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Adults of /. arida emerge 
throughout most of the year in Florida, as evidenced by the presence in 
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our collections of adults or last-instar nymphs taken in virtually every 
month of the year (no records available for January, February, or March). 
Farther north, the species follows the usual pattern of restricted emer
gence. In Virginia, Kondratieff and Voshell (1981) found adults (identi
fied as/. pictipes} in late May, early June, and mid-August at one site; at 
another, adults appeared from late March to mid-May and from July to 
early October. At both localities studied by Kondratieff and Voshell, the 
species was bivoltine. Kondratieff and Voshell (1984) studied adults of this 
species collected in Florida from April through August and in October 
and November, but they drew no conclusions regarding arida's pattern of 
emergence. 

The life history of I. an·da has not been investigated. Subimagoes 
emerge late in the afternoon or soon after dark, as evidenced by their 
arrival at lighting sheets in the early evening. They continue to be at
tracted to light for two or three hours after <lark. Predominantly female 
subin1agoes are attracted, but an occasional male imago also comes to 
light. Subimagoes kept alive until the adult stage was reached required 
20-22 hours to complete development. This period is consistent with 
time required for other species. Kondratieff and Voshell (1984) reported 
duration of the subimaginal stage of /. bicolor in Virginia to be 20-36 
hours. Grant and Ste, .. ·art (l 980) found /. sicca remained subimagoes 
from 23 to 29 hours before molting to the adult stage. 

Kondratieff and Voshell ( 1984) found that prior to emerging the 
ny1nphs of/. hicolor in the Virginia strean1s crawl 12-1!> cm onto ol~jects 
projecting above the water surface. Kon<lratieff and Voshell also noted 
that nymphs that emerged in the spring months crawled farther above 
the water than those emerging in summer and fall. Where there were few 
objects reaching above the surface of the water, the nymphs floated in the 
flowing water, and the subimagoes then burst free. Sometimes the nymphs 
did not leave the water but merely held to emergent objects until the sub
imagoes hatched. We have observed the last method of emergence in 
Florida /. arida. 

Mating flights of/. arida have not been observed by us, nor have others 
reported seeing them. Kondratieff and Voshell (1984) described the flights 
of/. bicolor in Virginia as lasting from early evening until after dark. They 
observed large flights of 20-75 males Hying from three to six meters 
above riffles and descending until they almost touched the water's surface. 
Females oviposited in flight, dropping eggs as subspherical greenish 
masses. 
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We are unable to provide any data on growth rate or on length of time 
required for development from egg to adult. 

BEHAVIOR. Jsonychia nymphs are among the strongest of mayfly imma
tures. After being liberated in very rapidly moving water, the nymphs 
were observed swimming against a very strong current and actually mov
ing upstream-an act that most other North American mayfly nymphs 
cannot perform. The powerful caudal filaments, with their very heavy 
growth of setae, make an excellent paddle for driving the streamlined in
sect rapidly through the water. The tails are probably of greatest use to 

. the nymph in moving from place to place in rapid water; movement from 
place to place is accomplished, in the main, by swimming rather than 
crawling, which is the chief means of locomotion for the majority of 
stream-inhabiting species. . 

The rate of regeneration of caudal filaments is rather rapid. A nymph 
brought into the laboratory at Gainesville was somewhat damaged in that 
it lacked half of its right and two-thirds of its middle tail. This condition 
was noted on March 12, when the nymph was in its penultimate instar. 
After the molt to the last instar on March 18, the complete tails were again 

·present and were of normal length. 
Subimagoes are sensitive to levels of humidity. The mortality rate is 

high among those kept in captivity. After emergence the adults remain 
directly over the stream or next to it on fringing vegetation. Specimens 
are most easily collected either at light at the shore of creeks or from trees 
or bridges over them. The subimagoes and imagoes are distinctly pho
totactic, although the latter are less so. At a lighted sheet, the subimagoes 
tend to alight in a poorly illuminated ·area. The individuals that are at
tracted do not all come at once but arrive intermittently. · 

lsonychia (Isonychia) berneri Kondratieff and Voshell 

(FIG. 75. MAP IO) 

Kondratieff and Voshell 1984, pp. 149, 184, 
186-188. 

TAXONOMY. The holotype of !sonychia (lsonychia) bemeri, described in 
Kondratieff and Voshell's monograph of the genus lsonychia (1984), was 
among specimens taken at the Blackwater River by Dr. W. L. Peters and 
others. The authors distinguished the adults based on characteristics that 
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included the shape of the penes lobes, which are narrowly rounded dis
tally, hyaline wings with venation whitish to very light brown, and ab
dominal terga 1-9 with prominent, anterOlateral, purplish black marks. 
The nymph has not yet been associated with the adult stage. The authors 
state that the male adult is very distinctive and cannot be confused with 
any other Nearctic species of !sonychia. They point out that son1e males 
have an additional thin membranous tissue between the penes lobes, 
which give the penes a broader appearance medially. 

GEOGRAPHIC DISTRIBUTION. Kondratieff and Voshell have examined speci
mens of I. berneri from extreme northwestern Florida, Alabama, and Mis
sissippi. The species appears to be restricted to the Coastal Plain region of 
these states. In Florida, specimens have been taken from Okaloosa and 
Santa Rosa counties (map IO). 

ECOLOGY. As the immature stage is still unrecognized, we cannot comment 
about it except to say that it is likely to be very much the same as that of 
I. arida. Kondratieff and Voshell ( 1984, p. 188) speculated thatthe species 
is common in "[t]he Blackwater River, a shifting sand River in north
western Florida." 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Adults have been collected in 
Florida in April and July; in Alabama in May and June; and in Mississippi 
in April and October. The species is on the wing during the warmer 
months of the year; it is likely in the egg or nymphal stages during the 
other months. Nothing is known of the life history of I. berneri. 

BEHAVIOR. The behavior of I. berneri is unknown, but it is probably no dif
ferent from that of I. arida in Florida. 

Ison)'chia (Prionoides) sayi Burks 

(fJG. 73. f\.fAP 11) 

Berner 1950, pp. 108-111 (sp. A); pp. 
114-115 (sp. B). 

Burks 1953, pp. 110-111. 
Kondratieff and Voshell 1984, pp. 155, 161, 

203, 228-231. 

TAXONOMY. The taxonomic history of I. sayi was reviewed by KondratiefT 
and Voshell (1984) and will not be detailed here. The species is the only 
member of the subgenus Prionoides occurring in Florida. One of us (Berner 
1950) first reported the species in the state but only in the nymphal stage 
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and referred to it as lsonychia sp. A. The adults are very distinctive; the 
subgenus is distinguished by having hyaline or whitish venation, caudal 
filaments entirely white, abdominal tergites dark brown with light yellow
ish anterolateral spots, and males with distinctive genitalia. Females re
semble males, but the wing venation is darker, ranging from brownish to 
purplish. It is very likely that the female adults treated by Berner (1950) 
as lsonychia sp. Bare/. sayi. These specimens have pale, unhanded caudal 
filaments and dark wing venation, both characteristics being consistent 
with those mentioned by Kondratieff and Voshell for female/. sayi. 

When I. sayi (reported as Isonychia sp. A) was first recorded from Flor
ida, the adults were recognized as being "[v]ery likely a new species." At 
the time the species was listed, no traits were found that would separate 
nymphs from other species. Subsequently, Kondratieff and Voshell, fol
lowing successful rearing of nymphs to the adult stage by Dr. Harry Sav
age, found that they are separated from all other Prionoides nymphs by 
having their coxal gills in tufts rather than as a single filament. These au
thors noted that sayi nymphs also seem to lack two characteristic purplish 
brown spots in the distal margin of the abdominal gill lameilae. 

GEOGRAPHIC DISTRIBUTION. Isonychia sayi seems to be rar~ in its northern 
range but more common farther south. In Florida it is often encountered 
in the streams of the northwestern part of the state, especially in the well
studied Blackwater River. We believe tha't the species is distributed from 
the Ochlockonee River westward in the state. Counties from which speci
mens have been recorded are (map 11): Bay, Escambia: Gadsden, Holmes, 
Leon, Liberty, Okaloosa, and Santa Rosa. 

ECOLOGY. As these nymphs cannot be separated readily in the field from 
other species, observations pertaining to their ecology are the same as 
those given for/. arida. Kondratieff and Voshell (1984) summarized the 
available information and pointed out that Peters and Peters ( 1977) had re
corded temperatures in the Blackwater River, where the species has been 
taken often, with summer maxin1a near 30°C and winter nlinima about 
l0°C. Peters and Jones (1973) reported that the nyrriphs live among bank 
vegetation and leaf litter. Berner (1950) found the nymphs in flowing 
water where the current was rapid. We have taken them most frequently 
from among masses of debris lodged in the beds of sand-botton1ed streams 
and from exposed roots of terrestrial plants at undercut banks. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. That emergence of adults of 
I. sayi occurs throughout the year in Florida is proved by the presence of 
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.& I. •Ice• (Walsh) 

THE MAYFLIES OF FLORIDA 

* Slphloplecton speclosum Traver 

t\.fap I I. The distribution of lsonychia sa)'i, I. sicca, and Siphloplecton .~p"eciosum 
in northwestern Florida. 

nymphs in all stages of development in March, April,June,July, Novem
ber, and December. Adults have been collected in April, May, and June. 
The life history of/. sayi is unknown, but comments under/. arida likely 
apply to /. sayi as well. 

BEHAVIOR. The behavior of nymphs and.adults is probably the same as 
that of/. arida. 

lsanychia (lsonychia) sicca (Walsh) 

(FIG. 74. MAP 11) 

Kondratieff and Voshell 1984, pp. 149, 171, 
193, 200, 202, 204, 206, 208. 

TAXONOMY. !sonychia sicca, only recently reported as occurring in Florida 
by Kondratieff and Voshell, has been known since 1862 when Walsh de
scribed the species from Illinois. KondratiefT and Voshell also concluded 
that, although subspecies of sicca had been recognized for many years, 
they could find no valid reasons for continuing this practice after a care
ful study of specimens from all parts of its range. 

Adults are characterized by their hyaline wings with yellowish brown to 
black venation; abdominal tergites reddish brown, sometimes tinged with 
yellow, to dark purplish red, or occasionally dark reddish orange; and 
males are additionally characterized by the shape of their penes. Accord
ing to KondratiefT and Voshell, the nymphs are not readily distinguished 
from other species except by their geographical distribution. 

I 
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' 
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GEOGRAPHIC DISTRIBUTION./. sicca is widely .distributed in North America, 
ranging from Texas to Minnesota, and eastward to Indiana. The Florida 
population, seemingly disjunct, is more similar to typical midwestern 
populations than to southwestern ones (KondratiefT and Voshell 1984). 
All Florida records are from the Apalachicola River in Liberty County in 

·the northwestern part of the state (map 11). * 
ECOLOGY. No information is available about the ecology of the species in 
Florida. Grant and Stewart (1980), in studying the life history of J. sicca 
in an intermittent stream in north-central Texas, reported that their 
nymphs came from riffies consisting of shallow limestone rubble under
lain with packed sand. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Nothing is known about either 
of these subjects for the Florida form. Grant and Stewart (1980) have 
studied the species in detail in Texas. They found that fall-hatching 
nymphs formed a small, overwintering brood that grew slowly through 
the winter and emerged in late April. In a spring brood that hatched in 
March, the nymphs grew rapidly, and adults emerged in late May to early 
June. Adults from the winter and spring broods supplied eggs for a sec
ond generation that emerged in late June to early July. These authors 
noted that subimagoes emerged starting from about 2_0 minutes after 
sunset and continuing for about two hours. Emergence was continuous 
for the period April through July in 1977. 

BEHAVIOR. We have no information regarding the behavior of I. sicca in 
Florida. Comments about the behavior of Jsonychia arida probably apply 
equally to I. sicca. 

Homoeoneuria Eaton 

Edmunds, Berner, and Traver 1958, p. 376. 
Edmunds, Jensen, and Berner 1976, p. 182. 
Pescador and Peters 1980, p. 357. 

Eaton (1881) established the genus Homoeaneuria for the female H. sal
viniae from Duena and Aceytano, Guatemala. Pescador and Peters (1980) 
recently revised Homoeoneuria and discussed the zoogeography and 
phylogeny. 

* After this book was in press one of us (Pescador) collected several nymphs of/. sicca in 
the Little and Ochlockonee rivers in Gadsden County. 
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Knowledge of the relationships of Homoeoneuria to the other genera of 
the family Oligoneuriidae is limited. Recent study by one of us (Pescador) 
of all oligoneuriid genera with known nymphs supports the statement by 
Edmunds (1979) that Homoeoneuria and Oligoneurisca are sister groups. In 
addition to having similar body forms, the nymphs of both genera share 
the apomorphic characters of reduced tarsi and abdominal posterolateral 
spines limited to segments 8 and 9. 

The adults of Homoeoneuria are distinctive and differ from the other 
oligoneuriid genera by the absence of crossveins in both wings (fig. 26), 
the lack of male genital forceps, and twisted and vestigial legs of the fe
males. The nymphs have tarsi reduced to papilla-like structures, un
hooked and bare meso- and metathoracic claws, a finger-like posterome
dian process on abdominal sternum l, ventral gills on segment I large 
and multibranched, other gills dorsal, smaII, flat, and slender. 

The genus Homoeoneuria includes six species, H. alleni, H. ammophila, 
ll. cahabensis, H. dolani, H. fittkaui and H. salviniae, only one of which, 
H. dolani, occurs in Florida. 

Homoeoneuria is Nearctic and Neotropic in distribution. Collection 
records indicate that the genus occurs from Colombia and northern Bra
zil in South America north to Guatemala and Mexico in Central America, 
northwestward to New Mexico and Utah, north and southeastward to the 
central and southeastern United States. 

Homoeoneuria dolani Edmunds, Berner, and Traver 

(FIGS. 26,. 68, 144. MAP 12) 

Edmunds, Berner, and Traver 1958, pp. 378, 
380. 

Pescador and Peters 1980, pp. 373-376. 

TAXONOMY. Homoeoneuria dolani was described from male and female ima
goes and nymphs collected rnostly from the Savannah River. Pescador 
and Peters ( 1980) recently redefined the species and included discussions 
of the zoogeography, phylogenetic relationships, and biology along with a 
treatment of the other species of the genus. 

The species appears to be most closely related to H. cahabensis from 
Alabama and differs from the other species of the genus in coloration 
and markings of the abdomen of both the adults and nymphs, as well as 
in the shape of the penes of the male. The lack of markings on the vertex, 
pronotum, and fore coxae of the nymph and the unicolorous pale yellow, 
nymphal caudal filaments separate dolani from other species. 

OuGONEURIIDAE 

e Homoeoneurla dolanl Edmunds, Traver, and Berner 

O P•eudlron eentralls MeOunnough 

.& Dolan/a amerleana Edmunds 
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Map 12. The distribution of Homoeoneuria dolani, Pseudiron centralis, and Dol
ania americana in northwestern Florida. 

GEOGRAPHIC DISTRIBUTION. H. dolani has been collected fron1 the sandy 
rivers of Georgia, South Carolina, and Florida. In Florida, the species is 
known only from the northwestern tier of counties (map 12), including 
Gadsden, Leon, Okaloosa, and Santa Rosa. 

ECOLOGY. The almost transparent nymphs of H. dolani occur in the sand
bottom beds of the Blackwater, Shoal, and Ochlockonee rivers in Florida. 
Nyn1phs are found burro\'.:ing shallowly into the shifting sand, mainly in 
deep areas of the rivers. The \Valer flows swiftly over the area in which the 
nymphs live; the botto1n is dean-swept, composed mostly of loose, shift
ing sand ""ith pebbly stretches, and there is no attached vegetation. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Adults of H. dolani are known 
to be on the wing from early June through late October and exuviae of 
last-instar nymphs have been found in November. Our collections include 
nymphs collected from May to October in the Blackwater and Shoal 
rivers. Whether eggs hatch soon after oviposition is unknown, but we sus
pect that the species overwinters in the egg stage. We believe thal the spe
cies is univoltine. 

The species appears to have a low level of fecundity. Five dissected ma
ture female nymphs had a mean of 315 eggs (range 270-365) per indi
vidual (Pescador and Peters 1980). 

BEHAVIOR. H. dolani is one of the strictly sand-dwelling.mayfly species oc
cun·ing in the Blackwater River in northwestern Florida. rfhe other two 
species are Dolania americana and Pseudiron centralis. Of the three, H. dol
a11i is the only nonpredaceou:'. species. The nymphs· of dolflni are shallow 
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burrowers, D. americana are deep burrowers, while those of P. centralis are 
surface dwellers. 

A unique combination of leg and mouth part morphology, along with 
behavioral adaptations, provides an efficient filtering system for the 
nymphs. Long hairs extending from the legs and mouthparts trap sand 
and particulate organic materials on which the nymphs browse. An ex
amination of the gut contents revealed that both sand grains and organic 
matler are ingested as the nymphs feed. The nymphs lie partially buried 
in the sandy streambed, leaving the head, forelegs, and caudal filaments 
exposed, which results in a broad, U-Shaped appearance. The upstream 
orientation is accomplished by the scouring motion of lhe meso- and 
melathoracic legs digging in a sidewise fashion. As the nymphal position 
is secured, the prothoracic legs are projected forward with the tibiae al
n1ost at a right angle to the femora; the long, plumose, tibial hairs are 
placed laterovenlrally to the_ mouthparts. This orientation of the pro
thoracic legs and the placement of the long plumose hairs, along with the 
setose nature of the mouth parts, provides an efficient food-filtering de
vice for the nymphs. 

Adults swarm in midmorning from about I 0:00 A.M. to noon, cruising 
about three feet above the water in full sunlight. 

HEPTAGENI!DAE 

The family Heptageniidae includes five subfamilies and 29 genera world
wide. The nymphs are easily distinguished from those of other mayfly 
families by the dorsoventrally flattened head and dorsally located eyes. 
The adults have five-segmented tarsi and more or less complete wing 
venation. 

The family is widely distributed and very common throughout the 
Holarctic region. Two subfamilies, Heptageniinaeand Pseudironinae, and 
five genera (Heptagenia, Macdunnoa, Pse:uJ.iron, Stenacron, and Stenonema) 
occur in Florida, concentrated in the northwestern section of the state. 

Pseudiron McDunnough* 

Berner 1959, p. 46. 
Burks 1953, p. 148. 
Edmunds, Allen, and Peters 1963, p. 13. 

*The genus Psrodiron, subfamily Pseudironinae, was placed in the Siphlonuridae by 
Landa and Soldan 1985. 
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Edmunds, Jensen, and Berner 1976,_ pp. 
208-210. 

Jensen 1972, p. 151. 
Landa and Soldan 1985, p. 91. 
Pescador 198.5, pp. 432-438. 
Soluk and Clifford 1984, pp. 1534-1539. 
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McDunnough (1931) established the genus Pseudiron for P. centralis and 
based it on female imagoes only. In a recent study of the systematics 
of Pseudiron, Pescador ( 1985) redescribed lhe genus and revi~wed and 
discussed its taxonomy. Additionally, the two species P. cenlralis and 
P. meridionalis were synonymized, leaving Pseud~ron *s a monotypic genus. 

The genera Pseudiron (Pseudironinae) and Arthroplea (Arthropleinae) 
are believed to represent early lineages fron1 plesiomorphic Heptagcnii
dae, as both share the same derived characters of the trachea and the 
nerve cord (Jensen 1972). Pseudiron differs from Arthroplea and the other 
heptageniid genera as follows: Pseudiron has three or four cubital inter
calaries in the hind wings; the male imagoes have shorter fore libiae than 
fore femora; the basal segment of the hind tarsi are fused or partially 
fused with the tibiae; and the penes lack median titillators. The nymphs 
of Pseudiron have mouth parts adapted for predation with the mandibular 
incisors modified apically and equipped with sharply pointed spines; the 
maxillary palpi are four-segmented; and the la1nellae of the abdominal 
gills on segments 2-7 have a slender filament arising from the ventral 
surface at about rnidlength. Unique to the long and slender nymphal 
claws of Psnuliron is the presence of a constriction located approximately 
one-third of the distance from the apex, and wilhin it there is a concen
trated mass of nerve cells. A flexible portion of the claw is distal to the 
constriction. 

The genus Pseudiron, a Nearctic endemic, has a wide geographic distri
bution occurring in the central and sOutheastern United States and west 
to Utah and Wyoming. It aiso is known to occur across western and cen
tral Canada (Pescador 1985 ). 

Pseudiron centralis McDunnough 

(Pu.TE 7. Fies. 58, 84, 111, 115, 120, 143. MAP 12) 

Berner 1959, p. 46 (meridionalis). 

Burks 1953, p. 148. 
Edmunds, Jensen, and Berner 1976, p. 210. 
Pescador 1985, pp. 438-443. 



Plate 7. Pseudiron centralis McDunnough, nymph 
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Peters and Jones 1973, p. 246 (meridionalis). 
Soluk 1983, PP· 8-49. 
Soluk and Clifford 1985, pp. 1539-1543. 
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TAXONOMY. Pseudiron centralis was recently redefined by Pescador (1985). 
The species exhibits an interesting geographic clinal variation of color 
and pigmentation, with the nymphs and adults from Canada and the 
northwestern United States being generally darker and more deeply pig
mented than specimens from the central and southwestern United States. 
Specimens from Florida are pale yellow and least pigmented (Pescador 
1985). 

GEOGRAPHIC DISTRIBUTION. Pseudiron cenlralis is widely distributed through
out North America, mainly east of the Continental Divide and following 
the Mississippi drainage. In Florida, the species has been collected in the 
panhandle counties of Okaloosa, Santa Rosa, and Walton (1nap 12). 

ECOLOGY. The nymphs of Pseudiron cr.nlrali.s are associated n1ostly with 
sandy riverbeds in medium-sized to large rivers o.ver much of North 
America (Edmunds et al. 1976). In a detailed study of the life history and 
abundance of P. centralis, Soluk and Clifford (1984) observed that in Sand 
River, Alberta, the nymphs were associated with three types of substrates 
in the riverbed-shifting sand, marginal sand, and gravelly sand-and 
exhibited a change in their association with the types of sandy substrates 
during development. Young nymphs are associated with marginal sand; 
as they mature, they move to shifting sand. The transfer of the mature 
nymphs to shifting-sand substrates appears to be a strategy to exploit ei
ther the greater prey availability or the lower number of potential preda
tors and competitors in these areas (Soluk 1983). In the Blackwater River 
of northwest Florida, P. centralis has been mostly' collected in shifting 
sand, rarely in gravelly sand (Pescador 1985). 

SEASONAL DISTRIBUTION AND LIFE HISTORY. In Canada, P. cenlralis has a 
univoltine summer life cycle, and the eggs remain dormant for about 
nine n1onths (Soluk and Clifford 1984). The first-instar nymphs appear 
in late April and mature in less than eight weeks. Adult emergence occurs 
from late June to late July. Our collection records over a period of about 
IO years indicate that the species appears to have the same emergence pe
riod throughout its geographic range, except in Florida where e1ner
gence occurs earlier, from mid-March to early May. 

Female adults from Florida seem to have higher fecundity levels than 
females of this species collected from other areas of the geographic 
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range. In Canada, 467 and 626 eggs were counted from two female ima
goes (Soluk and Clifford 1984). A single female adult from Tennessee had 
692 eggs; while 1553, 1670, and 1724 eggs were found in three dissected 
fcn1alc irnagocs fro1n Florida (Pescador 1985). 

BEHAVIOR. The nymphs of Pseudiron centralis are predatory in habit, feed
ing primarily on chironomid larvae. In the Sand River, Alberta, the 
nymphs were the only epibenthic predators that occupied areas of ac
tively shifting sand (Soluk and Clifford 1984). In the Blackwater River, 
two predaceous sand-dwelling species, a mayfly, Dolania americana, and a 
dragonfly, Progomphus obscurus, coexist with P. centralis nymphs. There is a 
dietary overlap among these three carnivores, but partitioning of re
sources and lessening of potential competition is achieved through differ
ential n1icrohabitat utilization (Tsui and Hubbard 1979). Nymphs of 
P. centralis are surface sand-dwellers while /). americana and Progomphus 
obscunL~ are active burrowers, living in their burrows most of the time. 

The nymphs lie on top of the sand °facing the current with all three 
pairs of legs laterally directed, spread in a spider-like fashion, with the 
claws anchored in the sand (Pescador 1985). The functional adaptation of 
the constriction of the claws, the mass of nerve cells inside them, and the 
flexible, distal portion of the claws are stiff unknown. 

H eptagenia Walsh 

Flowers I 980, p. 93. 

Walsh (1863) established the genus Heptagenia for the species Heptagenia 
flavescens. The genus has long been suspected by mayfly workers to be 
polyphyletic, and Traver (1933) previously recognized six species groups 
for the adults and two species groups for the nymphs. Realizing the tax
onomic problems involved in the genus, Bogoescu and Tabacaru (1962) 
transferred many of the European species of Heptagenia to Ecdyonuru.s. 
Recently Flowers (1980) divided the Nearctic species of Heptagenia into 
three genera: Heptagenia, Leucrocula, and Nixe. According to Flowers, the 
true Heptagenia now corresponds to the flaveJcen.'1-pulla-elegantula group 
of'rraver (1933), 'vhile Leucrncuta and Nixe correspond to the maculipennis 
group and lucidipennis-simplicioides group, respectively. 

rfhe Nearctic Heptagenia presently includes 12 species and possibly 3 
additional species (H. be/la, H. kennedyi, and H. manifesta). Flowers (1980) 
cautioned, however, about the need for additional study to confirm the 
proper generic placement of these 3 species. 
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Heptagenia is common throughout the Nearctic, extending into Can
ada and as far south as Florida. 

llejJlagenia flavescem (Walsh) 

(FIGS. 56, 164. MAP 14) 

Berner 1953, p. 149; 1958, p. 30; 1959, p. 31; 
1977, p. 25. 

Carlson 1980, p. 82. 
Flowers 1980, p. 296. 
Jones 1977, p. 66. 
Schneider 1967, p. 204. 
Wurtz and Roback 1955, p. 194. 

TAXONOMY. Heptagenia fiavescens is Lhe only species of the genus that oc
curs in Florida. The adults are distinguished f ram the other species of the 
genus by the fairly large yellowish body and the presence of a brown dor
sal stripe that extends almost the entire length of the body. The stripe 
broadens on the mesothorax and becomes progressively darker and red
dish on the posterior abdominal segments. We have found that the dorsal 
stripe of some adults extends only to abdominal segment 7 and then be
cornes fragmented into short and narrow median stripes and a pair of 
subrnedian stripes on segments 8 and 9 or 10. 

The nymphs are recognized by the distinct, dark brown marking on 
the posterior edge of the ninth abdominal sternite. Burks's excellent de
scription of the nymph in Illinois (1953) applies equally well to the nymphs 
occurring in Florida. We have found that younger nymphs possess more 
distinct and pronounced pale yellow markings than mature nymphs. 

GEOGRAPHIC DISTRIBUTION. Heptagenia fiavescens occurs- from the central 
lowlands of Canada to the mid western and southeastern United States. In 
Florida, the species had been collected from the following north¥:estern 
counties (map 14): Escambia, Gadsden, Holmes, Leon, Okaloosa, Santa 
Rosa, and Walton. 

ECOLOGY. The nymphs of H. jlavescens have been collected in various habi
tats. Daggy (1945) found the nymphs under logs in shallow water near 
the shore at John Latsch State Park, Winona County, Minnesota. Flowers 
and Hilsenhoff (1975) collected the nymphs in medium-sized to large 
streams under rocks and debris in deep water in Wisconsin. In north\',rest 
Florida, Wurtz and Roback (1955) took nymphs 1.2 miles above the 
mouth of the Escambia River, which is within the influence of the tides 

!' 
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from Escambia Bay. At the time of collection, the river was at high water, 
with average and maximum depths of 17 and 30 feet, respectively, and 
had the following bottom chemical and physical readings: alkalinity as 
CaCO,, 21 ppm; total hardness as CaCO,, 21.9 pptn; Cl, 7.5 ppn1; Ca, 6.8 
pp1n; dissolved oxygen, 7.0 pprn; and turbidity, 0 ppm. Schneider (1967) 
found the nymphs among leaf detritus, gravel or rock, and vegetation in 
the Perdido and Shoal rivers. The nymphs have also been collected under 
submerged rocks and logs in Rocky Comfort Creek, Gadsden County 
(Jones I 977; Flowers, pers. comm.). 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Knowledge of the seasonal dis
tribution and life history of H. jlavescens is limited. Berner (1959) re
ported that the eggs take 12 to 49 days to hatch in the laboratory. 'fhe 
nyn1ph probably lives for one year, and the adults from 2 to 4 days. 
Flowers and Hilsenhoff (1975) observed that the seasonal occurrence of 
the nyn1phs in Wisconsin is year-round and the adults emerge in June. 
'fhe adults emerge in mid-March to early June in North and South Caro
lina (Unzicker and Carlson 1982). In Florida the nymphs have been col
lected in March through November, and the adults in March through 
early May. We believe that the nymphs probably occur year-round and 
that the emergence period lasts much longer than the collection records 
indicate. 

BEHAVIOR. The nymphs are very active and often scurry to the underside 
when a stone is lifted from the water. One of us (Berner 1959) noted that 
when the nymphs are placed in a pan of water with no attachment surface 
available, they tend to form into balls clinging to one another and tum
bling about in the water. When ready to emerge, the nymph comes close 
to the surface, and the subimago bursts free. The adults are positively 
phototactic, as most of the adults available to us were collected at light. 

Macdunnoa Lehmkuhl 

Lehmkuhl 1979, p. 859. 
Flowers 1982, p. 25. 

Lehmkuhl (1979) established the genus Macdunnoa for Macdunnoa ni
pawinia and based his description on the nymph and female imagoes. 
Flowers (1982) redescribed the nymph and provided the generic descrip
tion of the male imago, using reared adults of a new species, M. brunnea. 
He also added Macdunnoa persimplex to the genus by transferring it from 
Heptagenia. Macdunnoa now includes three species, M. brunnea, M. nipa- I 
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winia, and M. persimplex. Of these, Macdunnoa brunnea is the only one 
found in Florida. 

Based on adult and nymphal morphology, Macdunnoa belongs to the 
san1e phyletic line as Stenacrnn and Stenonema (Flowers I 982). and appears 
to be n1ost closely related to the latter. Macdunnoa n1ale adults differ from 
those of Stenonema by having thick median titillators and the absence of 
spines on the apical lobe of the penes; females lack dark markings on the 
abdomen; and nymphs of Macdunnoa have a vestigial seventh gill. 

Macdunnoa occurs from the central lowlands of Canada to the mid
western and southeastern sections of the United States. 

M acdunnoa brunnea Flo\\'ers 

(FIG. 57. MAP 14) 

Flowers I 982, p. 25. 

TAXONOMY. Macdunnoa brunnea was described by Flowers (1982) from 
reared specimens. The species differs from M. persimplrx by the absence 
of lateral minute spines on the penes, and the small crescent-shaped mi
cropyles of the eggs. The nymphs can be distinguished from those of M. 
nipawinia by the absence of a distinct emargination on the front margin of 
the head capsule. 

GEOGRAPHIC DISTRIBUTION. Macdunnoa brunnea has only been reported 
from Florida, South Carolina, and North Carolina. The species has been 
collected from the following Florida counties .(map 14): Escambia, 
Gadsden, and Okaloosa. 

ECOLOGY. Little information is available about the ecology of the species. 
According to Flowers (1982), the nymphs live on rotting leaves among 
rocks in deep areas of the streams where the current is swift. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Adults of Macdunnoa brunnea 
emerge from May to early June at Rocky Comfort Creek, Gadsden County, 
and are attracted to light (Flowers 1982). The nymphs were collected in 
March, April, and May in Florida; June in South Carolina; and July in 
North Carolina. 

BEHAVIOR. Except for Flowers' (1982) brief observation, the behavior 
of M. brunnea nymphs is virtually unknown. Flowers noted that when 
nymphs are placed in still water, they move their gills in a wavelike mo
tion, beginning with the first pair. This behavior is also characteristic of 
Stenacron and Stenonema nymphs. 
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Stenacron Jensen 

Berner 1950, p. 57 (Stenonema, in part); 1977, 
p. 28. 

Burks 1953, pp. 161-168 (interpunctalum 
group). 

Edmunds, Jensen, and Berner 1976, p. 200. 
Jensen 1974, pp. 225-228. 
Jensen and Edmunds 1973, p. 83 (new genus 

"A"). 
Koss 1968, p. 704 (interpunctatum group). 
Landa 1969, p. 299 (interpunctatum group). 
Lewis I 974a, p. 9 (interpunctatum group). 
Unzicker and Carlson 1982, pp. 3.63-3.68, 

3.73. 

TAXONOMY. Jensen (1974) established the genus Stenacron lo include the 
i11htr/nau:lal11m group of the genus Stenonema. Previous taxonon1ic ac
counts of the i11tnpu11ctalum group by other workers (l'raver 1933; Spieth 
1947; Berner 1950; Koss 1968;Jensen and Edmunds 1973; Lewis 1974a) 
had also indicated that the group was worthy of either subgeneric or ge
neric rank. 

Stenacron apparently originated from a Heptagenia-like ancestor, which 
differentiated into Stenacron, Stenonema, and Macdunnoa. The genera 
Heptagrnia, Stenacron, and Stenonema share a number of similar charac
ters, which show their close relationship. Stenacron shares with Heptagenia 
the pectinate spines on the nymphal m·axillae as well as similar egg struc
tures. With Stenonema, Stenacron shares similar structures of the gilJs and 
n1outhparts, and tarsal segment ratios of the male i1nagoes. 

l~he adults of Stenacrou are characterized by the presence of a dark bar 
below the bullae between veins R1 and R2 of the forewings, and the shape 
of the penes and presence of an unusually well-developed laterosubapical 
cluster of spines on the penes. The nymphs have pectinate spines on the 
crown of the maxillae. The lamellate gills on abdon1inal segments 1-6 
end in an acute point. The gills on segment 7 are reduced to slender fila
ments and lack the fibrilliform portion. The tracheae have a few or no 
branches. 

The genus Stenacron presently includes seven species, of which two, S. 
fioridense and S. interpunctatum, occur in Florida. The former species is ap
parently endemic in the state. The genus is Nearctic and restricted to east-
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ern and central North America, where it ranges south to Florida and west 
to Arkansas and Minnesota (Edmunds et al. 1976). 

Stenacron Jloriden.se (Lewis) 

(FIG. 55. MAP 15) 

Edmunds, Jensen, and Berner 1976, p. 201. 
Jones 1977, p. 66. 
Lewis 1974a, pp. 23-24; 1978, p. 23 (as Stenonema). 

TAXONOMY. Lewis (1974b) described Stenacron floridense (as StPnonema flor
idPnse) from male and female imagoes and nymphs collected at the Black
water River near Holt, Florida. Stenacronfloridense superficially resen1bles 
S. i11lerpunctal11m, but the annature of the n1ale genitalia, in which the 
penis lobes have two or more axial spines, is distinctive. Very few adults 
have light brown pleural streaks on either tergum 8 or 9; otherwise most 
specin1ens show no trace of pleural streaks or spiracular spots on the ab
domen. l"he ny1nphs have 8 pectinate spines on the crown of the rnaxillae 
(rather than 9 or 10 as in S. interpunctatum); rarely do 9 spines occur. 'fhe 
nymphs of S. Jloridense also have 7 teeth on the inner margin of the outer 
canine, 4 teeth on the inner 1nargin of the inner canine, fewer than 25 
lateral setae on the ventral surface of the galea-lacinia of each maxilla, 
and a dorsal pattern of interrupted elongate pale spots. 

GEOGRAPHIC DISTRIBUTION. Stenacronjloridense is known only from north
western Florida and has been collected ·from the following counties (map 
15): Gadsden, Holmes, Jackson, Liberty, Okaloosa, Santa Rosa, Taylor. 
Wakulla, and Walton. 

ECOLOGY. -rhe nyn1phs of Stenacron Jlon·de11.se are very con11non in the 
sand-botton1 streams in northwest Florida. Streams in the Blackwater 
River drainage, where n1ost of the specirnens were· collected, are 1nainly 
spring fed, and the water is extremely soft and low in minerals and nu
trients. Beck (1973) reported the chemical data of the Blackwater River 
systen1 as follows: pH varying from 5.0 to 6.3; total dissolved solids 15-17 
mgn; and dissolved oxygen 6.8-9. 7 mg/I. 

Lewis (I 974a) has suggested that S .fioridense is restricted to the naturally 
acid streams of the southeast that have not been affected by pollution. 

We collected several nymphs and adults of this species in Bear Creek 
and Rocky Comfort Creek, Gadsden County. The nymphs were found in 
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various habitats that included thick growths of filamentous algae and 
water moss (Spirogyra sp. and Leptodictyum ripan'um), submerged logs. and 
leaf litter trapped between tree stumps or fallen branches of trees. Pesca
dor and Peters (I 974) gave the following chemical data pertaining to Bear 
Creek and Rocky Comfort Creek: C02 (free carbon dioxide) varying 
from 1.0 to 2.5 mg/I; CaCO, (calcium carbonate) 11.0-16.5 mg/I; and dis
solved oxygen 5.0-7.5 mg/I. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. The nymphs and adults of S. 
floriderue have been collected throughout the year. Although no detailed 
study on the life history of the species has been done, we surmise that it 
probably has the same life history as S. interpunctatum, which also emerges 
throughout the year; and the nyn1phs of both species generally occupy 
the same kinds of habitats. 

HEHAVIOR. The nymphs of S.flon'dense, like the other species of Stenacron 
and Strnonema, are negatively photo1ac:tic. ·rhc nyn1phs i1nrncdia1cly 
crawl under logs, stones, or leaf litter when exposed to light. ·rhe nyrnphs 
are gatherers, as revealed by dissected gut contents where we found a 
mixture of particulate organic material and occasional sand particles. 
Adults were collected mostly by the use of light tr3ps. 

Stenacron interpunct_alum (Say) 

(Fies. 24, 54, 114, 166. MAP 15) 

Berner 1950, pp'. 73-78 (proximum); 1958, p. 
30; 1977, p. 27 .. 

Cowell and Carew 1976, pp. 590-591. 
Lanquist 1953, p. 40 (proximum). 

Lewis 1974a. pp. 26-27. 
Peters and Jones 1973, p. 246. 
Schneider 1967, p. 204. 

TAXONOMY. Much apparent intraspecific variation in Stenacron inter/Junc
tatum has created confusion in trying to define the species. Spieth (l 94i) 
examined the problem in depth and attempted to resolve it by erect
ing four subspecies. The problem with the Florida species, identified as 
S. proximum, was recognized long ago (Berner 1950) when it was sug
gested that, as more data became available, the species might well be Ste

nacron interpunctatum. In a 1958 paper (Berner), interpunctatum was as
signed as the name of the Florida form. The pattern of variation in this 
species does not fit the normal subspecies concept, and, until the biologi-
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cal nature of the variations is understood, attempts to apply names below 
the species level seem premature, according to Lewis (1974a) and Ed
munds et al. (1976). A recent study by McCafferty and Pereira (1984) on 
the effects of temperature on the development of S. interpunctatum and 
their taxonomic interpretations has indeed indicated that the subspecific 
classification of this species is no longer tenable. According to McCafTerty 
and Pereira, there are no clear geographic isolates; variants of the species 
appear to be, for the n1ost part, the result of develop1nental responses 
to thern1al conditions that can be no more sharply delineated than their 
spatially and temporally variable causative factors.· Specimens. of inter
punclatum reared in different thermal regimes generated the several phe
notypic difTerences previously thought to be taxonomically significant for 
subspecies classification. 

The nymphs of this species are characterized by having 7 to 10 spinelike 
sctae on the crowns of their maxillae and continuous or nearly continu
ous 1nidclors;1l pale .streaks on the ahclon1i11al icrga. ()ftcn tl1esc s11·eaks 

·are obscured on Florida nyn1phs fro1n the northern part of the state; 
however, some mature nymphs show the trait clearly. l~he male adults 
have terminal or subterminal spines on the penes lobes. The abdominal 
terga are usually pale, although sometin1es there is a dark mark at the 
posterior margin of sorne of the segments. The adults are often yellowish, 
and the abdornen of females may appear to be orange because of the 
color of the eggs contained \.•:ithin. 

GEOGRAPHIC DISTRIBUTION. Stenacron interpunctalum is widely distributed 
and basically has the same geographic range as the genus. The species has 
been found to be distributed generally throughout Florida \\'herever 
there are permanently flowing waters. Adults and nyrnphs have been 
taken in Hillsborough County in the west-central parl of Florida, and 
Cantrell has found it to be comn1on throughout southwest Florida to Lee 
County. The species is known to extend fron1 Nassau County in the east 
to the western boundary of the state (1nap 15). · 

ECOLOGY. Stenacron interpunctatum is often abundant in str"ea1n.s and rivers 
in the eastern half of North America (lvfcCafferty and Huff l 9i8). Flowers 
and Hilsenhoff(l979) collected the nymphs in great numbers in sn1all eu
trophic streams in southern Wisconsin, where at times they were the only 
heptageniid to be found. Lewis (l974a) collected the iiymphs from a 
stream in southern Ohio that received moderate amOunts of organic pol
lutants from an overloaded sewage treatment plant; however, the current 
was swift and the dissolved oxygen was near saturation. He found very 
few nymphs in the Ohio River downstrean1 from Cinc_innati where the 
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dissolved oxygen often falls below 4.0 ppm during the summer, but 
nymphs were abundant in the unaffected reaches upstream of the city. 

In Florida, S. interpunctatum in many respects resembles Stenonema 
smithae ecologically, but its ecological valence seems to be less than that of 
the latter species. A chief inhabitant of the larger streams of north-central 
Florida, interpunctatum is very rarely found in the smaller streams that 
support large populations of smithae. Its habitat in these streams is identi
cal with that of smithae-submerged logs, rocks, sticks, and boards in al
most any part of the stream. 'fhe species seems to flourish to a much 
greater extent in alkaline creeks of moderate dimensions, varying from 
the size of Hatchet Creek near Gainesville to that of the Santa Fe River. 

Nymphs of S. interpunctatum, also inhabitants of sand-bottomed lakes, 
are confined to the shore region where they can be found on the under
sides of boards, logs, sticks, or any other predominantly submerged ob
ject that rnight give a good foothold and furnish a continuous food sup
ply. In the lakes, the insects confine themselves to that part entirely free of 
silt and characterized by a cleanly washed sand shore and beach. There is 
little wave action or deposition of silt in this region. Vegetation is almost 
lacking, and suitable situations for the nymphs are not plentiful. Conse
quently, when a board is located on which there are nymphs, it will usu
ally have quite a number of individuals on it. 

The stream associates of S. interpunctatum are the same as those of Ste
nonema smithae; the lake associates are Eurylophella temporalis, Choroterpes 
hubbelli, and occasionally Stenonema l'Xiguum. In the lake fron1 which inter
jn1nctatum was taken most commonly, other animals p~esent were indica
tive of a stream association. The mayflies listed above are typical stream 
forms, and we have found such normal stream inhabitants as sponges, 
caddisflies, and parnid beetles living with S. interjntnclatum. The associa
tions have been observed infrequently in the sand-botto1ned lakes of Flor
ida, although they are probably widespread. The finding of a lakeshore 
fauna that so closely resembles a stream fauna is reminiscent of the condi
tions found along some of the rocky beaches of northern lakes where the 
mayHy fauna is quite abundant. However, it seems apparent that only 
very tolerant forms can withstand the conditions prevailing along lhe lake 
margins in Florida. This situation is somewhat understandable when one 
considers the slight wave action, the scant debris along the shore, the com
plete absence of rocks or pebbles, and the small amount of vegetation. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. In a study of the life cycle 
of S. interpunctatum in a small stream in Indiana, McCafTerty and Huff 
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(1978) found three broods at different degrees of maturation at any one 
time of year. These broods emerge in early spring, midsummer, and late 
summer-early fall, respectively: the former two overwintering in differ
ent stages of larval development, and the latter completing development 
in one growing season in warm temperatures and maturing at relatively 
smaller sizes. l"he population possessed a complex life cycle ranging from 
one generation per year to three generations every two years. 

In Wisconsin, Flowers and Hilsenhoff (1978) observed that S. inter
punctatum may have separate flight periods when· they noted that adults 
were present in June and August. The nymphs maturing in Al1gust were 
distinctly smaller than those maturing in June. It is possible, according to 
Flo\vers and HilsenhofT, that the August nymphs were offspring of the 
June-emerging adults. 

Unzicker and Carlson (1982) have indicated that S. interfnmrtatum 
probably emerges in late April through September in North Carolina and 
South Carolina. 1 

In Florida, adults of S. interpunctalum have been collected throughout 
the year. 

BEHAVIOR. The habits of this species arc 1nuch the same as those of 
.unit/we. "fhe nymphs are very tolerant and have been kept alive in aquaria 
in the laboratory for more than two months, during which ti1ne many 
specimens emerged. There is some difference, however, in the size of 
adults that emerged when the nymphs were first brought into the labora
tory and those that en1erged after one or two 111onths under these condi
tions. The latter are somewhat smaller, having been dwarfed by confine
ment or by food that was not conducive to a full growth. 

The subi111ago e1nerges in late afternoon after sunset, flies to a nearby 
support where, after 18 to 22 hours, the final molt takes place, and the 
adult is soon ready for mating. 

The mating Hight begins just after the sun has set and continues until 
darkness has fallen. We lost sight of the individuals .in the swarm as 
darkness fell and, therefore, could not determine ho~ long the flight 
lasted. The following description of swarming is taken from notes of 
April I, 1939 (Berner): 

At 7:00 P.M. while standing on the bridge over Hatchet Creek, 
I noted several S. smithae females flying up and down the 
stream in the act of oviposition but could see no mating flight 
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of this species .... While the S. smithae females were oviposit
ing, I suddenly noticed below me a bit of activity, which rap
idly began to increase. It was becoming rather dark, but by 
shifting my position, I could see that this activity was caused by 
a group of S. proximum [S. interpunctatum] males in their mat
ing flight. The swarm was small, composed of not n1ore than 
twenty males. These insects flew up and down continuously; 
the upward flight was rapid, the downward slower, as though 
the insects were drifting. I paced off the horizontal distance 
covered by the swarm and found it to be almost negligible, not 
more than five feet, and this was not varied during the fifteen 
minutes which I observed the insects. At 7:15 it became so 
dark that further observation was impossible. 

Now and then, I saw a female that approached the swarm, 
entered it and coupled with a male, after which the two seemed 
to drift from the swarm and settle to the ground where I lost 
sight of then1. The female could easily be distinguished by the 
brilliant orange eggs which showed clearly through the trans
lucent abdomen. I swept my net through the swarm once and 
captured seven males and two females. The latter were proba
bly in copulation with two of the males when they were inter
rupted, for as I lifted the females from the net, there re
mained behind two clumps of orange-colored eggs dropped 
by them as they came in contact with the cloth. The dropping 
of eggs is very likely correlated with mating, because females 
that have not mated will retain tile ova. Yet if copulation is in 
progress or has been co111pletcd, the eggs are released on con
tact. All during the flight, the strong breeze which was blowing 
did not seem to disturb the flight of the imagoes. 

The minimum height of the flight of the swarm was be
tween six and eight feet above the stream. The rise and fall of 
the males was between five and six feet. The females seldom 
rose as high as the males. 

The pronounced difference in the flight of interpunctatum and smithae 
is in the great rise and fall of the males of the former species. The flight 
of other species of Stenacron has not been described; however, Smith (in 
Needham et al. 1935, pp. 72-73) has described the method of oviposition 
of one of the species, and since this has not been observed in interpunc
tatum, we repeat his observations: 

HEPTAGENllDAE 

This individual, when I first saw her, was flying straight up
stream, about five feet above the water, and waS barely making 
headway against the evening breeze. On the underside of the 
abdomen she was carrying a fairly large mass of eggs, just as 
Ephemerella does. The eggs were of an orange or reddish 
color. Finally she settled down to the water and was carried 
downstream about a foot. She then flew up again but without 
the eggs. The individual was captured. She was spent, and the 
tip of the abdomen was still curved down, where it was fitted 
over the egg mass. · 

Unfortunately no other females carrying eggs were cap
tured; so I could not find out what happens to the mass when 
it is laid in water, but the eggs were equipped with two very 
long coiled threads, which probably adhere tO the bottom and 
to other eggs. 

Mayflies belonging to this group are seldom seen in the early 
evening, but they may often be found later at lights. It therefore 
seems likely that oviposition usually occurs after dark. 
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On April 19, while living material that had been collected on April 6 
was being exan1ined, we found several Stenacron. nymphs that were in ei
ther the first or the second instar. Although we are by no means certain 
of the identification, we believe that they were the young of S. interpunc
tatum. Because so few specimens were available, we will not attempt to de
scribe the development. The eggs from which these nymphs hatched 
were probably brought into the laboratory attached to vegetation that was 
used as aquariun1 plants. The vegetation was not exa1nincd when first 
brought in, and it was not until two weeks later that"we discovered young 
mayfly nymphs on a leaf. Even after such a short period of time in the 
laboratory, the aquarium was literally teeming with organisms, especially 
dipterous larvae, a few caddisfly larvae, and young snails, most of which 
had apparently hatched in the laboratory. The mayflies had been hatched 
long enough so that some had entered the second instar, as demonstrated 
by the presence of gills. These nymphs differed from the first instar of 
Stenonema smithae in that they were reddish brown, while the smithae 
nymphs were white. For three more weeks some of the nymphs remained 
alive; but very shortly after this, all had disappeared. Growth during 
these three weeks was rapid: the nymphs developed additional gills and 
more spines on the .femora; the caudal filaments elongated; and the 
thorax became much more robust. 
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Stenonema Traver 

Bednarik 1979, pp. 190-191. 
Bednarik and McCafferty 1979, pp. l-7. 
Berner 1950, pp. 57, 59; 1959, pp. 52-53; 

1977, p. 28 .. 
Burks 1953, pp. 154-155. 
Edmunds, Jensen, and Berner 1976, pp. 

202-205. 
Koss and Edmunds 1974, pp. 317-318. 
Lewis 1974 (1978), pp. l-11. 

In I 933 Traver reviewed the Heptageniidae of North America and erected 
Stenonema to include those species that were formerly placed in Ecdyo
nunL< and some that were formerly considered to be Heptagenia. After 
studying the type species of Ecdyonurus, she decided that this genus did 
not occur in North America but was confined to the "Old World." 

In general, male adults are easily distinguished from other Hepta
geniidae; but the difficulties involved in generic placement of females are 
much greater because there is much overlapping of characters. Generally, 
it is easiest to identify females generically by associating them with males 
collected at the same time. The threadlike seventh gills of the nymphs 
easily set them apart from the nymphs of other mayfly genera, except for 
Stenacron. Color differences and color patterns of adults are highly vari
able in some species, and individuals collected from the same place and at 
different times may appear to be different species, although they are in 
reality nothing more than variants of the typical form. Recent studies· by 
Bednarik and McCafferty ( 1979) have demonstrated that in many cases 
nymphs can be identified to species either morphologically or by color 
patterns. 

Traver divided Stenonema into two groups on the basis of genitalia and 
by the use of wing venation; nymphs of the two groups were separated by 
gill structure. Jensen (1974) decided that differences were significant 
enough to separate them into two genera, Stenonema and his new genus, 
Stenacron. 

Stenonema is one of the largest genera of mayflies in North America. 
According to the review of the genus by Bednarik and McCafferty (1979), 
only one species, S. tenninatum, is known to occur in the western p3rt of 
North America, v.•here it is "found primarily in the Snake River drainage 
and also known from Wyoming, Utah, and northeastern Nevada." Many 
species of Stenonema occupy almost all available situations in the Ap-

j •. 

' 
! 

I 
11 
: 
I 

1 •. 

' 

-~-----·-·~ ........ , 

(_ 

\. 

(, 

-~~ 
' ' ' I• ',~ 

'!1~rG\,, 

IL 
C-/ 

fl'~ I 
1< 
i 

~: . 

~:' 

" ;.~-

I 

I .,.,. ,.f 
~;'.~·~ -:~ 
~ft 

'\\,. 
.. ;,;,,,\ 

'\ 

Plate 8. Stenonema exiguum Traver, nymph 



202 THE MAy)"LIES OF FLORIDA 

palachian Province, which is the ideal region for their development. Al
though other heptageniid mayflies occur in the mountains, Stenonema is 
the one most frequently found. The ecological adaptability of the species 
in this genus has contributed greatly to its successful invasion of the 
streams and lakes of the Coastal Plain. 

Stenonema exiguum Traver 

(PLATE 8. FIGS. 53, 102. MAP 13) 

Berner 1950, pp. 70-73; 1958, p. 30; 1977, 
p. 29. 

Cowell and Carew 1976, pp. 589-591. 
Jones 1977, p. 66. 
Lanquist 1953, pp. 24, 27, 40, 42, 53, 62, 

63, 66. 
Lewis 1974 (1978), p. 22. 
Peters and Jones 1973, p. 246. 
Schneider 1967, p. 204. 
Schneider and Beck 1963, p. 110. 

TAXONOMY. S/1'1Wnema exiguum can caSily be distinguished front the other 
Florida species S. smithae, S. modrstum, and S. mexicanum iulegrum by the 
characters set forth in the key. In her description, Dr. "rraver suggested 
that exiKltum is close to S. mexicanum integrum; however, Bednarik and 
McCafferty (1979) show that the two species are easily separated on the 
basis of the presence of the longiludinal middorsal lines on abdominal 
terga 3 and 6 of S. m. integrum. The Original description of exiguum in
cluded only the male and female adults. The nymphal stage was de
scribed by Daggy (1945) from specimens collected from the Mississippi 
River in rvfinnesola. The type specimens were collected near Woodlawn, 
North Carolina, at the Chattahoochee River, Atlanta, Georgia, and the 
Etowah River al Rome, Georgia. 

GEOGRAPHrc DISTRIBUTION. In Florida S. exiguum is known to occur from 
Lee County in the south to as far north and west as the Georgia and Ala
bama state lines; eastward, the species has been found in Clay County 
(n1ap 13). Records from Mobile County, Alabama, and the Satilla River in 
southeastern Georgia are also at hand. The distribution of S. exiguum par
allels that of S. smithae and is almost identical with it except south of Ala
chua County. The close resemblance of the nymphs of the two species 
n1akes determination of very young specimens rather diflicult, unless 
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• Stenonema udguum Traver 

* S. me1Clcanum lnteQrum (McDunnough) 

& S. modestum (Banks) 
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Map J;\. The distribution or SlntorU'mn rxig11um, S. m1•xica11um inl,.gn1111, and 
S. modfslum in Florida. 

mouth parts are removed from each one. For this reason some of the indi
viduals we have referred to exiguum may possibly be smithae or nwdestum. 
We have a series of adult Stenonema from Hillsborough County, but none 
is identifiable as S. smithae or modestum-a circum~tance that leads us to 
believe that exiguum and mexicanum integrum are the only Stenonema in the 
southern part of the peninsula. We have been unable to confirm Cowell 
and Carew's finding (1976) of nymphs of S. smithae during their stream 
drift studies in Hillsborough County. 

The distribution of exiguum is interesting because the species is known 
from so broad an area of North America, ranging over the central part of 
the United States and into southern Canada (Bednarik and McCafferty 
1979). Its distribution suggests that it originated in ·the Mississippi River 
drainage and then spread outward from there. 

ECOLOGY. Ecologically, the species is very similar to S. smithae and S. modes
tum except in two respects. In the first place, nymphs in west-central and 
north-central Florida are very seldom found in smaller streams, but they 
are very nun1erous-probably outnumbering smilhae and modestu1n-in 
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the larger creeks and rivers. The sites occupied within the inhabited 
streams are, however, identical with those of smithae and modestum. Sec
ond, nymphs have been collected from sand-bottomed lakes, a habitat in 
which smithae and modestum have never been found. One specimen was 
brought from a depth of 15 feet by means of an Ekmann dredge, but it 
was dead when collected. However, it was in a very good state of preserva
tion; so death must have occurred either just before collection or during 
collection because of an injury suffered in the dredge, although there 
were no external manifestations of such injury. Generally in upper penin
sular Florida nymphs are not found in lakes; but as there is a small, slow
flowing stream enterii'i'g the lake it is possible that the nymph was washed 
in shortly after death. 

Mr. Richard W. Cantrell of the Florida Department of Environmental 
Regulation has made some very interesting observations regarding the 
occurrence of S. exiguum and S. m. integrum in south Florida. He specu
lates that there is a mutual exclusion existing between the two species as 
he and his colleagues have not found a site in which both species occur. In 
a letter (to Berner, dated April 4, 1980) he commented, "As an example, 
Lake Arbuckle and Lake Istokpoga are connected via Arbuckle Creek; 
S. integrum inhabits the Cypress lined shores of both lakes but has not 
been collected in the stream, S. exiguum on the other hand is found in the 
stream but not on the lake shores." In a subsequent letter (dated August 
1, 1980), Cantrell stated, "I would be mOst interested in your thoughts as 
to what l might look for regarding the apparent 1nutually exclusive distri
bution of Stenonema exiguum and S. integrum . ... Routine water chemis
try and physical parameters app3.rently are not the entire answer based 
on the data which I have collected. The lack of perennial How I believe 
accounts for the absence of S. exiguum at the sites from which S. integrum 
is routinely collected. What I can not adequately explain is the absence of 
S. integrum from streams supporting S. exiguum especially since Phil Lewis 
has informed me that these two species frequently coexist in Ohio River 
basin streams. Could S. exiguum out compete S. integrum by some mecha
nism for the limited 1-Ieptageniid habitat available 'in our South Florida 
Streams?" We still have no satisfactory answer to the enigma of apparent 
mutual exclusion. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Emergence of S. exiguum is 
year-round, based on collection of adults or mature nymphs. This year
round emergence occurs both in peninsular Florida and in the panhandle. 

The life history of the species does not differ essentially from that of 
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S. smithae except that we have found the subimaginal period to be some
what shorter, lasting from 17 to 20 hours. We have observed no mating 
flights of S. exiguum. 

BEHAVIOR. The behavior of S. exiguum nymphs appears_ to be no different 
frOm that of S. smithae and modestum. In the field, mature exiguum nymphs 
can be differentiated from other Florida species of Stenonema by the pres
ence of a ratiH~r broad yellowish brown band across the mesonotum. 

Stenonema mexicanum integrum (McDunnough) 

(MAI' 13) 

Allen and Cohen 1977, p. 411. 
Bednarik and McCafferty 1979, p. 19. 
Berner 1959, p. 52. 
Burks 1953, p. 176. 
Flowers and Peters 1981, p. 152. 
Lewis 1973, p_. 68; 1974, p. 25. 
McCafferty 1984b, p. 125. 

TAXONOMY. Lewis (l974a) and Bednarik and McCafferty (1979) compre
hensively discussed the taxonomic history of Stenonema mexicanum (as Ste
nonema integrum). In a recent paper on the relationships bel\veen North 
and Middle A111erican Stnunzema, McCafTerty (1984) synonyn1ize<l S. in
tegrum (McDunnough) with S. mexicanum (Ulmer) and designated sub
specific status for Nearctic and Neotropical populations of this species as 
S. m. inlegrum and S. m. mexicanum respectively. 

Stenonema mexicanum is classified under the subgen-us Maccaffertium, 
and the adults are characterized by their distinctively small and rounded 
penes, similar to those of S. exiguum, prominent middorsal longitudinal 
lines on abdominal terga 3 and 6, and somewhat elongate cells distal to 
the bulla region of the forewings. The pale, V-shaped, dorsal pattern on 
the abdomen, the low number of spinelike setae, and the high nun1ber of 
hair setae on the maxillary crown are diagnostic for: the nymph. 

The two subspecies, besides being geograPhically disjunct, can pro
visionally be separated in the adults by the presence of dark brown 
pleural stripes in S. m. mexicanum which are absent in S. m. integnim. We 
agree with McCafferty that no consistent morphological characteristics 
have been found to allow us confidently to separate the nymphs of the 
subspecies. 
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GEOGRAPHIC DISTRIBUTION. According to McCafferty (1984), S. mexicanum 
integrum evidently originated in the Appalachian area relatively recently 
(probably no older than Pleistocene). The species is widespread in -the 
midwestern and southern United States southward to the Central Ameri
can Neotropics. In Florida, the species has been collected in the following 
counties (map 13): Gadsden, Glades, Highlands, Leon, Liberty, OkalOosa, 
Polk, Santa Rosa, Walton, and Washington. 

ECOLOGY. The nymphs of S. mexicanum integrum are relatively pollution 
tolerant and seem to prefer large, deep rivers (Lewis 1974). Lewis col
lected the nymphs in great abundance below sewage outfalls of the Ohio 
and Mississippi rivers. The species belongs to that category of widely 
adapted species ranging through most humid regions (McCafferty and 
Provonsha 1978). 

In Florida, although the nymphs of the species have been sporadically 
collected in the peninsular and northern sections of the state, they are 
found in greater numbers in the Apalachicola and Blackwater rivers. ~rhe 
nymphs occur in a wide variety of habitats, which include gravel, rubble, 
slabs, and leaf litter trapped between rocks, submerged logs, and roots of 
vegetation along river banks in north Florida. In south Florida, as re
ported to us by Mr. Richard Cantrell, they live on debris of the cypress 
tree-lined shores of lakes (see S. exiguum for a fuller discussion). 

SEASONAL DISTRIBUTION AND LIFE HISTORY. In Wisconsin, Flowers (1978) 
occasionally collected the nymphs in the Wisconsin River until late June 
when large numbers of mature specimens ready to en1erge suddenly ap
peared at the water's edge. EmergCnce of the species in North and South 
Carolina occurs in late March through September (Unzicker and Carlson 
1982), with peak emergence in the South Carolina Piedmont area from 
April through mid-May (Carlson 1971). Carlson observed that en1ergence 
took place from late morning to late afternoon, and oviposition fron1 
early afternoon until after sunset. Except for reared adults which e1ncrge 
anytime of the day and individuals collected at light traps, the emergence 
pattern· of S. mexicanum integrum has never been observed in Florida. Col
lection 'records indicate that both the nymphs and the adults of the spe
cies occur throughout the year in the state. The number of generations 
per year remains to be investigated. 

BEHAVIOR. The adults of S. mexicanum integrum are positively phototactic, 
as hundreds of individuals had been collected at light traps operated at 
the Blackwater River. Like other Stenonema species, the nymphs of S. m. 
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integrum are collectors (gatherers). Dissected nymphs revealed the gut 
contents as being composed of fine particulate organic materials and a 
few sand grains. 

Stenonema modes/um (Banks) 

(MAP 13) 

Bednarik and McCafferty 1979, p. 29. 
Berner 1959, p. 52. 
Burks 1953, p. 52. 
Koss 1968, p. 706. 
Leonard and Leonard 1962. p. 111. 
Lewis I 974a, p. 30. 

TAXONOMY. The recent revisions of the genus Stenonema by Lewis (1974a), 
and Bednarik and McCafferty (1979) include excellent taxonomic reviews 
of Slenonema modestum (Banks). Occurrence of this species in Florida is still 
quite dubious because through all the years of collecting in the state only 
three male imagoes have been recorded, and there ar.e, as yet, no nymphal 
collections. Nevertheless, v.·e are including a discussion of the bionomics 
of the species in the event the record is confirmed. 

Stenonema modestum is a member of the subgenus Maccaffertium. The 
male imagoes are characterized by the following combination of charac
ters: (I) presence of two or three crossveins in each of the first three bulla 
interspaces in the forewings, and (2) abdominal tergum 8 has a median, 
longitudinal, pinkish brown shading. The nymphs have more than 30 
crown hair setae on each maxilla; and abdominal sternum 8, and occa
sionally 7, has an anteromedian brown area, sometirries expanded to a 
crescent-shaped, dark brown maculation. 

GF.OGRAPHIC DISTRIRUTION. Stnwnema modestum has a v.'ide geographic 
rang-c occurring fro1n the Midwesl to the eastern United Stales- and 
north~ard to southeastern Canada. In Florida, the species has been col
lected only in Aedes Creek, a small tributary of the Blackwater River in 
Okaloosa County (map 13). 

ECOLOGY. The nymphs of S. modestum are found in shallow streams of 
various sizes with moderate to swift current. In Michigan, the nymphs 
have been collected in shallow water on gravel, bedrock, and rubble sub
strate (Leonard and Leonard 1962; Bell 1969). The nymphs have never 
been collected in Florida. 
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SEASONAL DISTRIBUTION AND LIFE HISTORY. Except for the three imagoes 
that were collected in mid-March, knowledge of the seasonal distribution 
and life history of the species in Florida is unknown. In two streams in the 
Coweeta Experimental Forest in the mountains of western North Caro
lina, Tebo and Hassler (1961) found that the nymphs of Stenonema modes
tum (Banks) (as S. annexum) along with Stenacron Carolina (Banks) and 
Stenonema pudicum (Hagen) reached peak numbers during September, 
October, and November. Collection records indicate that the emergence 
period of the species in its northern geographic range occurs in April 
through August. In its southern range emergence apparently is not as 
seasonal, because adults have been collected in Georgia during March, 
June, July, September, and November. 

BEHAVIOR. Kno\vledge of the behavior of the species is limited. The three 
1nale imagoes were collected from a small swarm in_ Aedes Creek at 
7:00 P.M. 

Stenonema smithae l~raver 

(PLATE 9. Fies. 23, 52, 90, IOI, 113, 165. MAP 14) 

Bednarik and McCafTerty 1979, pp. 38-39. 
Berner 1950, pp. 58-70; 1958, p. 30; 1977, 

p. 31. 
Cowell and Carew I 976, p. 590. 
Jones 1977, p. 66. 
Landa 1969, p. 291. 
Lewis 1974a, p. 34 .. 

Peters and Jones I 973, p. 246. 
Schneider 1967, p. 204. 

TAXONOMY. While she \vas on a short collecting trip.through several states 
in the southeast, Dr. Traver discovered. Stenonema smithae in west-central 
Alabama near Tuscaloosa. She described the male, the female, and the 
nymph. We have found that the Florida insects agree fairly well with the 
description except that in the adults there is often an orange coloration 
on the vertex in the n1ajority of specimens. Traver failed to mention the 
condition of the mouth parts of the nymphs, bur it has been found that 
the structure of the maxillae is one of the easiest characters to use in sepa
rating S. smithae nymphs from those of S. exiguum and S. mexicanum inte~
rnm. Adult smithae are easily distinguished from other Florida species
except for modestum-by the presence of stigmatic spots or the lack of 
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Plate 9. Stenonema smithae Traver, n1ale imago 
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middorsal abdominal stripes, by the shape of male genitalia, and by the 
pattern of crossveins in the forewings. 

Bednarik and McCafTerty (1979) consider S. smithae to be closely re
lated lo S. modestum, and they speculated that it n1ay represent a species in 
"statu nascendi." For some time we debated the desirability of treating the 
species separately or synonymizing them; however, we concluded that un
til additional specimens of those we are calling modestum are available, we 

would not take the latter action. 

GEOGRAPHIC DISTRIBUTION. S. smithae is one of the commonest stream 
mayflies in Florida, but it appears not to be distributed south of Alachua 
County, although we have Cowell and Carew's (1976) record of Lhe species 
being taken in slream drift in Blackwater Creek, Hillsborough County 
(1nap 14). We have been unable to confirm their identification, but as no 
specimens of smithae have been collected by us in the region, we are as
sun1ing that lhe species is restricted to northern Florida, where all flowing 
waters \\'e have exarnined ha:ve populalions of S. smithae nymphs. Al
though Bednarik and McCafferty's map (1974, p. 39) shows S. smithae's 
range extending into south-central Florida, our records do not substanti
ate such a distribution. 

The species is known only from the Coaslal Plain, although it is pos
sible that it passes beyond the Fall Line into the Piedmont. Winged insects 
such as mayflies could easily surmount such an obstacle and ent_er the 
streams of the Piedmont (at least in the lower region), provided they are 
ecologically suitable. We have specimens from the following Florida coun
ties: Alachua, Baker, Bay, Calhoun, Clay, Columbia, Escambia, Gadsden, 
Gilchrist, Hamilton, Holmes, Jackson, Jefferson, Leon, Levy, Liberty, 
Madison, Nassau, Okaloosa, Santa Rosa, Taylor, Wakulla, Walton, and 
\Vashington. 

ECOLOGY. In Lhe parts of' Florida where S. smitltae occurs, almost any con
stantly flowing brooklet, creek, or river will have nyn1phs in it. rrhe insects 
can be found on various submerged objects lhat are at least partially an
chored in the streambed, including submerged logs, sticks, leaves, rocks, 
pebbles, and even aluminum cans. In the sand-botton1ed creeks where 
there are broad expanses of almost barren sands, no nymphs are found; 
but if there is, by chance, a log in midstream, the underside is almost cer
tain to have these nymphs on it. A board partially buried in the sand 
where the current slackens may harbor as many as IS to 20 nymphs, Lhe 
n1ajority being ralher young. Stones, likewise, will support a fair nurnber 
on the darkened, protected undersurfaces. Many immatures can also be 
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Map 14. The distribution of Stenonema smithae, Heptagenia flavescens, and 
Macdunnoa bn1nnea in northern Florida. 

round among leaf drift that accumulates in the slowly flowing water or 
becomes entangled in submerged branches and vegetation. Frequently, 
but in no wise so commonly as on more solid supports, nymphs occur on 
vegetation; however, the immatures are not well suited to such a situation 
and apparently shun it whenever a better place is offered. 

Size of the stream offers no obstacle to smithae ny1nphs, as is indicated 
by their presence in permanently flowing water that is no more than two 
inches deep and one foot across (at low water), as well as in large rivers 
such as the Suwannee. Rate of flow is likewise not of particular in1por
tance, for in Florida the nymphs occur in waterways that are aln1ost stag
nant as well as in the most rapidly flowing streams, of which the Santa Fe 
River is one of the swiftest. In the Santa Fe the nymphs are numerous on 
the undersides of the rocks that are strev.·n over the strearnbed, but they 
are rnuch less numerous on Vallisneria and other vegetation thal l"orrn 
huge rnats. At Poe Springs, the current of the Santa Fe is very rapid. 
Nevertheless, the nyrnphs are very common even in the swiftest water; at 
the shore, where the flow hccon1es negligible, inunatures are aln1osl as 
nu1nerous as in the rapids. Deplhs to which the nyn1phs descend, as far as 
we have been able to determine, are son1ewhat limited by the materials 
available for support and the amount of How, but il is likely that lhe 
ny1nphs do enter deep water in the larger rivers. 1 

We have found on many occasions that nymphs had occupied areas 
where the current was rather strong at high water; but as the level of the 
stream fell and the movement of the water becan1e -less vigorous, the 
nyn1phs did not migrate into the swifter parts but remained in the almost 
stagnant portions left behind by the receding flood. In.some cases nyniphs 
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were even found to be isolated in small pools cut off from the main 
stream, and here they lived on leaf drift and other debris that accumu
lated in the bottom of the pool. 

Because of wide limits of tolerance, smithae nymphs adapt to many and 
varied conditions, allowing them to become the most frequently encoun
tered mayfiy nymphs in the streams of northern Florida. The nymphs are 
very little, or not at all, affected by pH: we have found them inhabiting a 
swa1npy, slow-nowing body of murky water with a pH son1cwhat below 
4.0, as well as in a clear, sand-bottomed spring run with a pH of 7 .8. Even 
though this is not as wide a range as that occupied by CallihaetL~ florida1111.\·, 
it is certainly far beyond that of most rnayfly species. Likewise, ten1pera
ture does not seem of great importance: nymphs are known to inhabit 
water with a ten1perature of 30°C as ,Veil as water where ice forms at tin1es 
in the quieter portions. Because of the wide ecological valence of smithae, 

it does not appear logical that the species should stop its southward range 
at Alachua County, but that seems to be the case. One can readily see that 
strean1 mayflies could not normally inhabit the canals of southern Flor
ida; however, the clean, sand-bottomed-creeks of Hillsborough County 
are not essentially different from those of north-central Florida, yet we 
have no confirmed reports of the species occurring there. 

'fhe small, pebbly riilles in the sand-bottomed creeks of north-central 
Florida, and to some extent in northwestern Florida, also afford an excel
lent collecting place for nymphs of smithae. The nymphs tend to congre
gate in such places because conditions, from the standpoint of food, are 
excellent, the current is as swift as can be found in the stream, and al
though predators are rather numerous, the nyn1phs are still well pro
tected. Young nyn1phs seern to predorninate in the riffles, but this is not 
always the case and frequently older specimens will be the only ones taken. 

At one time or another almost every Florida species of mayfly has been 
collected in the same streams as S. smithae except Hexagenia orlando and 
Callibaetis fioridanus (south Florida fonn). In its favored haunt on sub
n1erged logs and boards only a few species are present along with S. smithae. 
These include Stenacron interpunctatum, Stenonema exiguum, Baeti.s propin
qu1l~, B. pygmaeus, Pseudocloeon alachua, and Tn·corythodes albilineatus. The 
Steno11ema and Stenacron nymphs are the only ones that occupy the under
surfaces of the supports to any extent; the others tend to remain on the 
sides or on the upper surface. In leaf drift, the leptophlebine mayflies are 
found in addition to Baetis species. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. We have collected or have 
records of adults for each month of the year in some part of Florida. With 

iii 
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its year-round emergence there is actually no period that reflects sea
sonality in this species. Dr. Peter Grant, while studying mayflies in north
western Florida, kept records of adult collections at Burnt Mill Creek in 
Jefferson County. During 1980 when he sampled throughout the year, he 
took adults from April through November. He also worked at this stream 
in 1979 from June through December and found adults in each of the 
months except December. He collected no adults during his sampling pe
riod of January through June in 1981. We believe that a greater prepon
derance of adults may occur during the summer 1nonths. Emergence 
slo\vs down during cold snaps; as soon as warm ·weather returns, the 
adults begin to appear once n1ore. Nymphs of all ages can be collected 
from any one stream at any time of the year, and there is no tendency 
toward forming broods. Of course, since temperatures are slightly n1ore 
uniform and higher in north-central than in northwest"ern Florida, there 
is a greater amount of emergence in the former section during the winter 
months because of the longer warm spells. The specimens collected in 
Alabama by Traver were taken during July and offer no indication of sea
sonal range in the more northerly part of the geographic area occupied 
by smithae. 

We have attempted to rear this species from the egg several times, but 
in every case the nymphs died a few days after hatching. To get the eggs 
to hatch was simple; to go n1uch beyond this stage ·was another rnatter. 
The crux of the problem is probably the food supply. Introduction of 
food invariably introduces other organisms, and once these are present 
they seen1 to multiply at such a rapid rate that the corn petition offered by 
them was too much for the delicate mayfly nymphs u1frler our laboratory 
conditions. 

The surest rnethod of securing S. smithae eggs that are reasonably cer
tain to hatch is to capture ovipositing females and force them to continue 
oviposition in dishes containing small amounts of water.1'he eggs are liber
ated in s1nall masses as the female dips her abdon1en and lightly touches the 
surface of the stream. After liberation, the ova settle to the bottorn where 
they absorb water which causes a jellylike substance to swell about each 
ovum, forming a transparent protective covering that is also adhesive. It 
may be of some significance that unfertilized eggs take anywhere from 
a few minutes to several hours to form this jellylike covering, but if the 
eggs are fertilized, the covering forms within. five minutes of deposition 
of the ova. 

The eggs, either aerated or not and kept in shallow dishes of water, 
hatched in the laboratory over a period varying from 1I.to15 days. These 
figures include the earliest and latest hatchings observed in the eggs 
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of three females. Because the eggs were accidentally mixed when col
lected, we were unable to determine to which female the earlier- and 
later-hatching eggs belonged. Our first attempt at hatching eggs of this 
species was fairly successful, although the females we secured were nearly 
spent and contained only a few eggs in the anterior portion of the body; 
however, these were fertilized and a number of nymphs hatched within 
approximately 14 days. Later we collected females that had just begun 
oviposition and were completely filled with eggs, from which hundreds of 
nymphs hatched. 

These last eggs were deposited on October 5. They were examined 
on October 15, and it was found that nearly every one contained an 
almost fully developed nymph coiled within. The first hatching was noted 
exactly 270 hours and 13 minutes after oviposition. Hatching continued 
for 4 more days, with a peak occurring at about 12 to 13 days after laying. 

The movements of the nymph within the chorion as it tries to escape 
arc very clear and easily observed. There is a forward, backward, and 
sideways motion of the head as though the insect were scraping the egg 
burster against the eggshell; however, very little action occurs in the 
tightly coiled, more posterior portions of the body. We observed this 
movement within individual eggs lasting as long as two days, with the final 
liberation of the imn1ature after this period. 

Finally, the egg ruptures along its longitudinal axis, and the nymph 
emerges. The exit is rather slow and arduous. The first part of the body 
to pass from the she11 is, of course, the head. As it is pulled, or rather 
pushed, the chitin of the insect yields in the 1nedian region much as cel
lophane does when it is stretched. As the head is pushed out, the thorax 
gradually squeezes through, giving here and there to accommodate the 
narrow opening in the chorion. It is rather surprising that the opening is 
so small, because it provides quite an obstacle to the rapid hatching of the 
nymphs, which would seem to be a prerequisite of the habitat in which 
the insects dwell. However, this slow hatching may be a condition peculiar 
to laboratory-reared individuals. Information gleaned from other au
thors indicates that this slowness is not confined to smithae nymphs. Soon 
after the thorax-or at least the anterior two-thirds-is freed, the anten
nae pop out and are immediately extended. The wriggling motion in
creases, and the body begins to swing from side to side as sufficient mass 
is freed to give some force to the movement. At the same time, a series of 
waves, created by intense muscular exertions, passes along the body. The 
abdorncn is soon entirely free of the shell, the middle legs are suddenly 
released, and the caudal filaments are drawn out. The other two pairs of 
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legs are then withdrawn. The legs appear to be held together by some 
sort of adhesive; it is only by the greatest effort on the part of the nymph 
that the legs are separated from each other. They are extended straight 
out from the body, but the insect is still unable to bend them. Soon a 
tremor passes through the nymph, and all the legs are flexed simultane
ously. The nymph immediately becomes active and scrambles away from 
the shell, pulling the remainder of its tails free. The time required for 
hatching in the specimens observed varied from 3 to IO lninutes from the 
time the head appeared through the slit in the chorion until the caudal 
filaments were entirely free. Laboratory hatching occurred juSt as fre
quently during any part of the day or night. 

The newly hatched nymph is very similar in appearance to that of Ste
nacron interpunctatum canadense illustrated by Ide (1935). The anterior 
part of the alimentary tract is filled with yolk, and the nymph can survive 
on this material for as long as two days. The most noticeable part of the 
insect is its enormous head with the five eyes, the only ~eally dark part of 
the body. 

Thigmotactic and phototactic responses are present when the.nymphs 
are hatched, and the immatures can be seen both runniilg about seeking 
darkened places and clinging tightly to the objects on which they are situ
ated. The young nymphs, like the more mature insects, move readily back
ward, side\',1ays, or forward, according to the direction of the stimulus. 

Mayfly nymphs, immediately after nlolting, are very· pale, almost white. 
Molting was observed in sniithae nyn1phs at l :45 P.M. By4:00 P.M.1ncl<1ni7.<l
tion had occurred to such a great extent that the nyrnph was almost back 
to its normal brown color. By 5:30 P.M. full coloration was achieved. 

\Ve have observed the mating flight of this species on many occasions, 
and each time it was essentially the same. Just before dusk, a small_band 
of approximately 10 to 20 males gather directly over a stream-whether 
it be sn1all or large makes no difference. The characteristic flight is then 
begun about 12 to 15 feet above the water. The horizontal flight is slight; 
the vertical rise and fall is about two feet. A flight was observed in May at 
7:00 r.M. and in early July at 8:00 r.M.; in early spring we watched one 
begin at 6:15 P.M. (all times were EST). There seems to be an intimate 
correlation between amount of light and the time at which the swarming 
takes place. The length of time that the flight lasts was not determined 
because the insects were still flying when darkness fell. Since the females 
begin to oviposit while it is still light, it would seem that mating ceases 
either very shortly before dark or soon thereafter. 

The forward flight of the males was not much over 8 to 10 feet, with a 
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rapid return to the original position. Occasionally a female would fly into 
the swarm and be immediately seized by a male. These two then sepa
rated from the swarm and were usually lost to sight; some were seen 
settling to the ground where they soon separated, the male returning 
to the swarm, the female flying off to oviposit. H. G. Cooke (1940, p. 13) 
made an interesting observation on the copulatory approach of the sexes 
of S. vicarium during flight: 

Females showed very little tendency to take part in the flights. 
The captures of two complete companies of imagoes and the 
greater portion of a third yielded only one female, which was 
taken with the second group. It is probable that this female 
had just entered the swarm from beneath, because when a 
single female was seen passing below a company of males it 
was seldom disturbed; on the other hand, when it passed a few 
feet above or directly through the swarm, it was instantly at
tacked by them. The large eyes of the males are situated on 
the dorsolateral regions of the head ... , a location which per
haps enables this sex to see females above them better than 
below. All attempts to mate were inade by the male Aying up 
beneath the female placing his forelegs over her prothorax 
and head. With upcurved abdomen he grasped the body of 
the female with forceps near her seventh abdominal segment 
... and mating thus became effective. 

Observations on the oviposition of the females were made often by us. 
The insect Aies low over the water, about 6 to 12 inches above the surface. 
At intervals, the abdomen is touched to the surface where the current is 
rather noticeable. The action resembles that of a dragonfly or damselfly. 
The ovipositing flight, for the most part up and down but occasionally 
cross-stream, is not con1posed of pronounced risings and failings such as 
take place during the mating Aights but is in a straightforward direction. 
The eggs are released, a few at a time, until the female is spent, when she 
flies to some low-hanging bush. The horizontal Aight may cover a distance 
varying between 20 and 50 feet, oviposition occurring both on the down
stream and return flights. We did not determine the entire time required 
for release of the ova, but it must not take much more than 5 to IO 
minutes, because spent females were collected before darkness had fallen 
completely. 
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The urge to oviposit is very great. During a heavy downpour we ob
served, and later captured, a female in oviposition flight. Seemingly she 
dodged between the raindrops. Certainly, if one had struck her, the Aight 
would have immediately ended. 

An interesting note concerning the manner of oviposition of other 
mayflies related to smithae was given by Dr. Osgood Smith (in Needham 
et al. 1935) when he observed that streatn forms have an oviposition flight 
which is not greatly different from the mating Aight; however, in the lake 
species "there was no up and down dance, but there were occasional 
pauses and then sudden starts, somewhat after the manner of a drag
onHy. Once in a while a female would slow up a bit and dip her abdomen 
in the water without actually alighting, and sometimes she would alight 
on the water for just a moment." From this habit there would seem to be a 
close relationship between the lake-dwelling Stenonema species and the 
stream forms of the Coastal Plain, but if one refers to the morphological 
characters, such a relationship is not so evident. 

Emergence of S. smithae subimagoes occurs in the late afternoon at ap
proximately the same time as the mating flight. We have often taken sub
in1agoes rising from the stream at the same time that"mating flights were 
in progress. The nymph, when preparing for transformation, Aoats 
freely at the surface of the water. l"he thoracic skin then splits suddenly 
and the subimago appears. The actual en1ergence takes only a few sec
onds. With almost no rest, the insect rises and flies upward until out of 
sight (unless there is some support nearby); the flight is never horizontal 
but always upward at a moderate incline. After 20 to 24 hours, the imagi
nal molt occurs. Female imagoes may live for about 2112 days. 

An interesting point concerning the eyes of S. smithae relates to mating 
males, that is, those taken during a mating Aight, when the eyes are black. 
Laboratory-reared males kept in the dark will have black eyes; when they 
are exposed to light for a short while, the eyes become pale, but this 
change is gradual and, in laboratory-reared insects, 1nay take as long as 40 
minutes. Lyman observed similar color changes in Stenonema in 1943. 

BEHAVIOR. Stenonema nymphs can be identified at a glance among Florida 
specimens. Their flattened bodies, broad, Aat heads, and spreading legs 
are characteristics shared by no other genera in the State, except Stenacron 
and Heptagenia. However, the habitude of the nymphs does not easily 
separate smithae from other Florida species of the genus. When mor
phology and coloration are employed, exiguum, m. integrum, and smilhae 
are easily differentiated, but modes/um and smithae are not. 
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If a board, rock, or other object on which the nymphs are living is rap
idly lifted from the water and the underside examined, a mad scrambling 
will be observed as the nymphs of Stenonema seek to return to the seclu
sion of their undenvater home. The draining of the water from the sup
port causes the nymphs to cease moving, and detection of the immatures 
then becomes rather difficult. If a little water is dashed over the object, 
the nymphs again begin to run about. Very few of them actually reach the 
rim of the support and drop off, although some do successfully escape in 
this manner. 

Swimming motions are very awkward, and it is obvious immediately 
that Stenonema nymphs ai·e certainly not adapted to a free-ranging exis
tence. Though they can swim only forward, the nymphs can walk in al
most any direction with equal ease-forward, backward, and sideways. 
An undulating motion is the driving forCe in swimming-the head is first 
depressed and the wave travels along the abdomen to the caudal fila
ments, which lash out with little effect because they are almost devoid of 
long hairs such as those that make other nymphs such efficient swimmers. 
The swimming act never carries the insect very far, and after a few 
strokes the nymphs settle on any object that comes within reach, whether 
it is animate or inanimate. The swimming speed of smithae nymphs can
not compare with the rapidity of its crawling movements when under
water. It is almost impossible to seize the nymphs with forceps without 
injuring them when they are attached under water. It is obvious that the 
ability to crawl rapidly should naturally be greatly accentuated over the 
ability to swim as an adaptation for a clinging life. 

One of the most- characteristic -behayiors of a Stenonema nymph is its 
strong thigmotactic response. The slightest contact with an object in the 
water will cause the nymphs to fasten their claws immediately and to hold 
on "for dear life." Of course, such tenacity is necessary when the nymphs 
are exposed to the strong currents that, at times, must sweep under rocks 
in midstream, disturbing both the boundary layer and the relatively quiet 
zone beneath the rocks. Even though the nymphs may be taken from al
most stagnant water, thigmotactic responses are as strongly developed in 
them as in nymphs living in the swiftest water. The reaction is so strongly 
developed that if several nymphs are placed together in a dish of water 
with nothing to which they may cling, they will form a clump and remain 
clumped until some more attractive object is placed with them. The tenac
ity of the nymphs is shown by their reluctance to release their hold when 
the object to which they are dinging is lifted from the water. An inex-
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perienced collector frequently injures the nymphs by attempting to pull 
rather than lift the insects from the support to which they are holding. 

Wodsedalek (1912a, p. 35) found in experimenting with nymphs of 
Stenacron interpunctatum that the desire for contact is so strong that they 
are not fully satisfied until even the dorsum is in contact with some object. 
~fo quote him directly: 

Two long bricks were placed one over the other in a basin of 
water and between them small pebbles varying in size so that 
the space gradually varied in thickness from one end to· the 
other. Then a large number of nymphs were put in the water, 
and after a short time it was found that nearly all of the speci
mens were attached to the lower surface of the upper brick 
with their dorsal side downward, and a large majority of the 
specimens were in that portion of the wedge-shaped space 
where their backs came in contact with the brick below. 

The same author showed that the taxis is so strong that only when the 
water in which the nymphs live was heated to 45°C did the insects leave 
the stones to which they were clinging; and this happened only after the 
nymphs had been overcome by the heat. 

Reaction to light is very strong in the nymphs of Stenonema; they 
readily react to changes in intensity, moving away from light. In a simple 
experiment, a stone was placed on a white background in a dish of water 
and another on a dark background; the nymphs were released on the for
mer stone. After a few hours, nearly all the nymphs had migrated to the 
darkened area, where they remained; none returned to the stone with the 
white background. 

Wodsedalek (1912b, p. 260), during his research on Palmen's organ, 
found that the supposed reaction to light is in part a result of orientation, 
and he concluded: 

In their natural habitat they are always found dinging to the 
under surfaces of small rocks, and this same position is regu
larly assumed by all normal ones in the aquaria of the labora
tory. When a stone, to which the specimens are attached is in
verted in the water, the insects soon make for its under side, 
many of them doing this as the stone is being turned over. 
This is also true of normal specimens in the dark-room, and 
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hence it is obvious that this tendency of the nymphs to cling to 
the lower surfaces of rocks, with their dorsal side downward, 
is not due entirely to their negative reaction to light. It is un
questionably due, in part, to a definite power of orientation 
independent of phototaxis. 

The imagoes are slightly phototactic, more so in the subimaginal stage. 
l'hc amount of reaction to light seems also to be linked with temperature, 
for on cool nights none were attracted to our lighting sheet~, a1though 
adults were known to be on the wing. On mild nights in midsummer 
when temperatures are high and adults are active, many are attracted 
to lights. 

As might be expected, the nymphs' food consists almost entirely of 
rnulticellular plants. There are a few diaton1s scattered among the n1ateri
als in the alimentary tract, but filamentous algae, epiderrnis of living and 
dead plants, and various unidentifiable substances predominate. We have 
been able to keep nyn1phs alive and in apparent good health in aquaria 
in which Vallisneria leaves were placed. These were covered with dia
torns and small algae; on the other hand, aquaria in which only decaying 
leaves were put also contained a .sufficient food supply for the developing 
nymphs, and they reached adulthood without difficulty and were of nor
mal size. 

Spinadis Edmunds and Jensen 

Berner l 977, p. 33. 
Edmunds and Jensen 1974, pp. 495-497. 
Edmunds, Jensen, and Berner 1976, pp. 

212-213. 
Lager 1985, pp. 255-256. 
McCafferty and Provonsha 1984, pp. 

173-179. 
Unzicker and Carlson 1982, p. 3.68. 

TAXONOMY. Edmunds and Jensen (1974) established the genus Spinadis 
based upon nymphs collected in Georgia, Wisconsin, and Indiana, and 
designated S. wallacei as the type species. The nymphs are sufficiently dis
tinctive from other heptageniids so that Edmunds and Jensen (1974) pro
posed a new subfamily, Spinadinae, fOr Spinadis. This monotypic genus is 
known only from the nymphs and one female adult (McCafferty and 
Provonsha 1984). The carnivorous nymph is characterized by the lack of 
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a terminal filarnent and the presence of pron1inent dorsal tubercles on 
the head, thorax, and abdomen. 

The nymphs are very much alike throughout the geographic range, 
except for differences in the shape of tubercles and the intensity of color 
pattern. Whether the nymphs from the different localities all belong to 
S. wallacei remains to be investigated. 

GEOGRAPHIC DISTRIBUTION. Representatives of the ge~us have never been 
collected in Florida, but we believe there is a good possibility that it occurs 
in the state. Edmunds and Jensen (1974) reported that nymphs were 
taken from the Altamaha River, Toombs County, Georgia, near the 
Florida-Georgia line. The genus also occurs in Arkansas, Indiana, and 
Wisconsin. Recently, a small nymph was collected in the Savannah River, 
Burke County, on the Georgia-South Carolina state line (J. Morse and B. 
Painer, pers. co1nm.). 

ECOLOGY. According to Ed1nunds and Jensen (1974), nyrnphs have been 
collected fro111 large rivers in rather swift current. The specin1ens from 
Georgia were collected by drift nets in water 10 fee~ deep. The specimens 
from Wisconsin were taken from water about 5 feet deep after the river 
level had dropped, and the Indiana spccirncns were collected front a log 
at a 2-foot depth in White River. The nymph front the Savannah River 
\\las collected in the deep part of the river by the use of a Hester-Dendy 
sampler. Lager (1985) collected the nyrnphs in the midportion of the 
Arkansas River; at the collection site, the river is 500 meters wide and 6 
meters deep, with a boulder and gravel bottom. The current varied from 
0.7 m/sec to 0.9 m/sec. · 

SEASONAL DISTRIBUTION AND LIFE HISTORY. The ny1nphs were collected 
in M~y and June. The adults probably emerge in.late June and early 
July (Edmunds and Jensen 1974); the single reared aQult \vas collected on 

.July 2G. 

BEHAVIOR. The nymphs are carnivorous, feeding ~n chironomids. 

LEPTOPHLEBIIDAE 

Leptophlebiidae is a very widespread family occurring worldwide but 
with its greatest diversity in the southern hemisphere. Peters and Ed
munds (1970) reviewed the history of the family and gave its limiting 
characteristics. Edmunds et al. ( 1976) placed the fan1ily in the. Leplophle-
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bioidea, commenting that it is relatively isolated and retains a number of 
primitive characteristics. McCafferty and Edmunds ( 1979), in their treat
n1ent of the higher classification of the Ephemeroptera, reconsidered Ed
munds's earlier conclusions (1972) as to lineages and decided that the 
Ephemerellidae and Tricorythidae should no longer be considered in the 
same superfamily as the Leptophlebiidae. Of these authors' two subor
ders, the family clearly falls into the Schistonota along with the Baetoidea 
and Ephemeroidea. 

Florida genera included in the family are Leptophlebia, Paraleptophlebia, 
Choroterpes, Habrophlebia, and Habroplilebiodes. 

Choroterpes Eaton 

Allen 1974, p. 161. 
Berner 1950, p. 140; 1975, p. 138. 
Burks 1953, p. 95. 

Edmunds, Jensen, and Berner 1976, pp. 
214-217. 

In the nymphaI stage, Choroterpes is quite distinctive by virtue of the mor
phology of its gills. The adults are easily separated from other mayflies by 
the structure of the male genitalia and the venation of the metathoracic 
wing~. Eaton erected this genus in 188 I to include the one species that he 
knew, C. picteti of Europe. 

Even though the genus is easily distinguished, the species within the 
genus are difficult to separate. For the most part the species are separated 
by color pattern and by the shape of the. basal segment of the forceps of 
the males. 

Choroterpes, with two subgenera (Allen 1974), isa Neotropical, Holarctic, 
Ethiopian, and Oriental genus, which is widespread in both North and 
Central America. 

Choroterpes hubbelli Berner 

(PLATE 10. Fies. 18, 42, 61, 133. MAP 15) 

Berner 1950, pp. 140-145; 1975, p. 138; 
1977, p. 37. 

Lanquist 1953, p. 20. 
Lyman 1956, p. 573. 
Schneider 1967, p. 203. 
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Plate 10. Choroterpes hubbelli Berner, nymph 
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TAXONOMY. Choroterpes hubbelli can be distinguished from all other species 
in the genus by its dark abdomen and pale, unhanded caudal filaments. 
The species was described in 1946 in the nymphal and adult stages. Of 
the North American species, only the nymphs of C. basalis and C. hubbelli 
have so far been recognized. 

GEOGRAPHIC DISTRIBUTION. The species is widely distributed in Florida 
(map 15). Its range extends from the western part of Duval County to the 
northeastern part of Hillsborough County and to south-central Glades 
County, with the greater concentration in the north-central part of the 
slate; C. hubbelli has also been found in Bay and Walton counties in the 
panhandle of northwestern Florida.* Nymphs have also been taken in 
Thomas County, Georgia, adjacent to Jefferson and Leon counties in 
Florida. We also have nymphs, or nymphs and adults, from Toombs 
County, Georgia, southeastern Alabama, southern Mississippi, and east
ern Louisiana. It is most likely that C. hubbelli occurs in the streams be
tween Alachua and Bay counties, even though the species has not ap
peared in collections made between the two regions. We believe the 
species is confined to the streams of the Coastal Plain. 

ECOLOGY. Among the unexpected places in which huhbr.lli nymphs have 
appeared, the most spectacular is Jerome Sink, located approximately two 
n1iles north of the town of Newberry in a perennially arid region. Drain
age in this part of Florida is subterranean. The nearest surface stream is 
the Santa Fe River, about 12 miles distant. Underlying the Newberry re
gion are many subsurface streams, but very few are exposed at the sur
face. Of thOse exposed, only a small portion of the water is in evidence. 
The openings to these subterranean waters are usually steep-sided, some
times even well-like, sinkholes, the sides of which may be covered with 
various types of ferns. Water flow is not evident in any of the sinkholes we 
have observed, though the various underground channels do seem to 
connect, as indicated by the distribution of the white cave crayfish. The 
walls of Jerome Sink extend 30 feet downward to the surface of the water, 
and thence an unknown distance to the bottom of the sink. That part of 
the open east wall lying below the surface of the water probably connects 
the sink water with the subterranean drainage. Along the west shore of 
the sink, the bottom drops off rapidly, but there is sufficient shore to allow 
the accumulation of dead leaves and other debris. It is here that Choroterpes 

*C:1ntrell has taken nymphs from the Peace, Manatee, and Myakka river drainnges as 
well as from the Imperial River in exrremc southern Lee County and from Jndian 
River County on the east coast. 
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* Choroterpes hubb•lll Berner 

e Stenecron llorldense (Lewis) 

A S. lnterpunctatum (Say) 
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Map 15. The distribution of Choroterpes hubbelli, Stenacron fioridense, and 
S. interpunctatum in Florida. 

nymphs occur, along with Epiar.schina heros, a dragonfly that Byers (1930) 
says "lives clinging to debris caught in moving water." Other insects are 
rare, but Erimystax sp., one of the small, stream-inhabiting minnows, is 

rather common. 
Very few species of mayflies inhabit the shores of sand-bottomed lakes 

in Florida. Partially buried sticks, logs, and boards usually appear on the 
bare sand in shallow water, and their underside crevices sometimes pro
vide habitats for thr_ee species of ephemerids-C. huhbelli, Eurylophella tem
poralis, and Stenacron interpunctalum-of which Choroterpes is the scarcest. 

C. hubbelli nymphs apparently prefer streams where they may inhabit 
the leaf drift in the slow-flowing reaches. One of the richest Choroterpes 
strean1s that we have examined is located in Walton County. At the tin1e 
the collections were made, the strca1n coursed over a bed of' silt varyinj.{ in 
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thickness f1·on1 one to three or more feet; to reach the main channel, two 
srnaller branches, each with its own bed of soft silt, had to be traversed. In 
several places it was only by holding to the pilings of the bridge over the 
stream that it was possible to reach a site suitable for collecting nyn1phs. 
·rhe floor of the creek was paved with rnany layers of leaves intermingled 
with silt, and the margins of the bed were bordered with dense growths of 
Ludwigia and Pontederia, which were absent from the main flow. Among 
the silt-i1nbedded leaves there were nun1erous n1ayfly nyn1phs, the rnajor
ity of which were C. hubbelli. 

The nymphs frequently show up in unusual places. In a small, sand
bottorned creek emptying into the Choctawhatchee Bay, the underside 
of a large log lying not n1ore than 12 feet from the salt water of the bay 
was literally covered with mayAy nymphs, chiefly C. huhhelli. The water 
around the log was perfectly fresh, there being a continuous flow un
affected by the tides. The tidal fluctuation in the Choctawhatchee Bay 
amounts to only a few inches, hardly sufficient either to overflow the 
sandbar separating the fresh from the salt water or to cause the salt water 
to back up into the creek. 

The streams in which nymphs of C. hubhelli live are either slightly 
acidic or circumneutral. Red Water Lake, one of the two lakes from which 
specirnens have been taken, derives its name from the color of its water, 
which is clearly acidic. As can be seen from the distribution of this species, 
the nyn1phs shun the stagnant waters of the eastern and southern parts 
of Florida. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. We have taken or reared adults 
during March, April, May, June, July, August, and October. Though we 
have no records of nymphs or adults from other months, we believe that 
emergence occurs throughout the year, reaching its peak during the 
spring and early summer. Emergence records for other species show that 
the northern forms emerge from July to the early part of September. 
C. rianitn fron1 ·rexas wns described from specin1ens taken in June; the 
types ol' C. oklahoma were collected on March 20. 

Nyn1phal data indicate that underwater life n1ay occupy a period of 
from six to eight months. So few adults have been reared that the length 
of life of the imago has not been determined, but it appears likely that 
death takes place within 15 to 24 hours after the final molt. Transforma
tion in the laboratory, which occurs after dark, has taken place as late as 
9:30 P.M. 
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· When the subimago is ready to emerge, the nymph, like Leptophlebia, 
swims vigorously; however, it does not crawl from the water but bursts 
free at the surface, Roats for a moment on the exuviae as a subimago, and 
then Hies to a nearby support. Transformation is over iri a few seconds. 
The whole process, after the swimtning rnoven1ents have been con1pleted, 
takes no n1ore than 30 seconds. Once emergence has taken place, the sub
irnago quietly awaits the final molt-an event which almost never hap
pens in the laboratory under norn1al room conditions. We were successful 
in obtaining one rnale and one fernale in1ago by placing subin1agoes in 
paper sacks with wet blotters in the bottom. Two other adults molted 
when we used the bell-jar method discussed under leptophlebia intennedia. 

Subimaginal life lasts 8 to IO hours, and in some cases it may be even 
shorter. The female of this species, as is true of most other mayfly species, 
molts with greater ease than the male does. 

l'he n1ating flights of Choroterpes hubbelli have never been observed. A 
search of the literature revealed that the only published observations of 
this phenoinenon in other North An1erican species are thoSe of Needhan1 

· (1905) and Morgan (1913). Needham has described the flight of C. basalis 
· as occurring in small swarms in early afternoon. The insects flew high 
above the water, seldom descending to low levels. Morgan, who has ob
served the mating Hight of the same species, noted a swarm of 300-400 
individuals of C. basalis flying over Fall Creek at about 4:00 P.M. The 
swarm included both males and females. 

BEHAVIOR. As with other species of the subfamily, C. hubbelli ·nymphs are 
negatively phototactic and strongly thigmotactic. The adult, particularly 
during the subimaginal stage, shows a strong positive reaction to light, 
and this phototactic response has been demonstrated frequently in the 
laboratory. 

Food substances eaten by nymphs are much the same as those utilized 
by Hahrophlebiodes brunneipennis, that is, chiefly plant materials. When 
ny1nphs are kept in an aquarium with only dead leaves, they see1n to gnHv 
perfectly well on a diet of scrapings frorn the surface of these leaves. -rhey 
have been kept alive ahnosl two months on such food. 

Though body movements of nymphs are similar to those of Habrophlebi
odes, the nymphs are easily distinguished from other Lepiophlebiinae by 
the fact that the gills, which are not spread when the insect is submerged, 
are held above and close to the abdomen, where they are frequently 
vibrated . 
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Habrophlebia Eaton 

Berner 1950, p. 145; 1975, p. 138; 1977, p. 
37. 

Burks 1953, p. 94. 
Edmunds, Jensen, and Berner 1976, p. 218. 
Peters 1979, pp. 51-56. 
Peters and Edmunds 1970, pp. 182-183. 
Peters and Jones 1973, p. 246. 

The genus Habro-phlebia is a somewhat more diversified genus in Europe 
than in North America, several species having been recorded from the 
former, whereas only one is known from the latter. 

The nymphs are most easily distinguished from other leptophlebiids 
by the structure of the abdominal gills, which consist of two clusters of 
slender filaments. Likewise, the adults are easily identified by the shape of 
the male genitalia and by the venation of the rnetathoracic wings. 

Habrophlebia is known in North America only from the east and the 
southeast, ranging from Canada and New York to Florida, Alabama, 
Georgia, North Carolina, South Carolina, and Tennessee. 

Peters (1979) established a new subgenus, Hesperaphlebia, for the North 
American species of HabrophUbia. 

1-/abrojJh/ebia (J-lesjJrraphlebia) vibrans Needhan1 

(FIGS. 17, 43, 59, 136. MAI' 16) 

Berner 1950, p. 145; 1975, p. 138; 1977, p. 
37. 

Burks 1953, p. 94. 
Edmunds, Jensen, and Berner 1976, p. 218. 
Peters and Jones I 973, p. 246. 
Schneider 1967, p. 203. 

TAXONOMY. Habrophlebia vibrans, the only known species in the genus occur
ring in North America, was described from New York by J. G. Needham in 
1907 and recorded from the Black Mountains of North Carolina by 
Banks in 1914 as H.jocosa (synonymized with vibram by McDunnough in 
1925). In 1932 Traver described H. pusilla as a new species based on a 
male subimago she had reared. Later she identified a male adult from 
South Carolina as pusilla. A review of the genus Habrophlebia (Berner 
1975) resulted in pusilla being synonymized with vibrans. 
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' 4 P•r•l•ptophl•bla 'lo/ltan• (McOunnough) 

* Habroph/9bla ribl'ana Needham 

e Habrophleblod•• brunnelpenttl• Berner 
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Map 16. The distribution of Paraleptophlebia volitans, Habrophlebia vibrans, 
and Habrophlebiodes brunneipennis in northern Florida. 

GEOGRAPHIC DISTRIBUTION. H. vibrans, a species that is only rarely col
lected, is known to occur over the eastern part of the United States and 
Canada southward into northern Florida. While one of us (Berner) was 
working in the smaller mountain streams of Macon County, North Caro
lina, nymphs and adults of H. vibrans were often collected during July 
and early August. In Florida, we have records from Jackson and Okaloosa 
counties, and Schneider (1967) recorded the species from Escambia, 
Gadsden, and Walton counties as well. All records of its occurrence in 
Florida are from the panhandle (map 16). 

ECOLOGY, Little has been written concerning the ecology of H. vibraru, 
and we can add only slightly to it as we have made very few observations 
about the species.* Our first immature was collected _in December from 
leaf debris that accumulated in a small, sand-bottomed stream in the 
northwestern part of the state. The bottom of this Creek, which was 
heavily covered in places with leaf drift, was quite silty, and the water was 
Slightly acidic, with a pH of 6.2. Another nymph w3s collected from a 

* The paper "Life history and production of the stream-dwelling mayfly Habrophlebia 
vibrans Needham (~phemeroptera; Leptophlebiidae),"by M. Lauzon and P. P. Harper, 
1986, Canadian Journal of Zoology, 64: 2038-2045, came to our attention after our 
manuscript was in press. Significant information about the etology and life history of 
the species in Quebec is included in this paper. 
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swift-flowing, sand-botto1ned strean1, and a third, which we collected in 
February, came from the same stream from which the first was taken. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. The nymphs collected in De
cember and February were more than _half grown; the second specimen, 
collected in April, was in its last instar. With such scanty data, no conclu
sions can be drawn as to the life history of the species in Florida, but it is 
clear from the April specimen that emergence takes place in the spring 
months. In Quebec, McDunnough found adults to be common in late 
June; in the mountains of North Carolina, adults are out in July and early 
August. Carlson (1971) collected large numbers of adults from Pickens 
County, South Carolina, from April 20 through August 28. He found the 
period of greatest abundance to be from April 28 through July 2, and his 
largest collection was made on May 2, when he took 513 adults. 

BEHAVIOR. \Ve have been unable to observe the behavior of Florida nymphs, 
but we have seen them in North Carolina and assume that there would be 
no difference. They resemble Habrophlebiodes brunneipennis in their move
ments while swimming and in following receding water when placed in a 
white-enameled pan as they are collected. Needham et al. (1935) com
mented on their mating flights only briefly, describing then1 as srnall, 
cornpact swarms in forest openings beside brooks. 

llabrophlebiodes Ulmer 

Berner 1950, pp. 130-131; 1975, p. 141. 
Burks 1953, pp. 95-96 .. 

Edmunds, Jensen, and Berner 1976, pp. 
218-221. 

Peters 1980, pp. 33-39. 

Uln1er established Habrophlebiodes in 1919-including betteni (no\v syn
onyrnized \vith americana) and americana-chiefly on genitalia! character
istics and peculiarities in the shape and venation of the metathoracic 
wings. At present, the genus is known to include four species that can be 
placed in two groups: annulata; and americana, brunneipenni.~. and celeten·a. 

~fhe species of Habropldebiodes are widely distributed over eastern 
North America. Ii. amnicana is known from Quebec to Georgia; celeteria 
has been taken only in Tennessee; annulata is an Oklahoma species; and 
our collecting has produced specimens of brunneipennis in Alabama, Flor
ida, Georgia, and South Carolina. The Appalachians constitute the re
gion of greatest apparent abundance for the species of the genus, but fu-
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tu re collecting may well show that species of Habrophlebiodes are common 
throughout the mid portion of the continent. 

Peters's review (1980) of the phylogeny of the family Leptophlebiidae 
resulted in his establishing two subfamilies, Atalophlebiinae and Lep
tophlebiinae. Habrophlebiodes is included in the Leptoj:>hlebiinae. 

Habrophlebiodes brunneipennis Berner 

(PLATES ll. 12. FIGS. 20, 41, 67, 93, 171. MAP 16) 

Berner 1950, pp. 131-139; 1958, p. 30; 1975, 
. p. 142; 1977, p. 37. 

Jones 1977, p. 66. 
Peters and Jones l 973, p. 246. 
Schneider 1967, p. 203. 
Unzicker and Carlson 1982, p. 3.56. 

TAXONOMY. Habrophlebiodes brunneipennis is a close relative of H. americana. 
1'he most obvious differences between them are in the wings: those of 
bnLnneipennis are deep amber, with strong, dark venation, while those of 
americana are colorless, or almost so, with weaker, paler venation. The 
genitalia of the two species are similar. 

Nyn1phs of Ii. bnt1111riprnni.~ differ from those of the other species of 
the genus in having spinules on tergite G, as well as on 7 through IO. It 
was earlier thought that the absence of spinules from tergites I through 6 
and their presence on 7 through 10 constituted one of the generic traits 
of ·Habro-phlebiodes. 

GEOGRAPHIC DISTRIBUTION. In Florida, H. brunneipennis is confined to the 
northern part of the state, the southeasternmost limit of the known range 
being Alachua County. As is usual with most stream -forms-even very 
tolerant ones-brunneipennis is absent from the more or less stagnant 
waters in the lowlands of southern Florida. We have collected the species 
in the following counties of Florida (map 16): Alachua, Bay, Columbia, 
Gadsden, Han1ilton, Jefferson, Leon, Liberty, Santa Rosa, Wakulla, Wal
ton, and Washington. 

ECOLOGY. H. brunneipennis is found comn1only in slow to rnoderately swift
flowing streams, where the nymphs dwell in the leaf debris. These strea1ns 
are usually of the sand-bottomed type, but occasionally the nymphs can 
be taken from slow.flowing, silt.bottomed streams. If leaf debris is scarce, 
the nymphs tend to gather on vegetation near shore where they are fairly 
well protected. H. brunneipennis nymphs inhabit any portion of the stream 
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Plate 11. Habrophlebiode.s brunneipennis Berner, male imago 
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where the current is moderate to slow and in which there is either vegeta
tion or leaf drift. Nymphs have never been taken from rivers or large 
streams, but occasionally they occur in medium-sized creeks and are most 
common in small brooks. The small brooks flowing through the ravines 
of the Tallahassee Hills have a mayfly fauna consisting almost entirely of 
brnnneipennis, but the species is much less frequently encountered in the 
larger streams of this area. 

The well-tracheated gills allow these nymphs a great deal of freedom 
in moving from one part of the stream tO another. We Ii.ave studied this 
species most thoroughly in a small, sand-bottomed ci-eek about 21/1 milCs 
west of Gainesvtlle. The nymphs were exceedingly common here, par
ticularly in the leaf drift along the margin of the stream and in quiet 
pools. Roots of terrestrial plants are exposed over large areas in the bot
tom of this brook, forming a dense mat where the nymph.o; are easily lo
cated. Among the roots, the immatures become clingers rather than 
sprawlers, because the current is much swifter over these root beds than 
in the leaf drift. H. brunneipennis nymphs, in the earlier instars, may often 
be found among the pebbles in riffles, but they are less numerous in this 
situation than in quieter, more silty zones. 

The streams inhabited by this species drain heavily woOded areas, and 
in consequence are usually somewhat acidic and tinged with brown. Tem
peratures in the streams rarely fall to freezing, and then only in the al
most stagnant areas. The temperature of the water seldom varies more 
than 15°C. 

Common associates of the nymphs of brunneipennis include other spe
cies of mayflies and Odonata. Large numbers of chironomids and caddis 
fly larvae, occasional stone flies, larvae of the very large crane Oy Tipula 
abdominalis, various other dipterous larvae, and, very commonly, the snail 
Physella are also in the leaf drift. These associates make up the principal 
macroscopic inhabitants of the leaf drift and riffle communities of small 
Florida streams. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. H. brunneipennis is not lin1ited 
to a seasonal reproductive period, and nymphs of all ages arc found in 
Florida streams throughout the year. Adults have been taken in 10 
months of the year with no records of their occurrence for May and De
cember, probably because of the lack of collecting during those periods. 
There seems to be no peak of emergence, for examinatiOn of the nymphal 
fauna indicates that the distribution of immatures of all ages is approxi-

' mately the same throughout the year. 
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Development of nymphs from egg to adult probably takes only a few 
months; however, there are no data available to make possible a more 
exact estimate. Numerous attempts to hatch eggs have failed. We have re
peatedly tried without success to induce artificial fertilization and par
thenogenetic development. In addition, eggs that were stripped from ap
parently impregnated females were placed in small dishes, some of which 
were aerated, others not. At the end of three weeks no development 
could be seen in any of the eggs. The eggs are elongated, with the sides 
parallel, and the ends are rounded. Those of H. americllna were described 
in detail by Koss ( 1968) and are in all likelihood like those of bTunneipen
ni~. Upon deposition the eggs imn1ediately settle to the bottom where they 
adhere to any solid object. These eggs do not send out tenacious threads 
as do the eggs of many other species, but Koss observed suckerlike plates, 
which he suspected act as suckers, aided by an adhesive substance coating 
the egg. 

The oviposition of americana (as betten1) was briefly mentioned by Mor
rison (I 919) in a discussion of the mayfly ovipositor, a structure peculiar 
to the leptophlebiid mayflies. Of all North American genera, Habrophlebi
odes has the best developed ovipositor. 

The oviposition of H. brunneipennis was observed under artificial con
ditions in the laboratory. A female, which was believed to have tnated, was 
held firmly by the 'vings; the body Was raised and lowered, and then 
touched to the water surface rhythmically; the female soon began to re
lease her eggs upon each contact. They came out uSually two at a time, 
but occasionally singly, passing between the egg valve· and the ovipositor, 
slipping out as though in a greased trough. As oviposition occurred, the 
forward end of the abdomen was depressed, the posterior portion (seg
ments 8 through 10 and the caudal filaments) was elevated. At first the 
eggs were ejected in a continuous stream, but as the female becan1e spent, 
the flow of eggs grew slower until an egg only occasionally left the body 
(fig. 171). The abdomen of another female treated in the same way be
carnc son1ewha1 transparent as she released her eggs, and the release of 
the eggs into the posterior pan ol' the oviducts could he easily observed. 
l'he eggs literally popped into place with n1achine-like regularity and 
precision. As they were freed from her body, the female would twitch her 
abdomen, apparently to disseminate them. Oviposition continued unin
terruptedly, eggs passing from the body even when the female was not in 
contact with the water. They accumulated around the ovipositor, but as 
soon as the fernale touched the surface, the eggs were dispersed. 
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Direction of current 

Fig. 17 I. Upper figure: The terminal abdominal segments of a female llnbroplilebiodl'l 
bnir111Pi/1nmi{ showing: the ovipositor •incl the passage nf an egg from the ho<ly. 
Lower figure: A cliagnmunatic representation of the d1aractcristic 111ovc
ments of the males of /-/. brurmeipnmis during the mating flight. 

l'ransforrnation usually occurs in the early afternoon from noon to 
about 3:00 P.M., depending on the season, but it has been known to take 
place a.~ early as 10:30 A.M. The process has been observed only in the 
laboratory. When ready to transform, the mature nymph slowly crawls 
fron1 the water, sometimes as far as an inch above the surface. After a few 
moments, the thorax begins to pulsate, the nymphal skin splits, and the 
adult thorax and abdomen are gradually drawn forth, followed by the 
wings, legs, and tails. The subimago slowly crawls away from the exuviae 
for a short distance, then flies to a nearby support. Along the, banks of 
streams, subimagoes can be found on the undersides of le;ives about four 
or five feet above the water. The shaded sides of bridges are also favorite 
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resting places. Subi1naginal life lasts only 12 to 11 hours. In captivity, this 
species has little difficult)'. in undergoing its ultimate n1olt so long as the 
environment is not too dry. 

Life as an adult is little more than a day. Two males were collected as 
subimagoes at 3:00 r.M. on November 11; by 9:20 P.M. on November 12 
one male was dead, and the other showed only slight movements. Other 
tests of longevity of adults have confirmed that H. brunneipennis is typi
cally a very short-lived species. 

Mating flights occur in early afternoon, and as with emergence, the 
tin1e depends on the season. One flight observed in March was sighted at 
2:15 r.M. The small insects "''ere flying about six inches above the water 
and the swarn1 consisted of males only. The flight took place in an open 
area bathed in sunlight. The swanns appear to consist of only a few indi
viduals, five or six men1bers, all n1ales. On one occasion, almost the entire 
swarm was captured, With only two individuals left, and these continued 
flying for about 10 minutes, when two other n1alesjoined them. ·rwo fe
n1ales then flew into the sn1all male swarm and began rising and falling 
with the males in a typical swarming pattern. The males then approached 
the females from below, and, as soon as they were coupled, the two pairs 
flew to shore and were lost in the shadows of the vegetation. Twenty 
minutes later the third n1ale paired with another female that had entered 
the scene. Within a few minutes another male joined the ren1aining one 
that was still flying. These new in unison, and then the first n1ale ap
proached the new arrival to assume the copulatory position, but he see1ned 
to be repulsed, as the two separated immediately and began flying in uni
son again. Once 1nore copulation was attetnptcd, the attcrnpt lasting not 
n1ore than two or three seconds. The new arrival .finally withdrew and 
was lost to sight. After 50 minutes, a female approached the remaining 
n1ale and coupled with him. The two flew slowly toward shore and parted 
after about IO seconds, the 1nale returning to midstream, the fernale be
coming lost in the shadows. Exactly one hour after our observations 
began, the last n1ale ceased its flight. 

The insects did not at any tin1e rise n1ore than 12· inches above the 
stream surface, and the horizontal distance covered did not exceed three 
feet. The flight was fairly rapid and took place in bright sunlight except 
toward the last. As the sun shifted, trees began to cast shadows over the 
area in which the remaining single male was dancing, but the shadows 
had little effect on his position. The flight was usually in a downstream 
direction against the wind, but occasionally it became transverse and, 
once or twice, the insect was headed upstreanl. 1"he male seemed to fly 
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backward, forward, sideways, or obliquely with equal ease. When directed 
downstrean1, the flight of the insect was forward and backward, but when 
crosswise, the flight was from side to side. During the flight the abdomen 
drooped considerably, being held at an angle of about 60° or more with 
the horizontal, and son1etimes becoming aln1ost perpendicular. The tails 
could sometimes be seen if the light happened to strike them at the cor
rect angle. 

The insect markedly resembled a mechanical toy attached to an invis
ible string. Running the length of the string, the toy is suddenly jerked 
backwards, then immediately runs out again. The movement during the 
ntating flight is diagramed in figure 171. 

Almost never during the period of swarming did the insect do an 
about-face to n1ove upstream. Now and then, the mayfly seen1ed to touch 
the surface of the water and then to rise immediately. 

Spiderwebs are conunon along the small streams of Florida, especially 
so at the stream where most of the swarming flights have been observed. 
These webs are often spun approximately six to eight inches above the 
water. Numerous H. brunneipennis adults have been taken from the webs 
and in March and April, when most of our observations were made, be
tween the hours of 2:00 and 3:00 P.M., all entrapped individuals were still 
alive; apparently the spiders were not yet ready to immobilize their catches. 
These adults had undoubtedly come from mating swarms. 

Other observations of swarn1ing behavior were made in May at the 
same stream where the nights described above were seen. Numerous 
nights were seen occurring simultaneously. The flights resembled those 
of March but were much larger, each being composed of 7 to IO males. 
The bodies of the flying insects were usually held in a perpendicular posi
tion and now and then seemed even to be leaning over backwards. No 
copulating pairs were seen at this tin1e. After the males flew for a consid
erable tin1e, the High ts dispersed. Seemingly, there was no reason for this 
breaking up of the swarms, as no mating was observed taking place. The 
1nales flew in unison, but frequently they would "get out of step." The 
insects were so insensitive to outside influences that one was able virtually 
to enter the swarms without disturbing them. At this time males were very 
cornn1on. After the flights had ended, we swept the vegetation along the 
stream and collected a large number of them without finding any fe
males. Perhaps the explanation for the absence of the females is that they 
fly away from the stream after mating. The male flights took place most 
often in the shade, but frequently they moved into the sunlight. Even 
though subi ma goes emerge early in the afternoon in the laboratory, our 
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experience has shown them to be scarce or absent from the vegetation 
lining the stream banks. 

Another series of flights was observed in January. At this ti1ne two dis
tinct types of swarming behavior were exhibited. In a distance of about 
250 yards, 21 separate swarms were counted, each in a sunlit area. The 
swarms varied in size from those with only two males to those with nearly 
100 in them. Two pairs of copulating adults were also observed but only 
for a moment as they were almost immediately lost in the shadows. At this 
time there seeined to be a clear correlation between size of swarm and 
height of flight. The very small groups flew 6 to 12 inches above the 
water, whereas the large swarms of 20 to 100 males flew from two to five 
feet above the water. The manner of flight in large swarms did not differ 
from that of small swarms except in the height above the stream. 

BEHAVIOR. The feeding habits of the nymphs of H. brunneipennis are not 
known with certainty, but we believe they do not differ significantly from 
those of most other mayflies. The well-developed molar area of the man
dibles proves that grinding of food materials must be habitual. When a 
nymph is placed in an aquarium with only plant materials, it flourishes 
and does not seem to lack sufficient food for normal gTowth. Examina
tion of the nymphal gut indicates that the food mater.ials are obtained by 
scraping the surface of dead leaves. Organic substances as well as small 
grains of sand were found in the enteron. 

Although the gills are highly tracheated, single, and exposed fully, the 
nymphs keep them in constant motion. When the nymphs are at rest, 
the gills are held stiffiy out from the body at a 45° clngle to the plane 
of the dorsum and are slowly waved forward and backward. In swim
ming, the nymphs avoid the interference of the gills by appressing them 
against the abdomen. 

Like all leptophlebiids, these nymphs are rather awkward swimmers 
that usually move most efficiently by crawling. Swimming requires a great 
amount of exertion and is not at all natural in members of this genus; the 
swimming movements can in no way compare in gracefulness with the 
darting of the Baetidae. The nymphs swim by a series of undulatory mo
tions; the wave begins cephalically and travels to the tails, which are de
pressed or raised as a unit. The caudal filaments aid very little in propel
ling the insect; almost naked, they are little more than long hairs trailing 
behind. · 

Leptophlebiid nymphs can be recognized immediately by their move
ments on the surface of a whhe-enameled pan. When the water is drained 
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away from them, the insect~ follow in the wake of the liquid, vigorously 
wriggling their abdon1ens and tails from side to side in a sort of scram
bling effort to hide themselves beneath any convenient object. 

As in many of the Ephemeroptera, .brunneipennis nymphs exhibit a 
definite negative phototactic reaction. There is a reversal of this condition 
in the subimaginal and imaginal stages. The nymphs also display rheo
taxis when they are placed in any sort of current. 

H. brunneipennis adults orient to wind currents, as can be demonstrated 
by blowing gently on the insect. They react by turning in the direction of 
the air movement, and they will remain attached to their footholds until 
the strength of the wind becomes excessive. They will then fly away. 
These observations are consistent with those of Krecker (1915), who ob
served that orientation with the head turned to the wind is the result of 
tension exerted on the leg·and wing rnuscles. 

Leptophlebia Westwood 

Berner 1950, pp. 115-116 (Bfu.sturus); 1975, 
pp. 144, 146. 

Burks 1953, pp. 84-85 (leptophlebia = Bfu.s
turus). 

Edmunds, Jensen, and Berner 1976, pp. 
226-230. 

Peters 1980, pp. 33-39. 

TAXONOMY. Prior to Burks's study (1953) of Illinois mayflies, many North 
American species, now recognized as belonging to the genus leptophlebia, 
were assigned to Blasturu.s. ~fhe genus Blasturus was described by Eaton in 
1881 and redefined in his monogr<iph on the Ephemeridae in 1884. In 
1932, "fraver discussed the genus as it occurs in North Carolina and de
scribed five new species. In her paper, she included the description of 
RlastunJS gracillis, but she subsequently removed this species to the genus 
Leptophlebia, after first shifting all the North America species formerly 
placed in that genus to ParalejJtophlebia. Ide (1935) suggested that Lep
tophlebia johnsoni might be intermediate between Blasturns and other Lep
lo/Jhlebia species, and that it would be well to drop entirely the generic 
name Bla.sturus. Spieth (1938) followed Ide's suggestion, and, in his discus
sion of coloration in relation to seasonal emergence, he used the generic 
name leptophlebia to refer to species placed in Blasturns and Paralep
tophlebia by Traver. 

LEPTOPllLEBllDAE 241 

Traver (1932, p. 123) wrote, "Both as to nymphs and imagoes, the 
genus Blasturns is a difficult one to separate into its component species. 
Structural differences are minor and difficult to recognize until some 
time is spent in studying the group as a whole. Color differences exist, but 
they are likewise minor and relative, and are an unsatisfactory basis 
for the separation of species." To date additional information has not 
changed the situation; more than 50 years later we have still not resolved 
the problems inherent in distinguishing North Amer!can species. It is 
likely that many of Traver's species will ultimately be synonymized._ 

Lepto/1hlebia bradleyi Needham 

(Fies. 62, 134. MAP 17) 

Berner 1950, pp. 128-130; 1958, p: 30; 1975, 
146-150; 1977, p. 38. 

Edmunds.Jensen, and Berner 1976, pp. 230, 
233. 

Henry and Kondratie!T 1982, pp. 125-126. 
Jones 1977, p. 66. 
Kondratie!Tand Voshell 1981, p. 193. 
Schneider 1962, p. 132; 1967, p. 203. 

TAXONOMY. Described by Needham in 1932, eighteen years after the speci
mens were collected in the Okefenokee Swamp in southern Georgia by 
Dr. J. C. Bradley, Leptophlebia bradleyi was thought to be unique, especially 
in the nymphal stage. among North American members of the genus. 
The male imago can be separated from the other species by the mor
phology of its genitalia, its lack of pale abdominal segments, and its tinted 
wings. Because of its distinctiveness, it is rather difficult to say in which 
direction its affinities lie. 

The nytnphs of L. bradleyi cannot be easily confused with those of any 
other eastern North American species. The uniqueness of the nymphs 
lies in the structure of their gills, which resulted in the species being as
signed to Parale/1tophlebia for many years. In L. bradll?)1i each gill is cotn
posed of two plates like those of other species of Leptophlebia; each lamella 
has distinct and pron1inent main tracheae provided with numerous lat
eral branches. In other North An1erican Leptop!debia species, the gill 
lamellae are shaped into one or two blunt lobes at the base of the terminal 
filame~t; in bradleyi, on the other hand, the gill lamellae are rounded. Ed
munds et al. (1976) illustrated gills of nymphs collecte.d in Texas that are 
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like those of Florida nymphs. Subsequently, Henry and Kondratieff (1982) 
studied adults of bradleyi collected in New York, Oklahoma, Texas (nymphs 
also), and Virginia. 

Realizing that Traver's assignment of bradleyi to Paraleptophlebia would 
n1ore appropriately have been to Leptophlebia, one of us (Berner 1975) re
assigned the species and gave reasons for the transfer. In the same paper 
the female imago and the nymph were described. 

GEOGRAPHIC DISTRIBUTION. Individuals of L. bradleyi seem to be scarce 
and are not frequently encountered in collections. The initial discovery 
in the Okefenokee Swamp was followed by locating populations of the 
species in tributaries of the Suwannee River, which drains the swamp 
southwestward into Florida. For many years we believed that the species 
was restricted to the southeastern United States; however, Henry and 
Kondratieff (1982) have now demonstrated that it is a wide· ranging spe· 
cies, distributed from New York to Texas. In Florida, we have records of 
the species from the following counties (map 17): Alachua, Bay, Liberty, 
Holmes, Clay, Columbia, Gadsden, Hamilton, Manatee, Okaloosa, Pasco, 
and Taylor. 

F.COLOGY. The nymphs prefer slow.flowing streams with silty bottoms, 
where they dwell amid the leaf drift, on submergent vegetation, sticks, 
and almost any other available support, where they may be found in 
cracks or crevices, as well as on the protected sides of these objects. All 
streams from which the species has been collected are of the brown.water 
type with the pH in the acid range. As a rule, the nymphs shun the center 
of the stream and live where there is little movement of the water. The 
nymphs were collected from the n1id<lle of the Fenholloway River, now 
badly polluted, where the flow was almost negligible. The Styx River in 
Alachua County presented a picture of stagnation with vegetation typical 
of this type of habitat; yet L. bradlt!)1i nymphs were found here in associa· 
tion with other mayflies, some of which are typical inhabitants of standing 
bodies of water. On another occasion, a nymph was found on submerged 
wood in the littoral zone of Santa Fe Lake, which is also part of the Suwan· 
nee River drainage system. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. L. bradleyi appears to have a 
seasonal distribution similar to that of L. intermedia, with the adults being 
"on the wing" during the cooler months. All of our Florida adults were 
collected in November, January, and February. Henry and Kondratieff 
(1982) have adults collected or reared in Tex~s-during December, Janu· 
ary, and February; from Oklahoma in March; from Virginia in March; 
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Map 17. ·rhe distribution of LeptojJhlebia bradleyi, L. inLPrmedia, and L. collina 
in Florida. 

and fro1n New York in April. The appearance of the adults during these 
cooler months leads us to the conclusion that emergence is strictly limited 
and that it is ten1perature related. Furthern1ore, we believe that the spe
cies, like L. inter-media, is univoltine. 

Growth during the cooler months is rapid, as we have specimens that 
are only one·third grown collected in October, while those taken in No
vember were half grown. All of our February specimens from Florida 
were in their last instar or at least in the penultimate. Bradley captured 
his adults on December 21, 27, 28, and 29. 

BEHAVIOR. Because of the rarity of encounters with nymphs, few observa
tions have been made. They act much as do other men1bers of the family, 
moving with a sideways wriggling and twisting of the body. G.enerally, 
when dead leaves and other detritus are removed from ~ stream, placed 
in a white-enameled pan, and the water drained away, the nymphs will 
leave their hiding places among the decaying leaves and follow the reced
ing water. Their characteristic movements soon reveal them against the 
white background, and they are easily collected. They apparently feed on 
detritus and decaying vegetation for the most part. 

Adult swarms have been noted on a few occasions. The first time we 
observed them was on January 8 when we saw a small flight in late after
noon. The air temperature v,:as 64°F, the wind was moving only slightly, 
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and the sky was clear and bright. The swarm. consisting of from 5 to IO 
males, was flying low-at a height of from four to six inches-over the 
water of Hatchet Creek, a small stream near Gainesville.The flight oc
curred in shaded but open areas. Only a single female was taken at this 
ti1ne. Our next observation of flights was at Black Creek in Clay County 
on January 25. We observed the swarm of about 10-15 males flying about 
one foot above the water surface in bright sunlight. Our observations ex
tended from about 4:00 to 5:00 P.M., and the temperature was rather cool 
but the air still. At another location, also in late January, a swarm was seen 
flying very close to the water surface .. females were caught by net as they 
dipped their abdomens to the water to oviposit. They were not seen en
tering the swarm. On still another occasion in late January males flying 
very close to the water were seen touching their abdomens to the surface 
two or three times and then resuming their normal up-and-down mating
flight behavior. These flights all occurred in late afternoon after 4:00 P.M. 

and continued until the sky was nearly dark. 

Leptophlebia collina (Traver) 

(FIG. 64. MAP 17) 

Berner 1975, p. 150; 1977, p. 38. 

TAXONOMY. The sole record of L. collina from Florida was the result of the 
capture of adult males in the northern part of the state at Glen St. Mary 
on March l l, 1958. The species, described by Traver in 1932, is very simi
lar to L. aiL~trina and L. intennedia. Males of collina are separated f ron1 

those of the related Florida species, L. intennedia, by the length of their 
decurrent appendages of the penes. Also, the median caudal filament of 
collina is significantly shorter than that of intermedia. We have been unable 
to find characters that will allow us to separate females and nymphs from 
the other two similar species with any degree of reliability. 

Whether L. collina is a valid species is not clear. We lean toward the 
opinion that it is synonymous with austrina and intennedia, but much addi
tional study is required before a conclusion can be reached with any de
gree of certainty. Our inability to separate the species with confidence re
in forces the obvious need for an in-depth study of all North American 
Leptophlebia. 

GEOGRAPHIC DISTRIBUTION. The species is known only from North Caro
lina, South Carolina, Georgia, and Florida. Our single collection of three 
male adults and three male subimagoes is from Glen St. Mary in Baker 
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County (map 17). We have also reared adults from riymphs collected at 
the Withlacoochee River in Lowndes County, Georgia. Both streams from 
which specimens came are in the Suwannee River drainage system. As L. 
intermedia has been taken from the same river system, the collection of 
both species in this drainage lends credence to the supposition that we are 
dealing with a single species. 

ECOLOGY, SEASONAL DISTRIBUTION, LIFE HISTORY, AND BEHAVIOR. We have 
no information on these subjects for this species, but we surmise that they 
would be similar to the biology of L. intermedia. 

Leptophlebia intermedia (Traver) 

(PLATE 13. FIGS. 16, 35, 63, 132. MAP 17) 

Berner 1950, pp. 116-123; 1958, p. 30; 1975, 
pp. 151-152; 1977, p. 39. 

Jones 1977, p. 66. 
Peters and Jones 1973, p. 246. 
Schneider 1967, p. 203. 
Wurtz and Roback 1955, p. 193. 

TAXONOMY. Since Eaton's work (1883-88), very few ephemerids have been 
described from the subimago; unless the species is quite distinct from all 
others, subimaginal descriptions may tend to be misleading and may fre
quently cause misinterprerations. However, Traver (1932) broke with cus
tom and set up a subimago as the holotype of L. intermedia, figuring the 
genitalia and various nymphal structures. By 1935, male in1agoes had 
been reared, and intermedia was then found to be distinct on the basis of 
genital differences from all others in the genus, except l. grandis. Dr. 
Traver designated the genitalia of this complex as the "distinctive 'scarf' 
type" of penes; in her key to the species she separated intermedia and 
grandis from austrina and collina (bearing the "hooded type" penes) by the 
relative length of the reflexed spurs. In the former group, these spurs 
extend anteriorly from the distal end of the penes to the base of the notch 
between the paired penes, while in the latter, the spurs are relatively 
shorter. The length of the decurrent appendage of the penes is often 
difficult to determine, and the terms "scarf type" or "hooded type" to de
scribe the appearance of the pen es can be misleading. Absence of a brown 
cloud in the forewing or presence or absence of a brown stain in the stig
matic area of this wing was used by Traver to distinguish intermedia and 
grandis from the remaining species of the genus. We have found the in-



:' 

·.,f _,_ .... ·{i 

1
. 

~·' .. •· - .. f .. 
----~·:. 

" 
·~ ~ ~ 
0 ; ~ 
'! .\ 
' ·~ 

J ~ 
j 1 

J ~ . 
1'. 

u ~ 

t • 1 

\ 
. I \ I 

\ I 
I 
' 

Plate 13. leplfffJhlebia intennedia (Traver), nymph 
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tensity of color in the stigmatic area to be a very unreliable trait for sepa
rating intermedia fron1 other species. L. grandis is separated from inter
media by its larger size and by its short middle caudal filament. The 
n1edian tail in grandis is only one-half the length of the l;nerals, while in 
intennedia the middle filament is two-thirds the length of the outer ones. 
Nymphs and females must be identified with utmost caution as the differ
entiating characteristics are not all clearly defined. 

GEOGRAPHIC DISTRIBUTION. On the basis of genitalia, intermedia is seen to 
be most closely related to grandis. The distribution_ of these two species 
bears out this conclusion as to their relationship, both having ·been re
corded from North Carolina, grandis from the Piedmont region and inter
media from the Coastal Plain. Since Traver's record of grandis in 1932, 
there have been no other reporl~ of the species having been collected. 
Circumstantial evidence points to synonymy of the two Species; however, 
we are not yet taking the action of equating thenl. 

In Florida, L. intermedia is rather \..ridely distributed over the state; in 
fact, in the continental area it is found from the eastein portion to the 
western borders. In the peninsular region, the species is much more spo
radic in occurrence, but this "spotty" distribution is entirely the result of 
ecological factors. We have recorded the species from the following Flor
ida counties (n1ap 17): Alachua, Bay, Columbia, Gadsden, Hamilton, Jack
son, Jefferson, Leon, Liberty, Okaloosa, Santa Rosa, Wakulla, and Walton. 
Wurtz and Roback (1955) have also taken the species in Escan1bia County. 

ECOLOGY. Florida nymphs of Leptophlebia intermedia ·are limited to slow 
streams, preferably small to medium-sized creeks. The range of this spe
cies in the state is probably limited by physiological as ,.,,ell as physical bar
riers. Flowing water is relatively scarce in most of the regions fron1 which 
no specimens have been taken. From the standpoint ~f mayflies, the un
productive southeastern regions and the flat Pinelands and palmetto
scrub area of the East Coast prohibit the existence of Leptophlebia inter
media in this geologically newly arisen area. 

With their enormous expanse of gills, L. intermedia nymphs are poorly 
adapted for swift water, and one seldom finds them elsewhere than in the 
quieter parts of the streams or pools recently cut off from streams. Even 
though highly tolerant of standing water and conditions where there is 
little oxygen and much silt, the nymphs occur only in streams or associ
ated waters, and the size of the streams is no criterion for the occupancy 
of their bed. The pre:r,ence of the nymphs seems only to demand a perma
nently flowing stream with quiet areas near the banks, pools where dead 
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leaves may accumulate, or submerged mossy banks where the nymphs 
crawl amid the bases of the plants. In those parts of the stream where 
there is submergent vegetation unlike that described above, the nymphs 
are usually absent. If both conditions obtain in a stream, that is, if mossy 
banks and leaf debris are present, the chances are fairly good that L. inter
media nymphs will be there. A small creek near Gainesville yielded more 
than 200 nymphs in their last instar from an area not more than two feet 
long, three feet wide, and six inches deep. This was a slough of the main 
stream and connected with it over a shallow sandbank. In this puddle, 
dead leaves were piled several layers deep, the lower layers partially bur
ied in sill; the first dip with a coffee strainer yielded 23 nymphs. Subse
quenl dips produced an average of 15 nymphs until most of the leaves 
had been cleared out, and only then did the catch fall off to four or five 
ny1nphs per haul. Downstream a hundred yards, another pool, in the lee 
of the root of a moderate-sized tree, yielded I 00 more nymphs without 
clearing out more than half the debris. The latter pool was smaller than 
the former yet seemed just as rich in mayflies. 

Dr. Ferris Neave (1930) studied the migratory habits of L. cupid1LS 
nymphs in J\..fanitoha. During the spring, this species rnigrates into and up 
lhe le1nporary strearns formed by melting snow, even leaving the water 
and crawling along the banks in its urgency to move upstream. The 
nyrnph rnar 1nigrate as rnuch as 300-400 yards per day, which is re1nark
able in the instance of so small an insect that must walk this distance and 
especially remarkable in an· aquatic and normally slow-moving type. 
Clifford et al. (1979, pp. 1027-1028) reported on the spring migration of 
the same species in an Alberta stream. !hey wrote: 

In April, during and shorlly after the ice goes out, nymphs 
move to the shore and then start following the shoreline up
stream. All sizes of nymphs participate in the migration. The 
nymphs follow the main stream's shoreline upstream until it 
bends in towards a tributary, usually small vernal tributaries. 
This leads the nymphs out of the main stream and into the 
tributaries and subsequently into the marshy regions drained 
by the tributaries. Most tributaries have about the same water 
temperature as does the main stream. The nymphs move 
up all tributaries with seemingly no preference. Usually by 
I June, most of the population is extensively dispersed in 
the marshy areas drained by the tributaries. l·Iowcver a re
sidual population rernains in (and erncrges front) the rnain 
stream .... 

I! 
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... The immediate adaptive value of the movements would 
seem to allow the nymphs to escape from the springtime tur
bulence of the main stream. Other workers have suggested 
that the springtime movements into the n1arshes allow the 
nymphs to exploit a 1nore plentiful food supply or expose 
the nymphs to warmer water and hence accelerate develop
n1ent ... there was no evidence that n1arsh nymphs ingested 
greater an1ounts of detritus and diatoms lhan did nyn1phs of 
the main stream. 
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In Florida, we have noted no such migrations and rather doubt that 
they occur here, but there may be smaller n1igralions of the nymphs from 
the streambed proper into pools of the lype from which so many speci
mens have been collected. The concentration of mattire nymphs seems to 
indicate something of the sort, particularly since younger nymphs are 
more frequently encountered in the leaf drift along creek margins than 
in the pools, v.'hile the reverse is true of the mature nyn1phs. 

Connecting with I-la1chel Creek, near Gainesville, there is a fairly 
large, stagnant canal frorn which water disappears during the dry season. 
The canal passes through a rich mesophytic hammock, and its floor is 
covered with leaves partially buried in silt. Nun1erous ny1nphs in their last 
instar were collected here in February; a visit to the canal in April pro
duced none. Prior to their emergence the mature nymphs must certainly 
have migrated into the canal, since no mature nymphs were found here 
on other occasions; this migration probably is not comparable to that 
studied by Neave and by Clifford and others as their nymphs n1igrated 
upslream against swift-flowing water and were not all mature. We believe 
that quiet water is essential for the emergence of L. intennedia and that 
maturation of the gonads acts as a stimulus, forcing the nymphs to find 
lhis ideal siluation. The young nymphs, often found in small nurnbers 
with lhe 1nore abundant mature ones in quiet water, have probably wan
dered there accidentally. 

The adults are less tolerant of desiccation than many mayflies and are 
confined to mesophytic conditions where the humidity is rather high. If 
the subimagoes are removed from this moist environment, the final molt 
to the adult stage is almost impossible. 

Most common associates of L. intirmedia nymphs in the leaf drift are 
other g:encra of ephcn1cricls, nyn1

1

phal Odonat<1, chirono1nid larvae, and 
the sn1all snail l'hy.vlla. Mayfly nyrnphs, however, far out11u1nhc1· their in
sect coinhabit.ants of these detritus drifts. 
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SEASONAL DISTRIBUTION AND LIFE HISTORY. In general, seasonal changes 
appear to have no great effect on mayfly life histories in Florida, but Lep
tophlebia seen1s to be one of the exceptions. This genus is the earliest of 
those mayflies of Florida that are seasonal. Its sexual activity gradually in
creases to a maximum in February and March, and then gradually de
clines. L. intermedia appears to be univoltine. 

There is much overlapping of mature forms with immatures. In Feb
ruary we collected numerous nymphs of L. intermedia from a small creek 
near Gainesville; here, mature nymphs outnumbered very young and 
half-grown nymphs almost IO to I. This would seem to indicate that in 
Florida this species, unlike the majority of mayflies, has a definite maxi
n1um emergence period, with most of the individuals maturing in Febru
ary to March but with limited emergences occurring later in the spring. 

l"he duration of egg development and nymphal life of L. intermedia is 
unknown but seems to be one year. l"hi.S assumption is based on the con
centration of mature nyn1phs during one definite period and has resulted 
in our conclusion that the species is univoltine. Many mature specimens 
have been reared to the adult stage in the laboratory, but we have found it 
rather difficult to keep younger nymphs alive for more than two months. 
Clifford et al. (I 979) reported that they observed cleaving eggs of L. cupida 
within three days after fertilization. At 20°C hatching started between 
10 and 14 days after oviposition, with hatching continuing for at least 43 
days. ·rhese authors found that in the laboratory when the temperature 
was maintained at 20°C there were 34 nymphal instars. -rhey stated, 
"Probably, however, there is no fixed number of nymphal instars for 
L. cupida, the 34th being just one of several instars in which the nymphs, 
given the proper environmental cues, might transform." We believe that it 
is likely that L. intermedia requires approximately the same number of in
stars in Florida waters as L. cupida required in the laboratory. 

Just prior to metamorphosis, the mature nyn1ph moves to the surface, 
still slowly vibrating its expansive gills. With its mesothorax projecting 
front the water, it begins to strain, the effects of which are soon evident, 
for a longitudinal split appears down the thorax. Pulling mightily by brac
ing it.self against the nymphal skin, the subimago gradually extricates the 
wings from their sacs, all the tin1e moving its abdomen from side to side, a 
moven1ent apparently caused by the tremendous exertion necessary to 
free the body fron1 the nyn1phal exuviae. As the wings are pulled free, it 
can be seen that they are inverted, that is, the costal border faces ventrally. 
The sudden release of the wings causes them to snap into place and at the 
same time to twist into their normal position. Immediately after emerg-
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ing, the subimago is a dull gray with rather translucent wings, but after a 
short ti1ne the animal begins to darken until it is quite blackish. 1"hc time 
consumed between exposure of the split mesothorax and removal of the 
wings varies from one to three minutes. Once the wings are freed the ani
mal rests, supported partially by the surface film and partially by the 
noating nymphal skin. During this resting period the wings are fre
quently vibrated. Having regained its strength, the subimago begins to 
walk away fron1 its exuviae and slowly pulls its three caudal filaments 
from their sheaths. Its tails, when freed, are slightly.raised above the sur
face of the water. After resting again for a short ti1ne, the winged insect 
flies or crawls to son1e nearby support to await the bodily changes that will 
force it either to undergo a final molt or to perish. 

-ro undergo its imaginal molt, the subimago establishes itself firmly on 
its support and begins to strain at the nlesothorax. The straining is prob
ably localized in this part of the body because of the tremendous wing 
muscles located in the synthorax. The contraction of these muscles forces 
the wings to spread outward until they touch the support. As the adult 
pulls itself from its subimaginal skin, the wings are gradually drawn in 
toward the body until they lie alongside the abdomen and are folded fan
wise. The withdrawal is slow. When the wings are almcist freed, the crea
ture releases its adult legs from the attached skin, fastens its claws to some 
object, and pulls the wings free. Immediately, the wings are raised, but 
only to about a 60° angle with the horizontal. The.adult rests a moment, 
flexes its wings, approximates them in the usual manner, and then slowly 
walks away, pulling its tails out as it moves. The subimaginal exuviae are 
left behind as a gray skin with crumpled sacs, the sole remaining evidence 
of the subimaginal wings. 

We have not been able to observe mating flight<> of this species, but male 
adults kept in the laboratory became very restless in the afternoon between 
2:00 and 4:00. In regard to L. cupida Dr. Traver (1925, p. 217) observed 
that: 

The "stag" flights usually begin at about 3:00 r.M. and last in
termittently till nearly 7:00 r.M. At no time were more than a 
dozen insects seen flying at once, and none of these swarms 
were directly over the water. One favorite location for this 
dance was a small grassy plateau about six feet from the water's 
edge, upon which the last lingering rays of sunlight fell. Here, 
in the sun's departing beams, the dance went on and on. Often 
the insects were rising not more than 7 or 8 feet ~nd then with 
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the undulating downward sweep, coming within a few inches 
of the grass. The wings glistened brightly in the light and were 
a better guide to the location of the imago than the tails, which 
could barely be seen a few feet away. The downward move
ment is apparently a mere falling with the force of gravity, the 
tails and forelegs serving to increase resistance. Then the in
sect slowly but surely rises again to repeat the performance. 
~fhere is a rhythmic swing to the dance, though each dancer 
keeps his own time. 

Leonard and Leonard (1962) observed mating nights of the same species 
taking place from late afternoon to dark in Michigan. They noted that 
fe1nales deposit their eggs by repeatedly tapping the surface with the tips 
of their abdomens as they fly low over the water. Clifford et al. (1979) 
claimed that females always returned to the main stream to oviposit 
rather than remaining in the marshes or other lentic habitats from which 
they had emerged. They estimated that oviposition by L. cupida required 
less than five minutes, and they observed that the process occurred dur
ing daylight hours, in the n1orning and in the afternoon. 
· ·rwo fen1ale subimagoes reared in the laboratory failed to undeq.~o 
their final n1olt. Kept under a bell jar, one of these lived ~s a subadult for 
approximately 50 hours and 30 minutes; the second for 95 hours. ~rests 
for longc\·ity of adults kept under bell j;u·s showed that rnales rcrnain alive 
for about 35 or 40 hours after the subirnaginal molt; females live 80 to 90 
hours after this n1olt. rfraver's study of L. cupida showed that the length of 
adult life when the insects \Vere kept in captivity at room temperarure was 
24 hours or less. Clifford et al. ( 1979) concluded that in Alberta the sub
imago and imago stages together lasted abouc 48 hours. 

BEHAVIOR. l'he nymphs of L. intermedia feed on detritus, diatoms, and al
gae, scraping the surface of the decaying leaves and indiscrin1inately eat
ing the animal. vegetable, or mineral material on the leaves. Only par
ticles that are too large are not eaten. Feeding is ~n aln1ost continuous 
process. Clifford et al. ( 1979) found that insofar as nymphs of L. cu/1ida 
are concerned, on a yearly basis, nymphs ingested 95.6% detritus and 
3.9% diatoms. They concluded that it is unlikely that nymphs select de
tritus over diatoms but that the relative amounts of detritus and diatoms 
in the gut cavities simply reflect the relative amounts of these small par
ticle food items available to the nymphs. 

Nymphs are more or less negatively phototactic, while the reverse is 
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true of the subimago and imago. In the laboratory, nymphs seek the dark 
underside of any 1naterials in their container during the day and when
ever artifici;:tl light is cast on Lhen1. If left in a dark. room, they soon find 
their way to the upper surface of the leaves, but as soon as a light is turned 
on, they again scurry away into some dark crevice. ~ymphs about to 
en1erge undergo a phototactic reversal and crawl to the upper side of 
leaves or onto sticks, logs, or any other available suppor~ that is near the 
surface of the water. 

Paraleptophlebia Lestage 

Berner 1950, pp. 123-124; 1975, pp. 39-40; 
1977, p. 152. 

Burks 1953. pp. 87-90. 
Ed1nunds, Jensen, and Berner I97fi, pp. 

230-233. 
Peters and Edmunds 1970, pp. 175-176. 
Unzicker and Carlson 1982, pp. 3.58-3.60. 

Paralrpto/1hlehia was described in 1917 to 1·eceive certain European n1ayfly 
species which Lestage felt should not he retained in Lrptn/1hlehia. 1-lis 
genus was not recognized by A1nerican students until 1934, when .Traver 
tran~ferred to it ;ill the North A1nerican species (cxCept gracilis and john
.H111i) that h;icl fonnerly been placed in Lr/1lo/1hlrhia. 

For a titne the status of the genus Parale/1tophlrbia was in question, at 
least insofar as the North Atnerican species were concerned. Ide (1935; 
1937; and 1940) and Ide and Spieth (1939) disregarded the name, but at 
present the genus is recognized as a valid category for those species from 
North America that can be separated from Lr.ptophlehia. Paraleptophlebia 
adults may be differentiated from those of Le/1tophlrhia by the length of 
the tern1inal (median) caudal filament, which is shorter and thinner than 
the cerci (outer filaments) in Leptn/1hlrbia (except for l. joll11Son1), while in 
Paraleptophlebia the filaments are subequal in length.· The male. genitalia 
of the two genera are different in shape and in their de;..'.'tffrent append
ages. The nyn1phs can be separated by the forrn of their gills. 

Paraleptopltlebia volitans (McDunnough) 

(Fies. 19, 40, 60. 94, 135. ~fAP 16) 

Berner 1950, pp. 124-128; 1958, p. 30; 1975, 
pp. 153-155; 1977, p. 40. 



1~ ~ ..... 

254 .T~E MAYFLIES OF FLORIDA 

Burks 1953, p. 93. 
Carlson 1980, p. 82. 
Jones 1977, p. 66. 
Peters and Jones 1973, p. 246. 
Schneider 1962, p. 132; 1967, p. 203. 
Unzicker and Carlson 1982, p. 3.57. 
Wurtz and Roback 1955, p. 193. 

TAXONOMY. Paraleptophlebia volitam was described by McDunnough in 
1924 fro1n Quebec. On the basis of genital structure, it stands alone. The 
earlier descriptions of the penes given by Traver (1935) and Burks (1953) 
were misleading as they represented the decurrent appendages as 
slender, anteriorly directed rods that are u.shaped at their free ends. 
A subsequent study of the genitalia (Berner 1975) showed that the decur· 
rent appendage is expanded at its anterior end and appears to open 
cornucopia·like. The anterolaterally directed opening is edged in,vardly 
on the ventral surface \-Vith a row of fine teeth. Several other species of 
Paraleptophlebia also have reflexed appendages on their penes, but in VO· 

titans the shape of these structures is unique. On the basis of the presence 
and shape of the appendages, volitam may be closely related to P. guttata. 

The nymphs from northwest Florida are fundamentally like those of 
the north·ccntr:1I part of the :-;tale hut differ in l1avi11g a l>rowni:-;h tinge to 
the gills; however, adults from the two regions are identical. Sotne years 
ago, Dr. F. P. Ide kindly compared Florida nymphs with those from Can· 
ada. He wrote that the Florida species is "very close to our P. volitam, 
which occurs all over the Lauretian Shield region of Ontario. The legs are 
somewhat hairier and the abdominal markings more prominent than in 
P. volitam." By rearing and thus correlating nymphs and adults, Dr. Ide's 
identification was fully verified. 

The nymphs of P. volitam and Habro-phlebiodes are very similar and are 
easily confused unless carefully examined. The easiest method of distin· 
guishing between them is by means of gill structure. In volitam, the gills 
each bear a bifurcate trachea which has no lateral branches. Although the 
gills of Habrophlebiodes brunneipennis also have bifurcate tracheae, there 
are prominent lateral branches from the main trunks. Unzicker and Carl
son (1982) also differentiate Paraleptophlebia and Habrophlebiodes using the 
depth of an en1argination of the labrum as a criterion: that of Habrophle
biodes is moderately deep, that of Paraleptophlebia shallow. 

GEOGRAPHIC DISTRIBUTION. There is nothing in the appearance of P. vo
litam to suggest that it is an unusually vagile form, yet it has been taken 
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in an area stretching from Ontario to Florida. The species has been 
recorded from Alabama, Florida, Georgia, Louisiana, Mississippi, and 

South and North Carolina. 
In Florida, P. volitans, Leptophlebia intermedia, and Habrophlebiodes brnn· 

neipennis have an almost identical distribution over the northern portion 
of the state. P. volitans extends southward only to the area around Gaines· 
ville; eastward, it has been taken in the western part of Nassau County; 
westward, it is distributed to the state border. We have records from the 
following Florida-counties (map 16): Alachua, Bay, Columbia, Esca~bia, 
Gadsden, Hamilton, Holmes, Jackson, Jefferson, Leon, Liberty, Nassau, 
Okaloosa, Putnam, Santa Rosa, and Walton. · 

ECOLOGY. The ecological di5trihution of volitans is almost identical with 
that of Habrophlebiodes bnmneipennis. Ide (!930) and Gordon (1933) al
lotted a few brief sentences to a discussion of the environment of volitam. 
Ide (1935, pp. 64-65) studied the effects of temperature on the distri
bution of mayAies in a stream, and, although volitam is present in the area 
in which Ide worked, he did not mention its occurrence in any of the 
streams he examined. However, his conclusions, drawn in part from a 
study of other species of Paral:-ptophlebia, are very inter~sting, particularly 

the following-: 

'fhe facts brought out by this study appear to throw some 
light on the subject of the geographical distribution of may· 
flies. A spring stream, especially near its source, supplies a re
markably uniform environment for mayfly nymphs, wherever 
the strean1 occurs-in warm climes, at high elevations on 
mountains, or in the north. This uniforn1 environn1ent pro· 
vides a palhway by which organisms may extend their range 
wherever this environment is present. As one goes north, 
however, the warm·season forms will be eliminated and the 
forms of the source, or near it, will still be accommodated fur· 
ther downstream, and, provided the source becomes colder, 
there is an opportunity for new forms to appear at the source. 
The forms near the source are those with a northern distri· 
bution in general, and those lower down have a more south

erly distribution. 
It is probably safe to say that a spring stream in its fauna, 

taken from the warmer reaches to the source, recapitulates 
south to north distribution, in the way that a mountain in the 
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torrid zone gives in its fauna and flora, taken fron1 the foot to 
the top, roughly a vertical section of geographical distribution 
from torrid to frigid zone. 

In Florida, the nyrnphs of P. volitans live an1id the leaf debris in streams 
where the current is slow to moderately swift. l"hough most commonly 
found in these situations, they may also be taken fro1n riffles, submerged 
sticks, logs, and vegetation, but they seldom venture into swifter waters. 
The creeks supporting populations of volitans are not more than three to 
four feet at the deepest point, and the nymphs tend to ren1ain in the shal
lower areas. The small strean1s draining the ravines of the T'allahassee 
I-Iills region, although heavily populated with Habrophlebiodes hru11neipen
n1:S, have no P. volitans. Just west of the region, the latter species is found 
in the larger strea1ns e1nptying into the Apalachicola River. In these 
brger, hut .shallo\v, strean1s the ny1nphs can comn1only be found near the 
banks a1nong the roots of terrestrial plants that project into the water. 

'fhe sand-bottomed streams from which nymphs have been taken are 
tnostly circu1nneutral or acidic, and they usually drain flatwoods. ~rhe 
water is often tinted, the tint ranging anywhere from altnost colodess to 
the color of strong tea. 

Subimagoes are confined to n1oist, heavily shaded areas along the 
creek banks or to any other shaded area above the stream where the hu
midity is very high. 1-he subimago molts only with great difficulty in the 
laboratory; in fact, it is rare for a male under such conditions lo complete 
its final ecdysis successfully. Even specimens placed under bell jars in high 
hun1idity failed to shed, and attempts made in a dry atmosphere failed 
as well. ' 

Dr. B. D. Burks, while studying Ephemeroptera at the Illinois Natural 
History Survey, found that subimagocs of the species do not experience 
any difliculties in 1nolting. He discovered that the subin1agoes must be 
kept in fairly dry jars in cool, dark places, because they need to lose 
n1oisture. \Ve tried his n1ethod, but on the morning following en1ergence, 
as usual, the insects lay dead and withered on the botton1 of the container. 
or all species of n1ayflies with which we have dealt, vnlitan~ has the 1110.<it 
difficulty in co1npleting the last 1nolt in the laboratory. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Available records for Florida 
adults indicate that in this region the species emerges throughout the 
year; however, in Canada (Algonquin Park, Ontario), Ide (I 940) reported 
that emergence takes place in the latter half of July and in August. l'raver, 
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in recording the species fron1 the South, did not give the date of collec
tion. Among the Florida specin1ens, there are imagoes taken during the 
following months: January, February, March, April, May, June, July, Sep
tember, October, and Nove1nber. The peak of en1ergence is probably 
during April and May. As might be inferred from these· data, ny1nphs of 
all ages can be taken during any month of the year. There is some evi
dence that nyn1phs in a particular stream n1ay have a tendency toward 
transformation during a definite period, but there is.so much overlap
ping of instars that this tendency is usually obscured. 

Little work has been done on the life history of Paraleptophlehia except 
for the description of last-instar nyn1phs for taxonomic reasons. The eggs 
of the genus have been described by Koss (1968). 

From Ide's data on the e1nergence of P. volitans in Canada, it is obvious 
that the life history in that northern region requires a full year. \Ve doubt 
strongly that the sa1ne length of ti1ne is needed in. the warn1 Florida 
waters. Several atten1pts to hatch eggs have been unsuccessful. perhaps 
because the fernales from which the eggs were taken n1ay not have n1ated. 
Emergence records and rate of growth of nyn1phs in the laboratory lead 
us to suspect that six to eight months may be rnore than sufficient for 
nymphal development. 

En1ergence, as observed outdoors, occurs normally in late afternoon, 
about two hours before sunset. In the laboratory, n1ost subimagoes ap
peared at about the same hour, but in son1e instan~es individuals have 
transfonned as late as 7:30 P.M. during April, while in October transfor
mation occurred between 6:20 and 7:00 P.M. Subin1aginal life lasts 12 to 
14 hours; the male imago lives a day longer, and the female may some
times survive as long as two or three days'after this last molt. 

We have never observed n1ating flights of this species, but that of an
other is briefly treated by Morgan (1913, p. 392). who stated, "t-.lating 
flights of Leptophlebia [Paraleptophlebia] /1raepedita have been seen in the 
n1iddle of a sunny afternoon, and at two, four and five o'clock of bright 
afternoons in May and June. None of these rose higher than 15 feet and 
two of the swanns did not fly more than six feet above the ground. One 
entire swarn1 which was captured contained forty 1nales and one fcn1alc." 
\Ve have observed swarn1s of P. guttata near Highlands, North Carolina, 
flying at a height of about 15 feet directly over a stream in bright sunlight 
in the middle of the afternoon. l'he swarms consisted.entirely of n1ales. 

' 
BEHAVIOR. Plant 1natter in one form or another probably constitutes the 
bulk of the food of P. volitan.s nymphs. When they are pl:icCd in a pan with 
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only dead leaves that have been submerged long enough to become soft
ened, they do quite well and have been kept alive in the laboratory for as 
long as six weeks. Since they are commonly found in leaf drift, it n1ight be 
presu1ned that they are detritus feeders. They have also been taken from 
places where algae were quite abundant, and these likewise must play an 
important part in the nymphal diet. 

Discussion of peculiarities of movement among the Leptophlebiidae 
may be found in the section dealing with Habrophlebiodes bronneipennis. 
The leptophlebiids, when placed in a dish of water, spread their gills and 
are frequently caught in the surface film where they float helplessly. 

As with most other ephemerids, the nymphs are negatively phototactic; 
the adults are the reverse. "fhis characteristic is not pronounced in adults 
and subimagoes. We have "lighted" at stream banks where we knew volitans 
was en1erging from the stream, but not a. specimen was attracted to the 
lighting sheet; on the other hand, when adults are brought into the labora
tory, there is a definite orientation to light, and subimagoes emerging in 
cages are immediately attracted to the most strongly illuminated side. 

BEHNINGIIDAE 

"rhe farnily Behningiidae consists of three interesting but rare and little
known genera of mayflies. Taxonomic revie\\_'s of the family are found in 
Edn1unds and Traver (1959) and Peters and Peters (1977). 

The behningiid nymphs are unique among the Ephemeroidea in that 
the mandibles lack tusks and the forelegs are not adapted for digging. 
The setose meso- and metathoracic legs are modified to serve as protec
tive devices for the gills. The gills are ventral; those on segment I are 
single and are longer than those on the other segments. The male adults 
have long cylindrical penes that are longer than the forceps. "fhe legs of 
both sexes are feeble and twisted. 

"l'he eggs are by far the largest known of any 1nayrly. The eggs, ;1s de
scribed by Koss and E<l1nunds (1974), lack polar caps and have a weakly 
developed large-mesh reticulation and funnelform micropyles. 1,he su
prachorionic sperm guides are funnel-shaped excavations. 

The family is Holarctic in distribution, ranging from Poland to Siberia 
and in North America. 
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Dolania Edmunds and l'raver 

(PLATE 14. Fu:. 14) 

Berner I 977, p. 48. 
Edmunds, Jensen, and Berner 1976, p. 274. 
Edmunds and Traver I 959, p. 43. 
Koss and Edmunds 1974, p. 267. 
McCafferty 1975, pp. 451-452. 
Peters and Peters 1977, p. 409. 
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Edmunds and Traver (1959) established Dolania for D. americana found in 
the Savannah River and its tributaries in South Carolina. The adults were 
briefly described by Edmunds et al. (1976). 

Typical of the bizarre behningiid nymphs, Dolania lacks rnandibu
lar tusks and the anterolateral margins of the head and pronotum are 
crowned with short, densely packed spines. The prothoracic legs are 
short and resemble the labial pal pi. The legs lack tarsal claws and the gills 
are ventrally oriented. Legs of adults of both sexes are feeble and more or 
less twisted. The penes of males are at least twice as long as the genital 
forceps. The eggs have adhesive material only along the equatorial zone, 
and the walls of the sperm guide are gradually sloping (Koss and Ed
munds 1974). 

Dolania is known from northwestern Florida, southwestern Louisiana, 
Georgia, and South Carolina. 

Dolania americana Edmunds and Traver 

(PLATE 14. FIG. 14. MAP 12) 

Benke et al. 1984, p. 62. 
Berner 1977, p. 48. 
Edmunds, Jensen, and Berner 1976, pp. 

275-276. 
Edmunds and Traver 1959, p. 46. 
Harvey, Vannote, and Sweeney 1980, pp. 

211-2:10. 
Peters and Jones 1973, p. 267. 
Peters and Peters 1977, pp. 409-438. 
Soldan 1979, pp. 636-641. 
Sweeney and Vannote 1982, pp. 810-821. 
Tsui and Hubbard 1979, pp. 119-123. 
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Plate 14. Dolania americana Edmunds and Traver, nymph (from Edmunds 
and Traver 1959) 
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TAXONOMY. Dolania americana was originally described from nymphs col
lected from the Savannah River drainage system during a study con
ducted by the Academy of Natural Sciences of Philadelphia. The adult 
taxonomy of the species has never been treated formally. 

The unique nymphs, which cannot be confused with any other North 
American species, are generally light yellowish dorsally and pale yellow 
ventrally and are covered with numerous dark golden hairs and spines. 
The head is crowned with dark, golden brown spines, and the legs are 
thickly adorned with long, light brown or dark golden brown setae. 

The females, which never molt to imaginal state, are polymorphic. 
The dark female morph has a dark brown head and an almost black 
thorax. The light female morph generally has a whitish head and thorax. 
The legs of the dark female are brownish, but those of the light morph 
are whitish. The wings of both morphs are white, but the basal sclerotized 
portions are darker in the dark female. Occasionally, intermediate color 
forms between the morphs do occur (Peters and Peters 1977). The males, 
which do molt, have the same general body color as ·the light female 
morphs except that their wings are purplisJ:i and the thoracic nota are 
slightly darker. The long cylindrical penes are washed with purple, be
coming progressively darker distally. Soldan (1979) has described the in
ternal anatomy of both nymphs and adults. 

GEOGRAPHIC DISTRIBUTION. Dolania americana has a limited distribution, 
having been recorded only from the Savannah River drainage system in 
South Carolina and Georgia (the river is the boundary between the two 
states), the Satilla River in Georgia, and from various streams in northern 
and northwestern Florida. We have records of the species occurring in the 
following Florida counties (map 12): Dixie, Holmes, Lafayette, Okaloosa, 
Santa Rosa, Walton, and Washington. 

ECOLOGY. The nymphs of D. americana live in relatively clean, circum
neutral to slightly acidic, sand-bottomed, intermediate-sized streams and 
rivers. Morphologically, the nymph is well adapted for burrowing in loose 
and continuously shifting sand, as it possesses various protective struc
tures to counteract the abrasive actions of the sand grains. The burrows 
generally occur in the top two inches of the sandf substrates ... In the 
Blackwater River of the Florida panhandle, the nymphs occur abun
dantly in the submarginal and midstream areas, with mature nymphs 
being more common in the latter. The nymphs feed chiefly on chirono
mid larvae (95%); other foods are microcrustacea, ceratopogonid larvae, 
nematodes, and a rarely taken tardigrade (Tsui and Hubbard 1979). 
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SEASONAL DISTRIBUTION AND Lii'E HISTORY. The nymphs of D. amen'cana 

occur throughout the year in the Blackwater and Shoal rivers. The spe
cies has previously been reported to have a univoltine life cycle (Edmunds 
et al. 1976; Tsui and Hubbard 1979). A detailed study of the life history 
and developn1ent of D. americana from the Upper Three Runs River in 
South Carolina by Harvey et al. (1980), however, revealed that the species 
has a two year life cycle. Eggs deposited in early June hatched the follow
ing spring. Nymphal growth occurs continuously throughout the year al
though there are seasonal differences in the amount of growth, which is 
greatest in nonwinter months, when stream temperatures exceeded I 5°C. 
Fe1nales generally grow more efficiently and faster than males during all 
seasons (Harvey et al. 1980). In the Upper Three Runs, the nymphs re
quire 12-14 rnonths to rnature. 

In the Blackwater River, adult emergence generally occurs over a two
to three-week period that begins between the end of April and the middle 
of r-.tay (Peters and Peters 1977). En1ergence may stretch into early June, 
with a few adult stragglers seen in the flight patrol. In the Upper Three 
Runs, IJ. americana emerges over a one-week period that generally takes 
place within the first two weeks of June (Harvey et al. 1980). 

Emergence of D. americana has been suggested by Peters and Peters 
(I 977) to be photoperiodically entrained, with temperature the phase set
ter and light intensity the synchronizer. More experiments are presenlly 
being conducted by both workers on environmental parameters relative 
to the e1nergence patrern of the species. 

Adult fecundity of D. americana is low, probably the lowest in all the 
n1ayfiies. Harvey et al. (I 980) counted an average of 77 eggs per fe1nale 
adult, will~ a range from 44 to 148 eggs frotn 18 dissected fen1ale sub
imagoes. Peters and Peters recorded a mean average of 91 eggs front a 
total of82 fen1ale adults. Although D. amn-icana produces fewer eggs per 
fcrnale than has been reported for any other mayfly species, the individ
ual egg is at least IO times heavier than reported for any other mayfly. 
1-larvey et al. ( 1980) suggested that the low fecundity-large egg reproduc
tive strategy of D. americana may be related to the species' trophic habit 
(that it is a predator). Sold:in (1979), however, attributed the low fecun
dity-large egg lrait of the species to the unique ontogeny of its ovaries: 
only a single egg matures in an ovariole, and some ovarioles disintegrale 
in older and malure nymphs. 

1·he incubation period of eggs is abOul 10 months. Eggs dissected 
in June, fertilized, and kept in a constant temperature water bath simu-
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lating the temperature regime of the Upper Three Runs, started hatch
ing in April and continued through May of the following year (Harvey 
et al. 1980). 

BEHAVIOR. As previously mentioned, the nymphs of D. americana lack spe
cialized struclures (i.e., modified forelegs, mandibular tasks) for burrow
ing, which most ephen1eroids possess. Such structures for digging are not 
very useful in the loose, continuously shifting sand that is the habilat of 
Dolania nymphs. Instead, the nymphs have lren1endously long spinous 
hairs over their bodies to protect them from the abrasive actions of the 
sand grai1is. Edmunds et al. (1976, p. 274) discussed the nymph.al habits 
of/). americana as follows: 

When burrowing, the nymphs have no dorsal-ventral orienta
tion. Forward motion is effected by the burro"\' .. ·ing action of 
the forelegs and the elongated labial and maxillary pal pi. The 
head functions as a bulldozer blade and also protects the 
mouth parts and the eyes. The thoracic prolongations and the 
drawn up, chelipodlike n1iddle legs box in the bulky ventral 
anterior half of the nymph, thus increasing its efficiency as a 
burrower. The trailing hind tibiae and tarsi lie just below lhe 
vent1·al rows of gills and the elongate first gill is held mo
tionless at the sides, thus the gills are free of sand· at all tin1es. 
Gills 2-7 n1ove rhythmically to produce a constant current. 

·rhe ny1nphs are predaceous, feeding mainly on p:Samn1ophilous chi
ronon1id larvae. The nyn1phal population of D. americana in the Black
water River consists of individuals of various sizes year-rOund. Nymphs of 
all sizes consun1c small chironomid larvae; the larger nymphs, however, 
eat an increasingly wider range of chironomid sizes. Such size variability 
within the ny1nphal (predator) population might be· an in1portant adap
tive resource strategy, as the feeding habits of the nymphs appear to a 
certain extent prey-size dependent, allowing better partitioning of the 
available food resources (fsui and Hubbard 1979). · 

Peters and Peters ( 1977) discussed in detail the adult habits of D. ameri
cana in the Blackwater River. They observed that the adults usually fly at 
low speed in a back-and-forth horizontal pattern some three to six feet 
above the river. After mating, female subimagoes display a separate 
oviposition activity. The fen1ale faces upstream when ovipositing and de-
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posits her eggs in areas of strong current. Oviposition is accon1plished in 
a matter of seconds. Unmated females continue flying until they die. Male 
in1agoes exhibit two types of flight patterns, the horizontal patrol flight 
and a vertical swarn1ing flight. In the horizontal patrol flight, which is 
similar to the "Type C" of Brodskii (1973), the males simply fly upstream 
and downstream in a horizontal fashion. In flight, the body is horizontal, 
and the prothoracic legs are pointed straight forward; the caudal fila
ments flow backwards and are slightly raised and spread. In the vertical 
swarming flight, which is similar to "Type A" of Brodskii (1973), the males 
fly up vertically and then drop straight down. 

In mating Aights of D. americana, as observed by Peters and Peters 
(1977), the n1ale int;lg-o flies up behind a fetnalc, assu1nes a nearly hori
zont~1I position under her, bends the tip of his ~1hdon1en up and recurves 
his genitalia forward over his body in alignment with the female ab
domen. Copulation is accomplished within I -6 seconds. 

Adult emergence of D. americana is highly synchronous. The adaptive 
significance of synchronous emergence among aquatic insects is in the 
forefront of subjects being considered by aquatic ecologists. It has been 
suggested that emergence synchrony in~reases the probability of finding 
a mate (Corbet I 964), and maximizes the species chance for reproduction 
(Sweeney and Vannote I 982). Sweeney and Vannote suggested the preda
tor satiation hypothesis as a possible explanation of the adaptive value of 
crnergence synchrony in D. americana. According to this hypothesis pred
ator satiation occurs when the quantity of a particular prey item at a given 
time far exceeds the potential number that can be taken by fixed density 
of local predators. The predators are satiated, and the remaining prey 
survive to reproduce, providing prey ·densities remain above the level 
necessary for satiation. Hence, the hypothesis predicts an inverse rela
tionship between prey mortality due to predation and prey availability 
above the level needed to satiate as long as the number of predators 
remains more or less fixed for a given time interval. In D. americana, 
Sweeney and Vannote (1982, pp. 820-821) found that during emergence 
"[t]he percentage of adults that succumb to predators, aerial and/or 
aquatic, on a given day is inversely related to the total number of adults 
available as prey each day. This inverse relationship supports a predator 
satiation hypothesis cpncerning the adaptive significance of reproductive 
synchrony in this species. Thus an individual adult D. americana maxi
mizes its chance for successful reproduction by emerging synchronously 
with other mernbers of its own cohort." 
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POLYMITARCYIDAE 

The widespread family Polymitarcyidae is well represeiited in the Amer
icas, especially in South America where the subfamily Campsurinae has 
speciated extensively. The New World species of Campsurinae adults are 
characterized by the degenerative condition of the middle and hind legs 
to the point that they have become nonfunctional. Most species appear to 
have mass emergences and very short mating flights, which are cre
puscular or nocturnal. The nymphs are specialized for burrowing. 

Tortopus Needham and Murphy 

Berner 1950, pp. 96-97 (CamjJsuru.s); 1959, 
p. 54; 1977, p. 52. 

Burks 1953, p. 28. 
Edmunds, Jensen, and Berner 1976, p. 300. 
Ide 1955, pp. 15-16. 
McCafTerty 1975, p. 489. 
Peters and Jones 1973, p. 246. 
Scott, Berner, and Hirsch 1959, pp. 205-213. 
Traver 1950, pp. 596-604. 
Unzicker and Carlson 1982, pp. 3.31-3.35. 

When The Mayflies of Florida was published in 1950, Traver's paper (1950) 
concerned with Campsurus and Tortopus was not yet available. The Florida 
species was, at that time on the basis of current information, assigned to 
the genus Campsurus. With the clarification of generic assignment of 
North American species, it is now obvious that the Florida form is a mem
ber of Tortopus because both middle and hind legs have all segn1ents, even 
though they are vestigial, and the male genitalia possess a· pair of claw like 
appendages extending laterally from the forceps base. 

Tortopus was described by Needham and Murphy in 1924 from Peru
vian specimens. When Traver studied the South American species and 
those of Central and North America and reviewed Dr. Ulmer's paper 
(1942), she realized that it was necessary to assign four of the species to 
Tortopus. No further studies of the taxonomy of the genus in depth have 
been made since Traver's, although McCafferty is in the process of review
ing the Nearctic species (pers. comm.). 

The various species of this New World genus are distributed in the 
southeastern and central parts of the United States, north into central 
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Canada, and southward through Central America into several countries 
of South America. 

Tortopus incertus (Traver) 

(Fu;s. 13, 36, 172, 17'.J. MAI' 18) 

Berner 1950, p. 97; 1958, p. 29; 1977, p. 52. 
McCafTerty 1975, p. 491. 
Peters and Jones 1973, p. 246 (Tortopus sp.). 
Scott, Berner, and Hirsch 1959, pp. 205-213. 
l'sui and Peters 1974, pp. 349-356. 
Unzicker and Carlson 1982, pp. 3.31-3.34. 

TAXONOMY. When ·rravcr described Tortopus incerlus, she stated that it 
n1ight be synonymous with puella (Pictet), described in 1843 from New 
()rlcans but not since reported. Ed1nunds et al. ( 1976) in Appendix 1 con
cluded that the narne is "not applicable with confidence to any known 
species." \Ve are, therefore, accepting this conclusion and considering 
Traver's name of incerltL~ to be the acceptable one for the Florida species. 

Traver's adults were collected at Spring Creek, Georgia, a tributary of 
the Flint River now drowned in Lake Seminole, which was formed by the 
irnpounding of the Flint and Chattahoochee rivers. Other speci111ens she 
studied \Vere taken at Eufaula, Alabama, on the west shore of the Chat
tahoochee River in a section also now impounded to fonn Lake Eufaula. 
The Flint and Chattahoochee rivers join at the Florida-Georgia state line 
to fonn the Apalachicola River, which flows southward through Florida 
to the (;ulf of !\fexico. l'raver's third lot of specimens from Macon, Georgia, 
was apparently fron1 the Ocmulgee River, which flows southeastward to 
the Atlantic Ocean. 

She differentiated the adults fron1 other North An1erican species on 
the basis of color differences on the ·pronotum and the ahdon1inal dor· 
sunl. Burks (1953) concluded that these color differences were not sufli
cie1H to support ·rravcr's separation, and he synonymized incrrtu~ and 
ma11itobnuis with /1rimu~ and further suggested that all might be synonyms 
of T. Jnulta. Edn1unds et al. ( 1976) agreed that manitoben.sis was a synonym 
of /Jn.mus but not incertu.s. The status of incertu~ has still not been resolved 
satisfactorily, but we will continue to recognize it as a valid species for now. 

After the description of the <tdult by Traver, the nyn1ph of Tortopu.s re
mained unknown until it was collected during a biological survey of the 
Savannah "River by the Academy of Natural Sciences of Philadelphia 
(1953). Later, adults and nymphs collected at the Savannah River proved 
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to be incertw, and the nymphs were di!Terentiated from those of Camp
suru.s and described by one of us (Berner) in a paper by Scott et al. ( 1959). 
McCafTerty (1975) summarized the traits that separate ·Tortopus nymphs 
from those of Campsurus, and Unzicker and Carlson (1982) characterized 
the distinguishing features of incerl1L~ nyn1phs based on the 1959 descrip
tion. The latter authors stressed the importance of differences in color 
pattern and the heavily sclerotized bilobed gills on abdon1inal segments 
2-7. As incertu~ is the only species known in the nymphal stage, it remains 
to be seen what other characteristics can be used to separate it from the 
others. 

GEOGRAPHIC DISTRIBUTION. T. incertu.s has been collected" from Alaba1na, 
Florida, Georgia, Louisiana, tvtississippi, and South Carolina (Berner 
1977). All collections of the species are from the COastal Plain except that 
ofl'raver taken at Macon, Georgia, a city located on the Fall Line between 
the Coastal Plain and the Piedmont physiographic provinces. 

In Florida, the species has been collected only in the northwestern part 
of the state from the Apalachicola River westward (map 18). Numerous 
efforts were made to find the nymphs in the Apalachicola River in I 965 
by dredging in this large-and very difficult to work-stream; but no 
nyn1phs were found. Burrows in the riverbank were spotted, but no 
ny1l1phs \\'ere collected from them; apparently, the burrows were all 
empty. Several nymphs have been collected in the Choctawhatchee River 
by Paul Carlson (I 971 ). 

Counties from which T incrrtu.~ has been recorded include Calhoun, 
Escan1bia, Franklin, Gadsden, Liberty, Okaloosa, and Santa Rosa. 

ECOLOGY. Prior to the discovery of the nymphs in the Savannah River in 
1951, nothing was known of the ecology of the species. Subsequent stud
ies by Scott et al. (1959, p. 205) have conclusively demoilstrated that they 
burrow in clay banks of n1edium-sized to large rivers (figs. 172, I 73). 
These banks support a community of organisms dominated by T. incertw 
nymphs, whose burrows perforate the1n at almost every bend of the river. 
"l'he clay substrate inhabited by Tortopu.s is always firm, nearly always ver
tical, and usually exposed to swift water." 

'rhe nymphs burrow into the bank at right angles to the surface and 
produce U-shaped tubes with parallel arms. "Appare.~tly, a burrow is en
larged in length and diameter as the size of the occupailt increases. This is 
accomplished by the nymph digging straight back from the end of the 
burrow and piling some of the clay in the center of the tunnel to form a 
septum separating the two anns. 'fhis n1cthod of construction allows the 
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~ ... , ..... 
e Tortopus lncertus (Traver} 

"" Ephemera slmulans Walker 
0 Pentaoenla vlttlgera (Walsh) 

Map 18. The distribution of Tortopus incertus, Ephemera simulan.~. and Pen
tagrnia vittigera in northern Florida. 

nymphs to keep a current of water Rowing through the burrow as it is 
enlarged." 

An interesting feature of the clay bank community is its apparently mi
gratory nature, clearly indicating the vertical movement of the insect with 
the rise and fall of the water level. 

Sometimes nymphs were found in bottom samples, but it is likely that 
they were washed from the steep clay banks because of the erosive action 
of the swiftly Rowing water. Rarely nyrnphs were seen tunneling in rolten 
wood, ;incl so111(' have het·n taken fro111 sandy d;1y. peal, aud unconsoli
dated sandstone. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Available data indicate that 
T. incertus generally emerges during the warmer months in Florida. Adults 
have been collected from the last week in June to as late as October 24. 
Edmunds et al. (1976) reported that adults emerge in Florida from June 6 
through November 14, with the beginning and ending dates varying by less 
than one week. Our collections reveal that peak emergences occur from 
early July through late August. McCafferty (1975) stated that the species 
might require two years to reach maturity; however, all information avail
able to us suggests that there may be a one-year _period of development. 
Scott et al. (1959) found three size groups among a series of 600 nymphs 
collected from the Savannah River in July-those about to emerge, those 
nearing maturity, and those that were half the size of the mature forms. 
They concluded that the species emerges in two broods, one in July or 
early August, the second in late August or early September. That they 
found half-grown nymphs indicated to them that the species requires two 
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Fig. 173. A n1ass of day from the banks of the Savannah River showing the perfora
tions produced by Tortop11s nymphs 

years to n1ature, with the half-grown nymphs destined to emerge the year 
following their collection. This interpretation may be incorrect as, under 
high temperature conditions and with an abundance of food, develop
ment may be so rapid that the small nymphs might emerge during late 
August or early September, thus demonstrating that only one year may be 
required for the life history. The small nymphs may have developed from 
eggs that had undergone diapause. 

Tsui and Peters (1974) studied embryonic development and early in
star morphology of this species, obtaining eggs from gravid females on 
August 21 and 28. They kept the eggs, at three different temperatures, 
13.55°C :!: l°C, 19A5°C :!: 1°C, and 23.0'C :!: l'C. Successful hatching oc
curred under the latter two temperatures but with the ova showing a 
highly variable rate of development. At I9.45°C the eggs began to hatch 
on the 33d day and at 23.0°C after 41 days. These authors described the 
eggs, embryonic stages, and the first- and second-instar nymphs. 

It is obvious that there n1ust be close synchronization of emergence if 
1nating is to be successful. As the legs of the adult female are nonfunc
tional, and all except the forelegs of the male are likewise vestigial, the 
entire adult life must be aerial. During this brief period, mating, fertiliza
tion of the eggs, and oviposition must occur. Mating flights have never 
been observed by us; however, Edmunds et al. (1976) reported that mass 
flights have been sighted over rivers from just after sunset to as late as 
2:00 A.M. Females do not molt to the imaginal stage, although males do, 
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probably while on the wing, in much the same way as Ephoron, another 
member of the family Polymitarcyidae. 

BEHAVIOR. Virtually nothing is known of the behavior of adult T. incertus 
other than the fact that females appear to be attracted to lights more 
readily than males. 

Nymphal behavior was reported by Scott et al: These authors noted 
that the burrowing activities of the nyn1phs seem to be similar to those 
of the related genus Pouilla, which tunnels in silt, wood, or freshwater 
sponges in lakes and rivers in tropical Africa and Asia. Feeding also seems 
to be sin1ilar to that of Povilla (Hartland-Rowe 1953), which filters organic 
food particles from water passing through the long hairs on its forelegs 
and head and by using the hairy mouth parts as well. 

It is likely that the nymphs seldom leave their burrows except to mi
grate vertically with the fall or rise of river water level. At the time of 
emergence when the nymphs must, of necessity, leave their burrows, they 
are obviously subject to heavy predation by fish. 

EPHEMERIDAE 

When McCafferty and Edmunds ( 1979) reviewed the higher classification 
of Ephemeroptera, they concluded that the family Ephemeridae should 
be more restrictive than previously considered by others. The North 
American genera now remaining in the family after the 1979 review in
clude only Ephemera, Hexagenia, and Litobrancha. 

All are characterized by the venation of the forewing, in which MP2 

and CuA are strongly divergent from vein MP1 basally, and vein A1 is not 
forked and is attached to the hind wing margin by two to many veinlets. 
The nymphs are burrowers in sand, silt, or mud in streams and lakes. 
They are characterized by having projecting mandibular tusks and fos
sorial front legs. The family occurs worldwide, except in Australia. 

Ephemera Linnaeus 

Berner 1950, p. 94; 1959, pp. 23-24; 1977, 
p. 49. 

Burks 1953, pp. 35-36. 
Edmunds, Jensen, and Berner I 976, pp. 

282-284. 
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McCafferty 1975, pp. 461, 463. 
McCaffertyand Edmunds I 973, pp. 300-307. 

f.'phPmenJ was named by Linnaeus in 1758 and has been adequately char
acterized rn;:1ny tirnes since then. ~fhe systen1atics of the genus was re
viewed by McCafTerty and Edmunds in 1973, at which time they estab
lished three subgenera, Ephemera, Dicrephemera, and Aethephemera, of 
which only Ephemera s.s. occurs in North America. Nymphs normally bur
row in sand or silt in streams and lakes. Species of the genus Ephemera 
occur in the Ethiopian, Oriental, and Holarctic regions, and represen
tatives are widely distributed over much of North America. 

Ephemera (Ephemera) simulans Walker 

(FIG. 12. ri,_fAP 18) 

Berner 1950, pp. 94-95; 1977, p. 49. 
Britt 1962, pp. 47-64. 
Burks I 953, pp. 36-37. 
Cobb and Flannagan 1980, p. 163. 
Eriksen 1963, pp. 447-453; 1964, pp. 506-

5!0; 1968, pp. 93-!03. 
Ide 1935, pp. 436-446. . 
McCafTerty 1975, p. 465. 
Unzicker and Carlson I 982, pp. 3.28-3.29. 

TAXONOMY. Approximately 60 nymphs of a species of Ephemera were pre
sun1ably collected by the late Professor J. Speed Rogers from Kingsley 
Lake in May 1935; subsequent efforts to obtain additional material have 
been unsuccessful. Some of the nymphS were sent many years ago to 
Dr. 1-lermann Spieth, who tentatively identified them as Ephemera simu
lans VValker. Because no additional specimens of Ephemrra have been taken 
in Florida in the 111ore than 50 years since the "Kingsley Lake" collection, 
we are including this record with "tongue in cheek." 

GEOGRAPHIC DISTRIBUTION. McCafferty (1975) pointed out that£. simulans 
is found throughout n1ost of the United States except in the southwest 
and possible extreme southeast. However, Edmunds et al. (1976) re
ported the occurrence of the species in the southwest. If the dubious 
record from Florida is ultimately substantiated, then the range of the spe
cies would clearly be extended into the extreme southeast. The only 
record for a species of Ephemera from th~ southeastern Coastal Plain was 

EPflEMERIDAE 273 

given by Berner (1977) on the basis of a single, very young nymph col
lected by Dr. Donald Scott in a bottom sample dredged from the Savan
nah River at mile 141.0, Screven County, Georgia. All other southeastern 
records are from higher elevations. Unzicker and Carlson (1982) found 
no species of Ephemera in the Coastal Plain areas of North and South 
Carolina. There is a single record of Ephemera sp. taken in an airplane 
towing at Tallulah, Louisiana, at a height of 2000 feet (Glick I 939). Other 
species of the genus are often found in the streams of the southern Ap
palachians. If the Florida record is correct, the species occurs in Clay 
County (map 18). 

ECOLOGY. Although nothing is known of the ecology of the Florida .Eph~
era nymphs, much has been published concerning E. sim_ulans as it occurs 
elsewhere in North America (Britt 1962; Eriksen 1963, 1964, 1968). 
Needham (1920) summarized its ecological habits as follows: "The 'mack
rels' are lacustrine rather than AuViatile in habitat, especially E. simulans." 

The Florida nymphs were supposedly taken in an Ekmann dredge from 
the lake bottom, but whether from sand or silt is unkno~n. If£. simulans 
occurs in Kingsley Lake, we believe that the nymphs inhabit the sandier 
botton1 areas. Edmunds informs us that E. simulans nymphs occur in 
rivers-and even in fast-flowing trout streams-in the West. 

SEASONAL DISTRIBUTION AND t.TFE HISTORY. The Florida nymphs we have 
are nearly full grown, approximately in the tertultimate instar. Emer
gence is probably limited to a short period during the summer, for these 

· nearly mature nymphs, collected during May, are almost all of the same 
size. 

Spieth (1936) found that in Lake Wawasee, Indiana, E. simulans is a 
burrowing form restricted to the littoral zone; he concluded that it takes 
one year to complete its life cycle. Britt's study (1962) led him to the same 

·conclusion. Ide ( 1935) described the first 13 and the last 7 instars of Cana
dian nyrnphs, but he did not detennine the total number of instars re
quired for development. Ide's estimate of about 30 instars has still not 
been confirmed or refuted. 

Mating flights were described by Needham in 1908 and 1920. In 1913 
Clemens also described the flight as well as the copulatory act, which does 
not differ essentially from that of other mayflies. Clen1ens did, however, 
notice an interesting peculiarity, namely, "that the male Ephemera fre
q.uently attempted copulation with the male Hexagenia~ apparently being 
deceived by color." Britt also treated emergence of the subimago, molt
ing, and mating activities of the adults. 
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BEHAVIOR. Nothing is known of the behavior of E. Jimulans in Florida, al
though the species has been studied extensively elsewhere. 

H exagenia Walsh 

Berner 1950, pp. 78-79; 1959, pp. 33-35; 
1977' pp. 49-51. 

Burks 1953, pp. 38-39. 
Edmunds, Jensen, and Berner I 976, pp. 

284-291. 
Koss and Edmunds 1974, p. 333. 
McCafTeny 1975, p. 469; 1984, p. 789. 
Unzicker and Carlson 1982, pp. 3.27-3.30. 

/-lfxagenia, described by Benjamin Walsh in 1863, was one of the first 
North American genera to be considered new. Needham, as late as 1920, 
recognized only two "good and distinct species" in the eastern United 
States-a lo\•.:land form, H. bilineata, from lakes and rivers, and an up
land bog-stream species, H. recuroata. McDunnough (1927, p.117) corn
mented as follows concerning Needham's paper: 

With the above conclusions I must emphatically disagree; 
from a study of a large number of dried specimens and fur
ther from personal observations on living material (both sub
imagoes and imagoes) during the annual "swarming" period 
at Sparrow Lake, Ont., in the latter half of June 1925, I am 
convinced that there are a numbei- of good species in this 
genus, closely related, it is true, but well separable, partially on 
male genital characters and also on color pattern of the ab
domen, size of the eyes, etc.; none of these features varies to 
any appreciable extent in any given species and Needham's so
called intergradients are in reality good species. 

Traver described seven additional species in 1931, another in 1935, and 
a ninth in 1937. After studying Walker's types in the British Museum, 
Spieth (1940) reduced occulta and viridescens to the status of subspecies of 
limbata. In 1941, Spieth revised the genus and listed 14 species and sub
species of Hexagenia occurring in North America north of Mexico. Burks 
( 1953), although agreeing in general with Spieth's interpretation of spe
cies limits, did not follow him in recognizing subspecies within limbata and 
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munaa. McCafTerty (1975) likewise did not utilize subspecific categories 
for these two Hexagenia species. Edmunds et al. (1976) did, however, use 
the subspecific designations, as did Berner (1977) and Unzicker and Carl
son (1982). McCafferty (1984, p. 789) concluded that there was no valid 
reason for continuing the use of subspecific designations within H. munda 
or H. limbata, and, in fact, concluded that munda represents nothing more 
than variants of limbata. As a result of his study, he stated that "[f]ourteen 
specific epithets are now referable to H. limbata, including seven that have 
·been synonymized with H. munda." 

Species of Hexagenia occur over much of North America, ran.ging 
frorn Canada to Mexico. 

Earlier ideas about the phylogeny of the Ephemeridae (Spieth 1933) 
have been substantially reordered by Edmunds and others. Edmunds 
(1972), in his review of the biogeography and evolution of Ephemerop
tera, suggests that the "burrowers" evolved from a proto-Leptophlebiidae 
line, although other relationships are suggested. His diagram (in Edmunds 
et al. 1976) of the probable phylogeny of the subfan1ilies of Ephen1erop
tera shows the Ephen1erinae, including Hexagenia, arising from pre
potamanthids. In 1979 McCafTerty and Edmunds, when establishing the 
two suborders Schistonota and Pannota, assigned the genus to the Schi
stonota in which the ancestral condition of the nymphal thorax has been 
retained and mature nymphs have the forewing pads free from notal fu
sion for one-half or more of their length. 

Hexagenia bilineata (Say) 

(Fies. 46, 151. MAP 19) 

Berner 1950, pp. 93-94; 1958, p. 29; 1977, 
p. 49. 

Burks 1953, p. 39. 
Edmunds 1953, p. 45. 
Fremling 1960, pp. 842-852; 1967, pp. 407-

410; 1973b, pp. 15-16; 1973a, pp. 1521-,-
1526. . 

Gooch 1967, pp. 101-103. 
McCafTerty 1975, pp. 470-471. 
Schneider 1967, p. 202. 
Tennessen, Miller, and Price 1982, pp. 

133-137. 
Unzicker and Carlson 1982, pp. 3.28-3.31. 
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TAXONOMY. Hexagenia bilineata ~dults are more easily recognized than the 
majority of other species of Hexagenia, but the nymphs are not so readily 
separated from others of the genus. McCafferty (1975), in a footnote, re
ported that Fremling, in many instances, was unable to separate morpho
logically hilineata nymphs from those of limbata taken from the Mississippi 
River. (;ooch (1967) has shown that nymphs over 16 n1m in length can be 
separated frotn those of limbata by examining the claws, which are consis
tently swollen basally in bilineata, while those of limbata are long and 
slender. McCafferty cautions that this trait must be used only with mature 
nyn1phs and therefore is of limited value. Thus far, we have no nymphs 
collected in Florida that can be assigned to bilineata although we have 
n1any adult specimens, both 1nale and fen1ale. 

In 1920, Needham decided to apply the name bilineata to "all variants 
of the species that occupies the beds of our larger lakes and streams." 
McDunnough ( l 927) strongly disagreed with Needham and restored the 
species names that the latter had synonymized. Although n1any of the 
present species of Hexagenia were considered by Spieth (1941) to be sub
species of limhata and munda (now H. limbata). hilineala is so distinct that 
there can be no doubt as to its specific status. Subsequent to Spieth's work, 
other ephemeropterists have accepted the conclusion that hilineata is dis
tinct from all other species of Hrxagenia, and the name is now firn1ly 
established. Both male genitalia and abdominal color pattern provide 
1neans for identification of the species. 

Many years ago while collecting n1ayfiies at a light in front of an ice
house facing the da1nrned-up part of Blue Springs Creek near Marianna, 
one of u.s (Berner) noted a large mayfly circling about the lights. Upon its 
capture, the insect was immediately reco"gnized as being a species new to 
Florida. Before the evening \Vas over, nine individuals, all fen1ales, were 
taken. Collections from other localities ~ncluded males and females that 
enabled us to identify the species clearly as bilineata. 

GEOGRAPHIC DISTRIBUTION. The species was originally described from 
Minnesota by Thomas Say in l 824 (Edmunds l 953). Walsh recorded bi
lineata from Illinois; Eaton, from Louisiana and Texas; and McDunnough 
mentioned that the species seems to be confined to the Mississippi and its 
tributaries. Spieth (I 94 l) established the range of bilineata as being along 
the eastern Piedmont area and McCafferty (1975) reported that the spe
cies is known generally throughout the United States except in the West 
and Northwest. The species has not yet.been reported from the extreme 
northeastern tier of states nor from Canada, but it is known from north-

'! 

• Hexagenl• bit/neat• (Say) 

A H. Hmbata Serville 

'* H. Orlando Traver 
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Map 19. The distribution of Hexagenia bilineata, H. limbala, and H. orlando in 
Florida. 

ern Mexico (Edmunds et al. 1976), and Daggy (1941) lists its occurrence 
in New Mexico. 

The first Florida specimens taken were from a tributary of the Chipola 
River, which in turn flows into the Apalachicola River. The Chattahoochee 
River, which flows through Atlanta, is listed as a locality for H. bilineala, 
and, as this river serves as a major tributary of the Apa_lachicola, it ap
pears to have been the highway the species followed in entering Florida. 
All records of bilineala in Florida are from streams flowing into the Apa
lachicola or those not far distant from it. 

The species has been recorded from the following counties in Florida 
(map 19): Calhoun, Gadsden, Jackson, Leon, and Liberty. 

ECOLOGY. The nymphs are known to be burrowers in the silt and muds of 
larger streams. Ecologically, the nymphs are well known because of Dr. 
C. R. Fremling's careful and detailed studies of the species as it occurs in 
the upper Mississippi River (1960, 1973). He found the burrows of the 
nymphs in the river bottom to be most abundant in impounded areas 
Where there was liule or no current and where the bottom was silty. 

In the Mississippi, Fremling located nymphs at depths ranging frorn I 
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lo 25 feet, principally in soft mud. Occasionally, large numbers of imma
tures were seen in other bottom types where there was a mixture of sand 
and silt made up of an equal volume of leaf fragments, small sticks, bark, 
and pebbles. 

The nymphs, like others of the genus, build U-shaped burrows with 
the insect oriented so that it faces upward. Water passes over the gills be
cause of their undulating movements and brings in a constantly renewed 
supply of oxygen. The nymphs obtain their nourishment from the or
ganic materials in the mud on which they feed. There is no evidence that 
they are filter feeders. 

1Cnnessen et al. (1982) experimented with eggs of H. bilinrata to deter
n1ine the effects of a brief thermal shock on halching success. l~heir aim 
\vas to learn whether such exposure to above-arnbient temperatures
si1nilar to what those eggs would experience if oviposition took place in a 
thennal plurne and the eggs then sank to an ambient lake hotton1-would 
affect hatching success. They concluded that son1e delayed lelhal cfTects 
can occur from the brief exposure to temperature increases. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Fremling (I 960) reported find
ing adults emerging from the Mississippi River as early as May and as late 
as August with the seasonal peak being reached in mid-July. The life his
tory, emergence of the subimago, and mating behavior were also de
scribed by Fremling. In 1973, he discussed environmental synchroniza
tion of mass emergences of this species in the Mississippi River, and he 
attributed this effect to the more uniform temperature, light, and sub
strate in an aquatic environment than in a terrestrial one. He suggested 
that these factors are the synchronizing features in the part of the river in 
which he worked. He also postulated that long-distance, downstream 
drift of eggs during their incubation period would allow for increased 
population sizes in localized areas of the river where pools are formed. 

BEHAVIOR. We have not observed the behavior of the Florida nymphs of 
this species; however, we believe that there would be little or no differ
ence between it and that described by Fremling for the Mississippi River 
insects. 

Hexagenia limbata (Serville) 

(PLATE 15. FIGS. 47, 152, 154, 159. MAP 19) 

Berner 1950, pp. 86-93 (marilandica and ele
gans); 1958, p. 29 (marilandica and elegans); 

I 
I 
I 
1'\ 
!t 
:·· 

EPHEMERIDAE 

1959, p. 33 (marilandica and elegans); 1977 
(marilandica and elegans). 

Carlson 1980, p. 82. 
Jones 1977, p. 65 (marilandica). 
McCafferty 1975, p. 472 (marilandica); 1984, 

p. 789 (limbata = marilandica and elegans). 
Peters and Jones I 973, p. 246 (marilandica). 
Schneider 1962, p. 132 (marilandica); 1967, 

p. 202 (marilandica and elegans). 
Schneider and Beck 1963, p. 110 (mari-

landica). . 

Walker and Hurbank 1973, pp. 1527-1533 
(man'landica and elegans intergrades). · 

Wurtz and Roback 1955, p. 193 (elegans). 
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TAXONOMY. McCafTerty's 1984 note was published soon after we had n1ade 
a careful reexamination of all adult Hexagenia specimens in our col
lections that we had previously identified as either H. munda elegans or 
H. munda marilandica and after we had concluded there was no valid rea
son for distinguishing between the two subspecies in Florida. In his note 
McCafferty contended that there was no reason to continue recognizing 
munda as distinct from limbata and that all seven subspecies of munda 
should be regarded as limbata. We maintain, however, that orlando (for
merly H. munda orlando) is separable from limbata for reasons that have 
been given under the species. 

Prior to the publication of his 1984 paper, McCafferty (1975) had 
reached the conclusion, because of the ever-increasing frequency of cap
turing intergrades, that the practicality of using subspecific names for 
munda and limbata had become questionable. His synonymizing the two 
helps to clarify this taxonomic jungle in an important genus of mayflies. 

GEOGRAPHIC DISTRIBUTION. Now that all of Spieth's (1941) subspecies of 
limbata and munda have been incorporated u~der the single nanie limbata 
(excluding orlando), it is clear that the species occupies virtually all of 
North America from the East Coast to the West Coast and from Florida 
into Canada. In Florida we have recorded the species from as far south as 
Hillsborough County and as far west as the Escambia River in the ex
treme northwestern part of the state. It is very likely that the species en
tered Florida through the headwaters of the Apalachicola River and 
spread _widely from this source wherever suitable habitats \Vere available. 

H. limbata has been recorded from the following counties in Florida 
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Plate 15. Hexagenia limbata (Serville), nymph 
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(map 19): Alachua, Calhoun, Charlotte, Columbia, DeSoto, Escambia, 
Gadsden, Gilchrist, Hardee, Hillsborough, Holmes, Jac_kson, Levy, Lib
erty, Marion, Okaloosa, Putnan1, Santa Rosa, Walton, and Washington. 

ECOLOGY. The immatures burrow in the silt of the sha~low stream n1ar

gins. It is easy to locate the nymphs because they leave small, round open
ings leading into their burrows, which can be seen in the shallow water. If 
there is a rather large deposit of silt in quiet water, there may be many 
of these opening over a comparatively small area: Holmes Creek, in 
northwestern Florida, offers ideal conditions for the development of the 
nymphs, and it was at this stream that we found them to be more common 
than at any other locality from which the insects have been collected. 
Here the water flows slowly over a very silty bottom. Vegetation grows 
profusely in the streambed; but in places where the current is slightly 
more rapid, the floor is bare except for the silt. At the time collections 
were taken, the water was quite low, not more than a few inches in depth, 
and burrows were located without trouble from the bridge over the 
strean1. The nymphs build burrows that descend only a very short dis
tance so that a shallow scoop with a scraper easily removed the insects. 

The nymphs were found burrowing in large numbers in the banks of 
sand-botton1ed streams in Gadsden and Liberty counties. The beds of 
these streams are composed mostly of clean-swept yellow sand. At the 
edges, however, are deposits of reddish clay mixed with silt, in which the 
nymphs burrow. 

Stream size is probably not a li1niting factor because in the Tallahassee 
Hills region nymphs were taken from a small stream not more than three 
feet across; yet the immatures must be present in prodigious numbers in 
the Apalachicola River if the reports of emergences that have reached us 
bear any semblance of truth. 

We have been told that when the "willow flies" come out, they cover 
everything, forming huge piles under lights and making pests of them
selves. When the adults are out in numbers along the Apalachicola, they 
cover the willow trees that line the banks of the river; i hence the name 
"willow flies." We have also learned from fishermen that the bass lie in 
wait under the willows, and as the insects accidentally fall from their 
perches onto the water surface, the fish immediately .seize them. At this 
time all that one needs to do to catch "a mess of bass" is to cast under the 
willows: the bait is sure to be taken. The people of ~his region look for
ward eagerly to the arrival of the flies for their best fishing. 

Professor J. G. Needham's description of these insects is well worth re
peating. Traver (1931, p. 607) quotes from Dr. Needham's field notes: 
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The capture of Hexagenia weewa [H. limbata] occurred on this 
wise. Prof. C. R. Crosby and I were passengers on the Ap
alachicola River steamboat john C. Callahan,jr. On the evening 
of the eighth of April, this big boat ventured up the Chipola 
River above Dead Lake to Cotton Bluff to take on some barrels 
of turpentine. Near Cotton Bluff the boat got stuck in one of 
the bends of that crooked little stream just at nightfall. The 
searchlight was turned on, and in the beam of light that it cast 
upstream the mayflies rose above the black waters by thou
sands. Along with multitudes of midges and a few other may
flies of the genus Ephemerella [probably Eu1)•lophella tem
poralis], the big yellow female Hexagenias came fluttering up 
to the light. They settled alt over the front of the boat, two or 
three layers deep wherever there was support. They flew in 
our faces and clung to our clothing. One could gather them 
up by barrelsful. But among the many thousands of females, 
only two or three n1ales were seen. 

The nymphs are very hardy. One of us (Berner) brought 12 of then1 a 
distance of 300 miles in two small vials filled with moist silt, and these in
dividuals were not removed from the bottles during a period of more 
than 24 hours. "Upon rny return to Gainesville, every nymph was found 
to be alive and apparently in good health. Moreover, while I was away 
from Gainesville for two weeks, the water evaporated from the pans con
taining the nymphs until the surface of the mud was completely dry. 
When water was added to the mud_ and it was stirred, out swain the 
nyn1phs none the worse for lhe desiccation." The hardiness of these 
nyn1phs in surviving- d1·ying is consistent with Fren1ling's experiences 
(1960) with the nymphs of Hexagenia bi/ineata, which were found to be 
alive and well in clods of mud dried on the surface but still moist inside. 

We have also found nymphs burrowing in the much-abused and pol
luted Hogtown Creek that traverses the city of Gainesville. The nymphs 
have never been found to be abundant in this stream, but over a period of 
about three hours, with nn1ch effort, we were able to collect 45 specimens. 
From time to time phenolic pollutants rCleased into the headwaters of one 
of the tributaries have virtually eradicated the population in the creek only 
to have it recover again from small residual pockets well downstreanl. 

The 45 nymphs referred to were confined in a rather smaII pan; at the 
end of one month n1ortality was found to be very low: only five specimens 
died. This low mortality rate continued, with scattered emergences of 
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adults, until summer, when nearly all of the remaining nymphs reached 
the last instar. For some unknown reason these were unable to transform. 
Under these stress conditions all of the nymphs were undersized. 

A detailed study of limbata (as the 1nunda complex) from an ecologi
cal standpoint was conducted by Walker and Burbank (1973) in Stone 
Mountain Lake, Georgia. The lake is formed from an impoundment of 
Stone Mountain Creek and Little Stone Mountain Creek. The population 
with which Walker and Burbank worked consisted of what weTe consid
ered by them to be intergrades between marilandica and elegaru and very 
likely was similar to the population that occurs in northwestern Flor
ida. They concluded that the chief factor regulating distribution of the 
nymphs is substratum type, a finding consistent with that of others who 
have studied H. limbata. Their work demonstrated that the nymphs se
lected a mud or sandy mud substratum with particles having a diameter 
of 0.05 to 2.0 mm. "In no case were nymphs, neither experimentally nor 
in the field, found in a substratum containing more than 55% sand by 
weight. ... Ninety per cent of the nymphs, both large and small, bur
rowed to depths of 10 cm, but only large nymphs, with an average length 
of 29.25 mm, burrowed to depths of 15 cm." 

Some burrowing dragonfly nymphs are associated with limbata in the 
silt of the streambed; the nlost commonly found mayfly species include 
Caenis hilaris, C. diminuta, and Brachycercu.s bemrri, Which do not burrow 
but frequently live on top of the silt or sandy silt. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. The specimens Dr. Needham 
collected were taken on April 8, 1927. We have adults captured from 
March through August and lahoratol"y-rearecl specirnens that emerged in 
September and October. Inconclusive data point to an early su1nmer 
emergence or to an August period as the m<tjor times for the adult stages 
to be on the '\..:ing. We have little doubt that limbata is a seasonal species 
emerging over a period of about six or seven months. Nymphs collected 
at various times of the year fall into distinct size groUps, and there is much 
overlapping of young with old nymphs. Fremling (1967) has demon
strated that H. bilineata may develop rapidly during the summer months, 
and he suggested that there is a summer brood that grows from egg to 
adult in a few months. He was able to rear newly hat~hed nymphs to the 
adult stage in only 79 days in a tank in which the water temperature was 
maintained between 24°C and 27°C. 

Some indication of the rate of growth under rigorous conditions is 
shown in table 2, which is based on measurements of laboratory-reared 



284 "THE MAYFLIES OF FLORIDA 

TABLE2 
GROWTH OF NYMPHS OF llexagroia limbata 

Date No. of Specimens Smallest Largest 
1'-feasured Measured Nymph Nymph Average 

February 2 32 6.5 mm 25.0 mm 13.6 mm May I 31 9.5 mm 23.0 mm 16.3 mm 
June 19 19 9.0 mm 22.0 mm 17.5 mm 

nymphs collected from Hogtown Creek. An attempt to rear nymphs was 
made in the stream as a control, but because of contamination with phe
nols, the check failed owing to the death of the nymphs. 

The male nymphs just before transformation ranged from 17.5 mm to 
19 mm in length. The larger nymphs were female. 

Subimagoes, in the laboratory and in the field, emerge in late after
noon.just about dusk, but we have observed a single female emerge in the 
field about IO:OO A.M. After a resting period of 14 to 20 hours, the final 
molt occurs; this is followed by mating if conditions are propitious. 

\Ve have observed several small mating flights of this species composed 
of from 30 to 75 males. The flights took place just at dusk and on suc
ceeding nights could be timed to within five minutes of its occurrence. 
The males flew at a height of about 20 to 25 feet above the ground and 
usually over vegetation consisting chiefly of willow trees. As the flights be
gan, one or two males moved up and down in the manner typical of may
flies, and almost immediately they were joined by others until the swarm 
soon reached its maximum size. The up-and-down Aight varied consider
ably but as a rule appeared to be about five or six feet. The upsweep was 
accomplished with the caudal filaments depressed and held close together 
and with the wings beating rapidly. On the downsweep, the filaments 
were raised and separated; the wings, which were outspread, did not 
beat; and the insect merely floated downward on opened wings. Each 
n1ale appeared to choose its place in the swarm and maintained its posi
tion until it left the Hight to mate. We have not seen females enter the 
group of swarming males, but we have observed the coupled pairs flying 
at about the same height as the swarm and off to one side. In every case 
where we could follow the flight, the pair separated after a few seconds: 

i 
'•I 
'I 
,ii 
·'.I '! 

I !i 

i.I 

;I 

[PHEMERIDAE 285 

the male returned to the swarm, and the female disappeared ·into the veg
etation. The flight of males lasted about 15 minutes and gradually dis
persed just about dark. 

At the same time that the males were flying, females could be observed 
flying in swarms about equal in size to those of the males. Instead of being 
an up-and-down flight, theirs was horizontal back and forth, and they 
flew about 10 feet below, and away from, the males. The flight of females 
continued until after dark. It was interesting to note that on two suc
cessive evenings, while we stood on a bridge and watched flights of fe
males below us, three or four at a time would leave the swarm and fly over 
the bridge at precisely the same spot. For some reason, they chose the 
southwest corner of the bridge.just over a projecting willow branch. We 
stood at this point and collected a large number of the females as they left 
the swarm. The flight of the females was crosswise to the flow of the 
stream, while that of the males was parallel to the now. Females leaving 
the swarm had evidently not oviposited for they frequently deposited 
their ova into the net when captured. Sometimes· two large clusters of 
orange-colored eggs were protruding from the abdomen, also indicating 
that oviposition had not yet occurred. . 

BEHAVIOR. The behavior of the limbata nymphs is similar to that of orlando. 

Hexagenia orlando Traver· 

(FIGS. 11, 37, 45. 112, 160. f\.fAP 19) 

Berner 1950, pp. 79-86; 1959, p. 33; 1977, 
p. 51. 

Frost 1967, p. 281. 
McCafTerty 1975, pp. 472-473 (munda). 

TAXONOMY. Spieth ( 1941), after studying a series of mayflies from Florida, 
concluded that H. orlando, described by Traver, should be considered 
a subspecies of H. mum/a. He considered that specimens fron1 High 
Springs (obviously the Santa Fe River) and from Rock Bluff (on the Apa
lachicola River) to be intergrades of orlando and elegans. Other specimens 
before him at the time of his work were apparently typical orlando from 
lakes. Our specimens from localities near those from which he recorded 
intergrades are not intergrades but true limbata. Numerous subsequent 
collections of adults from lakes in peninsular Florida are clearly H. orlando. 

H. orlando can be separated from other Florida species of Hexagenia by 
its color pattern, its smaller size, and the fact that it is confined to the 
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sand-bottomed lakes of the Central Highlands of Florida. For the pre
ceding reasons, and because it is ecologically isolated front Ii. limbata 
of streams. we are retaining the name H. orlando for the lake form of 
Hexagenia. 

GEOGRAPHIC DISTRIBUTION. H. orlando, which is endemic to the Cen
tral Highlands of Florida, is found only in lakes. L'lke Harney, from 
which Eaton's specimens of "van'abilis"* came, is on the edge of the lake 
region; it is one of the chain of lakes of the St.Johns River not far from its 
headwaters. Florida counties from which the species is known are (map 
19): Alachua, Bradford, Clay, Highlands, l·fillsborough, Lake, M~u-ion, 
Orange, Osceola, Polk, Putnam, and Volusia. 

ECOLOGY. H. orlarulo is one of the most ecologically lin1ited species found 
in Florida. 'rhe nymphs burrow in the sand and silt of lake bottoms. The 
only method by which the nymphs have been taken has been by the use of 
a dredge, because they live in water ranging from 9 to 30 feet in depth. 
'fhe heaviest concentration of the immatures apparently lies in the region 
fron1 18 to 30 feet deep, but a few nymphs have been collected from the 
deepest parts of most of the lakes that were sampled. One exceptional 
specimen was even taken at a depth of 45 feet, the deepest spot that could 
he located in Kingsley Lake. 'rherc w;1s so111e evidence of thennal strati
fication in the deeper parts of this lake during August, and no nyn1phs 
could be found below this zone; however, immatures were taken closer to 
shore. That part of the lake bottom in which Hexagenia nymphs are rnost 
common is sandy, but it is usually overlain with a very thin layer of silt and 
has Utricularia scattered over it. In the.deeper portions of some of the 
shallow, sand-bottomed lakes, there is a· deposit of rather slimy, but firm, 
black mud covering the sand bottom. Nymphs are frequently collected 
from this mud. Along with thern many Chaoborus larvae, a few annelids, 
and an occasional arnphipod n1ay be brought up. 

Although such large Florida lakes as Newnan's and Orange are very 
interesting in themselves, they are notable for the absence of burrowing 
n1ayfly nymphs. Only the more tolerant insects, such as the chironomids 
and chaoborids, thrive in them. Newnan's Lake, near Gainesville, has a 
bottom deposit of silt which is thick, loose, and Auffy, and in which very 

*Eaton described//. variabilis from adults taken at Utah Lake; Texas; Florida; St. Louis, 
Mo.; Galena and Rock Island, Ill.; Detroit, Mich.; New England: Philadelphia, Pa.; 
and Washington, D.C. Eaton's specimens must have included a broad range of forms 
of the highly variable H. limhata as well as the Florida species, /{. orlando. 
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few organisms exist. The tremendous amount of silt apparently makes it 
impossible for lhose bottom organisms requiring a moderale supply of 
free oxygen to remain alive. In the past when the lake margins were cov
ered with dense growths of water hyacinlh, Eichhornia crassipes, lhe bot
tom received a continuous and large supply of dead vegetation. Lakes of 
this type may have many noating plants-water hyacinths, and to a lesser 
extent water lettuce, which drift about at the mercy of the winds-and 
sometimes there is an abundance of spatterdock extending out to a depth 
of as much as seven feet. 

linn1atures have not been collected f ron1 the lakes of the southern part 
of the Central Highlands, but adults from these lakes are like thOse of the 
northern part of this region. A superficial examination of the southern 
lakes indicates that they are similar to the sand-botto.med type of the 
more northern area. I 

The lake bottoms must constitute an ideal habitat, because enormous 
numbers of individuals live in them as burrowers. Various people have 
reported that when H. orlando is, emerging, the adult.s become pests, as 
they they pile up under lights and have to be swept from the streets. We 
have seen them congregating in such numbers that .the sides of a bath
house were almost hidden by the insects-nearly every blade of grass 
supported several individuals. 'rhc 1nayflics, when ciisturbed, flutlcred 
upward in great n1asses to settle on the nearest support, and even clung to 
body and clothing. In every depression on the sandy beach, dead mayflies 
were accumulated several layers deep. Along the edge of the water, there 
was a row, five to six inches wide, of dead adults and nymphal exuviae, 
which had been washed up on the shore. Many nymph.al skins, as well as 
dead adults, were found floating on the surface of the·lake. Persons who 
have observed the emergences of the Florida species and the dramatic 
past emergences of Hexagenia limbata and H. rigida from the Great Lakes, 
prior to their exlensive pollution, say that the actual number of individu
als emerging from the Florida lakes is considerably smaller per unit area. 

Ephemera simulans is the only species of mayfly that may be associated 
with H. orlando as a burrower in the lakes of Florida. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. The greater part of the emer
gence of lhis species takes place during the summer months, particularly 
in June, July, and August; however, we have adults· taken from March 
through December. It seems likely that the species emerges during the 
spring, summer, and autumn, but that winter temperatures are sufiiciently 
low so that emergence does not occur during the coldCst months. It is also 
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very likely tlrnt in the southern part of th estate, the species transforms over 
most of the year with sporadic emergences even in the cold months of Janu
ary and February to make the species a year-round emerger. The major 
emergence period is more restricted and occurs during the warm months of summer. 
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We have not determined the length of time required for nymphal de
velopment, but from emergence data it would seem to be approximately 
one year. although during the summer months development is probably 
accelerated. On the lmsis of statisrical meas111·en1ents, Neave ( l !l32) esti
llla««I that If. limhata look two years to go through its life history in Lake 
Winnipeg. After studying Ephemera simulans and H. limbata in Lake Wawa
see, Indiana, Spieth (1936 and I938) concluded, also on the basis of mea
surements, that both species take only one year for development. He sub
sequently revised his opinion and thought a two-year period to be more 
likely. He noted (1938, p. 2I4) that there is "no reason why a species in the 
northern part of its range might not take two years to mature, while in the 
southern parts of its range one year would be sufficient." Other studies 
(Hum 1953; Lyman I955; Hudson and Swanson I972) demonstrated 
that in Michigan and South Dakota, where low temperatures depress de
velopmental rates, H. limbata may require one or two years for the entire life cycle. 

Since temperatures in the lakes of Florida seldom or never become low 
enough to stop growth completely, it would not be surprising to find that 
H. orlando completes its development within one year or less. Collections 
made in early spring include rather small, half-grown, and almost mature 
nymphs, as well as intermediates. Since growth rate is a function of tem
perature, it would certainly be reasonable to expect that all of these 
nymphs, in the warm Florida waters, would have emerged sometime dur
ing the same year. Nymphs collected in autumn ranged in age from very 
young to two-thirds grown individuals. No mature specimens were taken. 
The larger individuals of autumn would probably have emerged in spring 
or early summer of the following year; the half-grown specimens would 
appear as adults in summer, and the very young nymphs would have 
emerged in late summer or early autumn. Edmunds et al. (1976) reported 
that in Utah II. limhata emerged from canal channels that were dry 17 
weeks earlier and, under laboratory conditions where high temperatures 
prevailed, H. bi/ineata was reared from eggs in as brief a period as I3 
weeks, although most required six months. 

There is a definite brooding of H. orlando. During the summer, the 
broods may sometimes be separated by not more than a week or JO days; 
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at other times, the intervening period may be much longer. In the spring 
and early summer the emerging broods are smaller, on an average, than 
they are during July and August, and they decrease in size in September 
and early fall until emergence probably stops completely in the very cold 
months. There may be a few isolated individuals on the wing between 
emergence periods, but they are scarce and difficult to find. 

.Just prior to emergence, the nymph, ordinarily negatively phototactic 
and positively geo1actic, reverses these responses and swints front the lake 
bouon1 to the surface, where it breaks through the surface fihn, and the 
adult immediately bursts free. The winged insect rests a moment, and, if 
not taken by a fi$h or bird, flies to shore where it alights on the nearest 
available support. At the time of emergence, the predators become ex
tremely active and gorge themselves on nymphs and subimagoes. We have 
observed subimagoes "popping" out of their nymphal skins at the sur
face, and many bass and other fish voraciously striking at them before 
they had an opportunity to fly away. At the same time, birds were sitting 
on the trees and bushes along the lakeshore eagerly awaiting the advent 
of the insects, and whenever one approached a bird immediately seized it. 

Subimagoes en1erge during the night or in the very early morning. 
Mr. Richard Franz foun9 subimagoes rising from a lake in north-central 
Florida (September 1983) about I I :00 P.M. By 3:00 p.m. of the following 
day, they had all transformed to the adult stage. At other times sub
imagoes taken into the laboratory molted by the n~xt evening after a rest
ing period of about 24 hours. We have not observed the n1ating flight of 
H. orlando, but on one occasion we did notice restlessness on the part of a 
large group of these insects about 30 minutes before sunset. We have been 
told that the species forms large swarms that fly out over the lakes just 
about sunset, all at about the same height of approximately 30 feet. 

Duration of the egg stage has not been determined for H. orlando. Ac
cording to Clemens (1922). eggs of H. recuroata hatched in the laboratory 
14 days after oviposition; Wiebe ( 1926) found that artificially inseminated 
eggs hatched in the laboratory in 9 days. Spieth ( 1938) hatched eggs of 
H. limbata by placing the1n in jars that were in1mersed in a small streanl. 
These eggs took 20 days to develop. At the san1e ti1ne, another group of 
eggs kept in the laboratory hatched in only I5 days. Edmunds et al. (I976) 
indicate that the time required for hatching depends on temperature. 
Nymphs hatched from eggs in the laboratory in from 11 to 26 days, some 
requiring much longer. These authors estimated that in lakes under 
natural conditions eggs hatch in about two weeks. _Whether this time 
frame is true for H. orlando remains to be determined. 

---· -· 
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BEHAVIOR. The burrowing habit is very strongly developed in the nymphs, 
and all bodily structure is adapted to suit the immatures to a hypogeic 
existence. The gills present an enormous aerating surface, the legs are 
modified for digging and casting out the soil as it is passed back, and the 
incisors of the mandibles are elongated into tusks as accessory digging 
organs and for lifting the roofof the burrow. Lyman (1943), Hunt (1953), 
Fremling (1960), and others have described at length the adaptations and 
behavior of Hexagenia nymphs in their subterranean habitats. Those of 
H. orlando are consistent with the northern species described by the cited 
authors. 

The gill movements of H. orl.ando are like those of Litobrancha recurvata 
(formerly Hexagenia recuroata), which Morgan and Grierson (1932, p. 233) 
described as follows: 

Waves of motion pass backward over the gills sometimes too 
rapidly for the eye to follow but at other times in listless 
ripples. The gills may cease moving altogether, usually for a 
few seconds or for I or 2 minutes, though at times they may be 
quiet for half an hour. The motions vary with those of the 
nyn1ph's body and also with the temperature and chemical 
content of the water. When resting, the gills are held almost 
upright or bent slightly backward. When waving, each pair 
bends backward, the filaments of the opposite gills touch each 
other, instantly separating as the gills are pulled upward, the 
whole performance resembling the rapid opening and clos
ing of a V. So far as observed, tl).e gills move whenever the 
nymph is active, especially when it burrows. While digging, 
the nymph holds its front legs closely against its wedge-shaped 
head, then lunges f6rward, at the same time pushing these 
legs outward. Almost synchronously with this, its middle legs 
are pushed outward and backward and the hind legs back
ward. As its body wedges forward, the nymph fans the silt 
with its gills, opening and closing them in the V-shaped angle. 
Thus, their surfaces are cleared of the mud thrown back by 
the hind legs, the water is continually circulated about them. 

Hexagenia orlando nymphs are rather adept swimmers. When they are 
placed in a dish of water in which there is no silt or sand for burrowing, 
they will swim vigorously, attempting to escape, and will continually butt 
their heads against the sides of the container. The burrowing habit is so 
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strongly developed that, under these conditions, small nymphs will seek 
larger individuals and attempt to burrow under them. Swimming is 
accomplished by wavelike motions of the abdomen and up-and-down 
sweeps of the caudal filaments. The gills seem to play little or no part in 
this activity. Morgan and Grierson, experimenting with Hexagenia nymphs 
from which the gills had been removed, found that the gill-less individu
als swam almost as well as, but n1ore slowly than, those with gills. 

The method of feeding is analogous to that of an earthworm in that 
the nymphs feed as they burrow. Examination of the digestive tract of 
immatures showed the presence of a few diatoms and some cells that 
seemed to be algae, but for the most part the contents were not deter
minable. Surprisingly, there were no sand grains in any of the digestive 
tracts examined. Hunt (1953) reported that H. limbata nymphs appear to 
be mud eaters, deriving nourishment from organic material and perhaps 
bacteria ingested with the mud. He also found fragments of higher 
plants, filamentous algae, and diatoms along with the usual large quantity 
of marl-mud or silt. On several occasions in the laboratory in the daytime, 
he observed nymphs at the mouths of burrows, apparently feeding. 

PALINGENIIDAE 

With the publication of their paper on the Palingeniidae, McCafferty and 
Edmunds (1976) showed that the genus Pentagenia should be assigned 
to that family, thus clarifying an enigmatic situation ,that had puzzled 
ephemeropterists for many years. The members of this widespread fam
ily share in common reduced forelegs in the male adults; nyn1phs are 
relatively homogeneous and are clearly delimited from those of other 
families. Representatives of the Palingeniidae occur in Eurasia, New 
Guinea, Madagascar, Sumatra, and North America, with Pentagenia the 
only North American representative. All of the nymphs are burrowers. 

Pentagenia Walsh 

Berner 1950, p. 96. 
Edmunds, Jensen, and Berner 1976, pp. 

292-294. 
McCafferty 1972, pp. 50-56; 1975, p. 479; 

1979, p. 48. 
McCafferty and Edmunds l 976, pp. 486-489. 
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This genus is the sole member of the subfamily Pentageniinae, a sub
family discussed and described by McCafferty and Edmunds in 1976. 
Only two species are recognized in the genus. One, robusta McDunnough, 
is known only from the type specimens. The other species, vittigera, is dis
cussed below. 

Pentagenia vittigera (Walsh) 

(FIG, 48. MAP 18) 

Bemer 1950, p. 96; 1958, p. 29; 1977, p. 52. 
Burks 1953, pp. 37-38. 
Fremling 1970, pp. 20-21; 1973, pp. 17-19. 
Hamilton 1959, p. 451. 
Ide 1955, pp. 15-16. 
McCafTerty 1975, p. 479. 
Schneider 1967, p. 202. 
Unzicker and Carlson 1982, pp. 3.26-3.27. 

TAXONOMY. Adults of the rather large Pentagenia vittiKera are recognized 
by the presence of four dark spots, actually bullae, in veins Sc, R~. R.J+;;• 
and MP 1 ; n1ales have tubelike penes. The nymphs are separated from 
those of other genera by the crenulated outer upper margin of the man
dibular tusks as well as other characteristics described in the key. 

GEOGRAPHIC DISTRIBUTION. In common with the riverine Hexagenia bi
lineata, this species is widely distributed over central and southeastern 
North America. P. vittigera has been collected from Manitoba southward 
to the Gulf coastal states, but it is still not known from the eastern tier of 
states nor from Canada east of Manitoba. It seems reasonable to assume 
that the species is most closely associated with the Mississippi River drain
age system and that it has spread from that source into larger rivers of 
neighboring regions. The species has been recorded from the Tennessee 
River and has also become established in the Chattahoochee, which flows 
southward between Georgia and Alabama, joining the Flint River to form 
the Apalachicola in Florida (map 18), the only locality in the state where 
vittigera has been found. 

ECOLOGY. The ecology of Pentagenia nymphs is still poorly known even 
though the species was described in 1863. The first report of finding 
nymphs is that of Needham ( 1920), who recorded cast nymphal skins 
from the Mississippi River. Using these exuviae and a single nymph from 
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the Mississippi at Keokuk, Iowa, he described the immature. McCafferty 
(1975, p.479) stated, "Although these mayflies can be abundant around 
large rivers, the larvae are most difficult to collect and are taken most 
commonly in drift samples." 

Fremling (1970, 1973) has provided a little ecological information on 
Pentagenia. He reported that the nymphs apparently live in faster-flowing 
water than Hexagenia nymphs and are difficult to find. In his studies he 
discovered that the Pentagenia nymphs in the Mississippi River are highly 
susceptible to the effects of pollutants as water tempeiature rises in sum
mer. Organic enrichment at higher temperatures results in ox}rgen deple
tion, clearly affecting the ability of these nymphs to inhabit parts of the 
river. He assumed that early summer and late summer emergences result 
from nymphs drifting far from the zone of pollution into more protected 
areas where dissolved oxygen levels are higher. McCafTerty (1975) col
lected nymphs in hard clay banks approximately three feet below the 
water surface in the Wabash River in Indiana. He found the clay banks to 
be honeycombed by Pentagenia nymphs in the same manner that the 
banks of the Savannah River are honeycombed by TortoptL'i, McCaITerty 
observed the Pn1laKe11ia nytnphs using their n1andibular tusks to dig the 
burrows. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. So little is known about Pen
tagenia that we can only record the dates of adult collections to reflect 
known times of maturity. In Florida, the adults were taken on May 3, 
1941, and June 3, 1953. Traver (1937) collected an adult in northern Ala
bama on July 4, and Ide (1955) recorded his adults from Manitoba on 
July 12. Berner (1977) recorded adult collections from Alabama in May 
and June; Louisiana in September; Mississippi in August; and Tennessee 
in June. McCafferty (1975) lists collections from Georgia in July, Louisi
ana in early September, and Mississippi in mid-August. Fremling (1973) 
charted the seasonal distribution along the Mississippi River, with adults 
appearing at Keokuk, Iowa, as early as May 15 and as late as September 
20. No further information is available relating to seasonal distribution or 
life history, although Unzicker and Carlson (1982) speculate that there is 
a one-year life cycle for P. vittigera. 

BEHAVIOR. No observations have been published describing behavior of 
adults or nymphs. The lack of available nymphs and adults in Florida has 
precluded studies of this species. 
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EPHEMERELLIDAE 

The widespread family Ephemerellidae has been the subject of numerous 
studies and of disagreements about the generic divisions within it. In 
North America, the family included only Ephemerella until Allen (1980) 
took the long-needed action of raising former subgenera to generic 
status. The North American genera he included within the subfan1ily 
Ephemerellinae are: Allene/la,* Caudatella, Dannel/a,* Drunella, Ephemer
ella, * Eurylophella, * Serratella, *and Timpanoga. The asterisks indicate the 
genera that occur in Florida. 

Prior to Allen's action of raising the subgenera to generic status, Ed
munds ( 1959, p. 543) wrote: 

There is considerable difference of opinion among Ephemer
opterists concerning the number of generic or subgeneric cat
egories to be recognized within the Holarctic Ephemerellidae. 
Generally the specialists in Western Europe have placed a 
small number of species in three or four genera, while work
ers in North America and Asia have generally included a 
much larger number of species within the single genus Ephem
erella. The nymphs of the complex show great diversity and 
the adults a moderate diversity of characters, so it is not diffi
cult to find large morphological gaps between a small number 
of species within any geographic area. It is only when the 
world fauna is examined that there is great difficulty in recog
nizing gaps between groups of species. 

The family Ephemerellidae was assigned to the suborder Pannota by 
McCafferty and Edmunds (1979) and placed by them in the superfamily 
Ephemerelloidea along with the Tricorythidae. 

Allene/la Edmunds 

Allen 1980, p. 84 (subgenus Allene/la= genus 
Attenella). 

Allen and Edmunds 1961, pp. 161-163 (sub
genus Attenella). 

Edmunds 1959, p. 546 (subgenus Attenuate/la). 
Edmunds 1971, p. 152 (Attenuate/la = At

tenella). 
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Attenella was described by Edmunds in 1959 as a subgenus of Ephemerella 
under the name Attenualella, which he later found to be a homonym. He 
corrected the oversight in 1971, renaming the subgenus Attenella. 

'fhe males are separated f ro1n those of other genera of the family 
chiefly by genitalia! differences. Females can be iden_tified by their asso
ciation with males or by rearing them from known nymphs. The nymphs 
are characterized by gills on abdominal segments 4-7 and rudimentary 
gills usually present on segment I; abdominal segment~ 8 and 9 are sub
equal in size; the abdomen has moderately well-developed, paired s~bme
dian tubercles on terga 2-9, 3-9, or 3-8; and the tarsal claws possess 
denticles. . 

The members of this genus appear to be confined to North America. 

Attenella altenuata (McDunnough) 

(FIGS. 69, 158. MAP 20) 

Allen and Edmunds 1961, p. 162 (A. attenuata 
McDunnough = A. hirsuta Berner), pp. 
163-164. 

Berner 1950, pp. 165-166 (A.hirsuta); 1958, 
p. 30 (A. hirsuw); 1977, p. 41. 

Cowell and Carew 1976, p. 590 (A. hirsuta). 
Edmunds 1959, p. 546 (A. hirsuta). 
Peters and Jones 1973, p. 246. 
Schneider 1967, p. 203 (A. lursuw). 
Wurtz and Roback 1955, p. 193 (A. hirsuta). 

TAXONOMY. In 1946, Ephemerella hirsuta Berner was described from two 
nymphs collected from Perdido Creek less than one mile north of _the 
Florida state line in Alabama. The nymphs fell clearly into Traver's (1935) 
distinctive simplex group. Later, two adult males were taken at Sandy 
Creek in Walton County, Florida, that also belonged to the same group 
and consequently were assigned to hirsuta. 

Allen and Edmunds (1961),- after comparing son1e of McDunnough's 
specimens of Ephemerella allenuata from the Canadian National Collec
tions, concluded that hirsuta fitted well within the limits of variability of 
the former species. Other collections they studied bridged the distri
butional gap between the Canadian and the southern forms. As a result, 
these authors synonymized the two names. 1 

The males of attenuata, the only species of the genus occurring in Flor-
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• Attenella attenuate (Me Dunnough) 

.& Danna/la •lmplex (Mc Du:nnough) 

* S•"•t•ll• deflclens (Morgan) 

Map 20. The distribution of Attene/la attenuata, Dannel/a simplex, and Ser
rate/la deficiens in northwestern Florida. 

ida, are easily separated from others of the genus by genital differences, 
according to Allen and Edmunds. The nymphs are variable in both mor
phological and color characteristics, and so separation is more difficult 
than with the males. As the geographic distribution of the other species of 
Attenella is so different from attenuata, there is little likelihood that any of 
the other species would be sympatric in the Southeast. 

GEOGRAPHIC DISTRIBUTION. A. attenuata has been found on a few occasions 
in Florida, chiefly in the northwestern part. Only a few nymphs are taken 
from a stream where the species occurs. The single record of the occur
rence of attenuata from peninsular Flori4a is that of Cowell and Carew 
(1976), who collected their specimens while they were conducting a study 
of drift organisms in a Hillsborough County stream. We have not had 
an opportunity to verify Dr. Cowell's identification of his specimens as 
attenuata. 

The species has been recorded from Alabama, Georgia, North and 
South Carolina, as well as from Florida in the southeast. Other reports of 
the species are from Nova Scotia, New Brunswick, and Quebec in Canada 
and from Massachusetts, Pennsylvania, and Virginia (Allen and Edmunds 
1961). Those Florida counties from which specimens have been recorded 
are (map 20): Escambia, Hillsborough, Liberty, and Walton. 

ECOLOGY. The rarely collected nymphs of attenuata live mainly in algal 
mats or among leaf drift and silty matter deposited about the bases of 
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Polygonum sterns near stream shores where water movement is almost 
negligible. The slowly moving nymphs are covered on the dorsum of the 
thorax and head with long, somewhat matted hairs. Similar hairs also 
cover the femora and anterior part of the abdomen, acting as a protection 
from the debris that might otherwise collect on the inseCts. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. We have so few data about 
these subjects that we are unable to estimate time required for develop
ment of this species. We do have the adults collected in May at Sandy 
Creek in Walton County and a record of adults, also taken in May, in 
South Carolina but no other information on which to speculate about 
these matters. 

BEHAVIOR. We have no observations relating to this species. 

Dannel/a Edmunds 

Allen and Edmunds I 962a, pp. 333-334. 
Edmunds 1959, p. 546. 
Edmunds, Jensen, and Berner 1976, p. 244. 
McCafTerty 1977, pp. 881-889. 

Allen raised Edmunds's subgenus Dannel/a of Ephemerella to generic status 
in 1980 in his article on reclassification of the subfamily Ephemerellinae. 

Dannel/a is a small genus consisting of four known_ species, only one of 
which occurs in Florida. According to McCafTerty (1977), adult males may 
be recognized by the relatively generalized condition of the male geni
talia. Allen and Edmunds (1962, pp. 333-334) characterized the male by 
"(I) the third segment of the genital forceps scarcely longer than wide 
... , (2) second segment of genital forceps thin, (3) the penes swollen 
apically and without subapical projection or dorsal or ventral spines ... , 
(4) tibiae of foreleg shorter than tarsi and third tarsal segment longer 
than second." These authors distinguished nymphs· by the presence of 
semioperculate gills on segments 4-7 and a pair of rudimentary gills on 
the first abdominal segment; the abdominal terga lack paired tubercles; 
and the claws are without teeth. 

The genus is distributed widely over eastern and north-central North 
America from Manitoba and New Brunswick in Canada southward to 
Alabama and Florida. 
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Dannel/a simplex (McDunnough) 
(FIGS. 66, 155. MAP 20) 

Berner 1958, p. 30; 1977, p. 45. 
Jones 1977, p. 65. 
McCafferty 1977, pp. 885, 887-888. 

TAXONOMY. The adults of only two species of Dannel/a are known, D. lita 
(Burks) and D. simplex (McDunnough). McCafferty's key ( 1977) to distin
guish males is based on the shape of posterolateral processes of the ninth 
abdominal segment and vestigial nymphal abdominal processes retained 
by the adult. However, the nymphal stage is the one that is the most easily 
used in identification of the species. The characteristic separating simplex 
from the three other species is the shape of the posterolateral abdominal 
processes of segment 3. The posterolateral processes of the other segments 
are also significant in differentiating simplex. Regardless of the traits used 
to separate the species, they are still not readily identified. As Jimplex is the 
only Florida species, the problems inherent in separating it from the 
others do not arise so long as only the Florida fauna is considered. 

GEOGRAPHIC DISTRIBUTION. D. simplex is distributed throughout eastern 
and north-central North America ;ind ranges southward to northwestern 
Florida, where it has been recorded from Gadsden and Liberty counties 
(map 20). 

ECOLO<~Y. Nyniphs of D. JimjJlPx arc .'io rarely taken that we have few obser
vations about their ecological requirements. The nymphs occur only in 
streams, where they dwell in the quieter sections under conditions similar 
to those of Attenuata attenella. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Only the nymphal stage has 
been found in Florida. Those in the final instar have been collected in 
April; and a singl.e individual in the penultimate instar as well as one that 
was about a third the size of a mature nymph was taken in February. We 
believe that the species is univoltine, with emergence occurring in April 
or May. 

BEHAVIOR. We have no information about the behavior of nymphs except 
that they are found in places that are silt laden; so the hairy nymphs with 
their burden of silt lodged among the setae are extremely inconspicuous. 
They are seen as they begin to move slowly when water is drained away 
from them in a collecting pan. 

I 
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Ephemerella Walsh 

Allen 1980, pp. 74-75. 
Allen and Edmunds 1965, pp. 245-253. 
Edmunds 1959, p. 544. 
Edmunds, Jensen, and Berner 1976, pp. 

247-248. 
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Until Allen (1980) subdivided the old genus Ephemerella into 14 genera, 
the old concept of its components resulted in a rather unwieldy unit, 
which was the largest in the order Ephemeroptera. There had been sev
eral attempts to recognize the diversity within the genus prior to Allen's 
action, the most recent being those of Edmunds (1959) a·nd Allen and Ed
munds (1965). 

Ephemerella, as now restricted, can be separated from the other Ephem
erellinae only by examining male adults or nymphs; unassociated fen1ales 
cannot be identified to genus. The terminal segment of.the male adult's 
genital forceps is less than twice as long as broad;' the lateral margins of 
the penes project apically as distinct processes or lobes; and dorsal and/or 
ventral spines are usually present on the penes. Characters differentiat
ing the nymphs are imbricated gills on abdominal segffients 3-7; lack of 
tubercles on the leading margin of the fore femora; no well-developed 
paired tubercles on lhe head and thorax; numerous denticles (3-14, gen
erally more than 6) on the tarsal claws; presence of well-developed, three
segn1ented nlaxillary palpi; and G:'ludal filaments that are subequal in 
length (Allen and Edmunds 1965). 

The genus Ephemerella, in its present context, has a Holarctic distri
bution. The species occu_rs over much of North America. 

Ephemerella choctawhatchee Berner 
(FIGS. 99, 146. MAP 21) 

Allen and Edmunds 1965, p. 264. 
Bernerl950,pp. 164-165; 1958,p.30; 1977, 

P· 41. 
Jones 1977, p. 65. 
Schneider 1967, p. 203. 

TAXONOMY. This rather rare species is represented in collections by only a 
small number of nymphs and adults. E. choctawhatchee, described from 
the nymphal stage, is a small insect, the nymphs being only 5-6 mm in 

l I 
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length. The nymphal tjbiae have a pale band at the apex; the tarsi are 
banded with brown in the proximal third; the lateral extensions of the 
abdomen are moderately developed; and small, paired, dorsal abdominal 
spines are present. The male adult has not yet been described, although 
four specimens are available in collections. It can be distinguished from 
other Ephemerella species on the basis of its genitalia. These differ from 
those of catawba in the shape of the penes, and they are quite distinct 
from those of invaria, with which Allen and Edmunds (1965) postulated 
synonymy. 

GEOGRAPHIC DISTRIBUTION. E. choctawhatchee is one of two species of the 
genus occurring in the Coastal Plain. Eleven species of Ephemerella have 
been recorded from southeastern states, but most of them are from the 
Piedmont or nlountainous regions. Although the distribution of the spe
cies appears to be closely related to the Apalachicola River and its tribu
taries, it seems to have spread westward in the panhandle of Florida. We 
have records of its occurrence in the following counties (map 21 ): Gadsden, 
Liberty, Okaloosa, Sama Rosa, and Walton. Schneider (1967) collected 
nymphs in Escambia and Calhoun counties. 

ECOLOGY. Clear, sand-bottomed streams with a rather strong flow provide 
an ideal habitat for the majority of the stream forms of Florida. E. choc
tawhatchee is no exception. In Sweetwater Creek, the nymphs inhabit the 
same root beds from which Serrate/la deficiens was taken. In other streams 
they Jive either in the vegetation in more rapidly flowing water or near 
the shore amid the projecting roots. 

SEASONAL DISTRIBUTION AND LIFE HISTORY; With so few nymphs and adults 
available, we hesitate to draw conclusions about these subjects. We have 
nymphs taken from December and into May, with the largest number 
(six) collected in March. Adults have beeri reared in March and April. It 
seems, based on the scanty data available, that the species is in the adult 
stage only during the spring months, eggs are laid that do not hatch until 
fall, and the nymphs grow during the cooler months of the year. 

BEHAVIOR. We have no information about this aspect of the species' biol
ogy, but we believe it to be similar to others of the genus. 

Ephemerella dorothea Needham 

Berner 1977, p. 43. 
Schneider 1967, p. 204. 

EPHEMERELLIDAE 

• Ephemerella choctawhatc'"'• Berner 
* E. rotunda Morgan 
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Map 2 l. The distribution of Ephemerella choclawhatc/U'r and £. rotunda in 
northwestern Florida. 

Schneider (1967) recorded this species from the Choctawhatchee River 
and Holmes Creek in northwestern Florida, and his findings were in
cluded in the paper "Distributional patterns of southeastern mayflies 
(Ephemeroptera)" (Berner 1977). As we have no speci~ens of this spe
cies, we are reluctant to say that it occurs in Florida. Reviewing our cor
respondence with Mr. Schneider, we have found tha_t in a letter of Oc
tober 28, 1965, we (Berner) wrote, "The nymphs of Ephemerella which 
you have designated simply by the letters sp. are probably dorothea." A 
handwritten note appended to the identifications sta_les, "Ephemerella dor
othea Needham? (May be choctawhatchee but without abdominal spines)." 
At this point, we prefer to consider that these nymphs of Schneider's are 
merely variants of E. choctawhatchee. 

Ephemerella rotunda Morgan 
(MAP2!) 

Berner 1958, p. 30; 1977, p. 44. 
Schneider 1967, p. 204. 

TAXONOMY. We have a few nymphs that have been designated as Ephemerella 

rotunda even though they do not conform to the size range given by Allen 
and Edmunds (1965) for the species. Mature Florida nymphs measure 
about 5 mm, while the more typical nymphs have a body length of 10-
11 mm. In other respects the Florida nymphs are ~ot distinguishable 
from typical rotunda. We also have two adult males,· and the genitalia of 
both appear to be those of rotunda. The similarities existing among ro-
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tunda, invaria, and choctawhatchee may be sufficie_ntly great so that when 
many more specimens of these species are available for study the three 
may prove to be synonymous. At this writing we prefer to adhere to their 
present status. 

Morgan described rotunda from specimens collected in New York. Sub
sequently, other names were given to the species as a result of collections 
made in other parts of .the eastern United States. Allen and Edmunds 
(1965) have reviewed the taxonomic history of the species; we will not re
peat it here. 

E. rotunda n1ales have penes with nun1erous dorsal spines, while the 
adult n1ale of clwctawhatchrr, not yet described, has none to three or four. 
Ny1nphs of the two species arc very similar in appearance, but rotunda has 
vestiges of paired submedian tubercles on tergites 2 and 9, which choc· 
tawhatchee lacks. 

GEOGRAPHIC DISTRIBUTION. Ephemerella rotunda is widely distributed over 
eastern North America and is known from northern Ontario to Nova 
Scotia and southward to northern Florida. The species has been found in 
the following northwestern counties (map 21): Gadsden, Liberty, and 
Okaloosa. 

ECOLOGY. We have no information about the specific ecological needs 
of rotunda, but we surmise that they arc no different from those of 
E. choctawhatchee. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. We have mature nymphs col
lected in January and March and adults taken in March and April. These 
scanty data lead us to suggest a springtime "emergence for the species, a 
long dorn1ant period for the egg, hatching in cooler weather, and devel
opment during the winter months. 

BEHAVIOR. The behavior of nymphs and adults is-probably similar to that 
of other species of Ephemerelln. 

Eurylophella Tiensuu 

Allen 1980, pp. 84-85. 
Allen and Edmunds 1963b, pp. 597-603. 
Edn1unds 1959, p. 546. 
Edmunds, Jensen, and Berner 1976, pp. 

248-250. 
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Eurylophella includes some of the best known, as well as sorne of the most 
difficult to separate, species of the family Ephemerellidae. The subgenus 
Eurylophella was raised to generic status by Allen when he concluded that 
the genus Ephemerella was too inclusive and too unwieldy to be used effec
tively. The nymphs may be separated from those of the other genera of 
the family by the presence of operculate gills on abdominal segments 
4-7, with rudimentary gills on segment 1, and by the presence of paired 
submedian tubercles on abdominal segments 1-9 or 1-10. Adult males 
are difTerentiated specifically from each other by the shape of their geni
talia; females cannot be separated. 

The genus is Holarctic. In North America it occurs predominantly in 
the east, but species are known fron1 western Canada and the western 
part of the United States. 

Eurylophella temporalis (McDunnough) 

(PLATES 16, 17. FIGS. 25, 44, 65, 98. MAP 23) 

Allen and Edmunds 1963b, pp. 614-617 
(E. trilineata). 

Berner 1950, pp. 154-160 (E. trilineata); 
1958, p. 30 (£. trilineata); 1977, p. 46 
(E. trilineata); 1984, p. 567 (£. temporalis = 
E. trilineata). 

Cowell and Carew 1976, p. 590 (E. hirsuta). · 
Jones 1977, p. 65 (E. trilineata). 
Landa 1969, p. 291 (£. trilineata). 

Lanquist 1953, p. 34 (£. trilineata). 
Peters and Jones 1973, p. 246 (£. trilineata). 
Schneider 1962, p. 132 (£. trilineata; 1967, p. 

204 (£. trilineata). 
Schneider and Beck 1963, p. 110 (£. trili

neata). 
Wurtz and Roback 1955, p. 193 (E. trilineata). 

TAXONOMY. The Florida specimens of E. temporalis were identified for 
many years as Ephemerella trilineata Berner until both Ephemerella doris 
Traver and E. trilineata were reevaluated with the conclusion reached 
(Berner 1984) that both are really synonyms of Eurylophella lernporalis 

(McD.). The synonymizing of the three species has cleared an enigma that 
has troubled the taxonomy of this genus for years. As long ago as 1963, 

', 
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Plate 16. Eurl)·ophella temporalis (McDunnough), male imago 
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Allen and Edmunds wanted to take this action, but they refrained because 
of their lack of sufficient specimens from the Southeast. 

Allen and Edmunds (1963b) claimed that E. temporalis is one of the 
n1ost easily recognized species in Eu1)•lophella, both as a nyrnph and male 
adult. The male has characteristic genitalia; the nyinph has occipital and 
abdominal tubercles. Females can be identified only by association with 
males or by rearing from identifiable nymphs. There is some variation 
among nymphs in the thickness and degree of erectness of the abdominal 
spines and much variation in color patterns, but the differences do not 
appear to have any taxonomic significance. · 

GEOGRAPHIC DISTRIBUTION. E. temporalis is a widely distributed species, 
ranging from Saskatchewan to New Brunswick and southward into Flor
ida. It is found in many Florida streams and lakes and has been recorded 
from the following Florida counties (map 23): Alachua, Baker, Calhoun, 
Clay, Columbia, Escambia, Gadsden, Gulf, Hamilton, Hardee, High
lands, Hillsborough, Holmes,Jackson,Jefferson, Lake, Liberty, Madison, 
Manatee, Marion, Okaloosa, Putnam, Santa Rosa, Taylor, Walton, and 
Washington. 

ECOLOGY. Ecologically the nymphs are confined either to flowing water or 
lake margins where there is sufficient stirring of the water to supply con
ditions suitable for development. Both silt-hottotned and sand-botton1ed 
creeks support populations of nymphs equally well, and in them the im-
1natures favor vegclation where the flow is not too rapid and where there 
may be thick algal mats. We have found many specimens entangled in 
masses of Spirogyra, where they seemed to be thriving. Another favored 
habitat for more mature nymphs is among large masses of leaf drift in 
slow water. Subn1erged logs, boards, sticks, and other rather solid materi
als, where the nymphs hide in cracks and crevices, beneath the bark, or 
in any other protected place, provide a third important habitat. Nymphs 
have been found abundantly at Hatchet Creek near Gainesville. This 
stream is a moderately swift-flowing, sand-bottomed, acid creek that 
drains flatwoods. That part of the stream most thoroughly examined was 
dredged some years ago, and became rather deep and-slow flowing. Near 
the shore of the dredged area, in shallow water where the flow of water is 
negligible, there are dense growths of parrot's feather, Myrioph)·llum. Eu
rylophella nymphs are quite common during the fall and spring on the 
submerged stems and leaves of Myriophyllum, but they are also frequently 
found on other vegetation near shore where the water is not too swift. 

Seldom venturing beyond depths of three feet, small populations of 
Eurylophella temporalis nymphs inhabit lakes with sandy ~hares. They are 

_____________________________ .. __ ,. ___ .. _,.,. .. __ ... 
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Plate 17. EuryWf'hella temporalis (McDunnough), nymph 
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not found on vegetation or among the smaller debris, as in streams, but 
are confined lo submerged sticks, boards, logs, and other large o~jects 
partially buried in the sand. The immatures live only on the undersur
faces in company with nymphs of Stenacron interpunctatUm and Choroterpes 
ltubbelli. 

The streams inhabited by nymphs of this species drain flat woods and 
are usually acidic or circumneutral, and the water is nearly always tinted. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. E. temporalis is a late winter, 
spring, and early summer species. The period of principal emergence is 
restricted to spring, chiefly in April, but scattered emergences occur from 
early February through late June. Traver recorded the e~ergence of her 
specimens (as£. doris) on March 21 and 22, May 6 and 30, and July 4; the 
latter collection dates are from mountainous regions where, because of 
lower water ten1peratures, transformation would. be.expected to occur 
later in the year than in the lowlands. 

A study of the material in our collections indicates clearly that tem
porali.s requires approximately one year to pass through its life history. 
Last-instar nyn1phs have been taken fron1 January through the rniddle 
and latter part of.June, but duringjuly, August, Septc1nbcr, and October 
there are no records, although we have collected from strean1s in which 
nymphs are plentiful during the remaining months of the year. Since we 
collected very young nyn1phs in November, it seems reasonable to sup
pose that the eggs were hatching and nymphs developing during the late 
summer and early fall seasons. Nymphs one-third to two-thirds grown 
were found in December, and some were even in the penultimate instar. 
In March, rather immature specimens, which were obviously the summer 
brood, were taken in Hillsborough County. 

We have not observed transformation in the field, but in the laboratory 
the nymphs,just before emergence, swim vigorously and then float freely 
at the water surface for a few moments. Soon the thorax splits, and the 
subimago appears on the floating skin where it rests quietly. After recover
ing from the exertions necessary for its en1ergence, the subimago flies away 
to the nearest shaded support where it remains until the imaginal 1nolt. We 
have noted that when partially submerged sticks were placed in the aquar
iun1 the nymphs tended to crawl onto them until a portion of the thorax 
was above the water; in this position they transformed. 

On one occasion in February, we saw an £. temporalis female begin to 
emerge at 6;25 P.M.,just at dark. The female nymph came to the surface 
of the water and remained in the quieter portion of the aquarium away 
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from the air bubbles that were rising from the air hose. Now and then it 
swam vigorously for a short distance and again came to rest. The nymph 
was stimulated to move; it then submerged, ·swam into the region where 
the water was agitated, and immediately returned to the quiet water at the 
surface. There it strained so intensely that its head and mesothorax broke 
through the surface film. It repeated the straining after each spurt of 
swimming, but for the most part it lay quietly at the surface. At 6:35 r.M. 
it reared its thorax almost completely out of the water and, by the count 
of 10, the wings were free. The subimago did not move after freeing it'i 
abdomen, but sat quite still, partially on the surface film and partially on 
the exuviae; after two minutes, it became active again, crawled up the side 
of the aquarium, rested brieHy and then flew to the wall of the cage. 

Emergence, which normally takes place in late afternoon, sometimes 
occurs after dark in the laboratory. Life as a subimago extends from late 
in the afternoon or the emergence date until late afternoon or the follow
ing day, the 11urnbcr or hours varying rron1 22 to 25 in both sexes. ·r1ie 
n1ating flight of temporalis h;1s not been observed. 

BEHAVIOR. E. temporalis nymphs blend perfectly with their backgrounds 
when lifted from the water while they are attached to sticks, boards, or 
other dark objects. It is only when they begin moving about that they be
come discernible. Their movements are slow and deliberate; each step 
seems to be measured. When out of water, the nymphs Hick their tails 
forward over the abdomen and then straighten them, repeating the act 
continually. The nlovement is very reminiscent of that of Caenis, Brachy
cerC1ts, and Neoephemera. When they are placed in water, the nymphs, like 
the others mentioned, swim awkwardly ·with undulatory movements of 
the abdomen. They then head for some submerged object to which they 
can cling and, once attached, become difficult to see. The nymphs are 
easily identified by their actions on the surface of a white-enameled pan. 
Characteristically. they move forward slowly-not wriggling as the lep
tophlebiids do-and occasionally Hick their tails as described above. The 
movement may be confused with that of Caenis, but the nymphs can be 
separated from this group by the easily seen, sawlike margins of the ab
domen and the widely separated gill elytra. 

We have been able to keep nymphs alive in the laboratory for as long as 
two months, and during this period have fed them only dead leaves. Ex
amination of the enteron of freshly caught nymphs indicates that they, 
too, eat the epidermis of decaying vegetation, as well as that of living 
plants. for the alimentary canal was packed with plant fibers and other 
cellulose materials. 
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Nymphs of Eurylophella are characterized by the absence of gills from 
segments 2 and 3 and by the modifications of the fourth gills into gill 
covers. When they respire, water is circulated about the gills by the lifting 
of the operculate covers and the rapid vibrations of the fifth, sixth, and 
seventh pairs. Normally, both gill covers are raised at the same time, but 
we have observed on numerous occasions that one gill cov~r may ren1ain 
tightly closed while the other is raised and the gills under it rapidly 
vibrated. 

Serrate/la Edmunds 

Allen 1980, pp. 75-76. 
Allen and Edmunds 1963a, pp. 583-587. 
Berner and Allen 1961, p. 149. 
Edmunds 1959. pp. 544-546. 

In 1959 Edmunds established the subgenus Serratella •. which he postu
lated might be inseparable from the European Torleya. Allen ( 1980) con
cluded that Serratella should have generic status and that Torleya was 
distinct from it. He pointed out that the penes of the male.imago of Serra
tella resemble those of Torleya except for two specie.S that show slight 
differences. 

Serrate/la males are characterized by having the three caudal filaments 
subequal; the terminal segment of the genital forceps is less than twice as 
long as broad~ the penes lack dorsal or ventral spines, arld the penes lobes 
generally have a lateral subapical projection; and the third fore tarsal seg
ment is shorter than the second (Allen and Edmunds I 963a). · 

Nymphs have imbricated gills on segments 3 through 7; the ventral 
margin of the fore femora lacks tubercles; the maxillary pal pi may be ab
sent or much reduced in size; and the caudal filaments are subequal and 
have whorls of apical segmental spines and usually lack intersegmen
tal setae. 

Serratella has a Holarctic distribution. In North America the spCcies are 
found mostly in eastern Canada and southward into Baja California, New 
Mexico, and Florida, with the largest concentrations in the southeastern 
United States. 

Serrate/la deficiens (Morgan) 

(PLATE 18. Fies. 70, 100. MAP 20) 

Allen and Edmunds 1963a, pp. 587-589. '· 
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Plate 18. Serratella deficien.s (Morgan), nymph 
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Berner 1950, pp. 160-163 (sp. A); 1958, p. 
30 (sp. A); 1977, p. 42. 

Berner and Allen 1961, pp. 156-158 (sp. A = 
deficiens). 

Peters and Jones 1973, p. 246. 
Schneider 1967, p. 204. 

311 

TAXONOMY. Until the name designation was resolved in 1961 (Berner and 
Allen), Serratella deficiens specimens collected in Florida were referred to 
as Ephemerella sp. A. At the time the species was first reporled fron1 the 
state (Berner 1950), the nymphs were recognized as being closely related 
to deficiens, but because of slight differences from the nymphs described 
by Morgan (1911), that name was not assigned to them. One of the traits 
that appeared to be different was claw shape and size. It was supposed 
that Morgan's specimens lived in swift water and as an adaptation to that 
habitat the tarsal claws were short and thick. The Florida nymphs, in most 
respects agreeing with Morgan's description, have proportionately longer 
and thinner claws, the structure of which appears to be correlated with 
the slower water flow in Florida streams. 

Adult males are separated from the closely related S. serrata by geni
talia! and color differences. The nymphs are similar tO other species in 
the genus; however, as this species is the only one occurring in Florida, 
it is easily identified by its lack of a maxillary palpus, no paired subme
dian tubercles on the abdominal terga, and denticulate ~arsal claws. The 
nymphs are often marked with a pale, n1ediari-dorsal stripe that extends 
over the entire body. 

GEOGRAPHIC DISTRIBUTION. S. deficieru has been collected only in the pan
handle section of Florida from the Apalachicola River drainage west
ward. The species ranges over a vast territory extending from central 
Canada eastward and southward through Michigan in the west and in the 
east from Maine to Alabama, Georgia, Mississippi, and Florida. It is 
known to occur in mountain streams as well as those of the CoaStal Plain. 
Specimens have been collected in the following Florida counties (map 20): 
Bay, Calhoun, Escambia, Gadsden,Jackson, Liberty, Okaloosa, and Walton. 

ECOLOGY. We have collected nymphs of S. deficiens from Florida streams of 
both moderate and fairly swift rates of flow. In Sweetwater Creek, one of 
the westward-flowing tributaries of the Apalachicola, the nymphs are not 
especially abundant. In this stream, there are no rocks and very few logs 
or other footholds for clinging forms like Serrate/la. Nymphs that inhabit 
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the creek usually live on the roots of terrestrial plants that project into the 
water. The roots are numerous, for the banks of the stream are being 
continually undercut, and these root masses form silty mats where fre
quently dead leaves, Spanish moss, and other detritus are caught. Many 
mayny nymphs of several species live in this mass of debris; included 
among them are S. deficien.s. 

Farther west, in Walton and Okaloosa counties, the nymphs have been 
taken in swifter water on the masses of vegetation that choke the streams. 
In none of these creeks, however, have we found deficiens nymphs in large 
numbers. We collected from a stream in Escambia County in \•.rhich root 
masses like those of Sweetwater Creek and dense growths of aquatic vege
tation similar to those of the Walton and Okaloosa county streams were 
present. There the nymphs were found to be a more conspicuous element 
of the ephemerid fauna than in any other Florida stream that we have 
examined. The nymphs were most common in the dense mats of Potamo
geton in the more gently flowing water, but they were also present on the 
roots projecting from the undercut banks. The species was also found 
along the undercut banks of a small, moderately swift-Rowing stream. 

The streams in which this species lives vary from being strongly to 
moderately acidic and drain the red-day hills of the Citronelle Formation 
or the flatwoods and swamps of the lowlands. All the streams are perma
nent and have a moderate to rather swift flow; none is normally more 
than three feet nor less than six inches in depth. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Our collections include nymphs 
taken as early as March and as late as mid-July. Our April and May 
nyn1phs were all in their last instar, and ihe June records include nyn1phs 
of all ages, ranging from those less than one-third the length of mature 
individuals to those in the last instar. This size range would lead one to 
conclude that the species emerges year-round; however, we do not believe 
this to be so. Rather, the data point more clearly to an emergence begin
ning in spring and extending through midsummer with a long egg pe
riod. The gradation in size of nymphs may be explained by there being a 
very rapid growth period allowing for the production of several broods 
each year. From the small amount of material at hand, it is impossible to 
draw conclusions regarding the peak of emergence. No nymphs have 
been found in any of the streams of north,vestern Florida, which we have 
studied during the fall and winter months. 

Coleman and Hynes (1970, p. 1337), investigating the life histories of 
some Ontario mayflies, stated about S. deficiens, "Morgan showed a peak 
emergence in mid-May but some adults could still be found until mid
July. The occurrence of nymphs in our samples was irregular, possibly 
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because they don't occur mainly in midstream where most of our samples 
were taken. It seems, however, that this species may have a long egg
diapause and hatch and grow only during the coldest season." Perhaps 
the same situation pertains to the Florida population. 

BEHAVIOR. As much of the rearing for this study was conducted at the Uni
versity of Florida in Gainesville, difficulties of transporting live nymphs 
from northwestern Florida to the peninsular portion were very great, and 
while nymphs of some species have been carried successfully, no nymphs 
of S. deficiens survived the trip. 

The nymphs, which live in well-protected places where there is usually 
some accumulation of silt, are very difficult to see when mingled with de
bris. In streams in Alabama, Georgia, and North Carolina, specimens 
have been collected from moss covering the upper side of larger rocks. 
Traver (1937) described the habiL< of deficiens in North Carolina and 
stated that she found the nymphs a1nong the moss and other plant growth 
that grew thickly on the upper side of all the larger rocks where they' 
could be seen only afler the rock had been left out of the water for some 
time. Our observations are consistent with those of Traver, but we should 
add that as the water drains away from the rocks after they have been 
taken from the water, the nymphs move upwards and can then be seen as 
they attempt to wriggle free of their previous haven. 

In the field, young S. deficiens nyn1phs may easily be confused with 
those of Neoephemera or Tricorytlwdes. When taken from the water, n1em
bers of all three genera walk slowly about, flicking the ·caudal filaments 
over the dorsum. S. deficiens nymphs are easily distinguished from both 
Neoephemera and Tric<lryllwdrs as they lack oPerculate gill covers on ab
<lon1inal segn1ent 2. 

TRICORYTHIDAE* 

When McCafferty and Edmunds (1979) divided the Ephemeroptera into 
two suborders, the Tricorythidae clearly fulfilled the criteria established 
for the Pannota, in which the nymphal wing pads are fused along the 
mesonotum, and at the same time there is general e.nlargement of this 
body segment. Gills of pannote nymphs tend to be reduced and pro-

*Landa and Soldan (1985) split the family Tricorythidae of Edmunds and Traver into 
Leptohyphidae and Tricorythidae. Our North American genera, Leptohyplus and Tri
corythode.1, are thus assigned to Leptohyphidae. As we are using the McCafferty and 
Edmunds (1979) phylogeny throughout this book, we are not changing the family 
assignment. 
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tected. In the Tricorythidae there are specialized operculate gills which 
serve to protect those posterior to them. 

The family is distributed over much of the world, reaching its greatest 
diversity in Africa. The only subfamily represented in the New World is 
the Leptohyphinae and of the two North American genera in the sub
family, only Tricorythodes is known to occur widely in Florida. Nymphs of 
the other genus, Leptohyphes, have been collected from the Savannah 
River at a distance of only 150 miles north of Florida, and recently Lager 
(1985) reported that he collected nymphs from the Withlacoochee River 
in Florida, just south of the Georgia-Florida state line. 

Leptohyphes Eaton 

Allen 1967, p. 350; 1978, p. 537. 
Bi1rks 1953, p. 55. 
Edmunds, Allen, and Peters 1963, p. 17 (= 

Brnchella). 
Edmunds, Jensen, and Berner 1976, p. 254. 
Traver 1958a, p. 496 (= Brnchella); 1958b, 

p. 81. 

Previous taxonomic accounts of the genus Leptohyphes have been com
prehensively reviewed by Allen (1978). Leptohyphes, Tricorythodes, and 
Haplohyphes belong to the subfamily Leptohyphinae. 'fhe leptohyphine 
nymph is generally small and has a robust body, large metathorax, and 
relatively short abdomen; the gills on segment 2 are operculate or semi
operculate, with their shapes varying ffom oval to triangular. Like the 
nyn1ph, the adult also has a massive mesothorax, and the hind wings are 
either absent or greatly reduced, but when present they have a long and 
straight or recurved costal projection. 

1~he adults of Leptohyphe.s are distinguished from the other genera of 
Leptohyphinae in that veins CuP and A of the forewing are not con
vergent or are only slightly convergent at the wing margin; hind wings 
are present in males but absent in females; and eyes of both sexes are 
relatively small and well separated. The nymphs are characterized by 
having sprawling, stout bodies with thickset legs; their operculate second 
gills are elongate-oval to oval; and the fore femora have a median trans
verse row of short or long heavy spines. The nymphs of Leptohyphes are 
often confused with those of Tricorythodes, but are distinguished from them 
by the shape of their operculate gills and the spines of the fore femora. 

According to Allen (1978) Leptohyphes is a dominant element in the may-
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fly fauna of the southwestern United States, Mexico, and Central Amer
ica. There are 35 species described in the genus from North and Central 
America. Leptohyphes occurs in the Neotropic and Nearctic, and pre
sumably has an Austral-Lower North Temperate origin (Allen and Brusca 
1973). Edmunds (1982) included Leptohyphes among mayAy genera of 
Gondwanian origin that underwent a dispersal pattern from South Amer
ica to Central and North America. The Nearctic range of the genus in
cludes the southwestern United States and eastward to Maryland, into the 
Piedmont and Coastal Provinces of the Southeast. 

Leptohyphes dolani Allen 

(FIG. 142. MAr 22) 

Allen 1967, p. 351; 1978, p. 547. 
Allen and Roback 1969, p. 376. 
Berner 1977, p. 46. 
Edmunds, Jensen, and Berner 1976, p. 256. 
Lager 1985, p. 255. 
Unzicker and Carlson 1982, p. 3.52. 

TAXONOMY. Allen (I 967) described L. dolani from nymphs collected from 
the Savannah River at the South Carolina-Georgia line. 1"his species and 
L. robacki are the only two in the genus known to occ1:.1r in eastern North 
America. 'fhe former was discovered in extreme northern Florida by 
Lager (1985). Allen (1978) included L. dolani in the apache group of the 
genus because of the lack of an elevated carina on the middle abdominal 
segments arid the presence of submarginal denticles on the tarsal claws of 
the nyn1phs, which are distinctive for the group. The_ adults of L. dolani 
are still unknown. 

GEOGRAPHIC DISTRIBUTION. Leptohyphes dolani has been collected from 
Texas eastward to the northeast and southeast. Mos_t of the available speci
mens were collected in the Savannah River drainage along the South 
Carolina-Georgia line by a team from the Academy of Natural Sciences 
of Philadelphia while they were evaluating the stream for the Atomic En
ergy Commission. In Florida, the nymphs were collected only from the 
Withlacoochee River near Pinetta (map 22), at the Hamilton-Madison 
County line (Lager 1985). 

ECOLOGY. Lager found the nymphs of L. dolani living on wood and cal
careous rocks in a slow current in the Withlacoochee River; most of the 
surface was shaded by a dense tree canopy. Unzicker and Carlson (1982) 
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0 L•PtohYJJh•• dolanl Allen 

• Trlcorrthod•• •lbHhleatus Berner 

Map 22. The distribution of Leptohyphes dolani and Tricorythodes albilineatus in 
Florida. 

reported that the microhabitats of Leptohyphes nymphs include submerged 
logs, sticks, branches, vegetation, and rocks found in slow current of me
dium to large rivers. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Except for the nymphal collec
tion records, the seasonal distribution ~nd life history of L. dolani is un
known. The nymphs from Florida \Vere collected in September, and 
those from the Savannah River in August, September, and October. The 
nymphs from the Guadalupe River, T'exas, were collected in August and 
September. 

BEHAVIOR. Like the other tricorythid mayflies, the nymphs of Leptohyphes 
dolani are crawlers. The nymphs tend to remain motionless for a while on 
a hand-screen or collecting pan and, with their general body color camou
flaged to match the substrate, they are easily overlooked by collectors. 

Tricorythodes Ulmer 

Allen 1977, p. 43 l. 
Allen and Brusca 1973, pp. 55, 58-59. 
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Allen and Murvosh 1983, p. 433. 
Berner 1950, p. 166; 1977, p. 47. 
Unzicker and Carlson 1982, pp. 3.52-3c54. 
Wurtz and Roback 1955, p. 193. 
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Until Ulmer established the genus Tricorythodes in I Q20, the North Ameri
can forms were included under Tricorythus. The males of species of these 
two genera may be separated by the length of the foreleg, which, in the 
African Tricorythus, is half the length of the body; in the American Tri
corythodes, it is almost, if not fully, as long as the body. 

McDunnough in I 931 s1nn1narized the knowledge of the North Ameri
can species of Tricorylhodt•s and described four, one of which was new. In 
I 935 Traver limited T. explicatus (Eaton) to a Texas form and described 
four additional species. McDunnough (1939) described another new spe
cies and also agreed with Traver's limitation of explicatus. A tenth species 
of Tricorythodes was described in 1946. Subsequently, four more species 
were found in various sections of North America north of Mexico, with 
the result that l 4 species are now recorded. Allen's taxonomic studies of 
Tn"corythodes nymphs have contributed substantially to our knowledge of 
the genus in the New World. 

Tricorythodes is a widely distributed genus occurring in both the Neo
tropical and Nearctic areas. Allen and Brusca ( 1973, p. 58) postulate an 
austral origin for the genus because of the "great concentration of de
scribed species in the southern hemisphere." The authors state further 
that "[a Jn austral origin of Tn"corytlwdes is also supported by the fact that 
the great concentration of the species known to occur.in the Neartcic [sicJ 
Region is in the southern United States from Southern California to 
Florida." 

In recent years greater attention has been given to Needham's "snow
Oake mayfly," which has been observed in miles-long flights (Needham 
and Christenson 1927). Newell (1976) and Newell and Min•hall (1978) 
studied the effects of temperature on growth and development of T. min
utus in Idaho. In Minne•ota, Hall (1975; and with others 1975, 1980) in
vestigated in depth the life history, drift, and production rate of T. atratus. 
Because of the work of Hall and Ne¥.rell in particular, as well as that of 
other ecologists, much is known of the biology of at least these two species 
of Trico1)•thodes. 

Spieth (1933) placed the genus in the same family with Ephemerella, re
moving it from its classical position in the Caenidae. Traver ( 1935) dis
agreed with this view, cons~dering Tricorythodes to b~ ail aberrant member 
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of the Caeninae, but she presented no evidence, merely stating that 
the venation of the imago is much nearer to the other members of the 
Caeninae than to Ephemerella. Edmunds et al. (1975, p. 28) in a general 
discussion of classification systen1s pointed out that 

Increases in knowledge of the n1aynics lead to many changes 
in c:lassification, and it is in1portant to rcaltzc that such knowl
edge is not equally available or known to all persons who de
cide on what classification to use. An example of changes 
brought about by increased knowledge is seen in the mayflies 
that we place in the families 'fricorythidae and Caenidae. 
These were long regarded as one farnily, Caenidae (or as the 
subfa1nily Caeninae). Studies of the characteristics of these 
and other 111ayflies have shown in a very convincing manner 
that these two fan1ilies <ire distantly ~elated. l~he obvious simi
larities of Trico1)·lltudrs (rricorythidae) and Caenis (Caenidae) 
resulted from convergent evolution caused by similar natural 
selection pressures on the two groups. In Africa, some of the 
Tricorythidae are similar to the Ephemerel!idae, their true 
close relatives. The Caenidae are now know·n to be most closely 
related to the family Neoephemeridae. Since 1920 additional 
knowledge has made it increasingly clear that the Tricorythidae 
are distantly related to the Caenidae and cannot be correctly 
grouped with them. 

Tric01)'lhodeJ albilineatus Berner 

(PLATE 19. Fies. 4, 79, 145. MAP 22) 

Allen 1977, p. 431. 
Berner 1946, p. 72; 1950, p. 168; 1958, p. 30; 

1977, p. 47. 
Jones 1977, p. 65. 
Landa 1969, p. 292. 
Lanquist 1953, pp. 50, 53, 62. 
Peters and Jones 1973, p. 245. 
Schneider 1967, p. 201. 
Sloan 1956, p. 92. 

TAXONOMY. Tricorytlwdes albilineatus, described in I 946, can be distin
guished from other species of the genus by differences in color pattern. 
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l"he sprinkling of numerous black dots on the femora, a characteristic 
given by Traver (1935) as diagnostic, wvtild place the Florida specimens as 
atratus. Judging from McDunnough's description of atratus and our study 
of adult specimens fron1 Minnesota, albilineatus has more limited dark 
n1arkings on the abdornen than does atralus, and it is ch;1racterizcd by a 
pale median line on the dorsum of the abdomen. There is also a slight 
difference in the leg measurements of the males of the two species. l'he 
colorational characters are quite constant in albi/ineatus, particularly the 
pale line, even in series from widely separated localities. 

GEOGRAPHIC DISTRIBUTION. T. albilineatus is generally distributed over 
Florida wherever there is permanently flowing water. Nymphs or adults 
are known from as far south as Charlotte County and as far north and 
west as Escambia County. The species occurs in an almost continuous belt, 
starting in DeSoto County and extending westward to Alabama and north 
into Georgia. l"he geographic distribution is probably li1nited by the eco
logic factors of flowing water and the acidity of the water. 

The species has been collected from streams in the following Florida 
counties (map 22): Alachua, Bay, Charlotte, Citrus, DeSoto, Escambia, 
Gadsden, Gilchrist, Hamilton, Hernando, Hillsborough, Jackson, Leon, 
Levy, Liberty, Madison, Marion, Okaloosa, Polk, Putnan1, Santa Rosa, 
Wakulla, Walton, and Washington. 

ECOLOGY. Ecologically, the nymphs are confined to streams with at least a 
perceptible current. They are moss and silt dwellers, occurring occasion
ally on vegetation in more swiftly flowing water. The Santa Fe River is an 
ideal strean1 for the rheotactic T. albilineatus. There, below a dan1 (de
stroyed in the 1970s) where the river spread out and became shallow, the 
streambed was strewn with pebbles and rocks. The upper surfaces of 
the larger stones were covered v.:ith dense mats of Fontinahs, one of the 
rnosses which grows profusely when completely submerged. The flow of 
water over these rocks was quite rapid; nevertheless, silt became lodged 
between the closely packed moss "leaves." When one of the rocks was re
moved from the water and allowed to dry for a few minutes, Tricorythodes 
albilineatus nymphs began to crawl slowly about, flicking their tails over 
the abdomen just as many other nymphs that possess operculate gills do. 
If the moss is examined while it is wet, the nymphs are very difficult to 
see, their movements being slight until the drying action begins to take 
effect. 

Below the destroyed dam, and to some extent above it, the Santa Fe 
River is normally choked with the plants Valli.sneria, Sagittaria, and Najar. 
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Frequently, when a dip net is run through these tangles of submerged 
vegetation in swift-moving water, Tricorythodes nymphs will be found 
along with the usual inhabitants of this biotope. 

In smaller streams, predominantly of the sand-bottomed type, nymphs 
can he found clinging to vegetation, occasionally on detritus, and most 
frequently among roots of terrestrial vegetation that project into the 
streanl. Silt and various other detrital elements accumulate an1ong these 
roots. The nymphs of Tricorytlwdes tend to congregate in this mass of 
roots but are much less numerous than they are in the Santa F~ River. 

Many sand-bottomed streams in Florida have dense growths of Val
lisneria and Sagi,ttaria like those in the Santa Fe River but without the ex
posed rock surfaces. In these strea1ns, which include the runs of most of 
the springs in Florida, the nymphs are commonly found clinging to the 
vegetation, sometirnes very close to the base of the plants, but they are not 
limited to this situation. Frequently, they occur near shore among leaf 
drift and on other debris. 

The nymphs, which are found more often and in.greater numbers in 
alkaline waters, are also fairly common in circumneutral or sltghtly acid 
streams. T. albilineal1L.{ is one of the representative Species of mayflies of 
the spring runs and has been collected from many of them. The nymphs 
become noticeable about one-fourth of a mile below the head of the 
springs where the water has been exposed for a time to surface conditions 
and has become well aerated (Sloan 1956). 

T albilineatus is normally the only mayfly living on the upper side of the 
moss-covered rocks; on the underside occur species of Stenonema and 
Stenacron. Also associated with the nymphs in the ·moss but rnost com
monly found on the underside of the rocks are Corydalis cornutus larvae, 
caddisfly larvae, sometimes crane fly and various other dipterous larvae, 
as well as snails. In the eelgrass are Baetis propinquus, B. intercalaris, Pseu
docloeon paroulum, P. punctiventris, Centroptilum vin'docularis, C. hobbsi, Ste
nonema smithae, S. exiguum, and Stenacron interpunctatum, together with the 
snail Elimia, one of the most numerous and characteristic anin1als of the 
basic streams in Florida. Many other aquatic animals are also found in 
the eelgrass association. 

We have never found nymphs in the very sn1all permanent streams but 
have taken them fron1 slightly larger streams that are one to two feet deep 
and at least IO feet in width. The limiting factors involved in stream size 
are unknown, but they may be linked with the relative rate of flow and the 
type of vegetation present. Vallisneria is seldom present in very shallow 
streams. Where the detritus and silt are markedly subject to drying at low 
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water, the nymphs cannot withstand such great changes and consequently 
are not found. 

Although the ecology of T. albilineatus has not been investigated in 
depth, very likely the species is an important component of stream drift 
just as T atratus was demonstrated to be by Hall et al. (1975; 1980) in Min
nesota. Cowell and Carew's (1976) drift collections in a tributary of the 
Hillsborough River in Florida did not produce specimens even though 
albilineatus has been collected from the main river. Further studies of 
drift in other Florida streams will likely confirm the similarity of albilinea
tus to atratus in this important means of dispersal. 

l'hat adults are very sensitive to humidity levels is demonstrated by 
the difficulty of obtaining imagoes from laboratory-reared specimens. 
Nevertheless, in the field it appears that the majority of subimagoes molt 
successfully. . 

SEASONAL DISTRlnUTION AND LIFE HISTORY. From a study of our specin1ens, 
it secn1s clear that T albilineatus emerges in most of Florida throughout 
the yc:ir. For that portion of the state cast and south of Leon County, wc 
have records of adults taken from early February, March, April, June, Au
gust, and October, and mature nymphs collected in Levy County in No
vember. Our records of adults from northwestern Florida include adults 
from Escambia County collected in late October. We also have adults from 
that part of the state taken in April, May, and June, and mature nymphs 
in July. The northwestern collections also include very young nymphs in 
May.June, July, and November. It is likely that growth of the nymphs is 
continuous in warmer streams of peninslflar Florida, but it may be slowed 
by the lower water temperatures in streams in the panhandle. Jacobi and 
Benke (1985), studying growth rates of mayflies during the summer 
months in east-central Georgia, found that the species with which they 
were working (probably albilineatu..s) completed its development in about 
52 days in an artificial stream using water from the Ogeechee River. 
Etnergence of adults, then, appears to be continuous so long as low water 
ternperatures do not inhibit growth and so imagoes appear on the wing in 
the warmer parts of the state throughout the year. Interestingly, Newell 
and Minshall (1978) found in Idaho that under favorable conditions (be
low a large spring with a constant temperature of 18°C} T. minuttL~emerged 
throughout the year, with dead adults being observed on the snow during 
the winter months. 

Just as in rnore northern species, large numbers of adults emerge at 
the same time, and we have seen literally thousands of adults floating on 
the surface of the Santa Fe River. They were present in such numbers 
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that they n1ight be scooped up by the handful, but most of them were in a 
somewhat advanced state of decomposition. Emergence probably occurs 
after dark. We could not find a single ·adult before dusk, but when our 
light was turned on just after dark, the lighting sheet was very soon cov
ered with the predominantly male subimagoes. 

Many of the subimagoes seem to experience difficulties in n1olting 
even under natural conditions. In the Santa Fe River, there are many 
large boulders projecting one to two feet above the surface of the stream. 
Upon emergence large numbers of Tricorytlwdes s~bimagoes alight on 
them and remain to shed; however, sprinkled among the many shed 
skins, we found a considerable number of exuviae still retaining the par
tially freed imagoes-males and females in approximately equal num
bers. These were dead but not yet dried when discovered. All of them 
seemed to have experienced great difficulty in freei_ng the wings, for it 
was by these structures that they were held. 

We have witnessed the 1nating flight of this species only once at the Es
can1bia River on October 23. A swarm of 1nale Tricorythodes was discov
ered on our arrival at the stream at 9: 15 A.M. on a wann (72°F), dear, 
calm day. They were flying at the edge of the river iri bright sunlight at a 
height of 8-12 feet. The swarm was small, consisting·of about a dozen 
individuals. Seven males were collected, and this disrupted the flight, the 
other males dispersing at the river shore. 

Needham (1908) reported that T. allectus swarmed in great numbers at 
midday over an open area above a bridge. The same autDor (with Chris
tenson 1927, p. 13) described the flight of T minulus (as T explicalus): 

They fly by day, the swarms being thickest in the forenoon. 
The males fly highest, up to 50 feet or more, in vertical lines, 
up and down incessantly. The females, after mating, fly low 
over the rippled surface of the stream, each carrying her little 
bunch of eggs extended at the tip of the abdomen and ready 
to let fall into the water. On sweeping the wet hand-screen 
thru the swarm, it was covered at one stroke with hundreds of 
females a_nd their loosened egg masses. 

Hall et al. (1975) described the mating flight of T. atratus in northern 
Minnesota. Males and females showed divergent flight patterns. In mid
July as the sun rose, large swarms of males were sighted at a height of 
25-30 feet. Some observations revealed thousands of males flying in a 
jerky, up-and-down pattern at tree-top level. Females in groups of three 
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or four would join the male swarms so that there was a constant stream of 
then1 entering. After entry of a large number of females, the flight con
tinued for another 20-30 minutes and then began to disperse. After leav
ing the swarm, females descended to the stream to oviposit. 

Leonard and Leonard (1962) observed large mating flights of T. sty
giatus in Michigan during the early n1orning hours frorn 4:30 to 10:00 
A.M., with death following soon after mating and oviposition. 

Our first attempts to rear the nymphs in the laboratory in still water 
resulted in the death of the insects within one or two days after collecting. 
After installation of an aerator, the immatures were kept for as long as a 
month afler collection, and many of these emerged. 

Emergence was not seen in the field; in the laboratory, there seemed to 
be no set time for the event to occur. All our observations were made in 
February, during which the hours of emergence ranged from 9: 15 A.M. to 
7:30 P.M., with most taking place in the morning. The subimaginal and 
imaginal life spans were not determined because the subimagoes died be
fore molting in every case. 

Hall (1975) noted that emergence of the subimago of T. atratus occurs 
under water. In quiet water, the nymph first attached to a fixed object, 
the thoracic notun1 split, and the subimago, with wings still folded, swan1 
to emergent vegetation, crawled out of the water, remained quiescent, 
and then expanded its wings to their full extent. When the water was 
flowing, the subimago simply swam to the surface of the stream, opened 
its wings, and then flew to a nearby resting place. 

Hall discovered that the emergence pattern of the male differed from 
that of the female. Males began emerging at dusk and continued the pro
cess throughout the night. Females emerged at dawn and for about two 
hours afler. The male subimaginal stage lasted from five to seven hours. 
As females emerge at dawn and the mating flights begin soon after:. the 
fen1ale n1olts aln1ost in1mediately after emergence; however, some fe-
1nales were observed to take up to two hours for the molt to occur. Hall 
also found that when humidity was high, subimagoes did not molt until 
sunlight struck them; when humidity was low, subimagoes molted much 
faster-usually within two or three minutes after emergence. 

At the same time that Hall was working with T. atratus in Minnesota, 
Newell (1976) was studying T. minutus in Idaho. The pattern of emer
gence he observed showed the subimago emerging at the stream surface. 
The subimaginal stage lasted less than 30 minutes. He observed large 
swarms flying from one to eight meters over the stream. Mating flights 
occurred during midday in the spring and fall, and abo':It two hours after 
sunrise and two to three hours before sunset in the summer. 
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Newell and Minshall ( 1978), after a careful study of exuviae, suggested 
that their data indicated that T. minutus males require about 19 instars and 
fem;:1les 23 to complete their nymphal development. 

BEHAVIOR. Examination of the alimentary canal of the nymphs showed 
that the specirnens that are root inhabitants feed on cpidcnnis of clcacl 
leaves, other debris, and occasionally diatoms; the nymphs living an1ong 
water grasses feed on the epidermis of these plant<;, as well as on the dia
ton1s covering them, although the latter are not eaten in great nu1nbers. 
The moss-dwelling individuals also feed to a large extent on plai:it epi<ler
n1is, but the diato1ns form a more important element in their diet than in 
that of the two other groups. 

The nymphs are awkward swimmers, using an undulating action of 
the abdomen for propulsion. The nymphs seldom swin1, moving about 
almost entirely by crawling. The operculate gills are more or less rhyth
mically raised to allow aeration of the lower or posterior pairs. In the 
lowered position, the operculate gills cover rather co_mpletely all others 
behind them, though not so well as do those of Eurylophella temporalis. 

NEOEPHEMERIDAE 

Representatives of the family Neoephemeridae occur in.the Holarctic and 
Oriental regions. The family, first named by Burks ( 1953), has been as
signed by McCafferty and Edmunds ( 1979) to the superfamily Caenoidea 
along with the Caenidae, following its placement there in 1963 by Ed
munds, Allen, and Peters. These latter authors discussed .the basis of their 
placement of these two families together in spite of the very striking dif
ferences in the wing venations of the adults. 1'he venation of Neoephemera 
led Needham, 1·raver, and Hsu (1935) to associate lhe genus with the 
Ephemeridae. Edmunds et al. arrived at the relationship of the Neo
ephemeridae and the Caenidae because of the nymphal similarities that 
they concluded are the result of common ancestry. The family, as presently 
recognized, includes three genera of which only one, Neoephemera, occurs 
in North America. 

Neorphemera McDunnough 

Berner 1950, p. 98 (Orieanthus); 1953, p. 145; 
1956, pp. 33-34; 1959, pp. 41-42; 1977, 
p. 33. 
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Burks 1953, pp. 42-43. 
Demoulin 1961, pp. 63-68. 
Edmunds 1972, p. 33. 
Edmunds, Allen, Peters 1963, pp. 20-21. 
Jazdzewska 1975, p. 227. 
Unzicker and Carlson 1982, p. 3.35. 

The unique nymphs belonging to this genus were described by Traver in 
1931, 1935, and 1937 as Oreianthus purpureus and Oreianthus species no. 1. 
A third species, described by Joly as Caenis maximus in 1871, from nymphs 
collected at the Garonne River in France, was also assigned tentatively to 
Oreianthus by Traver (1931 ). Traver's assignment was subsequently con
firmed, and the range of the species extended in Europe (Jazdzewska 
1975), although the species is now known as Neoephemera maxima. The 
relationships' of Neoephemera are particularly interesting, for while the 
wing venation of the adult is similar to some of the Ephemeroidea, the 
nymphal characters very closely parallel those of the Caenidae. For many 
years it was Considered that the nymphal characters were secondary adap
tations, and that the wing venation, which is fundamentally that of the 
Ephemeridae type, indicated the true relationships. Edmunds et al. (1963) 
stated that the similarities of the nymphs of the Neoephemeridae and the 
Caenidae result from common ancestry and are not the result of con
vergent evolution. Edmunds (1972, p. 32) concluded that as the imma
tures of the "Neoephemeridae share so few apomorphic characters with 
the Ephemeroidea that the venational similarities are almost certainly a 
result of parallel evolution." 

McDunnough (1925) described Neoephemera from eight males collected 
at Laprairie, Quebec, but he gave no information relative to phylogenetic 
relationships of the genus or any other information about the insects. 
Burks (1953) concluded that those insects Traver had named Oreianthus 
were not sufficiently distinct from Neoephemera to warrant generic rank, 
and he synonymized the two names. 

With the discovery of a new species of Neoephemera occurring in south
ern Georgia and northern Florida and the rearing of Traver's "Oreianthus 
sp. no. I," Berner (1956) reviewed the North American species of the 
genus and prepared a key to the adult and immature stages. Demoulin 
( 1961) reviewed the status of Neoephemera maxima, established three sub
genera of Neoephemera, and provided a key for idenlifying them. Two 
of the three, Neoephemera (including bicolor, compressa, and youngi) and 
Oreianthus (purpureus), are North American~ the third, Caenomera (includ
ing Neoephemera maxima), is European. 
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North American species of Neoephemera are found from southeastern 
Canada southward through the Appalachians to Florida (map 23). West
ward, the genus is known from Michigan. Nymphs and adults are rarely 
found in collections, and records of the occurrence of the genus· are 
sparse. 

Neoephemera (Neoephemera) compressa Berner 

(FIG. 156. MAP 23) 

Berner 1956, pp. 34-40; 1959, p. 41; 1977, 
p. 33. 

Demoulin 1961, p. 68. 
Jones 1977, pp. 19, 20. 
Schneider 1967, p. 202. 

TAXONOMY. Neoephemera compressa, the most recently discovered species in 
the genus, was described in a taxonomic review of the North American 
species (Berner 1956). The adults of this species can be separated from 
others of the genus by size, venational characters, or color differences. It 
is easily distinguished from N. bicolor and N. youngi by differences in col
oration of its legs and by the absence of annulations on its caudal fila
ments. The adults of N. compressa lack the small, dorsally projecting, 
median spine on tergite 2 which is found in N. youngi adults. Younger 
nymphs are particularly striking in appearance and show a pronounced 
dorsoventral flattening of the thorax. The tubercles of the anteromedian 
margin of the pronotum are very conspicuous as is a~other pair at the 
anterior margin of the mesonotum. As the nymphs mature, the thorax 
swells in size so that it assumes a more normal shape and the <lntcrior tu
bercles are almost obliterated. 

GEOGRAPHIC DISTRIBUTION. N. compressa has a limited distribution, being 
known only from extreme western and north-central Florida and central 
and southwestern Georgia. A single record of yo~ng nymphs from the 
Escambia River represent'i the farthest west that the species has been re
corded in Florida. With the large number of collection~ made in north
western Florida in recent years, it is surprising th~lt there have been 
no additional specimens taken. The southwestern Georgia specimen was 
collected from a tributary of the Flint River, which is ·a tributary of the 
Apalachicola. The other collections are from the Withlacoochee and the 
Santa Fe rivers, both of which flow into the Suwannee. Florida counties 
from which the species is known are (map 23): Alachua, Columbia, Es
cambia, and Hamilton. 
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* Neoephemere compre:ua Berner 

.6. N. you1Jgl Berner 

• Eurylophella tempora/111 (Mc Dunnough) 

f\...fap 23. 'f'hc cli~Lrihution of Nrorphrmera comprr.ua, N. )'Ol1t1gi, and Eu1)'lo
/1hella lt'lnporah~ in Florida. 

Eco1.ocv. The nymphs of N. com/1rP.'iSa occur in streams of slow to n1oder
ate flow. 

The Withlacoochee River, where the nymphs were found in 
some abundance, is a deep, slow-Rowing strean1 bordered by 
ash, willow, cypress and black-gum trees. Where the trunks 
of these trees are submerged, they are usually covered by a 
densely growing species of moss. It was in this moss that the 
nymphs were found, usually after a careful examination. 
They are slowly moving insects which are sometimes difficult 
to see in the dark vegetation and it is only by removing large 
clumps of the plant and shaking them that the nyn1phs are 
dislodged. l\fany were ren1oved by picking them fro1n the 
n1oss after it was taken from the water. The nymphs were as
sociated with th9se of Baetisca obesa, which were very common 
in the 1noss. Amphipods and isopods were also numerous in 
this association. Nymphs were often found in some abun
dance by running a dip net through debris anchored in flow
ing water. (Berner 1956, p. 38) 

At another stream, nymphs were found among the submerged but ex
posed and well-washed roots of terrestrial plants in much the same situa
tion where N. youngi nymphs occur in other streams. A few nymphs were 
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also taken from long-submerged logs. No nymphs have been found in 
rapidly flowing water. We surmise that by and large the ecological rela
tionships of N. compressa are much like those of N. yo~ngi. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Little is known about the sea
sonal distribution and life history other than that adults were reared from 
mature nymphs collected in January and March. ThC earliest emergence 
occurred in late February and the latest in early April. Nymphs collected 
in late November were half grown and would likely have emerged some
time between late February and early April. We assume that the life his
tory and seasonal distribution of N. compressa must be very similar to that 
of N. youngi. 

BEHAVIOR. Observed behavior of nymphs of this species was identical to 
that of N. youngi. 

Neoephemera (Neoephemera) youngi Berner 

(PLATE 20. Fie. I ~7. MAr 23) 

Bernerl950,pp.99-102; 1953,pp. 145-148; 
1956, pp. 41-42; 1959, p. 41; 1977, p. 33. 

Carlson 1980, p. 83. 
Demoulin 1961, pp. 65-68. 
Edmunds, Jensen, and Berner 1976, p. 263. 
Jones 1977, pp. 1-145. 
Peters and Jones 1973, p. 246. 
Schneider 1967, p. 202. 

TAXONOMY. The nymphs of Neoephemera youngi were first described by 
Traver in 1937 as Oreianthus sp. no. I' and illustrated bf Berner (1950), 
who described additional details in 1956. The species was transferred to 
Neoephemera, named, and the adults described in 1953. When Traver 
treated the Florida nymphs collected by Dr.J. G. Needham in 1927 from 
Sweetwater Creek in Liberty County, she suggested that the differences 
between the Florida nymphs and those of Oreianthus purpureus from 
North Carolina might be generic rather than specific.. However, the ex
amination of reared adults of both species dearly shows that they are 
members of the same genus but fall into different subgenera, purpureus in 
Oreianthus and youngi in Neoephemera. 

At first glan.ce, one is likely to confuse young nymphs with those of 
Caenis, but closer examination immediately distinguishes the two, for Neo-
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· ephnnera has prominent metathoracic wing pads. In later inst.a.rs Neo
. ephemera nymphs are n1uch larger than are those of Caenis and are very 

different in gross appearance as well as in structural ·details. 
Jones (1977) has reviewed comprehensively the taxonomy of Neo

ephemera youngi in his excellent study of the ecology and life history of the 
species. 

GEOGRAPHIC DISTRIBUTION. N. youngi is known to occuf in the Coastal 
Plain of Alabama, Georgia, and Florida and in the extreme southern 
parts of the Piedmont of Alabama, Georgia, and South Carolina. In Flor
ida, specimens have been collected over much of the northwestern pan
handle from tributaries of the Ochlockonee River in the east to the Yello"'" 
River in the western part of the state. In spite of the distributional range 
of N. youngi specimens are only rarely taken in general collecting, and 
records of its occurrence are not frequent. The species has been recorded 
from the following Florida counties (map 23): Escambia, Gadsden, Lib
erty, Okaloosa, and Santa Rosa. 

ECOLOGY. Jones (1977) has discussed the ecology of t_he various instars in 
his study of the life history of N. youngi. His findings ar_e consistent with 
those earlier described for the species. The nymphs are confined to those 
parts of streams where flow is continuous, although riot necessarily rapid; 
most frequently they live among the roots of terrestrial plants that project 
into the water. Debris and silt accun1ulate among the tangle of the roots, 
which together furnish an apparently ideal situation for the development 
of the nymphs. Only rarely do the insects appear iii collections made 
from cleanly washed roots in the swifter waters where lson)'chia is so 
common. 

Although not as numerous as in the root habitat, the nymphs can be 
found in leaf drift and among branches that become anchored rather 
permanently in the streambed. However, these nymphs seem to be mar
ginal fonns and do not appear to be adapted to swifter waters . .Jones 
found ny1nphs of the first eight instars aln1ost exclusively in a water moss, 
Leptodictyum riparium, confined to an exposed Oat, concrete spillway at the 
mOuth of culverts. He concluded that silt and debris that accumulate in 
the tangle of the moss offer a uniquely ideal situation for the develop
ment of the younger stages. Older nymphs were found living among the 
roots of terrestrial vegetation . 

The spindly legs of the immatures and the presence of gill covers indi
·. cate that the Florida nymphs find their natural habitat in the silty places 
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where they have been taken rather than on the undersides of cleanly 
swept rocks in midstream where Traver first collected the nymphs of Neo
ephemera purpurea. Frequently, large, submerged and well-anchored logs 
were found in the streambed, yet no Neoephemera nymphs were on them. 
It is apparent that other habitats must be more acceptable to the imma
tures, but even in them they are not especially numerous, although Jones 
reported that he collected 50 nymphs from among exposed roots. That 
this root habitat is the preferred one for nymphs of Neoephemera is appar
ent from our finding specimens of N. purpurea among the roots in a 
mountain stream in North Carolina rather than under large stones in 
midstream, the habitat described for them by Traver. 

The nymphs have a high degree of tolerance to certain kinds of distur
bances. Traver had one nymph of N. purpurea that survived a three-day 
automobile trip, during which the water was changed infrequently each 
day. Several nymphs of N. youngi, confined in a half-pint jar in which the 
water was not changed, were brought by car to Gainesville from Sweet
water Creek, a distance of about 250 miles. They were removed overnight 
to an open pan but the following day were replaced in the jar for the re
mainder of the trip. In Gainesville they were kept in a pan of shallow 
water, where they lived for a time, but, for some undetermined reason; 
none lived longer than 20 days in captivity. Two nymphs reached the 
pOint of emergence but died before transformation was accomplished. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Jones's (1977) study of the life 
history of N. youngi revealed that the species is strictly seasonal and uni
voltine. He noted the production of a ,Single generation per year in the 
two populations he studied. In the field imagoes were seen first emerging 
in early April, with the process extending into early May. The peak of 
emergence was in mid-April, with the latest field observation occurring 
on May 9. Adults were reared in the laboratory as early as mid-March. 
Neoephemera is among those few Florida mayflies that have a highly re
stricted seasonal range. This fact is in accord with other evidence suggest
ing a southern origin for the species. 

Jones found mature eggs to be ellipsoid and without sculpturing or 
polar caps. Attachment structures included an adhesive layer and a few 
short filaments on the egg surface. Incubation required 66 to 82 days in 
the laboratory. He observed hatching over a period of 30 to 40 days. His 
records of the earliest dates of adult emergence and the earliest appear
ance of nymphs in field collections led him to suggest an egg stage of 
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about three months. Females produced from 958 to 2101 eggs, with an 
average of 1461 per individual. 

Careful observations led Jones to conclude that the species requires 15 
nymphal instars to complete development. In his study, he described the 
salient changes occurring in each instar. As usual in mayfly nymphs in the 
first instar, gills are absent, but they do appear by the fifth instar. Jones 
was unable to obtain nymphs in the third and fourth instars but \Vas suc
cessful in obtaining the remaining stages. The first-instar nymphs molted 

· three to five days after hatching. He \Vas unsuccessful in. rearing second
instar nymphs, as all died two to six days following their last molt. Fifth
instar nymphs, obtained from field collections, molted 4 to IO days after 
capture. The sixth instar required 14-17 days, and the seventh-instar 
nymphs died before molting to the next stage. Eighth-instar nymphs 
molted over a period of 7-16 days after field capture. Ninth-instar 
nymphs, now growing rapidly, required an average of 20 days to com
plete development to the 10th instar, which lasted an average of23 days. 
At the 11th instar the nymphs measured as much as 6.2 mm, but Jones 
was not able to determine the length of time required for development. 
Twelfth-instar nymphs were obtained from field collections and molted 
from 4 to 15 days after capture. Thirteenth-instar nymphs were as large 
as 8.2 mm and required about 19 days to develop to ihe.I4th instar, which 
averaged 22 days. Nymphs in the 15th, and last, instar reached a length of 
about IO mm and emerged as subimagoes from 21 to 25 days after attain
ing this instar. 

Subimagoes emerged for the most part during the period extending 
from 30 minutes before sunrise to 30 minutes after. Additional evidence 
indicated to Jones that subimaginal emergence actually occurs over a 
four-hour period extending from one hour before to ·about three hours 
after sunrise. Emergence occurs at the surface of the stream in 40-60 
seconds. The newly emerged insects then fly directly up,vard to a rest
ing site. 

Jones was able to determine the length of subimaginal life in the labo
ratory and found it to range from 12 to 16 hours. He found no relation
ship of temperature and humidity in the laboratory to length of sub
imaginal stage. Molting of the subimago to the adult stage required from 
5 to 12 n1inutes. 

Although Jones was not able to observe mating swarms of N. youngi,, he 
did observe a possible form of preswarming, stream-orientation behavior 
on several occasions. He noted a single male imago descend to the surface 
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of lhe strearn, touch the water with the tip of its abdomen, then Hy 
quickly up and out of sight. He observed this same behavior in a total 
of IO males in April, beginning about two hours before sunset and last
ing for about an hour. About an hour before sunset, he noted a single 
female Ay into the same area of the stream and release her eggs from 
about three feet over the water. Ten other females followed the first and 
displayed the same type of ovipositing behavior. Once eggs were released, 
some of the females fell to the surface of the stream and were soon eaten 
by fish. 

Jones observed similar Right activities on other occasions in late April, 
but there were no further sightings of Aying imagoes after May 9. During 
the time the adults were flying, the air temperatures ranged fron1 21°C to 
31°C; water temperature was l 7°C to 22°C. Most of the activity was seen 
in a quiet, riffie-free part of the stream. There was little wind, and the sky 
was clear to partly cloudy. 

Jones was led to believe that the imagoes mate early in the evening just 
before sunset and that swarming must occur high in the air out of sight of 
the observer. He suggests that the dipping of the abdomen in the water 
assists the males in orienting themselves with reference to the stream Aow. 

Adults \Vere kept alive for about 24 hours. In the laboratory the adults 
lived fro~ 20 to alrnost 29 hours. Slight variations in temperature and 
h,;~idity in the laboratory apparently had little effect on longevity of 
ilie~u~. · 

Jones's earliest collection of very young nymphs was on June 29, and he 
estimated that they were already in their second instar. He believes that 
hatching occurred three to four days before these second-instar nymphs 
were collected. He found the first nine instars to be relatively abundant 
fron1July to November. Fully mature nymphs were seen in late February. 
The first with black wing pads were not taken until mid-March, but at the 
same time small nymphs were also observed, indicating an extended 
hatching- period. The last nytnphs \Vere taken on May 2. 

HEHAVI<>R. ·rhe nyrnphs swirn very little, and their motions are extremely 
awk,vard \vhen they do. The tails are bent over the abdomen and sud
denly lash out so that the movement of the abdomen, assisted by the beat
ing of the almost bare caudal filaments, drives the insect slowly and with 
much difficulty through the water. 

·The attitude of the nymphs when taken from the water is much the 
same as that characterizing all those species of mayflies which have oper
culate gill covers. A slow, deliberate movement is coupled with an occa-
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·sional flicking motion of the caudal filaments as the insect brings the fila
ments completely back over its dorsum until they point anteriorly, and 
then lashes out with them as though it were using them for propulsion. 
The nymphs' coloration and choice of habitat doubtless act as protection 
against the many predators infesting the streams. 

According to Jones, the nymphs are detritivores, which eat plant frag
ments and filamentous algae. He found detritus, derived mostly from 
leaves that had fallen into the streams, to be the choice food of the 
nymphs he examined. Sand particles were found to be thoroughly inter
mixed with the materials in the digestive tract, and he suggested that the 
nymphs may be attracted to the film of fungi and bactCria that is usually 
present on or among the particles. . · 

Nymphs were observed by Jones to feed mostly at night and were 
found :usually on the upper surfaces of the leaves when feeding. He 

·found on one occasion in the laboratory that a fully mature nymph had 
completely skeletonized a whole maple leaf in a period of four days. 

CAENIDAE 

The family Caenidae includes some of the smallest species of mayflies, 
representatives of which occur virtually worldwide. They are absent only 
from New Zealand and most Oceanic Islands; but with iOcreased shipping 
in recent years, Caenis nigropunctala Klapalek, known from Java, Sumatra, 
Bali, and the Philippines, has been introduced into the Hawaiian Islands 

· (Zimmerman 1957). The adults of the two North American genera have 
only a single pair of wings with a greatly expanded anal area and with the 
hind margin bordered with setae. The three caudal filaments are very 
long in males but very short in females. The body of the female is robust; 
that of the male slender. 

Nymphs have more or less flattened bodies and lack hind wing pads; 
the gills on the second abdominal segment are operculate but not fused 
along the midline. There are three caudal filaments. 

Along with the Neoephemeridae, the Caenidae have been assigned to 
the suborder Pannota and superfamily Caenoidea by McCafierty and Ed

·.munds (1979). The North American genera of the Caenidae are easily 
separated from all other Ephemeroptera both in the adult and nymphal 
stages. 
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Caenis Stephens 

Berner 1950, pp. 173-174; 1959, pp. 13-15; 
. 1977, pp. 34-35. 

Burks 1953, pp. 50-51. 
Edmunds, Jensen, and Berner l 976, pp. 

266-269. 
Leonard and Leonard 1962, pp. 39-40. 

The genus Caenis was described in 1835 by Stephens, who made the Eu
ropean Ca.enis macn1.ra the genotype. At the time .of publication of Eaton's 
monograph, only two species of Caenis were known from North America, 
seven from Europe (he included Brachycercus harrisella), one from Asia, 
and l\\'O from Africa. Hagen ( 1861) listed three species in his Neuroptera of 
1\lorth Anierica, but Eaton synonymized diminuta and amica (the latter now 
recognized as a valid species). The next general review of the genus in 
North America was that of McDunnough (1931) in his paper on the sub
fan1ily Caeninae, in , .. .rhich he treated 10 species, of which 5 were de
scribed as new. Traver (1935), in The Biology of Mayflies, again treated the 
North American species of Caenis, describing two new ones, and re
describing the l 0 that had been discussed and described by McDun
nougli. Burks (1953) found still another new species, C. gigas, in Illinois, 
and Harper and Harper (1981) named candida from Quebec. Presently, 
Arwin Provonsha is preparing an in-depth revision of Caenis. 

Campion (1923) discussed in full the synonymy of the generic name 
Caenis and erected the genus Ordella to include part of Caenis; the re
mainder was placed under the name Brachycercus. Lestage (1924) fol
lowed Campion and suggested that the family name be changed from 
Caenidae to Brachycercidae; however, McDunnough, without stating a 
reason, restored the American species to Caenis and used Caenidae to in
clude Brach)1Cerc11s, TricDl)'lhodes, and Caenis. Subsequently, Tricor)'thodes 
has been recognized as belonging to the Tricorythidae, not Caenidae (Ed
munds and Traver 1954). 

No detailed studies have been made of the ecology of North American 
species of Caeni1, although Rodgers (1982) has investigated the effects of 
elevated water ten1peratures on nymphal development and emergence 
patterns. Needham et al. (l 935, p. l 80) characterized the nymphs as "the 
spr~nvlers amid the silt in still water." 

The species of this genus are generally distributed throughout North 
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America, although there are relatively few published records fro1n the 
west. 

The high state of development of Caenis is indicated by the complete 
absence of hind wings. Diminution in size leading to loss of the hind 
wings began in the Jurassic. Reduction of the number of segments in the 
forceps of the male to a single segment further bears out the idea that 
the genus is an advanced one. Caenis, Brachycercus, and (;ercobrachys are 
similar in the adult stage, but Caenis can be separated from the other gen
era by its much longer prosternum, causing the fore coxaC to be brought 
close together on the ventral side of the body. Nymphs are readily differ
entiated: Cat~nis nymphs have no occllar tubercles, whereas the other two 
genera have three prominent ones. Caenis has three-segmented maxillary 
and labial palpi as cornpared with two-segmented ones in the others. Fi
nally, the body is much less flattened in Caenis than in Brachycercus and 
Cercobrachys. . 

Caenis dirninula Walker 

{PLATES 21, 22. F1r.s. 5, 78, 107. MAP 24) 

Bernerl950,pp. 174-185; 1958,p.29; 1977, 
p. 34. 

Burks 1953, p. 51. 
Frost l 967, p. 28 l. 
Jones 1977, p. 65. 
Lanquist l 953, pp. 23, 24, 27, 3 l, 34, 40, 4 l. 

44, 62, 66. 
Needham 1949, p. 455 (C. amica), p. 457 (C. 

diminuta). 
Peters and Jones 1973, p. 247. 
Schneider 1967, p. 202. 
Sloan 1956, p. 92. 

TAXONOMY. Francis Walker described this minute mayfly in 1853 from 
specimens collected at St. Johns Bluff, Florida, a point on the south side 
of the St. Johns River about six miles from the ocean. Since then the spe
cies has been redescribed by Hagen (1861), who related it to C. l.aclea of 
Europe; by Eaton (1871; 1881); by McDunnough (1931); and by Traver 
(1935). Spieth (1940) supplemented the description. All these authors 
agreed that the species is quite· distinct, but McDunnough and Traver 
have shown that in addition to the true diminuta, the material of earlier 
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Plate 21. Caenis diminuta Walker, male imago 
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·writers also included five other species. The adults of C. diminuta may be 
distinguished from all other North American species of Caenis by the 
dark stigmatic streaks present on the anterior abdominal tergites, by the 
presence of a dark apical band on the hind femora, and by the absence of 
black dots from the femora. At the present state of our knowledge nymphs 
of Caenis are almost impossible to separate; but if only the two Florida 
species are considered, the problem is somewhat simplified. In general, 
diminuta nymphs in their last instar range from 3.9 mm to 6.7 mm and 
usually have numerous yellowish spots scattered over the pro- a_nd meso
nota; in hilaris, the other Florida species, the size range is from 2.2 mm to 
3.8 mm. Yellowish spots are usually absent from the pronotum of hilaris; 
the mesonotum has one pair of submedian spots and yellowish spots at 
the bases of the wing pads. The difference in size between the two species 
is the significant feature, the smaller measurements given above being 
those of mature male nymphs, the larger t~ose of mature females. 

GEOGRAPHIC DISTRIBUTION. Caenis diminuta is one of the most widely dis
tributed species of mayflies occurring in Florida. McDunnough recorded 
specin1ens taken near Gravenhurst, Ontario, and from Stuart, Florida, 
and the species is now known from many localities in Florida. It has been 
reported from Alabama, Georgia, Louisiana, and Tennessee (Berner 

. 1977). In Florida, the species is known to occur from.the southernmost 
county and throughout the state. We have recorded C. diminuta from 43 
of Florida's 67 counties, and we believe that it can be found in the other 
24. l'hose counties from which we have specin1ens are (map 24): Alachua, 
Bay, Broward, Calhoun, Citrus, Clay, Collier, Columbia, Dade, DeSoto, 
Escambia, Flagler, Franklin, Gadsden, Glades, Gulf, Hamilton, Her
nando, Highlands, Hillsborough, Holmes, Jackson, Jefferson, Lake, Lee, 
Leon, Levy, Liberty, Madison, Marion, Monroe, Nassau, Okaloosa, 
Orange, Pasco, Putnam, St. Johns, Santa Rosa, Sarasota, Taylor, Volusia, 
Walton, and Washington. 

"ECOLOGY. Even very small bodies of fresh water serve as habitats for 
Caenis nymphs. The smallest biotope in which we have found nymphs was 
a pool about a foot wide, which had been prnduced by the recession of a 
creek that had overflowed. The species is most successful in standing 
~odies of water of pond size or smaller. In lakes of the silt-bottomed type, 
represented by Lake Wauberg near Gainesville, the species is very com
·mon, but in such sand~bottomed lakes as Lake Geneva in Clay County, 
t_hey are much scarcer or may even be absent. The nymphs are sprawlers 
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Plate 22. Caenis diminuta Walker, nymph 
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Map 24. The distribution of Caenis diminuta, C. hilaris, and Cercobrachys 
etowah in Florida. 

in the mud and silt of the pond bed. Here they crawl slowly over the plant 
sterns, where they are more or less protected f roffi predators. Occasion
ally, they leave the bottom to climb a short distance up the plants: but they 
are more frequently found clinging to the bottom of the ·stems. Leaf de
bris and other trash accumulating in shallow water also harbor Caenis 
nymphs, but they do not seem to be as numerous here as in the plant asso
ciation. The margin of the vegetation also appears to limit the distri
bution of the nymphs, and, even though there may be debris beyond this 
shore zone, the insects seldom venture into the deeper water. 

Caenis nymphs do not commonly live in ponds and lake edges that are 
covered with water hyacinths because there is usually an inadequate sup
ply of oxygen and not enough bottom vegetation to support even these 



342 THE tvlAYJ<:LlES OF FLORIDA 

rather tolerant ny1nphs. Ho\vever, Lanquist (1953) often found then1 
along with blood worms and tubificid worms in the decaying hyacinth de
tritus and debris on the bottom of the tributaries and canals connected 
\Vith the Peace River in southwestern Florida. Likewise, sinkhole ponds 
covered with duckweed and Wolffia brasiliensis seldom have populations of 
this species, as in most of these waters attached vegetation is lacking and 
there is 1nuch decaying material. The combination of these factors may be 
sufficient to render the bottom of these ponds unsuitable for habitation. 
Two sinkhole ponds, approximately one-fourth of a mile apart on the 
University of Florida ca1npus, cxe1nplify this phcnon1enon. One of these 
ponds was completely covered with duckweed; the other was entirely free 
of the plant but had a luxuriant growth of Riccia fiuilans. ln the former 
there \Vere no mayfly nymphs; in the latter there was an abundance of 
C. diminuta immatures. Mayflies are not the only animals affected by the 
paucity of oxygen in the duckweed-covered pond, for the usual pond as
sociates of C. diminula are also either entirely absent or extremely rare. 

Roadside ditches are among the most fruitful places for finding C. di-
111i1111/a ny111phs because co111para1ivcly rcw predators inhabit 1hc111, s11h-
111ergent vegetation is plerniful, and oxygen and food .arc abundant. Cy
press S\\'.amps and marshes in \Vhich there is vegetation or leaf debris also 
111?intain populations of nymphs. Even streams may be inhabited by the 
nymphs of this species. [n flowing water, they live in shallow regions 
among the rooted aquatic plants, on the roots of terrestrial plants project
ing into the water, on submerged logs, sticks, or other trash, and even on 
rocks in moderately swift water. When in the flo_Wing parts of the stream, 
they must cling more closely than in the"quiet areas, and the current limits 
their ability to move about easily. In still or slowly Rowing water they move 
more freely. 

The nymphs have surprisingly wide limits of tolerance; they withstand 
not only marked variations in acidity and alkalinity but also marked fluc
tuations in temperature and in the amount of decomposition taking place 
in the water. The lo\vest pH recorded in water from which nymphs were 
taken was son1ewhat less than 4.0, the highest well above 8.0. c. diminuta 
nyrnphs must also be able to withstand great temperature variations, as is 
indicated by the fact that they thrive in shallow pools continually exposed 
to southern Florida sunlight and yet apparently flourish in the very cold 
waters of Canada. Nymphs in all stages of development have been col
lected from odorous, stagnating water along with larvae of the rat-tailed 
maggot; apparently, the nymphs have remarkable powers of resistance to 
putrefaction. In fact, Lanquist (1953) stated, "Berner (I950) recognized 
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Callibaetis as being the most tolerant mayfly in Florida; but after taking 
Caenis with the pollution indicators at so many of my stations and after 
finding Callibaetis usually at the shore or in hyacinths near the surface, [ 
would give Caenis diminuta the honor of being the inost tolerant form." 
Further, Sloan (1956, p. 92) remarked about C. diminuta; "It is apparently 
fairly tolerant as a species although its populations ·are seen to be quite 
small in areas of environmental extremes such as the pool and estuary [of 
spring runs]." 

SEASONAL DISTRJUUTION AND LIFE 111sT0Rv. There is no definite Season for 

emergence of C. diminuta in Florida. Adults have been collected in all 
ri-ionths of the year, and there are no clear-cut broods. McDunnough 
(1931) recorded the species from adults taken on August 20 at Grav
enhurst, Ontario. ln the northern parts of its range, the species must cer
tainly be seasonal; it could not be otherwise, for the ponds in which it lives 
are probably frozen over during the winter months. Though in Florida 
emergence occurs throughout the year, the species is limited to some ex-
1c111 hy 1cn1pcrature; during cold spells c111crgc11cc co111cs to a standstill, 
but as soon as there is a change in the weather and the shore zone warrns 
sufficiently, subimagoes begin rising. 

Collections of adults at a light on warm nights during the winter indi
cate that the rate of emergence is somewhat less than during the summer 
months. Nevertheless, the number of emerging adults is large. Collecting 

. at lights in a particul<ir area on consecutive nights frequendy does not 
·yield the same results, although lighting conditions may be about the 
same. This may be due to emergence of different broods from the same 
pond, but as there is so much overlapping in generations, the existence of 

·distinct broods is somewhat doubtful. Rodgers (I 982), working in north
ern Alabama with Caeni.s n. sp. near amica, suggested that her evidence 
implied two asynchronous generations of the species per year. 

One of us (Berner) had limited success in rearing C. diminula from egg 
to adult. Many nymphs were hatched, but only two were successfully 
reared, the others having died during some preadult stage. The entire 
period of development was approximately 124 days. The number of in
stars could not be determined, but some data have been obtained on 
growth rate, hatching, and other features of life history. These are pre
sented in table 3. 

On October 23 at 6:40 P.M. I5 female adults of Caenis diminuta were 
collected at light. These specimens were taken within 10 minutes, even 
though it was not yet dark and there was a bright moon .. Each of the fe-
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males was placed on the surface of a bowl of water, and each began to 
oviposit immediately. The process was completed by 7:20 P.M. Most of the 
individuals voluntarily completed oviposition, but those that did not were 
aided by having their abdomens squeezed with forceps. The females, 
once placed on the water surface, showed no inclina~iofi to leave even 
after emptying the abdomen of eggs. Each dish was numbered, as well as 
each female, which was then preserved in alcohol. 

In some of the bowls all the eggs had hatched by 7: 15 P.M. on October 
30, a week after oviposition; in the remainder of the bowls, hat~hing had 
begun. By December 4 all nymphs were healthy and apparently growing 
rapidly. Two of the nymphs, though, were very immature, hardly larger 
than.a normal week-old individual; the immaturity may have been due to 
delayed hatching. 

While the bowls were being prepared for the C. diminuta eggs on Oc
tober 23, a few of the ova adhered to the vial in which the females were 
brought to the laboratory. The bottle had been filled with water and a 
pinch of dried organic matter added; the bottle was put to one side and 
forgotten. On February 7 the vial was discovered-the water was almost 
gone, but there were seven Caenis nymphs still alive and active in it. The 
individuals were all dwarfed. Two of the nymphs had· not even developed 
gills-only a pair of tubular outpocketings on abdominal segment I. The 
stunting was evidently the result of an insufficiency of food. The small 
mass of organic material that had been added to the vial originally was 
still hard-packed and apparently had only been nibbled at by the nymphs. 
It is quite possible that hatching had been long delayed, which might ac
count for the size of.the nymphs and their lack of development. 

Of those nymphs that hatched on October 30, only four remained 
alive by February 19. Three of the four were in the last instar, and one of 
them measured 4.5 mm. Finally, on February 24 the wing pads of one of 
these last instar-nymphs began to blacken, and on Maich 3 the subimago 
was ready to emerge. 

The first of the laboratory-reared adults emerged during the late af
ternoon or early evening of March 3, and on the morning of March 4 it 
was found floating on the surface of the water in the bowl in which it had 
been reared. The shed nymphal exuviae of another specimen was also 
found in the rearing dish, but the imago had escaped. 

Table 3, together with the observations, gives a partial picture of the 
development of C. diminuta from egg to adult. Many difficulties beset the 
rearing of the nymphs. The eggs are easily hatched; but rotifers, flat
worms, and small oligochaetes, accidentally introduced with food mate-
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rial, may furnish too much competition for the delicate nymphs, many of 
which perish. The four specimens mentioned ~bove must have been ex
ceptionally sturdy, for several times the water almost disappeared from 
their bowls. There were many protozoa in the containers, and during 
most of the time very little light reached the insects. 

Table 3 gives the time required from oviposition to hatching for many 
of the nymphs which were hatched in the laboratory. 

The figures in table 3 indicate that the fall and winter broods hatch 
much more rapidly than do those of the spring. No eggs were hatched 
during the summer; the time required for hatching in this season would 
probably be between that of the spring and fall (5-11 days). l~hcn again 
the figures 1nay be of no significance, for all specimens were hatched in
doors where the fluctuation of temperature was slight as compared to 
that outdoors. The time necessary for hatching is among the shortest of 
North A1nerican species of Caenis for which we have been able to obtain 
data. Listed below are hatching times for a number of other species of 
maynies hatched under laboratory conditions: 

Caenis diminuta-5-11 days (Berner 1950) 
Ephemera varia-15 days (Needham et al. 1935) 

.,Hexagenia bilineata-9 days (Needham et al. 1935); 8-12 days (Frem-
ling 1967) 

Hexagenia limbata-11-26 days (Hunt 1953) 
Leucrocuta hebe-12 days (Needham et al. 1935) 
Litobrancha recurvata-15 days (Needham et al. 1935) 
Neoephemera youngi-66-82 days (Jones I 977) 
Stenacron interpunctatum-13-15 days (Needham et al. 1935) 
Stenonema Jemoratum- l l-23 days (Needham et al. 1935) 
Stenonema modestum-25-28 days (Kondratieffand Voshell 1981) 
Stenonema smithae-13 days (Berner 1950) 

When the nymph of C. diminuta is ready to hatch, the chorion splits 
cleanly along the longitudinal axis. One nymph had freed its head when 
first observed; the antennae were still twisted but free. Two of the left legs 
had been released. By working the body from side to side, the other legs 
finally were pulled loose. With these, the nymph then seized the bottom 
litter, and clinging, even though its legs had not yet straightened, pulled 
the remainder of its body from the egg. The tails, however, adhered to 
the egg me1nbranes so that the insect had to be detached mechanically. 
The entire process took about two minutes. When first hatched the an ten-
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nae and tails of many nymphs are crinkled, the legs bowed, and the ab
domen twisted to one side. This condition generally corrects itself within 
a few hours. At times the condition may persist for several days, possibly 
until the first molt. 

The eggs are released by the female in a somewhat spherical mass that 
immediately breaks up when the female touches her abdomen to the water 
surface. The eggs then separate and sink. As they fall through the water, 
they release a tangle of threadlike, sticky fibers that cling to the first solid 
object with \vhich they come in contact. Once an egg is attached, there is 
some difficulty in tearing it loose without injuring the filamentS; if the egg 
is freed, the re1naining threads 1nay again heco1ne entangled. ·rherc is no 
swelling of the chorion nor any formation of a protective jellylike coat as 
in the eggs of many other species of mayflies. 

Upon hatching, the nymphs begin to search for concealment and food. 
Although in many cases the spreading caudal filaments are evident, the 
young insects are rather transparent; so almost any background is suffi
cient for their concealment. Their swimming actions are very awkward. 
The young nymph lashes out with its caudal filaments and then bends 

· them completely back over the abdomen and lashes out again, producing 
a series of jerky, somewhat undulatory movements. During this process, 
the legs are held widely spread and ready to grasp any support. Until the 
operculate gills are formed, the nymphs retain their whitish, opaque ap
pearance. Shortly after the formation of these gills, brown pigment be
gins to color the immatures, which are further concealed by the detritus 
that adheres to the long hairs covering the body. 

Emergence of adults occurs in late afternoon or at night. When ready 
to transform, the nymphs Aoat at the surface in shallow water from a few 
inches to several feet deep and just inside the limits of attached vegeta
tion. The subimago soon bursts from the nymphal skin but seems to ex
perience some difficulty in taking flight. In many insta_nces we observed 
that the subimago was unable to rise from the water; and .. during its 
struggles the wings became wet, dooming the insect. Often the subin1ago 
will take off from the nymphal exuviae, but the flight results in only a 
short hop. After resting on the surface film, the insect makes another at
tempt to fly. Once free and safely in the air, the subimago nies to the near
est support and very shortly ~olts. In the instance of specimens reared in 
the laboratory, the molt occurred approximately fiVe to six millutes after 
emergence from the nymphal stage. 

This species is one of the shortest-lived o'f all mayflies in the adult 
stage. Laboratory-reared adults remained active for about four hours, al-
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though a slight reflex movement of the legs could still be observed 30 
minutes later. 

We have never been able to observe the mating of this species, and 
there appear to be no written accounts of the mating flight of any species 
of Caenis. A flight, which may have been the mating flight of C. diminula, 
was observed on January 25 at about 3:00 P.M. At that time many sub
imagoes were rising from the surface of Orange Lake in Marion County. 
They flew to the nearest available support where they molted and, as ima
goes, became very active. At 3:45 P.M. a single male was noted rising and 
falling in a typical mating-flight behavior about 300 yards from shore but 
still within the water-bonnet zone. Flying about five feet above the water, 
it rose and dropped vertically about two feet but seldom moved horizon
tally. This male \\'as soon lost to sight, and no further flights were seen. 

While he was collecting crayfish at Orange Lake a few days later, 
Dr. H. H. Hobbs observed the coupling ofa pair of C. diminuta adults that 
were flying with little rise and fall about five feet above the water sur
face. After about 30 seconds the two individuals separated and soon 
disappeared. 

BEHAVIOR. The food of the nymphs consists of plant debris, algae, and 
any other organic materials that chance may throw their way; even in
organic substances may happen to be seized by their raking feet. One 
nymph was observed feeding on a leg of a dead immature of the same 
species. When feeding, the nymph clings with the two posterior pairs of 
legs and one of the forelegs and at the same time extends the other fore
leg; this leg, which is then drawn in towa~d the mouth, pulls along with it 
the debris lying within reach of the claw. When the food reaches the 
mouth, the maxillary and labial palpi begin an active movement, sorting 
and shoving the food into the mouth. As soon as one clawful of material is 
disposed of, the other leg may reach out, or the first may again be used if 
there is still material within reach; if not, the nymph moves slowly for
ward until it encounters more food. Pieces of the epidermal covering of 
plants are detached by the sharply pointed claws and pulled into the vo
racious jaws. The nymphs seem to feed continuously, and the anterior 
part of the alimentary tract is always \veil packed, as in all other mayfly 
nymphs. 

The adults of C. diminuta are among the most pronouncedly photo
tactic of mayflies. A light set up near any body of water where the species 
is known to be present will attract males and females equally well. On 
some nights either males or females may dominate at the lighting sheet; 
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·on other occasions the two sexes may be attracted in approximately equal 
numbers. 

When most mayflies alight, the wings are held vertically over the back. 
Caenis, however, alights with its wings spread wide, leaps up again, and 
repeats. the performance several times, each time moving closer to the 
light source. Finally, flying stops and the adult begins to crawl toward the 
light-its wings spread in a horizontal plane, or even depre.ssed until they 
almost touch the object on which the insect is walking. Orice attracted to a 
light, the adult seems almost helpless and becomes easy prey for many 
insects, particularly ants. 

Caenis hilaris (Say) 

(MAP 24) 

Berner 1950, pp. 185-187; 1958, p. 29; 1977, 
p. 34. 

Cowell and Carew 1976, pp. 590, 592. 
Jones 1977, p. 65. 
Peters and Jones 1973, p. 247. 
Schneider 1967, p. 203. 

TAXONOMY. Caenis hilaris, one of the first recorded NOrth American spe
cies of mayflies, is the smallest ephemerid found in Florida as \.\'ell as one 
of the smallest known. The body and wing measurements are slightly 
over 2 rnm. 'The species was described by Say in 1839 as Ephemera hilaris; 
later it was redescribed from lllinois material by Walsh (1862), after first 
having been placed in the genus Caenis by Francis Walker" (1853). Hagen 
(1861) briefly described the adults; and Walsh, in his description, pointed 
~·ut differences between Hagen's specimens and his owr1. Eaton ( 1871) was 
the next to redescribe C. hilaris and after an interval of nea'rly 50 years 
McDunnough (1931) revised the description of the species. Once again 
hilaris was described by Traver in 1935 in The Biology of Mayflies. Our 
specimens conform to descriptions by McDunnough .ind Traver fairly 
well; a few minor differences are probably individual variations. 

GEOGRAPHIC DISTRIBUTION. In Florida, C. hilaris is confined to an area in 
the northwestern part of the state extending from the western bounda
ries to somewhat east of the Apalachicola River. The species is rather 
widely distributed over the eastern United States, but it is unknown west 
of Oklahoma and in Canada. It inhabits a wide variety of physiographic 
provinces, ranging from the Coastal Plain into the Appalachian Province. 
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In the Southeast, it has been recorded from Alabama, Florida, Georgia, 
Louisiana, Mississippi, North and South Carolin~. and Tennessee (Berner 
1977). Cowell and Carew (1976) reported finding nymphs of the species 
to be abundant from September to November in stream drift colleCtions 
made in Hillsborough County. We believe that their specimens may have 
been misidentified and were, in reality, diminuta. Nymphs or adults have 
been collected from the following Florida counties (map 24): Bay, Cal
houn, Escambia, Gadsden, Holmes, Jackson, Leon, Liberty, Okaloosa, 
Santa Rosa, Wakulla, Walton, and Washington. If Cowell and Carew's re
port is correct, Hillsborough County will also be included. 

ECOLOGY. Nymphs have been collected only from gently flowing streams, 
predominantly of the sand-bottomed type, with debris accumulated near 
the shore. The habitats of the nymphs are identical with those of Ser
ratella deficiens as described for Sweetwater Creek in Liberty County. In 
other streams, nymphs have been found in the vegetation near shore, 
atnong leaf drift, and on subn1erged logs and sticks. We have never taken 
specin1ens fron1 the deeper, swifter parts of the streams, even where de
bris was present. In addition to the usual sand-bottomed streams where 
hilaris nymphs have been found, we have taken adults at Blue Springs 
Creek near Marianna but could find no nymphs. It is uncertain whether 
they inhabit the stream itself or the lake formed by the dam. This stream, 
which is decidedly basic, would be a rather exceptional habitat for the 
species, as it has a very soft bottom and an abundance of snails and had no 
vegetation at the time the collections were made. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. The evidence at hand leads us 
to believe that, like diminula, C. hi/am emerges throughout the year in 
Florida. Our collections include adults taken from April through Novem
ber and last-instar nymphs recorded in November and December. Al
though our records have gaps, it seems logical from a study of younger 
specimens to assume that emergence must occur during the \varm peri
ods of other months. 

In spite of the large amount of taxonomic literature concerning C. hi
laris, its life history remains unknown. 

BEHAVIOR. The nymphs are extremely minute and consequently diffi
cult to see: some last-stage specimens are less than 2 mm in length. We 
have found that the most e!Ticient method of taking nymphs is to put de
bris collected by means of a fine-screened coffee strainer into a white
enameled pan. When the pan is tilted and the water drains away from the 
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nymphs, a slight movement is discernible, as the insects attempt to follow 
in the wake of the liquid. As with C. diminuta nymphs, the movement is a 
slow crawl combined with a wriggling motion. The nymphs of this species 
do not tend to flick their tails over their backs; and both young Tri
corythodes and damselfly nymphs may easily be confused with those of hi
laris unless they are separated with a hand lens. 

Strongly phototactic, C. hilaris adults are attracted to lights along with 
C. diminuta adults. At Blue Springs Creek a large electric plant, the lights 
of which are kept burning all night, faces the lake formed by the dam
ming of the stream. The walls and windows of the illuminated porch were 
covered with spiderwebs, the spiders hiding in every crevice to catch the 
myriad insects that were attracted to the lights. We.have examined the 
webs on several occasions and have been well rewarded for our efforts; 
the predominant insects present were midges, but Caenis adults were 
second in abundance, other insects occurring in much smaller num
bers. Other adults have been collected in large numbers at lighting sheets 
just after dark at the Esca1nbia River an<l at lighted store windows in 
Chattahoochee. 

Brachycercus Curtis 

Berner 1950, pp. 187-189; 1959, pp. 12-13; 
1977, p. 33. 

Burks I 953, pp. 48-49. 
Jacob I 974, p. 96 . 
Jones 1977, p. 65. 
Leonard and Leonard 1962, pp. 37-38. 
Pescador and Peters I 974, p. I 93. 
Peters and Jones 1973, p. 247. 
Soldan 1986, pp. 291-297. 
Thew 1960, pp. 202-203. 

The status of the name Brachycercus was revie\ved in l 950 (Berner), and 
justification for use of the name was established. Subsequently, Jacob 
(1974) also reexamined the taxonomic tangles. Soldan (1986), in his re
cent review of the Caenidae with ocellar tubercles in the nymphal stage, 
recognized four genera, three of which he described as new. As now con
stituted by Soldan, the special group includes Brachycercus, which is J-lol
arctic and Neotropical, and his new forms, Cercobrachys, insulibrachys, and 
Caenoculis. Cercobrachys occurs in Florida. 
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In his comprehensive review of all species in the genus, Soldan sepa
rated Brachycercus from the other Caenidae mainly on the basis of nymphal 
characteristics. He pointed out that in the nymph, the antenna! pedicel is 
at least one and a half to two times the length of the scape; the ocellar 
tubercles are well developed; the head has distinct posterolateral lobes; 
both maxillary and labial palpi are two-segmented; the fore coxae are 
widely separated; the claws lack teeth; and the posterolateral spines of ab
dominal segment 6 are not bent medially. Additional characteristics that 
distinguish Florida Brachycercus nymphs from the closely related Cer
cobrachys include the presence of long, anteriorly directed bristles on the 
anterior margins of the pro- and mesosternum of Cercobrachys; the lateral 
spines of abdorninal segment 6 arise anterolaterally in Cercobrachys and 
posterolaterally in Brachycercus; and posterolateral spines on abdominal 
segments 7-9 are present in Brach)1cercus but absent in Cercobrachys. 

Brachycercus nyrnphs are rather unusual in appearance, belonging to 
the large assemblage of mayflies that have operculate gill covers to act 
as protectors of the more delicate, highly tracheated, posterior gills. 
The ny1nphs are easily separated fron1 those of Caenis by their depressed 
body form and the presence of ocellar tubercles. They differ from other 
nymphs with operculate gill covers, such as Tricorythodes, in having ocellar 
tubercles and rather square gill covers; from Neoephemera by lacking hind 
\\'irig pads; and from many of the Ephemerellidae in that the operculate 
gills of Brachycercus are on the second abdominal segment rather than the 
third or fourth. 

The genus is Holarctic and Neotropical and is distributed throughout 
most of North America. It has not yet been recorded from the extreme 
western part of the continent. 

Brachycercus berneri Soldan 

(PLATE 23. FIGS. 77, 163. MAP 25) 

Berner 1950, pp. 191-193; 1958, p. 29; 1977, 
p. 33 (Brachycercus sp.), p. 34 (Brachycer
cus sp. A). 

Pescador and Peters 1974, pp. 193, 195 (as B. 
rnaculntus). 

Peters and Jones 1973, p. 193 (Brac/1ycercussp.). 
Schneider 1967, p. 202 (Brachycercus sp. A). 
Soldan 1986, pp. 298-301, 307-308 (B. fto-

ridicola n. sp.). 
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Plate 23. Brachycercus berneri Soldan, nymph 
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TAXONOMY. This species, formerly known as Brachycercus sp. A, was named 
and described by Dr. Soldan (1986) in his recent revision of the genus. 
B. bemeri nymphs, the stage most readily identified, are differentiated 
from other Florida species by characteristics delineated in the key to 
nymphal forms; in particular, they are separated from nasutus by their 
much shorter ocellar tubercles and from maculatus by their apically oblique 
gill cover, presence of a pair of pronotal spines, the long spinous hairs on 
the lateral margins of segment I of the maxillary palpi, and the much 
longer and more attenuated tarsal claws. The adults are more difficult to 
separate, as they have no strikingly distinctive traits. Soldan differentiates 
the adults from other species by the following characteristics: the anten
nae are unicolorous; the pedicel is more than· twice the length of the 
scape; the abdominal sterna are white, except that sterna 1-3 have dark 
stippling; and the penes are longer than wide, slightly produced postero
laterally. the posterior margin concave and with a sclerotized triangular 
structure in the middle and a pointed spine near the base. 

Soldan (1986) has described a new species, B. fioridicoln, based on 
nymphal specimens from Florida. We have examined the nyn1phal holo
type and paratypes of the species, as well as the type series of B. berneri, 
;ind have found that the. two .-;pccics ;ire indisting-ui.-;hahlc. In fact, the di
agnoses of both species by Sokl::\n arc the s:une except for the pronotal 
spines '"hich he claimed to be present in B. berneri and lacking in B. fior
idicoln. We found that nymphs of B. fioridicoln also have pronotal spines. 
Although the adult stage of B. fioridicoln is unknown, its overwhelming 
nymphal similarities with B. berneri have convinced us the two are the 
same species. · 

Soldan describes B. berneri as having low and rounded posterolateral 
spines on abdominal segment 2. We are unable to locate these structures 
on the nymphs we have examined. There is a projection of the antero
lateral corner of the operculate gill on segment 2 that appears to arise 
fron1 the abdominal segment; it can be seen when the insect is examined 
in profile. This projection articulates with a socket on the abdominal 
tergite, and it may be the structure Dr. Soldan refers to as being the 
posterolateral spine on segment 2. 

GEOGRAPHIC DISTRIBUTION. In addition to Florida, this species has been 
recorded from Alabama, Georgia, and South Carolina, inhabiting streams 
in the Coastal Plain, Piedmont, and Valley and Ridge physiographic prov
inces (Berner 1977: Soldan 1986). We have records of its occurrence in 
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Map 25. The distribution of Brach)'cercus hPnieri, B. maculatus, and B. nasutus 
in Flori<b. 

the following Florida counties (map 25): Bay, Gadsden, Jackson, Liberty, 
Okaloosa, Santa Rosa, Walton, and Washington. We believe that the Wurtz 
and Roback record (1955) of B. nitidus from Escambia County is in actu
ality B. berneri and that Sold<in's inclusion of the record as valid leads him 
to an erroneous interpretation of the geographic distribution of B. nitidus. 

ECOLOGY. While one of us (Berner) was collecting mayfly nymphs in 
Sweet\vater Creek, Liberty County, numerous individuals of B. berneri 
were found sprawling on the sand within a few inches of the water line. 

. They normally chose sand with a small amount of silt mixed in it that \Vas 
partially protected from the main force of the current by projeCting vege
tation. They could be taken most commonly beyond the area where silt 
.had accumulated sufficiently for Hexagenia nymphs to be numerous. Fre
quently, when scraping the sand for Rrachycercus, the strainer would also 
pick up small nymphs of Hexagenia limbata and the dragonfly Progomphus 
obscurus. The streams from which the nymphs were taken are typical of 
the sand-bottomed creeks with little vegetation that are described in the 
section on habitats. 
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SEASONAL DISTRIBUTION AND LIFE HISTORY. We have little concrete infor
mation regarding these subjects. As nymphs in all stageS of development 
\Vere collected in late April, we believe that the species emerges through
out the year but that the rate of emergence slows during the winter and 
stops completely during cold periods. We have adults collected in Febru
ary, April, and June. 

BEHAVIOR. Little is known of the habits of the nymphs of B. berneri other 
than that when the nymphs, which sprawl on the sand, are taken from the 
water, they can scarcely move-probably because of their long, spindly 
legs and attenuated clav.:s. The slow wriggling motions of the nymphs, the 
flattened abdomen, and the broad thorax immediately identify Brachycer
cus nymphs to the naked eye. 

Brachycercu.s maculatus Berner 

(FIGS. 150, 162. MAP 25) 

Berner 1946, pp. 76-77; 1950, pp. 189-191. 
Soldan 1986, pp. 216-318, 326-327 (as B. 

pini n. sp.). 

TAXONOMY. Brachycercus maculat-us was described in I 946 from a small col
lection of adults and a single cast skin taken at the Santa Fe River in 
Alachua County. The species has not been encountered elsewhere with 
certainty other than those places listed by Berner in I 950 cind below. The 
records of Lanquist (1953) and Berner,(1977) from the Peace River in 
southwestern Florida may be Sold::in's Cercobrachys. Jones's (1977) speci
mens from Bear Creek, Gadsden County, are Cercobrachys; those of Pes
cador and Peters (1974) are R. berneri. Brachycercus maculatus adults are 
easily distinguished from those of berneri by the dark brown stipplings on 
abdominal terga 1-6 and the posterolaterally rounded lobes of the penes. 
The ny1nphs are separated readily from B. nasutus by the short frontal 
ocellar tubercle, and from B. berneri by the apically rounded gill covers, 
lack of pronotal spines, and thicker, curved, and shorter tarsal claws. 

In the revision of the Caeniclae with ocellar tubercles in the nymphal 
stage, Soldan (1986) described a new species, B. pini, based on nymphs 
from Florida. The characters (length ratio between pedicel and scape, 
orientation of the lateral ocellar tubercles, and the spines of abdominal 
segment 6) in couplet 13 of the nymphal key that Soldan used to separate 
B. pini from B. maculatus are highly variable and unreliable. 

I 
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Soldan (1986) stated that the figure of Brachycercus sp. A by Berner 
(1950) actually refers to B. pini. The figure shows no pronotal spines; 
it has symmetrical gill covers with rounded posterolateral margins; and 
the spines of abdominal segment 6 overlap segment 7. The drawing of 
Brachycercus sp. A (Berner 1950) was prepared by an artist, Esther Coogle, 
who failed to note the transparent posterolateral margin of the opercu
late gills. Our reexamination of the nymphal specimens on which the 
drawing of Brachycercus sp. A was based showed that the nymphs are in
deed typical of B. berneri, and the original drawing has been modified to 
illustrate correctly the shape of the gills. 

We have examined the type specimens of B. pini and the nymphs of 
B. maculatus and have found that they are indistinguishable. We cannot 
concur with Soldan that B. pini is a valid species, and we are not, there-

. fore, treating it separately. 

GEOGRAPHIC DISTRIBUTION. The species has been recorded from the fol
lowing Florida counties (map 25): Alachua, Bay, Hamilton, Jackson, Mar
ion, Okaloosa, Pasco, Putnam, Walton, and Washington. Cantrell, during 
his extensive studies of aquatic insects in southwestern Florida, found the 
species in Charlotte, DeSoto, Glades, Hardee, Highlands, and Sarasota 
counties. 

ECOLOGY. Virtually nothing is known of the ecology of B. maculatus. The 
indications are that the nymphs may prefer basic streams as both the 
Santa Fe River and Silver Springs are somewhat alkaline, yet the finding 
of specimens in Orange Creek and the northern Withlacoochee River 
tends to contradict this, as both of these are brown-water streams. The 
nymphs collected from the Santa Fe River were found in shallow water, 
not more than three or four inches deep, where there was a bit of silt 
mixed with the sand on which the nymphs lived. Other Florida species 
have been taken from similar stream habitats. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Adults have beerl collected 
on February 28, April 6, and July 7; a last·instar nymphal skin was found 
May 7. These specimens indicate a late-winter through midsummer 
emergence. Our data are insufficient to speculate further about seasonal 
distribution. 

Our adult males were collected before noon floating on the water sur
face of the Santa Fe River; their fine state of preservatio_n makes it appe<ir 
most likely that B. maculalus flies early in the morning. Adult life probably 
lasts for only a few hours in common with Caenis. 



358 .~THE MAYFLIES OF fLORIDA 

BEHAVIOR. We have no information on this subject. 

Brachycercus nasutus Soldan 

(FIGS. 149, 161. MAP 25) 

Berner 1955, p. II; 1977, p. 33 (in part). 
Schneider 1967, p. 202. 
Soldan 1986, pp. 321-322. 

TAXONOMY. The striking nymph of B. nasutus is highly distinctive by virtue 
of its very much elongated frontal ocellar tubercle, which extends for
ward from the anterior margin of its head; the very prominent postero
lateral abdominal spines; and the banded legs. The unmarked abdomen 
readily differentiates the adults from the other species of the genus in 
Florida. 

When the nymph was first collected by one of us (Berner) in 1954, 
it \Vas put aside as a distinct new species. to be described at a later date 
and awaiting the taking of additional specimens. A few months after
wards, adults were collected, but it was not until Dr. Sold<'in reviewed the 
Caenidae with ocellar tubercles that the species was named and described. 
Dr. Soldan listed the distinguishing characteristics of the nymphs as fol
lows: frontal tubercle twice as long as the lateral ones and three to four 
times longer than the \•.:idth of the compound eye; the antenna! pedicel is 
less than twice as long as the scape; the pronotum lacks spines or ridges; 
there are no sternal protuberances; the posterolateral spines of abdomi
nal segrnent 2 are larger than those of segments 3-7: the labrum lacks 
latcr;1l projections; and the operculate· gills are ncady synunetrical and 
tapered apically. The species cannot be confused with any other Florida 
form in the genus Brachycercus. 

GEOGRAPHIC DISTRIBUTION. We have collected specimens from the Es
cambia and Yellow rivers in extreme northwestern Florida. Soldiln has 
also included a record from the Conecuh River, a tributary of the Escam
bia River, in southern Alabama. All Florida specimens are from Escambia 
County (map 25). 

ECOLOGY. Brachycercus nasutus nymphs were collected from a sandbar, 
along with the nymphs of Baetisca escambiensis, in the Escambia River in 
shallow water varying from four to five inches up to about a foot in depth. 
Although the Baetisca nymphs were practically buried in the streambed, 
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"I [Berner's field notes] did not determine whether the Brachycercus was 
also buried, although I assume that it was not but lay on top of the fine 
layer of silty mud which was over the sandy bottonl.. There was also an 
admixture of clay in the sand in the region where the specimens were col~ 
lected. The current was relatively slow, and in some parts of the sandbar 
there was a growth of algae over the bottom. In almost every place the 
Baetisca nymphs occurred, and I assume the Brachycercus also, young Hex
agenia nymphs were found." 

The Baetisca nymphs were living on the sloping sides of ~he sandbar 
where the shelving was rather steep, the grade estimated to be about 20%. 
The relatively slow current \Vas deflected laterally across this shallow 
zone. Where the algae were dense, no Baetisca, and presumably no Brachy
cercus, nymphs were found; but where the algae were sparse and the layer 
of silty mud overlaying the sand thin, the nymphs of Baetisca appeared to 
be common. 

The Escambia River was clear and colorless at the tirile the collections 
were made in October. The water temperature was 65°F, and it was al
kaline, as evidenced by the presence of large numbers of snails. The river 
has a very clean, white sand bottom with a swift flow in midstream. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. We have scant information on 
these subjects; however, we do have mature nymphs collected in April 
and August, and adults in August. 

BEHAVIOR. We have no observations on the behavior of B. nasutus. 

Cercobrachys Soldan 

Berner 1977, p. 33 (DeSoto Co. record, as 
Brachycercus). 

Jones 1977, p. 65 (as Brachycercus). 
Lanquist 1953, pp. 21, 24-27, 62, 63 (as Bra

chycercus, probably Cercobrachys). 
Soldan 1986, pp. 336-337. 

In describing this genus, Soldan (1986) noted that nymphs of Cercobrachys 
differ from those of Brachycercus in many ways. He emphasized that the 
differences are much greater than those between nymphs of some of the 
other Caenis-like genera. Sold3.n further stated that the new genus was 
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established in order to separate this distinct group with a "gill basket" and 
specialized legs. 

Cercobrachys includes C. elowah. the single Florida species; minutus, a 
transpalaearctic species; peruanicus, from Peru; petersorum, from Thai
land; and serpentis, from Idaho. The distribution is Holarctic, Neotropical, 
and Oriental. 

Nymphs are most easily separated from those of Brachycercus by the 
following characteristics: the antennal pedicel is at most 1.1 to 1.3 times 
longer than the scape; the ocellar tubercles are small but apparent; the 
pro- and mesosternum have prominent, anteriorly directed, long setae at 
their anterior margins; the legs are long and slender with very long setae; 
the tarsal claws sometimes have minute teeth (present in the Florida spe
cies); the lateral abdominal spines of segment 6 arise anteriorly and are 
bent medially so that they are almost contiguous, to produce the so-called 
!;ill basket. 

Adults are 1nuch less easily separated from related genera, as there are 
no venational characteristics nor segment ratios in the legs that are appli
cable. Soldan, in separating adults, indicates that the antenna! pedicel is 
only slightly longer than the scape or equal in length, and abdominal 
spines on segment 6 are strongly bent dorsally. He gives some differences 
in the eggs as well. 

Cercobrachys etowah Solda.n 

(MAP 24) 

Berner 1977, p. 33 (in part). 
Lanquist 1953, pp. 21, 24, 27, 62, 63 (as Bra

chycercus maculatus). 
Soldan 1986, pp. 339-340. 

TAXONOMY. While studying Florida specimens of Brachycercus, Dr. Soldan 
noted some Gadsden County nymphs in the Florida A & M collections 
that were quite distinct from the true Brachycercus. A detailed examina
tion of the nyn1phs convinced hin1 that he was dealing with a new genus 
and species, which he named Cercobrachys etowah. The name comes not 
from the Florida specimens but from nymphs collected at the Etowah 
River in north-central Georgia. Soldan separated C. etowah from other 
species of the genus on the basis of a number of traits, chiefly the follow
ing: small denticles are present on the tarsal claws; the tibiae of the fore-
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legs are only two-thirds to three-fourths the length of the tarsi; and the 
posterolateral spines of abdominal segment 2 are very small. The species 
should not be confused with any others occurring in Florida. Lanquist 
(1953) identified his specimens from southwestern Florida (the Peace 
River) as Brachycercus maculatus. We now believe that his insects were 
probably C. elowah. Cantrell, however, thinks that Lanquist did find B. 
maculatus along with C. etowah. In his samples, Cantrell found C. etowah to 
be a minor component based on total numbers of nymphs collected. 

GEOGRAPHIC DISTRIBUTION. The species is represented in our collections 
by nymphs or nymphs and adults from the western portion of peninsular 
Florida and the eastern part of the panhandle, as well as from southwest
ern and north-central Georgia. The record listed as B. maculalus from De
Soto County (Berner 1977) is, in reality, C. etowah. In Florida we have 
specimens from or the species has been recorded in DeSoto, Gadsden, 
Hardee, Highlands, and Polk counties (map 24), and the abutting county 
lines of Gilchrist, Dixie, and Levy counties (Suwanriee River). 

ECOLOGY. We have no observations of our own except for those relating to 
a collection made by one of us (Berner) at the Ithaway!J.otchaway Creek in 
Baker County, Georgia. A single specimen was collected from this fast
flowing stream, a tributary of the Flint River, which jc",ins the Chatta
hoochee to form the Apalachicola River in Florida. The streambed was 
composed of coral rock and sand. The stream was deep, and mosses were 
attached to the rocks and cypress tree stumps. The river snail Elimia was 
common, indicating that the water was alkaline. When the specimen 
was examined microscopically soon after the collectiori was made, it was 
recognized as being very distinctive and was listed as Brachycercus sp. 
(Berner 1977). 

Lanquist (1953), in his study of the Peace River, reported: "Of the 
· n1ayflies Brachycercus maculatus [ C. etowah?] was the dominant form being 
common wherever the sand bottom was covered by a thin film of organic 
silt. ... Though most of the mayfly nymphs were present throughout the 
study, the velocities in the high water stages caused the disappearance of 
Brachycercus [Cercobrachys] in August and September 1951, and August 
1952. The fact that it was present and common at Arcadia, where the cur
rent \Vas sloWer, during August of 1952, is evidence that velocity may be a 
limiting factor in its distribution which must be considered. It may affect 
the available food or the animal directly." During his 1 study, Lanquist 
found that B. maculatus (C. elowah?) was the deepest-penetrating mayfly, 
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as he collected occasional specimens from water as deep as 22 feet, where 
they were apparently sprawling on the sandy bottom. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. We have virtually no informa
tion on these subjects except that adults were collected in May. 

BEHAVIOR. No observations are available on the behavior of this species. 

BAETISCIDAE 

The unique mayflies of the family Baetiscidae are most striking in the ap
pearance of the nymphal stage. The Baetiscidae were reviewed in detail 
by us in 1980 (Berner and Pescador) and in 1981 (Pescador and Berner) 
and the various stages described and illustrated for all known species. 
l'he genus Baetisca, the only one in the family, is endemic to North Amer
ica \Vi th the species occurring over most of the eastern part of the conti
nent into the Great Plains and northwestward to the Northwest Territo
ries of Canada. 

The unusual nymph has a stout, rotund body in which the mesonotum 
is greatly enlarged to form a mesonotal shield covering the dorsum of the 
mesothorax, metathorax, and abdominal tergites 1-5 and part of 6. The 
meSonotal shield also encloses the gills in a gill chamber. Various kinds of 
spiny ornamentation are found on the head and mesonotum. The adults 
have distinctive forewing venation, the body is short and stout, and the 
thorax is greatly enlarged. 

Baetisca Walsh 

Berner 1950, p. 147; 1955, pp. 1-2; 1959, 
PP· 8-9. 

Berner and Pescador 1980, pp. 511-524. 
Edmunds, Jen.sen, and Berner 1976, pp. 

269-272. 
Pescador and Berner 1981, pp. 163-228. 
Unzicker and Carlson 1982, pp. 3.23-3.25. 

The genus Baetisca is not a particularly large one, containing only 10 spe
cies. These insects are so distinctive that Ulmer (1933) placed them in a 
separate family (Baetiscidae), Spieth (1933) in a separate superfamily 
(Baetiscoidea), Traver (1935) in a separate subfamily (Baetiscinae), and 
Berner (1955) in Baetiscidae once more. 

Baetisca nymphs are the most unusual-looking mayfly nymphs in North 
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· America. With their stout, spinous, humped-up bodies, they might well 
rival so111e of the n1ost bizarre types of dinosaurs of the Mesozoic. In gen
eral, the adults of the genus are not as readily identified to species as are 
the nymphs. As Needham (1935, p. 235) observed, "In such genera (Bae

tisca and Ephemerella) differential characters are often better developed in 
the nymphs than in the adult. In general we believe that 'species are best 
described in the state that is most differentiated, and therefore, most 
easily recognized." Frequently, nymphs of one group of a genus may be 
readily identified, whereas in another group of the same genus, there are 
no really good separating characteristics. 

We established two subgenera (Pescador and Berner 1981) to show that 
there arc two clearly distinguishable clusters. The subgenus Fascioculus 
contains a single species, B. escambiensis, with a nymph that is so different 
from all others in the genus because of its striped eyes and body spina-

. tion that it cannot be confused with any other species. The adult of this 
subgenus (Fascioculus) likewise has striped eyes and distinctively shaped 
penes. The other subgenus (Baetisca s.s.) includes the remainder of the 
species. 

The species can be grouped phylogeneticaliy, based on various degrees 
of specialization. In our 198 I paper, we showed our inte.rpretation of the 
various relationships resulting from our study of the adult and nymphal 
morphology and related it to the geographical distribution of the species. 
We concluded that "the boreal endemic genus Baetisca (Edmunds et al. 
1976) was pushed southward during the Pleistocene glaciation. With the 
receding of the ice sheet, the streams of northwestern Florida. provided 
ideal conditions for speciation resulting in the comparatively large num
ber of Baetisca species in the area. The species known to occur in the Flor
ida panhandle are B. becki, B. escambieruis, B. gibbera, B. laurentina~ B. obesa, 
and B. rogersi." 

'rhc genus Baf!lisca is Nearct.ic; the ~pecies arc distributed widely over 
1nost of the eastern part of North A1nerica into the Great Plains and 
northwestward to the Northwest Territories of Canada. No species is 
known to occur in the southwestern part of the United States. Generally, 
the distribution is along the eastern slope of the Rocky Mountains east
ward to the Atlantic coast. 

Baetisca seems to be a distinct entity in the phylogenetic arrangement 
of mayflies with an ancestral stock that presumably separated early from 

. the remainder of the Ephemeroptera. Although it is a highly specialized 
·form, Baetisca exhibits such ancestral characters as a relatively primitive 
venation, a large hind wing, and a highly developed cubito-anal area in 
the forewing. Edmunds et al. (1976) represented Baetisca (Baetiscidae) 
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and Prosopistoma (Prosopistomatidae) as derived from a common an
cestor, related to the Neoephemeridae and the Caenidae. 

Baetisca (Baetisca) becki Schneider and Berner 

(PLATE 24 A and B. MAP 26) 

Berner 1977, p. 35. 
Berner and Pescador 1980, pp. 513, 516, 

519-520. 
Jones 1977, p. 65. 
Pescador and Berner 1981, p. I 72. 
Peters and Jones 1973, p. 247. 
Schneider 1967, p. 203. 
Schneider and Berner 1963, pp. 183-186. 

TAXONOMY. Baetisca becki, described from the nymphal stage in 1963, 
is most closely related to B. rogersi and falls into that complex including 
B. carolina and B. bemeri, as well. The adults, reared and later described 
by Pescador and Peters (1971), also reflect the close similarities of this 
species with B. rogersi. In our 1981 paper, we reported that B. becki in the 
adult stage is distinguished from other species by having the basal one
seventh of the forewings and the basal one-fourth of the hind wings 
flushed faintly with orange-brown color; abdominal tergite 10 has a pair 
of small black spots; and the penes are lanceolate, apically blunt and grad
ually enlarged basally. The mature nymph has a well-developed frontal 
projection that is slightly bifid; the genae are widely flared, broad, and 
truncate; the mesonotal shield has long, laterally serrate, sharply pointed 
spines; the dorsal projections are prominent and spinous; and the tho
racic and abdominal sterna have large, dark brown spots. 

GEOGRAPHIC DISTRIBUTION. Baetisca becki is known to occur only in the 
southern portion of the Coastal Plain and has been recorded from south
ern Alabama and northwestern Florida. We have found the species in the 
folJO\\'ing Florida counties (map 26): Escambia, Okaloosa, and Santa Rosa. 

ECOLOGY. No detailed studies of the ecology of B. becki have yet been con
ducted. Nymphs have been taken from the same streams inhabited by B. 
rogersi; however, our observations indicated that becki nymphs generally 
appear to be more abundant in swifter and deeper water where there is 
more shifting sand. The first collections of becki nymphs came from sand
bouomed streams \\·here the water was only 6 to 10 inches deep, swiftly 
nowing, clear, and shallow. The pH was almost constant at 5.4, and dis
solved oxygen remained near the saturation level throughout the year. 

a. b_ 

'11 
,I 

c. 1UU d. 

Plate 24. Baelisca becki Schneider and Berner, nyrnph, a and b. Baetisca lau
renlina McDunnough, nymph, c and d (from Pescador and Berner 
1981) 
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* Beefl.ce beck/ Schnelder and Berner 

• B. ••camblen•I• Berner 

J;. B. plbbara Berner 

Map 26. The distribution of Baetisca becki, B. escambiensis, and B. gibbera in 
northern Florida. 

rfhe holotype nymph \\'aS collected from a sandbar covered by a thin 
layer of organic detritus (Schneider and Berner 1963). 

SEASONAL DISTRIBUTION AND LIFE HISTORY. There are few clues available to 
provide information on either of these subjects. Because of the ecological 
and 1norphological similarities of this species to B. rogersi, we speculate 
that B. beCki is univoltine. Very small nymphs were collected in September; 
rniddle-instar specimens were taken by March; and those that were ma
ture or .nearly mature were found by middle April. Imagoes have been 
collected in early May. 

BEHAVIOR. We have no data concerning behavior of becki as either nymphs 
or adults, but we assume that it would be- similar to that of B. rogersi. 

Baetisca (Fascioculus) escambiensis Berner 

(PLATE 25. Fie. 87. MAP 26) 

Berner I 955, pp. 2, 4-11; I 977, p. 36. 
Berner and Pescador I 980, pp. 518-520. 
Pescador and Berner 1981, pp. 220-222. 
Peters and Jones 1973, p. 247. 
Schneider 1967, p. 203. 

TAXONOMY. This unique Baetisca is the sole species assigned lo the sub
genus. Nymphs are especially distinctive and cannot be confused with any 
other species. They lack frontal projections; the genal spines are strongly 
developed, long, flat, and slightly upcurved at the tip; the mesonotal Plate 25. Baetisca (Fascioculus) escambiensis Berner, nymph 



368 THE MAYFLIES OF FLORIDA 

shield is compressed dorsoventrally but with a strongly carinated median 
line; the lateral, n1esonotal spines arc narrow and sharply poi11tccl; and 
the lateral margins of the body are covered with long hairs. The eyes are 
banded with vertical stripes. The adult male (the adult female is un
known) has its wings flushed with a ruby tint; eyes are banded vertically; 
and the penes are sharply tapered distally. 

GEOGRAPHIC DISTRIBUTION. B. escambiensis is known to occur only in ex
treme northwestern Florida and, from a single collection, in Mississippi. 
With additional collecting, the species should ultimately be found, pro
vided suitable habitats are available, in southern Alabama and Georgia. 
The Florida counties where B. escambiensis has been taken are (map 26): 
Escambia, Okaloosa, and Santa Rosa. 

ECOLOGY. Nymphs have been collected from sandbars in shallow water 
ranging in depth from four or five inches up to one foot. Here they lie 
partially buried in the sand where there is a fine layer of silt over the sur
face. Nymphs have been found most abundantly on sandbars where there 
is also some clay along with the sand. Other sandbars from which nymphs 
have been collected had a small amount of gravel mixed with the sand 
and silt, but we have found fewer nymphs in this kind of habitat. The 
current was rather slow where the nymphs occurred most abundantly. 
- One sandbar from which many nymphs were collected was about 15 
feet long and 5 feet wide. The nymphs were concentrated on the sloping 
sides of the sandbar where the shelving was rather steep, and the water, 
flowing slowly, was deflected laterally across the shallow zone. Algae grew 
in son1e places and where the growth was heavy, no nymphs could be 
found; where algal growth was scanty and the layer of silty mud overlay
ing the sand thin, nymphs were common. 

Young Hexagenia nymphs were collected along with B. escambiensis 
from the sandbars in the Escambia River. Apparently they were living in 
those parts where the accumulation of silt was somewhat deeper than that 
\\'here the Baetisca nymphs occurred. Brachycercus nymphs were also 
found, but their presence was not unexpected, as they too rest on sand 
overlain \Vi th a thin layer of silt. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Contrary to seasonal patterns 
in other species of Baetisca, B. escambiensis adults emerge late in the year. 
All of our adults were reared or collected in October and November. It is 
likely that eggs are laid,chiefly in late October, overwintering in that stage 
and hatching in late spring, with growth of the nymphs occurring during 
the summer and early fall months. We believe the species is univoltine. 
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Emergence has not been observed in the field. In the laboratory, the 
suhi1nagoes emerge frotn 111ichnorning to early afternoon. The sub
in1aginal stage for the n1alc lasts 40-4 11 hours in the laboratory and per
haps about the same in the field. Although we have had reasonable suc
cess in seeing males through the subimaginal molt, we have never been 
able to obtain female imagoes in spite of successful emergence of sub
imago females from the nymphal stage. 

\Vhen the nymph has completed its development and is ready to trans
fonn, it crawls an inch or so above the \'.'ater as do other species of the 
genus. After several minutes to as much as an hour, the sllbimago appears. 

BEHAVIOR. The nymphs "lie partially covered in the soft, silty sand with 
only a small part of the mesonotum and a little of the abdomen protrud
ing above the level of the sand. Most of them were so well concealed that 
they were not detectable until the sand was disturbed. Their coloration 
makes it possible for them to blend perfectly with their background" 

(Berner 1955, p. 10). 
Nothing is kno\vn of the mating or flight behavior of this species. 

Baetisca (Baetisca) gibbera Berner 

(PLATE 26. MAP 26) 

Berner 1953, p. 149; 1955, p. 192; 1958, p. 
29. 

Berner and Pescador 1980, pp. 513, 517, 
519-520. 

Pescador and Berner 1981, pp. 192-197. 
Peters and Jones 1973, p. 247. 
Schneider 1967, p. 203. 

TAXONOMY. When B. gibbera was described in 1955 from Florida speci
mens, only the nymphal stage was known. As the nymphs of Baetisca are 
much more readily distinguished than the adults, it w~s felt that these 
specimens were adequate for specific differentiation. Subsequefitly, when 
the species y,:as found by Dr. B. C. Kondratieff in Virginia, adults were 
reared and made available to us; we described them in· I 981. 

Adults are characterized by their hyaline v.·ings; abdominal sternites 
are dark brown, with sternites 6-8 appearing to be annulate; the males 
have penes that are deitoid, apically pointed, and enlarged basally. The 
nymphs have a well-developed frontal projection; the genal shelf is broadly 
produced and flared outward; the mesonotal shield has short, blunt, lat
eral spines; and there are no dorsal projections. 



Plate 26. Baetisca (Baetisca) gibbera Berner, nymph 
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Phylogenetically, B. gibbera is related to B. rogersi and B. becki. "Massive 
broadening of the nymphal mesonotal shield (length subequal to width) 
coupled with the shortening of lateral spines (length subequal to width 
and mostly blunt) separate B. gibbera ... from sister species B. becki and 
B. rogersi . .. which retained the ancestrally less massive mesonotal shield 
and longer lateral spines . .. , and a prominent pair of dorsal projections" 
(Pescador and Bemer 1981, p. 224). 

GEOGRAPHIC DISTRIBUTION. B. gihbera occurs in the southeastern Coastal 
Plain and in the mountain streams of Virginia and Tennessee. In Florida, 
there is a lone record from the northeastern part of the state; all other 

·records are from extreme northwestern Florida. We have specimens from 
the following Florida counties (map 26): Clay, Escambia, Okaloosa, and 
Santa Rosa. 

ECOLOGY. A single nymph of B. gibbera was first collected from Black 
Creek in Clay County, Florida. The stream, now much changed, was, at 
~he time the collection was made, rather swiftly flowing, deep, and acidic. 
The specimen was found attached to a log that was firmly anchored in the 
streambed. Later, another nymph was found in the same stream where it 
was living in a pebbly riffle. In a southern Georgia stream, the Alapaha 
River, another nymph was discovered clinging to the u_nderside of a log 
that was anchored at the bank. The Alapaha is a deep, dark-colored creek 
draining the Okefenokee Swamp. B. obesa nymphs were found near the 
place where the single B. gibbera was located. Another southern Georgia 
collection from the Ichawaynochaway Creek came from a pebbly ri!He 
where the flow was swift and the water only three _to five inches deep. 
Nymphs were also taken, along with those of B. escambiensis, from the Es
cambia River in northwestern Florida where they were li~ing on a sloping 
bank covered with a thin layer of pebbles in about 3-12 inches of water. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. The seasonal. distribution of 
B. gibbera appears to be like that of other species of the genus-'-diapause 
in the egg stage during the hot summer months, hatching of the nymphs 
as the water cools in late summer, growth during the fall and early winter, 
and emergence in late winter and during the spring. Data are insufficient 
to draw firm conclusions about seasonal distribution in Florida, but the 
collection of nymphs in northern Florida and southern Georgia indicates 
the above to be true. Collections of nymphs have been made in these re
gions in February, April, September, October, and November. 
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Adults have been reared in Virginia in March, April, and late l\tfay. \Ve 
believe the species is univoltine. 

BEHAVIOR. We have no information about the behavior of either nymphs 
or adults. 

Baetisca (Baetisca) laurentina McDunnough 

(PLATE 24 c and D. l\-fAP 27) 

Berner and Pescador 1980, pp. 513, 515, 519, 
521. 

Burks 1953, p. 76. 
Edmunds and Allen 1957, p. 323. 
Edmunds, Jensen, and Berner 1976, p. 272. 
Hilsenhoff 1975, p. 9. 

Leonard and Leonard 1962, p. 66. 
Louton 1975, pp. 62-65. 
Pescador and Berner 1981, pp. 202-208. 
Pescador and Peters 1971, p. 332. 

TAXONOMY. This species, reported only once from Florida, is represented 
in the Florida collections only in the nymphal stage. We reported 
(Pescador and Berner 1981) that imagoes generally have hyaline wings, 
their abdominal terga lack distinct markings, and the penes of males are 
deltoid, apically pointed, and gradualJy enlarged basally. Nymphs are 
much more easily differentiated from those of other species by observing 
the prominent, bilid, frontal projections; strongly Rared and angulate 
genal shelf; mesonotal shield with relatively short spines as long as wide at 
the base; dorsal projections of mesonotum high; and ventral margin of 
mesonotal shield clearly outlined by a wide dark brown line. 

·rhe closest relative, based on nymphal characteristics, is B. obesa. The 
l\'t'O are distinguished most easily by differences in the frontal projection 
of obesa, \\'hich is much more prominent than that of laurentina. The line 
forrr1ing a margin on the ventral side of the rr1esonotal shield is present 
only in laurentina. 

GEOGRAPHIC DISTRIBUTION. This_ species is known to occur widely from 
central Canada southward through the middle section of the United 
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4 B. roQersl Berner 
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Map 27. The distribution of Baelisca laurrntina, B. obesa, and B. rogrrsi 111 

northwestern Florida. 

States, generally following the Mississippi River drainage, to Louisiana, 
Mississippi, and to northwestern Florida. Its range extends eastward into 
Massachusetts. There is a single Florida record from the Blackwater 
River in Okaloosa County (map 27). 

ECOLOGY. We have no information about the ecological relationships of 
B. laurentina in the Blackwater River, but \Ve believe that its habitat would 
be similar to that of B. obesa. Louton (1975, p. 65) stated that "[n]ymphs of 
this form \vere collected in clear rapid strea1ns in west-central Louisiana. 

·The nymphs were most often found among bunches of thin-bladed 
aquatic vegetation." In Michigan, Leonard and Leonard (1962) observed 
that nymphs seem to prefer medium-sized to large 1'ivers, where they lie 
partially concealed in the flocculent surface layer of silt in quiet areas near 
the bank. Hilsenhoff (1975) found nymphs in Wisconsin inhabiting simi
lar sites. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. Nothing is known Of the Flor
ida representatives of this species regarding seasonal distribution and life 
history except that a single mature nymph \vas captured on March 11. 
Louton (1975) collected nymphs in December, February, and March and 
reared adults in late March in Louisiana. Records froin other parts of the 
United States indicate that adults emerge from March tO August. 

BEHAVIOR. We have no information about the behavior of the south
eastern B. laurentina. 
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Baetisca (Baetisca) obesa (Say) 

(PLATE 27. FIG. 86. MAP 27) 

Berner 1953, p. 149; 1955, p. 14; 1958, p. 29; 
1977, p. 36. 

Berner and Pescador 1980, pp. 512, 
514-515, 519-520. 

Carlson I 980, p. 82. 
Jones 1977, p. 65. 
Pescador and Berner 1981, pp. 208-212. 
Peters and Jones 1973, p. 247. 
Schneider 1967, p. 203. 

TAXON0:\1v. Baetisca obesa was described in 1839 by Thomas Say, who 
nan1ed it appropriately because of its short, robust body. In 1862, Walsh 
recognized that obeJa was a member of his new genus after he obtained 
tnale adults. ~rhe male adults are separated from other species by their 
hyaline wings that lack color, except that C, Sc, and R

1 
of the forewings 

are brownish basally; the abdominal terga are mottled with brown or pur
plish brown; and the penes are lanceolate, apically blunt, and gradually 
enlarged basally. The nymphal stage is characterized by the long frontal 
projections extending well beyond the anterior edge _of the head; a small, 
broadly round"ed genal shelf; \veil-developed dorsal spines on the meso
notal shield; broad, lateral, longitudinal bands on abdominal tergites 
6-9; and prominent dark bro\vn spots near the lateral margins of ster
nites 2-6. 

Of the various species of its genus, Iiaetisca obesa appears to be most 
closely related to laurentina. Adults are sirnilar and not easily separated 
except in size, where obesa is generally smaller than laurentina. Nymphs 
can be easily separated from laurentina by the significantly longer frontal 
projections of obesa and by the presence in laurentina of a solid bro\vn line 
outlining the ventral margin of the mesonotal shield. 

GF.OGRAPHIC DISTRIBUTION. B. obesa is widely distributed in the central 
plains and the southeastern region of the United States. In Florida, the 
species has been recorded only from the northern tier of counties, includ
ing (map 27): Calhoun, Escambia, Gadsden, Gulf, Hamilton, Jefferson, 
Madison, Okaloosa, Santa Rosa, and Walton. 

ECOLOGY. Although B. obesa has been known for. nearly 150 years, no in
depth studies of the nymphal ecology have yet been conducted. We have 
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Plate 27. Baetisca (Baetisca) obesa (Say), nyn~ph 
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collected specimens over n1uch of northern Florida and have discovered 
nymphs in a variety of stream habitats. Our first encounter with the 
nymphs was in the Withlacoochee River, which arises in southern Georgia 
and flows southward to join the Suwannee River in northern Florida. 
Here, we found them to be common in very slowly flowing water where 
they lived in moss attached to submerged trunks of cypress, willow, and 
ash trees or in other vegetation. All streams fron1 which nymphs have 
been taken are brown-water acidic, and deep. In March 1979 the Chipola 
River overflowed its banks, and as it receded, pools of water remained 
along its banks. Large numbers of Baetisca obesa nymphs were stranded, 
and \Ve were able to collect them \Vith ease. Most were fully mature and 
ready, Or nearly ready, to emerge. We have also found nymphs on the un
derside of submerged rocks and logs and among packed leaves in rapidly 
flowing streams. 

The habitat of B. obesa in Florida differs from others of the genus as 
obesa has not been found in or on sand but lives deep within vegetation 
mats and in rather slowly flowing water. Walsh (1864) refei-red briefly to 
the habitat where nymphs were collected frorp. the Mississippi Rapids 
near Rock Island, Illinois, as being clear, rapidly Ao\'.:ing rivers. In them, 
the nymphs attach to the undersurface of submerged stones. Burks 
(1953) examined that part of the Mississippi from which Walsh's speci
nl'ens came and he discovered that the river had been changed signifi
cantly by extensive dredging, channel straightening, and damming so 
that the rJ.te of flow was much reduced. Burks did not collect obesa at 
Rock Island, and he stated of its habitat only that obesa "[d]evelops in cool, 
fairly rapid streams." 

SEASONAL DISTRIBUTION AND LIFE HISTORY. No detailed studies of the sea
sonal distribution or of the life history of B. obesa have yet been con
ducted. Our Florida collection records include adults that have emerged 
as early as February to as late as May4, with the greatest number of adults 
having been reared or collected in mid to late April. Nymphs have been 
collected from January through early May and from late October through 
l)ecen1her. lt appears reasonable to assun1e that, as with other Florida 
Baetisca, this species is also univoltine. Adults emerge during the cooler 
spring months, mate and oviposit, and the eggs then presumably undergo 
diapause. Hatching likely occurs in September, thus accounting for 
nymphal coilections in late October. Emergence of the subimago differs 
from that of other species as the nymphs do not necessarily climb out of 
the water (Berner 1955). That the nymphs do leave the water prior to 
emergence was reported in the above cited paper and by Walsh ( 1864). 
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BEHAVIOR. No studies of the behavior of this species have been made. 
Walsh (1864) did record a few observations about the swimming activities 
of the nymphs, and we have noted that they are verY much like those of 
other Baetisca species. · 

Baetisca (Baetisca) rogersi Berner 

{PLATE 28. Frcs. 22, 39, 85, 174. MAP 27) 

Berner 1950, pp. 148-152; 1955, pp. 16-17; 
1958, p. 29; 1959, p. 8; 1977, p. 36. 

Berner and Pescador 1980, pp. 513, 516, 
519-520. 

Burks 1953, p. 77. 
Carlson I 980, p. 82. 
Jones 1977, p. 65. 
Pescador and Berner 1981, pp. 212-216. 
Peters and Jones 1973, p. 247. 
Schneider 1967, p. 203. 
Unzicker and Carlson 1982, pp. 3.14, 

3.23-3.25. 

TAXONOMY. The outstanding characteristics of mature nymphs of Baetisca 
rogersi are the presence of four prominent lateral mesothoracic projec
tions~ serrate margins of the mesonotum; small dorsal thoracic pron1i
nences~ and conspicuous elevations on abdominal segments 7 through 9. 

· The characteristic spines and tubercles are relatively more conspicuous in 
younger nymphs; in the last instar they may become some\vhat obscured 
by the formation of the underlying adult structures. The adults n1ay be 
distinguished chiefly by the reddish brown coloration in the basal third of 
the forewings and the basal three-fourths of the hind wings. They are 
short, bulky mayflies with a robust thorax, short abdomen, long fore
wings, and large hind wings. 

Of the various species of Baetisca, B. rogersi appears to be 111ost closely 
related to B. becki; ho\vever, the intensity and extent of,ving pig1nenta
tion is greater than in becki, and abdominal tergite 10 lacks the dark 
brown spots of that species. 

GEOGRAPHIC DISTRIBUTION. B. rogersi is known to occur in northwestern 
Florida from the Apalachicola River drainage westward into southern 
Alabama and northward into Georgia and South Carolina. In Florida, the 
species has been taken in the following counties (map 27j: Bay, Calhoun, 
Escarnbia, Gadsden, Liberty, Okaloosa, Santa Rosa, and ~alton. 
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Plate 28. Baetisca rogersi Berner, nymph 
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ECOLOGY. The streams inhabited by B. rogersi nymphs are sand-bottomed, 
slightly acid or circumneutral, and clear. Because mos·t of these streams 
drain upland regions where there is little swampland, the water pic~s up 
only small amounts of humic acids and is lightly colored. Of course, there 
are exceptions, and the coloration may vary depending on rainfall and 
other factors that influence the dissolving of the acids. 

The sand-bottomed streams of Florida often have pebbly riffies in shal
low water, and it is here that the nymphs are most frequently encoun
tered. One of us (Pescador and Peters 1974) has made an in-depth study 
of the life history and ecology of this species· and found the mature 
nymphs to be typical members of the riffie association. Sampling various 
habitats in these sand-bottomed streams led to the discovery that younger 
nymphs from the fourth through the seventh instars lived only in those 
parts where there was a dense growth of filamentous algae (Spirogyra sp.) 
and water moss (Leptodictyum riparium). As time approached for emer
gence, nymphs moved to quiet, shallow sections of the streams, appar
ently in search of places that provide egress from the water as emergence 
takes place above the water surface. 

Larger nymphs may also be found on the underside of submerged logs 
or partially buried in sand in shallow water near the stream's edge. Labo
ratory studies ofinstars 8-12 showed that these larger nymphs preferred 
a pebbly substrate. If there was no such habitat available, they then sought 
sand as a substitute. 

Other laboratory studies to determine the effects of light on the posi
tioning of nymphs revealed that it has an important influe'nce, with most 
nymphs moving to the well-lighted substrate. 

1 

The nymphs are adapted structurally to living in flowing water. The 
heavily sclerotized, curved, and sharply pointed tarsal claws are ideally 
suited for holding to objects in the streambed. The shape of the meso
notal shield apparently helps decrease resistance to water flo\v. The devel
opment of the conspicuous, lateral mesonotal spines appears to be corre
lated with the ability of the nymphs to maintain their short, rotund bodies 
in a stable position in pebbly riffies of moderately to swiftly flowing water 
where they rest partially covere.d by sand, head in an upstream direction. 

To test the validity of the theory that the spines serve as stabilizers 
(Berner 1940), Pescador and Peters (1974, p. 190) removed the spines 
from mature nymphs. "Without them the nymphs could not balance them
selves, or could barely maintain a normal position for a short time before 
turning over. Furthermore, the nymphs could not maintain direction." 

Examination of focxi contents of the alimentary tract showed that the 
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im1natures are herbivorous or detritivorous. Dominant gut contents were 
found to be detritus, diatoms, mineral particles, and a few fragments 
of fila1nentous algae. The diatoms included Navicula sp., Surirella sp., 
Nitzschia sp., Meridian sp., Pinnularia sp., Fragilaria sp., and Gomphonerna 
sp. A desmid, Micrasterias sp., was also found. Among the recognizable 
elen1ents of algae were Spirogyra sp., Cladophora sp., and Oedogonium sp. 
No significant differences were found in the feeding activities of small or 
large nyn1phs collected throughout the growing season. During February, 
rvrarch, ClllCl April an increase in abundance or diaton1s covering the rocks 
in one strean1 was reflected by an increased intake of them by the nyrnphs. 

Phoresy has been reported occasionally between mayfly nymphs and 
chironomid or simuliid larvae or pupae. Pescador and Peters reported 
that on two occasions pupae of Simulium sp. were found attached to the 
medioposterior n1argin of the mesonotal shield of B. rogersi. No larvae 
were found. This is the only kno\vn instance of a phoretic association in 
this fan1ily of n1ayAies. 

'l'hc i111agoes, like n1ost other n1ayflics, are nonnally confined to the 
n1esophytic hammocks lining the strean1 margins. Here the_ humidity is 
fairly high and the adults experience little difficulty in undergoing their 
i1naginal rnolt. The subimagoes rest on the lower branches of the trees 
and bushes fringing the streams and await their final molt. 

SEASONAL DISTRIBUTION AND LIFE HISTORY. The emergence of B. rogersi in 
Florida corresponds with that of northern relatives in that it is strictly sea
sonal, \Vith adult emergence beginning early in March and ceasing in 
early July. Peak emergence occurs in April, and there is a single genera
tion each year. 

The life history of B. rogersi has been studied in detail (Pescador and 
Peters 1974). Fertilized eggs hatched in the laboratory in about 21 days 
\vhen the water was kept at a temperature in the range of 23°C. A few 
unfertilized eggs also developed and the nymphs hatched in from 20 to 

31 days. Fertilized eggs did not hatch simultaneously; the hatching period 
extended from 7 to 17 days. In all, 12 instars are required for nymphal 
development. Pescador and Peters provided full descriptions and illustra
tions of each instar to show changes taking place as the nymphs develop. 

Instars 1-3 \Vere obtained from laboratory hatched eggs. The remain
ing instars were determined from collecting fourth-instar nymphs in the 
field and rearing them individually in the laboratory. A careful study of 
developn1ent demonstrated that approxin1ately four months are required 
under laboratory conditions. 

I 
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Pescador and Peters located young nymphs, probably in their fourth 
instar, on September 20, their earliest find of this stage. However, nymphs 
in the sixth or seventh instar were collected by one o(us (Berner) in Santa 
Rosa County on August 12. As a result of their study, Pescador and Peters 
suggest that eggs generally hatch in early September as the water cools. 
They postulated that the higher ten1peratures of the summer months in
duce diapause, thus delaying hatching of eggs laid as early as March. 
They suggested further that any nymphs that hatched in April were 
probably killed by high ten1peratures and lower oxygen content of the 
waler. ·rhey found that newly ha1chcd nymphs under ·laboratory condi
tions where temperatures ranged from 22.2°C to 23.9°C died after one 
molt. At lower temperatures nymphs survived. 

Growth is rapid at first, but as temperatures fall, it slows considerably. 
In December and January when water temperatures dropped to 5°C, 
nymphal feeding was slowed, reducing growth rate. 

Subimagoes of B. rogersi have been observed emerging from 8:30 A.>J. 

!(} 2:30 I'.M. rvfosf e1nerged before 110011 \Vith peak Clllergcncc being be
l\\'Cell 8::10 A.M. and 10:30 A.M. ·ro e1nerge, the ny1nphs crawl cornpletely 
out of the water a distance of I V2 to 4 inches above the surface. Emer
gence requires 4 to I 0 n1inutes. After eclosion, the subin1ago rcn1ains mo
tionless for a short time, then crawls up the supporting surface. The sub
imaginal stage in the laboratory lasted from 12 to 30 hours, with an 
average of 21 V2 hours. Higher ternperatures apparently shorten the sub
imaginal stage. To molt to the adult stage the insects required 8-l l 
minutes in the laboratory. 

Adults, under laboratory conditions, lived from 81/2 to 28Y:2 hours. No 
significant difference in life span was found to exist between males and 
females. 

Parthenogenetic reproduction has been reported more and more 
frequently among various mayfly species. It is now known to occur in 
B. rogersi as well. Although it does not appear to be a common n1ethod of 
reproduction, Pescador and Peters found that from a total of 9648 eggs 
taken from unmated females,.69, or 0.7%, hatched. They also found that 
eggs from subimagoes were mature as some of them hatched. Since the 
ratio of males to females is virtually equal, it appears that parthenogenetic 
reproduction must be exceedingly rare or may be only a !aboratory phe
nomenon. Edmunds has informed us that it is common among insects for 
a very small percentage of eggs to be diploid and that these develop and 
hatch. This phenomenon may explain Pescador and Peters's results. 
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Fig. 174. Flight pattern of Baetisca rogersi subimago (from Pescador and Peters 1974) 
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BEHAVIOR. Nymphs are inactive during daylight hours, when they remain 
hidden or partially buried in sand. Resting nymphs bend the last three 
abdominal segments dorsally, elevating the caudal fiiaments over the 
body. Pescador and Peters reported a strongly positive phototactic re
sponse of nymphs in the laboratory, and they postulated. that the light en
ables the nymphs to n1aintain their primary dorsoventral orientation. 
Nymphs swim by pulling their legs under their bodies, drawing together 
and depressing their tails, ;:ind rapidly vibrating the poSterior portion of 
their bodies. They swi1n in short spurts, come to rest, then spread their 
legs and seize some supporting object. Legs are not used in swimming; 
the movement of the abdominal segments and the tails accounts for the 
forward movement. . 

Nymphs feed at night. In the laboratory, Pescador and Peters observed 
them browsing on the surfaces of rocks and crawling Over the substrate 
apparently feeding. They were seen biting pieces of water moss and rak
ing the substrate toward their mouths using their prothoracic legs. 

The abdominal gills are enclosed under the thoracic natal shield, which 
is raised and lo\'.;ered rhythmically to allow water to circulate inside the 
gill chamber. Inflow of water occurs.when the natal shield is raised: as the 
water passes over the highly tracheated gills, it exits through a tube 
formed by the greatly modified sixth pair. The pair forming the tube fits 
into a space between a posterior elevation of the notal shield and the con
cave dorsal surface of the sixth tergite. 

A study of gill function in B. rogersi nymphs was conducted in 1980 by 
Mary K. Notestine, a student at the University of Utah. Her findings (un
published) are at variance with those of Pescador and Peters regarding 
inflow of water. She concluded that the abdon1en of the nyn1ph moves 

· away from the natal shield and that it is kept lowered unless some distur
bance occurs. The movement of the gills themselves causes the flov..' of 
water through the gill chamber. Notestine noted further that the sparsely 
distributed hairs on the posterior edge of the natal shield likely have a 
sensory function detecting potentially damaging substances, stich as par
ticulate matter, in the water. 

In their detailed study of B. rogersi, Pescador and Peters noted that the 
subimagoes have a unique Right pattern (fig. 174). After emerging they 
first dive to the water surface, then fly vertically upward. 'fhey are strong 
fliers and disappear quickly into the fringing vegetation where they are 
probably protected from predators by the strongly rriottled pattern of 
the wings. 

Mating swarms of adults have not yet been observed, nor have oviposit
ing behaviors been reported. 
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INDEX 

(The principal reference for each genus and species is listed in boldface 
type.) 

Abdomen 
appendages, 11, 12 
gill-bearing segments, 11 
number of segments, 4, 11 

Acanthametropodinae, 17 
Acmtrella (synonym, see Baetis) 
Attk.,, 207, 208 
Aduhs 

body size, 25, 26 
general characteristics, 4, 5 
mouthparts, 4 

Aeroslatic organ, 4, 15 
Aethepliemera, (subgenus, see Ephemera) 
Alapaha River, 371 
Allen, R. K., 184, 205, 222, 294, 295,296, 

297, 300, 301, 302, 303, 305, 309, 311, 
314,315,316,317,318,325,372 

Ameletopsinae, 17 
Anu!/ttus ludens, 388 
Ametropodidae, 17 
Anderson, W., 37 
Anepeorinae, 17 

Apalachicola River, 35, 36, 42, 44, 120, 
149, 150, 159, 161, 181, 206, 256, 266, 
267,277,279,281,282, 285,292,300, 
311, 327, 349, 361, 377 

Archedictyon, 13 
Archetype venation, 10 
A rthropka, 185 
Arthropleinae, 17, 185 
Atalophlcbiinac, 231 
Attmdla, 86, 94, 294-295 

attmuata, 61, 69, 81, 86, 94, 295-
297, 298 

AUenuatella (homonym, see Attenella) 

Baetidae, 14, 19, 66, 88, 92, 95-163, 239 
Baetinae, 14, 19, 92 
Baetu, 7, 9, 32, 36, 38, 67, 89, 90, 92, 

96-97 
fusiform body, 7 
lines of development, 97 
mating flight, 104 
species groups, 96 
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!Jaetis (continued) 
australi~ (synonym, see frondali.s) 
bicaudatus, 8, 9, 158 
rphippiatus, 60, 67, 74, 77, 82, 90, 92, 

96, 97-101, !02, !03, Ill, 119 
emergence, 100 
growth rate, IOI 

flauistriga, 105 
frnndafo, 60, 69, 70, 74, 90, 92, 96, 99, 

102-104, !08, Ill, 120 
emergence, I 04 

inlrrcalaris, 60, 67, 74, 90, 92, 96, 99, 
104-109, 116 

drift, !06, !07 
emergence, 108 
growth rate, 107, 108 

/H1r1!1L~, 152 

Jirupinquus, 56, 60, 67, 70, 74, 77, 90, 
92, 9fi, 98, 100, 102, 103, 104, 105, 
106, 108, 109-117, IHJ, 155, 157, 
170, 212 

erncrgcnce, I 14, 115 
parthenogenesis, 114, 115 
predation, 115, J 16 

/rygmarus, 60, 69, 70, 74, 89, 96, !05, 
112, 117-122, 129, 153, 211, 212 

emergence, 121 
mating flight, 121, 122 

quillni, 32, IOI, 115 
Jpiethi (synonym, see PYlf'naeus) 
spinosus (synonym, sec /1ropinquus) 
tricau.datus, 7, 8, 9 
tricolor, I 02 
vaga1u, 115 
species, 212 

Barti.fCa, 8, 14, 32, 36, 37, 64, 75, 359, 
362-363 

Baeti~ca, subgenus, 64, 75, 363 
becki, 66, 75, 94, 364-366, 371, 377 
carolina, 364 
i[ibbera, 66, 77, 94, 366, 369-372 
laurentina, 66, 77, 94, 363, 372-374 
obesa, 46, 66, 70, 77, 94, 168, 170, 

328,363,371-373,374-377 
emergence, 376 

rogersi, 5, 32, 58, 60, 66, 70, 77, 94, 
363,364,366,371,373,377-383 

emergence, 380, 381 

fecundity, 381 
gill function, 383 
parthenogenesis, 381 
phoresy, 380 

species, 37, 377 
FascioculUI, subgenus 

escambimsis, 35, 64, 70, 75, 94, 358, 
363, 366-369, 37 I 

Baetiscidae, 20, 64, 75, 94, 362-383 
Baetiscinae, 362 
Baetiscoidea, 362 
Baetoidea, 17, 92, 222 
Bartram, W., 2 
Batrachospennum, 113 
Beck, W. M.,Jr., 40, 193, 202, 279, 303 
Bednarik, A. F., 25, 200, 202, 203, 204, 

205, 207, 208, 210 
Behningiidae, 17, 57, 79, 93, 258-264 
Bell, H. L., 207 
Henke, A. C., 40, IOI, 107, 259, 322 
Bergman, E. A., 107, 114 
Berner, L., I, 2, 9, 23, 28, 33, 35, 36, 92, 

93, 94, 96, 97, 98, 102, 104, 105, 109, 
115, 117, 121, 122, 123, 127, 129, 132, 
133, 134, 136, 137, 138, 139, 141, 146, 
150, 151, 153, 154, 159, 161, 163, 164, 
165, 166, 167, 169, 171, 172, 178, 179, 
181, 182, 184, 185, 189, 190, 192, 193, 
194, 197,200,202,204,205,207,208, 
220,222,228,229,230,231,240,242, 
244,245,253,254,259,265,266,267, 
271,272,273,274,275,276,279,282, 
285, 291, 292, 293, 295, 297, 298, 299, 
300, 30 I, '.l02, 303, 309, 311, 314, 315, 
317,318,326,327,328,329,336,337, 
339, 342, 343, 345, '.{46, 349, 350, 351, 
352, 354, 355, 356, 357, 358, 3()0, 361, 
362,363,364,366,369,371,372,374, 
376,377,379,381 

Blackwater River, 28, 30, 106, 107, 159, 
165, 166, 167, 177, 178, 179, 183, 187, 
188, 193,206,207,210,262,263,373 

Blanton, F. S., 33, 40 
Blmturus (synonym, see Leptophlebia) 
Bogoescu, C., 188 
Brachycercidae, 336 
Rrac/1ycercu~. 14, 63, 84, 308, 336, 337, 

351,352,355,358-360 

bernrri, 64, 70, 82, 84, 94, 283, 352-
356, 357 

floridicola (synonym, see bernm) 
maculalui, 36, 64, 79, 82, 84, 354, 355, 

356-358, 360, 361 
nasutu~. 64, 79, 82, 84, 354, 355, 358-

359 
nitidu{, 355 
pini (synonym, see maculatus) 

Brachyphlebia (synonym, see Baetis) 
Bradley,J. C., 241, 243 
Brezonik, P. L., 40, 50 
Brigham, A. R., 3 
Brigham, W. R., 3 
Brinck, P., 5, 11, 14, 15 
Britt, N. W., 272, 273 
Brittain,J. E., 127 
Brodskii, A. K., 5, 264 
Bruchella (synonym, see Leptohyphes) 
Brusca, R.C.,315,317,385 
Burbank, W. D., 279, 283 
Burks, B. D., 93, 96, 107, 109, 137, 139, 

146, 162, 163, 164, 171, 172, 178, 184, 
185, 192, 200, 205, 207, 222. 228, 230, 
240,253,254,256,265,266,271,272, 
2i4,275,292,298,314,325,326,336, 
337,351,372,376,377 

Byers, C. F., 224 

Caenidae, II, 13, 20, 63, 84, 94, 127, 318, 
325, 335-361, 364 

Caeninae, 318, 336 
Caeni.s, 14, 28, 38, 41, 63, 84, 94, 308, 

318, 329, 331, 335, 336-337, 339, 
343,345,346,348,352,357,359 

amica, 336, 337 
Candida, 336 
diminuta, 2, 53, 56, 64, 70, 74, 85, 128. 

129,283,336,337-349,350,351 
emergence, 343, 345 
growlh rate, 344 
incubation, 346 
limits of toleration, 343, 345 
n1ating flight, 348 

gigru, 336 
haltrra, 127 
hilarii, 64, 85, 94, 283, 339, 341, 
349-351 

INDEX 

emergence, 350 
collection method, 350 

lactea, 337 
macrura, 336 
maxima (synonym, see Neoephemera 

maxima) 
nigropunctata, 335 

Caenoculis, 351 
Caenoidea,20,94,325,335 
Ca/libaelis, 5, 66, 90, 92, 117, 122-123, 

125, 128, 130, 134, 136, 158, 343 
ovoviparity, 122, 133 
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floridanus, 2, 37, 53, 56, 67, 74, 7.7, 91, 
92, 122, 123-134, 136, 137, 212 
emergence, 132 
forn1 A, 67, 123 
forn1 B, 67, 125 
limit of tolerance, 126-127 
mating flight, 132-134 
oviposition, 1:13 
rate ofgrowlh, 129-132 

mo11ta11us, 32 
pretiosu~. 56, 60, 67, 74, 77, 91, 92, 122, 

126, 128, 12!), 134-137 
emergence, 137 , 
sexual dimorphisn1, 136 

vivipara, 122 
species, 77, 170 

CamelohaetidiUI, 7 
Campion, H., 336 
Campsurinae, 20, 93, 265 
Camp.~urus, 265, 267 
Cantrell, R. W., 97,.98, 103, 105, 140, 195, 

204,206,224,357,361 
Carboniferous, IO 
Carew, W. C., 104, 106, 107, 194, 202, 

208,295,296,303,349, 350 
Carlson, P.H., 3, 96, 164, 165, 166, 167, 

169, 189, 190, 192, 197, 206, 220, 228, 
230, 231, 253, 254, 265, 266, 267, 272, 
273, 274, 275, 279, 292, 293, 315, 317, 
329,362,374,377 

Caroux hifrPUI, 44 
Carr, A. F., 33, 35, 45 
Caudal fllaments 

functions, 5, 9 
regeneration, 177 

Caudatella, 294 · 
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Central Highlands, 28, 40, 42, 44, 49, 50, 
81, 103, 125, 206, 286, 287 

Centroptilum, B, 67, 90, 95, 137-138, 141, 
143, 145, 146, 151 

album, 138 
b,l/um, 138, 139 
convexum, 138 
ruriosum, 138 
fmple, 138 
lwbbsi, B, 67, 77, 79, 92, 138-141, 143, 

149, 321 
lin1iting factor, 140 

luteolum, 138 
ozburni, 139 
rhntlare, 139 
n1(0.ftnj~at11m, 14 l 

.11•111inifu111, l'.-\8 

viridocularis, 8, 56, 60, 67, 74, 77, 79, 
91, 92, 1:19, 140, 141-145, 321 

emergence, 144 
molting, 144, 145 
tarsal claw modifications, 143 

Cephalanthu~ occidentalis, 48 
Cephalization, 13 
Cnatophyllum, 45, 54 
Cerci (see Caudal filaments) 
Crrcobrachys, 63, 337, 351, 352, 356, 

359-360, 361 
'lowah, 36, 63, 84, 94, 202, 341, 360-362 
minutw, 360 
jJeruanicw, 360 
petersorum, 360 
snpmtis, 360 

Chaoborus, 286 
Chattahoochee River, 35, 202, 266, 277, 

292, 351, 361 
Chipola River, 46, 150, 151, 159, 161, 227, 

282, 376 
Chirotenetes, 171 
Choctawatchee River, 140, 150, 159, 

:100. 301 
Clwrotrrpes, 222, 224, 225 

·basalis, 227 
hubbdli, 37, 49, 58, 63, 69, 77, 88, 93, 

114, 196, 222-227 
emergence, 226, 227 

mexicanus, 127 
11anita, 226 
oklahoma, 226 

Chromarcyinae, 17 
Cladium jamaicm.fF, 52 
Cladophora, 380 
Clemens, W. A., 149, 164, 168, 175, 

273, 289 
Clifford, H.F .• 7, 8, 9, 165, 168, 185, 187, 

188,248,249,250,252 
Clingers, 8,16, 140, 233 
Cloeon, 5, 8, 9, 14, 145, 146, 147, 149, 150 

alamancF, 150 
di/1terum, 127, 133 
rubropictum, 69, 74, 77, 90, 92, 146-

149, 150, 151 
emergence, 149 
groups of, 14 7 

species A, 77, 90, 148, 150-151 
Coaslal lowlands, 30, 40 
Cobb, G., 272 
Cohen, S. D., 205 
Coleman, M.J., 312 
Coloburiscinae, 17, 171 
Coloration 

physical, 24 
pigments, 23; 24 

Cooke, H. G., 15, 216 
Cooke, C. W., 33, 34, 39, 49, 52, 53 
Corbet, P. S., 264 
Corkum, L., 7, 8, 9 
Cory, C. B., 43 
Corydalis cornatus, 321 
Cowell, B. C., 104, 106, 107, 194, 202, 

203,208,210,295,296,303,322, 
349, 350 

Crampton, G. C., 11, 12 
Crawlers, 16, 316 
Creeks 

inlermittent, 41 
permanent 

sand-bottomed, 41, 42 
sih-bouomed, 42, 43 

CulicoitfFs, 33 

Dactylohaetis, 7 
Daggy, R.H., 187, 202, 277 
Dannella, 297 

Lita, 298 
simplex, 298 

Davis, J. R., 127 
Demoulin, G., 326, 327, 329 
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Diapause, 270, 313, 371, 376, 381 
Dicercomyzinae, 18 
Dicrephnnna (subgenus, see Ephemrra) 
Dickinson,]. C.,Jr., 40, 130 
Dodds, D.S., 7, 9, 158 
Dolania, 5, 27, 28, 259 

·americana, 5, 56, 57, 79, 93, 183, 188, 
259-264 

adult polymorphism, 261 
emergence, 262 
fecundity, 262 
incubation period, 262 
mating flight, 264 
morphological adaptations, 261 
predator satiation hypothesis, 264 

1Jru11rflfl dorltl1i, 7 

Eaton, A. E., 122, 127, 137, 181, 228, 240, 
276,294,317,337,349 

Ecdyonurus, 188, 200 
Ecdysis, 144, 256 
Edmunds, G. F.,Jr., 2, 6, 13, 16, 19, 20, 

22, 32, 35, 36, 93, 95, 96, 122, 137, 138, 
146, 150, 151, 152, 170, 171, 172, 181, 
182, 184, 185, 187, 192, 193, 195, 200, 
220,221,222,228,240,241,253,258, 
259,262,263,265,268,270,271,272, 
273,274,275.276,277,288,289,291, 
292,294,295,296,297,300,301,302, 
303,309,313,314,315,318,325,326, 
329,335,336,362,363,372,381 

Egg 
attachment structures, 5-6, 22 
burster, 214 
chorionic sculpturings, 6, 22 
micropyles, 6 

Eichhornia crassipes, 287 
Einsele, W., 7 
Elimia, 361 
Epeorus, 29 
EpJ,,,,.,,-a, 8, 271-272, 273 

Aethephemera, subgenus, 272 
Dicrephemera, subgenus, 272 
Ephemera, subgenus, 272 

simulans, 56, 59, 79, 93, 268, 
272-274, 287, 288 

mating Aight, 273 
species, 79 

Ephnnerdla, 61, 85, 199, 282, 294, 295, 

297,299-302,303-317,318,362 
catawba, 300 
doris (synonym, see EurylopMlla 

tnnporalis) 
hit.tula (synonym, see Altenella 

altenuata) 

choctawatchee, 61, 74, 79, 85, 94, 140, 
150, 159, 299..:300, 30 I 

dorothea, 61, 94, 300-301 
invaria, 302 
rotunda, 61, 85, 94, 301-302 
trilinFata (synonym, see Eurylophella 

temporalis) 
Species A (see Serratella deficiens) 

Ephemerellidae, 20, 61, 85, 94, 222, 
291-311. 318, '.-\!)2 

Ephernerellinae, 20, 94, 294, 297, 299 
Ephe1nerelloidea, 20, 94, 294 
Ephcmeridae, 20, 59, 79, 93, 240, 271-

291, 326 
Ephemerinae, 275 
Ephemeroidea, 19, 93, 222, 258, 326 
Ephemeroptera 

higher classification, 17-18 
the order, 2-26 
primitive characters, 9-13 
specialized characters, 13-16 

Ephemerythinae, 20 
Ephoron, 20, 271 
Epiaeschina heros, 225 
Eriksen, C.H., 272, 273 
Escambia River, 105, 141, 147, 150, 154, 

159, 161-162, 169, 179, 189-190, 210, 
267, 279, 281, 300, 3!1, 320, 322, 323, 
327,351,359,368,371,377 

Eurylophella, 294, 302-303, 325 
temporalis, 36, 58, 60, 61, 69;74, 86, 94, 

168, 170, 196, 225, 282, 303-307, 
308,325,328 

emergence, 307-308 
gill vibrations, 309. 

Euthyplocidae, 17 
Everglades, the, 52, 53 
Exoskeleton, 23-25, 130 
Eyes 

specializations, 15 
striped, 363 
ommatidia, 15 
turbinate, 15, 66 



408 INDEX 

Fascioculus (subgenus, see Baetisca) 
Feeding habits 

carnivores, 5-6, 188, 220, 221, 335 
collectors and gatherers, 194, 207, 316 
filterers, 174, 184, 271 

scrapers, 214, 227, 239, 252, 281, 355 
Flannagan, J. F., 272 
Florida 

description of habitats, 40-54 
geological history, 33-34 
physiographic divisions, 34, 39, 40 
physiography and climate, 33 
stream temperatures, 31-32, 37 
topography, 33, 40 

Flowers, R. W., 93, 188, 189, 190, 191, 
195, 197, 205, 206 

Fontinalis, 100, 109, 143, 162, 320 
Forewings, 4, 10, 13, 14, 20, 21 
Fossil, JO 
Fragilaria sp., 380 
Franz, R., 289 
Fremling, C., 275, 277, 278, 283, 290, 

292,293,346 
Frison, II. T., I 
Frost, S. W., 123, 134, 137, 141, 285, 337 

Genitalia 
egg valve, I I 
genital forceps. JO, 11, 14, 22 
ovipositor, 11, 14, 22, 235 
penes, 10, 14, 22 

titillators, 72, 185, 191 
specializations, 14 
styliger plate, IO, 11 
vasa deferentia, 14 

Cills 
burrowing species, 6 
chloride cells, 9, 127 
coxal, 179 
functions, 5, 8-9 
gill-plates, 12 
homology, 12 

Gilmore, R. C., 40 
Glick, P. A., 35, 38, 273 
Gamphonema sp., 380 
Gooch, V., 275, 276 
Gordon, E., 255 
Grant, M. P., 174, 176, 181, 213 

Gray, L. J., 32 
Grierson, M. C., 290, 291 

Habmphlebia, 222, 228-230 
llesperaphkbia, subgenus 

jocosa (synonym, see vibraru) 
pwilla, 228 
vibraru, 58, 60, 62, 69, 77, 88, 93, 

228-230 
Hain"ophlebiod,;, 230-231 

americana, 230 
annulata, 230 
betteni (synonym, see americana) 
bn1nnei.pennis, 58, 60, 63, 69, 74, 76, 88, 

93,227,229,230,231-240, 
254-256, 258 

mating flight, 237, 238 
oviposition, 235 

Hall, R.J., 317, 322, 323, 324 
Hamilton, E. W., 292 
Haplohyphes, 314 
Harkness, W.J. K., 47 
Harper, F., 33, 107, 336 
Harper, P. P., 33, 107, 336 
Hanland-Rowe, R., 271 
Harvey, R. S., 259, 262, 263 
Hellier, T. R.,Jr., 40 
Henry, B. C., 241, 242 
Hrytagrnia, 184, 188-190, 192, 200, 217 

bdla, 188 
jiaVrscens, 64, 72, 82, 86, 87, 93, 

189-191 
kennedyi, 188 
m.amfesta, 188 
Nearctic species groups; 188 

Heptageniidae, 19, 23, 71, 86, 93, 
184-222 

Heplageniinae, 19, 86, 184 
Hesperaphlebia (subgenus, see 

Habrophlebia) 
Heterocloeon, 152 
Hexagenia, 8, 81, 271, 273, 274-275, 279, 

286,290,291,293,355,368 
bilineata, 59, 64, 79, 81, 93, 274, 

275-278,282,283,288,292,346 
hatching time, 346 
temperature and egg hatching, 278 

limbata, 2, 36, 59, 64, 79-81, 93, 274, 
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275-277, 278-285, 286-289, 
291, 294, 346, 355 

emergence, 282-284 
growth rate, 284 
hatching time, 346 
mating flight, 284, 285 
willow flies, 281 

munda (synonym, see limbata) 
munda elegans (synonym, see limbata) 
munda marilandica (synonym, see 

limbata) 
orlando, 56, 58, 60, 64, 74, 81, 211, 277, 

279, 285-291, 294 
emergence, 288, 289 

recuroata (synonym, see Litobranchia 
recuroata) 
rigida, 287 
weewa (synonym, see limbata) 
species, 74, 79 

Hilsenhoff, W. L., !07, 114, 189, 190, 195, 
372 

Hirsch, A., 265, 266 
Hisaw, F. L., 7, 9, 158 
Hobbs, H. H., 348 
Homoe(Yfleuria, 11, 27.181-182 

alleni, 182 
ammophila, 182 
cahabensis, 182 
dolani, 36, 58, 69, 79, 81, 93, 94, 

182-184, 315, 326 
emergence, 183 
nymphal adaptations, 184 

salviniat, 181, 182 
Homosassa Springs, 54, 148 
Hora, S. L., 9 
Hsu, Y.-C., 2, 98, 325 
Hubbard, M. D., 20, 188, 259, 261, 

262, 263 
Hubbell, T. H., 33, 36, 40 
Hudson, P. L., 138, 288 
Huff, B., 195, 196 
Hunt, B. F., 288, 290, 291, 346 
Hydrilla, 50 
Hynes, H.B. N.,.7, 29, 40, 153, 158, 312 

Ide, F. P., 27, 29, !04, 107, 119, 138, 147, 
149, 161, 215, 240, 253,°254, 256, 265, 
272, 273 

Imago, characteristics of, 4-5 
lmms, A. D., 10 
In1perial River, 224 
Jnsulibr<Uhys, 351 . 
lsogenoides elongatus, 7 
/s(Yflychia, 55, 81, 171-172, 331 

/s(Yflychia, subgenus 
annulata, 69 
arida, 57, 58, 60, 69, 83, 93, 172-177, 

178, 180, 181 
emergence, 175-176 
mating flights, 176 

bernm, 57, 69, 93, 174, 177-178 
bicolor, 175, 176, 326, 327 
pictipes (synonym, see arida) 
,;ua, 57, 83, 93, 171, 174, 176, 180-

181 
tu.ffalanensis, 69 
species, 70, 77, 170 

Prionoide.t, subgenus 
'ayi,55,69,83,93, 178-180 

emergence, 179-180 
lsonychiinae, 17, 55, 81, 93, 170, 171 

Jacob, U., 351 
Jacob;,J. I., IOI, !07, 322 
Jazdzewska, T., 326 
Jensen, S. L., 2, 93, 96, 122, 137, 146, 150, 

151, 164, 171, 172, 181, 185, 192, 193, 
200,220,221,222,228,230,240,241, 
253,259,265,271,274,291,297,299, 
302,314,315,329,336, 362,372 

Jerome sink, 49, 224 
Johnson, R. I., 40 · 
Jones,J., 5, 32, 97, !02, !04, !09, 117, 

134, 137, 141, 146, 163, 169, 179, 187, 
189, 190, 193, 194, 202, 208, 228, 231, 
241, 245, 254, 259, 265, 299, 303, 311, 
318, 327, 331-335, 337, 346, 349, 351, 
352,356,364,369,374,377 

Keffermiiller, M., 151, 152 
Komnick, H., 9 
Kondrat;eff, B., 93, 171, 172, 176, 177, 

178, 179, 180, 181. 241, 242, 346, 369 
Koss, R. W., 6, 22, 192, 200, 207, 235, 

257,258,259,274 
Kukalova-Peck,J., IO, 12, 20 
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L1csslc, A. M., 40 
Lager, T. M., 29, 220, 221, 314, 315 
Lakes 

sand-bouomed, 49, 50 
silt-!XJttomed, 50, 51 

Landa, V., 21, 22, 26, 27, 184, 185, 192, 
208,303,313,318 

L1nquist, £., 104, 109, 117, 123, 134, 138, 
141, 153, 194, 202, 222, 303, 318, 337, 
342,356,360,361 

Legs 
adults, 15 
ny1nphs, 6-10, 12 

Lehrnkuhl, D. M., 29, 190 
rA"m11a obscura, 4 7 
eonard,J. \V., and F. A. Leonard, 168, 
207,252,324,336,351,372,373 

rfJtodictyum rifmrium, 194, '.J3 I. 379 
rJitohyphes, 313, 314-316 
bl'nirri, 56, 60 
d11!u11i, 6:\. 8'.I, ~M. 315-318 
Jmdwri, '.12 
ruback.i, 315 
sabinas, 79 

.eptohyphidae, 313 
t>ptojJ/i!ehia, 62, 88, 222, 227, 240-241, 

242,244,250,253 
mutrina, 244, 245 
bnufleyi, 62, 69, 77, 88, 93, 129, 170, 

241-244 
en1ergence, 242, 243 
mating Hight, 243, 244 

col/inn, 62, 69, 93, 243, 244-245 
cupida, 250, 251 
grandis, 245 
intrnnedia, 58, 60, 69, 77, 170, 243, 

245-253 
emergence, 250 
incubation period, 250 
1nating flight, 251.-252 
migratory habits, 248, 249 
ny1nphal instars, 250 

jolmsoni, 240, 253 
packrri, 32 
prae/iedita, 217 
ptophlebiidae, 11, 14, 19, 22, 61, 88, 
93, 121, 127, 221-258, 275 

eptophlebiinae, 227, 231 

Leptophlcbioidae, 17, 9:~ 
Lestage,]. A., 253, 336 
Leucrocuta, 188 

lubr, 346 

Lewis, P.A., 35, 93, 192, 194, 195, 200, 
202,204,205,206,208 

Litobrancha, 271 
recuroata, 290, 346 

Louton, J. A., 372, 373 
Lyn1an, F. E., 25,_168, 217, 222, 288, 290 

Macau, T. T., 40 
Mat:ca!Jerlium (subgenus, see Sten1mn11a) 
Macdunnoa, 27, 184, 190-191, 192 

bninnea, 64,87, 190, 191 
nipawinia, 190, 191 
persimplex, 190, 191 

Machadorythinae, 18 
ritfachilidae. JI 
Maiorana, V. C., 4 
~falpighian 111lmlcs, 22 
Manatee RivtT, 22·1 
Marshes, 51-52 
Marianna Lowlands, 40 
Manynov, V., 20 
l\-1ayaca j/uviatili.~, 47 
~fayOies 

annotated list, 95-383 
con1parative abundance, 27-30 
comparison of Florida forms with 

northern fauna, 27-32 
dispersal, 30, 35-39, 315, 322 
distribution, 37 
ecology, 27-32 
economic importance of, l-3, 28 
families of, 16-17 
general characteristics of, 4-9 
habitats of, description, 39-54 
higher classification, 17, 18 

key to adults and nymphs, 55-91 
life histories, 30-32 
list of Florida species, 9'.i, 94 
origin of, 31, 35-36 
specialized features, 13-16 
taxonomic characters, 21-26 
wing venation, 18-21 
zoogeography, 33-54 

McCafferty, W. P., 16, 19, 94, 96, 97, 98, 
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102, 103, 104, 105, 109, 111, 115, 117, 
119, 151, 152, 153, 164, 170, 171, 195, 
196,200,202,203,205,206,207,208, 
210,220,222,259,265,266,267,268, 
274,275,276,279,285,291,292,294, 
297,298,313,325,335 

McDunnough,J., 92, 93, 94, 107, 109, 
138, 146, 152, 161, 162, 163, 171, 184, 
185,205,228,230,253,254,274,276, 
292,295,298,303,317,325,326,336, 
337,339,343,349,372 

Mcl~herson, H. F., 33 
Means, B. D., 40 
Mechanoreceptors, 8 
Melanemerellinae, 18 
Metretopodidae, 18, 71, 87, 92, 164-170 
Metretapus, 164, 165 
Miami River, 43, 125 
Micranthemum 11mbros11111, 45, 120, 143 
Micrnsteriru sp., 380 
1Hirn1/1!1T11.~ .~almoirlP.1·, l•l'.I 

T\.linshall, W. G., 317, '.~22. 325, '.l!'">!I 
Miroculi.s, 23, 24 
Morgan, A.H., 20, 94, 227, 257, 290, 

291, 301, 302, 309, 311, 312 
Morihara, D., 96, 97, 98, 102, 104, 105, 

109, lll, 115, 117, 119 
Morse, J., 221 
Mouthparts 

clypeus, 15 
galea-lacinia, 12, 15 

·hypopharynx, 11, 12 
·labium, II 
labrum, II 
mandibles, 5, 6, II, 12 

prostheca, 12 
inaxilla, 15 

palpifer, 12 
stipes, 12 

Mi.iller-Liebcnau, I., 96, 97, 102, 151 
Murphy, H. E., 115, 265 
M urph)'ella, 8 
Murvosh, C., 317 
Myakka River, 224 
Myriophyllum, 45, 51, 54, 128, 143, 162, 305 

Najas, 45, 140, 320 
Navicula, 380 

Neave, F., 248, 249, 288 
Needham,). G., 2, 5, 13, 20, 22, 26, 93, 

94, 95, 98, 102, 103, 130, 198, 217, 228, 
230,241,265,273,274,276,283,292, 
300,301,317,323,325,329,336,337, 
346, 363 

Neill, W. T., 33, 36 
Neocloron (synonym, see Cloeon) 

Neoephemera, 57, 83, 325-327, 329, 
332, 352 

Caenomera, subgenus, 326 
Neoe/1hnnera, subgen·us, 327 

bicolor, 326, 327 
compre.ua, 32, 57, 81, 84, 94, 170, 

327-329 
maxima, 326 
youngi, 2, 5, 32, 57, 61, 81, 84, 94, 

326, 327, 328, 329-335, 346 
emergence, 332, 333 
fecundity, 333 
i11n1hatio11, :~:~'.! 

1n:uing flight, 3'.\4 
nymphal instars, 333 

species, 326, 327, 329 
Oreianthus, subgenus 

purpurea, 332 
Neoephe1neridae, 57, 83, 94, 318, 325-

335, 364 
Neopterygota, 10 
Newell, R. L., 317, 322,.324, 325 
Nitz.schia sp., 380 
Nixe, 188 
Nordlie, F. C., 40 
Nymphs 

freshly hatched, 6 
morphological and behavioral adapta

tions, 6-9 
N)'ssa biflora, 48 

species, 150 

O'Hop,J.. 174 
Ochlockonee River, 179, 181, 183, 331 
Ordogonium sp., 380 
Oligoneuriidae, 17, 55, 81, 93, 170-184 
Oligoneuriinae, 19, 55, 81, 93 
Oligoneurisca, I 82 
Oniscigastrinae, 17 
Oreianthu~ (subgenus, see Neoef1hemera) 
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Ordella, 336 
Orontium, 4 2 
Osmoregulation, 9, 17 
Oviposilor, 11, 14, 22, 235 
Ovoviviparity, 122, 130, 133 

Painer, B., 221 
P(llingenia, 23, 127 
Palingeniidae, 20, 59, 79, 93, 291-293 
Palingeniinae, 20 
Palmen's organ, 32, 219 
Panicum, 47, 48, 103, 143 
Pannota, 16,20,94,275,294,313,335 
Paracloeodes, 95 
ParaleptofJhlebia, 22, 222, 240, 241, 242, 

253,254,257 
[fUltata, 254, 257 
volitanr, 58, 60, G2, 69, 74, 77, 89, 229, 

253-258 
emergence, 256-257 
mating Right, 257 

Parameletus columbiae, 32 
Peace River, 105, 141, 224, 342, 356, 361 
Peckarsky, B. L., 163 
Pn1tagenia, 291 

robusta, 292 
vittiger, 59, 64, 79, 268, 292-293 

Pentageniinae, 20, 93, 292 
Perdido River, 159, 190, 295 
Pereira, C., 195 
Pescador, ~1. L., 5, 14, 32, 36, 181, 182, 

183, 185, 187, 188, 194, 351, 352, 356, 
362,363,364,366,369,371,372,374, 
377,379,380,381,383 

Peters, J. G., 258, 259, 260, 261, 262, 
263, 264 

Peters, W. L., 5, 14, 32, 35, 97, 102, 104, 
109, 117, 134, 141,.146, 163, 167, 169, 
177, 179, 181, 182, 183, 184, 187, 194, 
202, 205, 208, 221, 228, 230, 231, 240, 
245,253,254,258,259,260,261,262, 
263,264,265,266,270,279,295,303, 
311, 314, 318, 325, 329, 337, 349, 351, 
352,356,369,372,374,379,380,381, 
383 

Phylogeny, 22, 27, 181, 231, 275 
Physella, 233, 249 
l'innulan'a sp., 380 

Pleistocene, 33, 34, 35, 36, 206, 363 
Pliocene, 33, 34 
Porygonum,42,43,45,47,48, 103, 128, 

148, 150, 162, 296 
Polymitarcyidae, 19, 59, 79, 93, 265-271 
Polymitarcyinae, 19 
Pomacea, 148 
Ponds 

sinkhole, 46, 4 7 
fluctuating, 48 
temporary woods, 48, 49 
Jerome sink, 49, 224 

Pontederia, 43, 45, 48, 128, 226 
Pools, 46 
Popovici-Baznosanu, M.A., 9 
Potamanthidae, 17 
Potamogeton, 42, 43, 45, 99, 100, 103, 106, 

112, 120, 143, 174, 312 
Povilla, 271 
Pre-Cenozoic, 34 
Prionoides (subgenus, see /sonychia) 
Progomphus obJcurus, 47, 188, 355 
Pros&J1istoma, 14, 364 
Prosopistomatidae, 20, 364 
Prosopistomatoidea, 20, 94 
Provonsha,A., 151-153,206,220,336 
Puudiron, 8, 27, 183, 184-185 

cn1/ralis, 36, 37, 64, 70, 71, 74, 77, 79, 
86, 93, 183, 185-188 

adaptations, 188 
einergencc, 187 
fecundity, 187, 188 
predatory habit, 188 

meridionalis (synonym, see centralis) 
Pseudironinae, 17, 71, 93, 184, 185 
Puudocloeon, 14, 54, 89, 95, 151-153, 156-

159, 163 
alachua, 70, 71, 89, 92, 153-159, 212 

adaptations, 158 
emergence, 157 
swimming habits, 157, 158 

bimacu/atus, 71, 76, 77, 82, 89, 92, 154, 
159-160 

paroulum, 71, 77, 82,89, 92, 154, 161-
162, 321 

punttiventris, 71, 89, 92, 148, 163, 321 
Pterygota, 12, 20 
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Rallidentinae, 17 
Rhithrogena, 7 
Riccia fluitans, 342 
Richards, A.G., 130, 132 
Rivers 

larger, calcareous streams, 45 
slow-flowing, deep, 44 
srngnant, 43, 44 

Roadside ditches, 45, 52, 126, 128, 133, 
136, 342 

Roback, S., !09, 146, 150, 161, 189, 245, 
247,254,279,295,303,315,317,355 

Rodgers, E. £., 336, 343 
Rogers,.). S., 30, 33, 35, 48, 51, 272 
Russell,J., 127 

SacciolPpsis .~triata, 4 7 
Safrittaria, 42, 44, 45, 54, 99, 112, 140, 

320,321 
Santa Fe River, 28, 45, 105, 107, 108, 109, 

112, 113, 117, 140, 141, 143, 144, 156, 
162, 196, 211, 224, 242, 320, 321, 322, 
323,327,356,357 

SaurunL5, 128 
Savage, H. M., 23, 179 
Schaefer, C. W., 4 
Schislonora, 16, 92, 164, 171, 222, 275 
Schneider, R. F., 94, 97, 102, 104, 109, 

117, 123, 138, 141, 146, 149, 150, 153, 
154, 159, 161, 163, 169, 172, 189, 190, 
194, 202, 208, 222, 229, 231, 254, 279, 
295, 299, 300, 301, 311, 318, 329, 337, 
349,352,358,364,369,374,377 

Scott, D. C., 265, 268, 271, 273 
Serratella, 294, 309, 311 

deficien5, 61, 69, 74, 85, 296, 309-313 
serrata, 311 

Shoal River, 159, 183, 190, 262 
Siphlaenigmatinae, 17 
Siphlonuridae, 17, 170 
Siphlonurinae, 17, 164 
Siphlonurus, 21, 164 
Siphloplecton, 164-165, 167, 170 

ba.ml.e, 23, 164, 165, 167-170 
brunneum,35,58,64, 70, 72,87,92, 

165-167, 169 
costaln1se, 167 
ftL5CUm, 35, 64, 72, 87, 92, 166-167, 168 

groups of, 164 
interlineatum, 23, 164; 166, 167 
.5imile, 64, 72, 87, 92, 164, 165, 166, 

167-169 
.<peciosum, 71, 79, 87, 92, 164, 169-

170, 180 
species, 37 

Sloan, W. C., 40, 54, .104, 109, 113, 123, 
127, 134, 146, 148, 318, 321, 337, 343 

Sn1ith, 0., 22, 198, 217 
Snodgrass, R. E., 4, JO, 11, 12 
'Soldan, T., 94, 184, 185, 259, 261, 262, 

313,351,352,354,355,356-360 
Soluk, D., 185, 187, 188 
Spieth, H. T., 11, 14, 15, 20, 23, 25, 30, 

152, 168, 192, 194, 240, 253, 272, 273, 
274,275,276,285,288, 317,337,362 

Spinadinae, 17, 93, 220 
S/1inadis, 220-221 

wallacei, 86, 93, 220-221 
Spirogyra, 113, 194, 305, 379, 380 
Sprawlcrs, 8, 16, 233, 336, 339 
Springs, 53, 54 
St. Johns River, 2, 40, 44, 125, 286, · 

337, 339 
Stnwcron, 29, 86, 184, 191, 192-193, 198, 

200, 217 
carolina, 208 
floridensP, 29, 35, 64, 72, 87, 93, 192, 

193-194 
i11trrpu11ctatum, 29, 58, 64, 72, 77, 82, 

192, 193, 194-200, 211, 215, 219, 
225,307,321,346 

emergence, 197 
mating flight, 197-199 
generation per year, 197 

Stenonema, 161, 184, 191,'192, 194,200-
202, 206, 207, 212, 218, 219 

Maccaffertium, subgenus, 205, 207 
annexum (synonyrn, see modrstum) 
exiguum, 36, 37, 64, 73, 74, 87, 93, 

196, 201-205, 206, 208, 211, 
217,321 

emergence, 204-205 
mutual exclusion, 294 

mexicanum integrnm, 73, 87, 93, 202, 
205-207, 208, 217 

emergence, 206 
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Stnwtuma (co11ti11ued) 

pollulion tolerant, 206 
mrxica11um mexica11um, 205-206 
modestum, 73, 87, 93, 202-205, 207-

208, 210, 217, 346 
hatching time, 346 

pudicum, 208 
smitluu, 58, 64, 70, 73, 74, 77, 82, 87, 

93, 129, 170, 196-199, 202-205, 
208~220 

en1ergcnce,212,2I3, 217 
hatching times, 213, 214, 346 
limits of toleration, 212 
1nating flight, 215, 216 
oviposition, 213-214, 216, 217 
swi1nming motions, 218 

frnni11at11m, 200 
virarium, 15, 216 

Slnwnemn. subgenus 
Jnnoratum, 25 

species, 217 
Stewart, K., 174, 176, 181 
Subi1nago 

characteristics of, 4-5 
;malogy. 4 

S11rirdla .~p .. :IHO 

Suwannee River, '.IG, •14, 125. 141, 147, 
IG2, 167, IG9, 171, 242, 245, 327, 
361, 376 

Swamps 
cypress, 53 
bayheads, 53 

Swanson, G. A., 288 
Sweeney, B. W., 175, 259, 2fi4 

Tahacaru, I., 188 
Tallahassee Hills, 40, 2'.{3, 256, 281 
T"arsal claws, 7, 8 
Taylor, R. L., 99, 111, 125, 130, 132, 136, 

154, 162, 193, 210, 242, 305, 3'.l9 
Teho, L.B., 208 
Telegonidae, 18 
Tennesscn, K.J., 27!1, 278 
Terminal fila1ncnts (Jrr Caudal fila1ne1us) 
l'hcw, T. B., 101, 351 
Tillyard, R. J., 20 
Tim/mnoga, 294 
Tipula, 133 

Tori<>pu.s, 265-266, 267, 393 
inctrtlil, 56, 59, 60, 79, 93, 266-272 

cn1bryonic develop1nent, 270 
emergence, 268, 269 
mating Hight, 270, 271 

Traver,]. R., 2, 14, 20, 25, 98, 102, 103, 
104, 138, 139, 150, 169, 172, 181, 182, 
188, 192, 200, 202, 208, 213, 228, 240, 
241,244,245,251,253,254,256,258, 
259,265,266,267,274,281,285,293, 
303,307,313,314,317,320,325,326, 
329,332,336,337,349,362 

Tricorythidae, 20, 63, 83, 94, 294, 
313-325 

Tricorythinae, 18 
Tricor)'thodes, 63, 83, 313, 314, 316-318, 

321, 323, 336, '.~51, 352 
origin, 317 

albilint>alus, 37, 56, 63, 70, 78, 79, 83, 
94,212,315,318-325 

emergence, 322 
n1ating Right, 323, 324 

atratus, 317, 320, 322-324 
dimorph_'Vs, 32 
1-xplirnl11s, '.) 17, ~2:) 
111i1111f11.1', :117, :122-:12:1, :l.ri~J 

Tricoryt!tus, 317 
Trost, L., 123, 127, 129, 132, 134 
Tsui, P. T. P., 32, 188, 259, 261, 262, 263, 

266, 270 

Uln1er, G., 205, 230, 316, 317, 362 
Unzicker,]. D., 3, 96, 164, 165, 166, 167, 

169, 190, 197, 206, 220, 231, 253, 254, 
265, 266, 267, 272, 27'.{, 274, 275, 292, 
293,315,317,362,377 

Utricu!aria, 45, 48, 49, 53, 286 

Vallisnrria, 42, 44, 54, 99, 100, 103, 106, 
112, 120, 140, 148, 156, 160, 162, 174, 
211, 220, 320, 321 

Vannote, R. L., 259, 264 
Voshcll,J. R.,Jr., 171, 172, 176, 177, 178, 

179, 180, 181, 241, 34G 

Wakulla Springs, 148, 193 
Walker, F., 2, 11, 171, 272, 349 
Walker, W. H., 279, 283 
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Wallace,J. B., 174 
Walsh, B. D., 188, 274, 276, 349, 376, 377 
Waltz, R. D., 97, 117 
War<l,J. V., 9 
Webstnia, 128 
Weeki Wachee Springs, 54 
Western Highlands, 40 
Wichard, W., 9, 127 
Wiebe, A.H., 289 
Wiens, A. P., 164 
Willow flies, 281 
Wings, 18, 20-21 
Wirth, W. W., 33, 40 

Withlacoochee River (northern), 167, 
168, 169, 170, 245, 314, 315, 327, 328, 
357, 376 

Withlacoochee River (southern), 156 

Wod"dalek,J. E., 219 
Woiffia, 342 
Wum, W., !09, 146, 150, 161, 189, 245, 

247, 254,279,295,303,317,355 

Yellow River, 159 
Young, F. N., 33 
Yount, J. L., 40 

Zimmerman, E. C., 335 
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