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The history of the early descriptions of Prosopistoma is reviewed, and the steps
taken to trace the original material described as Prosopistoma variegatum
Latreille, 1833 are outlined. Eaton (1884) designated P. variegatum as the ‘‘type’’
of the genus Prosopistoma. Because only the larva was described by Latreille
(1833) and this material is no longer available, a larva of this species was selected
as the neotype. Scanning electron micrographs of some of the key larval
characters provide additional detail for morphological characters not previously
described in the Prosopistomatidae. The associated adult male and subimaginal
male and female collected from the same sites as verified larvae of P. variegatum
are described for the first time.
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Introduction

Larvae of what is now known as the family Prosopistomatidae were first discovered
in France by Geoffroy (1762), who described the larva he found in a Paris stream as
a crustacean. Latreille (1833) separated this European species from the Crustacea
with which it was placed, and erected the genus Prosopistoma (still as a branchiopod
crustacean), at the same time including larvae from Madagascar as Prosopistoma
variegatum, and providing a brief description. He did not select a type, although
he referred to Geoffroy’s ‘‘Binocle à queue en plumet’’ as the prototype of his
crustacean.

Guérin-Méneville (1843, plate 34, Figure 4) illustrated a specimen under the
name P. variegatum, indicating a punctuated surface, but the accompanying text was
devoted to a specimen of Prosopistoma from France. This figure is too small and
inaccurate to be of taxonomic use. It was more than a century after the original
description that Joly (1871) realised that these species were in fact members of the
Ephemeroptera.
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Westwood (1877) examined Latrielle’s material and illustrated the larva of P.
variegatum, and Eaton (1884) designated P. variegatum as the ‘‘type’’ of the genus
without actually seeing the material or designating a holotype.

Vayssière (1890b) reported that any publications on Prosopistoma since
Latreille’s work were based on the indigenous (European) species P. pennigerum
(Müller), as Latreille’s P. variegatum material was desiccated in the Muséum
national d’Histoire naturelle, Paris [MNHN]. Subsequent attempts to trace the
material have been unsuccessful. It was not found in the collections of the
MNHN (Jean Legrand, personal communication, July 2005). In her efforts to
trace this material, Josette Fontaine (University of Lyon, France) corresponded in
March 1971 with Douglas E. Kimmins at the Natural History Museum, London
[BMNH]. He referred her letter to another curator, P.H. Ward, who replied that
the material was not in London, but might be in the Hope-Westwood Collection
of Entomology at the Oxford University Museum of Natural History. Following
this up, it could not be traced in that collection (James Hogan, personal
communication, November 2007). Kimmins’ (1971) list of type specimens of
Ephemeroptera in the BMNH, and personal examination of material in the
museum (September 2004), further confirmed the absence of this material. Thus,
it can be concluded that Latreille’s material is lost. Further historic and
taxonomic considerations are elaborated upon in the discussion.

Elouard, Gattolliat and Sartori (2003) reported that there are at least four species
of Prosopistoma in Madagascar, and examination of Elouard’s material corroborates
that four additional species are present. Revisionary work becomes impossible until
P. variegatum is defined, because the designation of a neotype is necessary for
nomenclatural stability. The neotype designated here is consistent with the
description and illustration of P. variegatum by Westwood (1877).

As this neotype description is the foundation for all future work on
Prosopistomatidae systematics, a diagnosis for the family and the genus is also
provided.

Diagnosis of Prosopistomatidae Lameere, 1917 and Prosopistoma Latreille, 1833

As the family is currently monogeneric, represented by the genus Prosopistoma, the
family and generic diagnoses are the same.

Larvae

Prosopistomatidae larvae have a characteristic appearance (Figure 1), with the
mesonotum greatly expanded to form a rounded, dorsally convex carapace which
overlaps the thorax and part of the abdomen, under which the gills and developing
wing buds are enclosed. This is seen only in one other ephemeropteran family, the
Nearctic Baetiscidae Ulmer 1933, but these families cannot be confused as
the Baetiscidae carapace has spiny extensions. Other shared synapomorphies with
the Baetiscidae include the greatly expanded larval postmentum (Figure 4i); six gills
(Figure 5) concealed by the carapace in a gill chamber, the first gill with multiple
fringing filaments, the second gill lamellate and broad, gills 3–5 composed of
multiple branching filaments, and gill 6 smaller than the others (conical in
Prosopistomatidae, ovoid lamellate in Baetiscidae); gills 6 is not in line with the
bases of the preceding gills, being offset towards the centre.
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Autapomorphies for Prosopistomatidae larvae are listed in Kluge (2004), not all
of which are agreed upon here. The main point of disagreement is the interpretation
of the structure of the hypopharynx, which Kluge (2004) maintains has lost the
superlinguae as seen in several other carnivorous mayflies. The evidence presented
here indicates that the superlinguae of the hypopharynx are fused (Figures 4h,

Figures 1–3. Prosopistoma variegatum, (1), whole larva in (a) dorsal view, (b) ventral view.
Scale line equals 1 mm. (2) Epicranial ecdysial sutures on dorsal surface of the head of mature
larva, as seen flattened under a compound microscope preparation. Note small antennae. (3)
Antenna showing the numbering of segments used in this paper. The first flagellar segment is
segment III.
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Figure 4. Mouthparts of mature larva of P. variegatum (a) right mandible, dorsal view; (b)
right mandible, ventral view; (c) left mandible, ventral view; (d) apex of left mandible enlarged
showing details of inner and outer canine and setae, and enlargement of thicker seta preceding
the remaining setae below canines; (e) margin of middle section of mandible enlarged to show
single stout seta and field of small setal bases and setae; (f) maxilla; (g) labrum; (h)
hyphopharynx; (i) labium, consisting of prementum within expanded postmentum; left side
ventral, right dorsal. Scale lines equal 1 mm.
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11a–c), and are in a ventral rather than a lateral position as seen in other mayflies.
Other apomorphies which, in combination, serve to distinguish the Prosopistoma-
tidae, include the highly derived, symmetrical mandibles (Figure 4a–d), which
completely lack a molar region; the single long canine of the maxilla with three
associated dentisetae (Figures 4f, 9c); the unusual shape of the maxillary palp, in
which the second and third segments are curved outwards (Figure 4f); the labium in
which the glossae and paraglossae are completely fused with the prementum (Figures
4i, 9e) (see Discussion); the shape of the labrum, which is disto-medially convex

Figure 5. Prosopistoma variegatum, larval gills. (a) gill I; (b) gill I, apex of lamellate section
magnified to show serrated upper and lower margins; (c ) gill I, enlargement of one filament;
(d) gill II; (e) gill III; (f) gill IV; (g) gill V; (h) gill VI, showing slight serration of margin
(arrow). Scale line equals 1 mm.
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(Figures 4g, 10a). Further diagnostic characters include the sternum of the larva with
its characteristic, medially situated sternal plate (Figures 1b, 8e), derived from the
fused meso and metasternum (also referred to as the ‘‘plastron’’ (Lafon, 1952)). A
third sclerotised plate surrounds this, possibly formed from the fusion of the sterna
of the first five abdominal segments. Distinct orifices are present ventrally on either
side of abdominal segment V, which lead to the gill chamber under the carapace
(Figure 1b). Legs arise from shallow depressions at the coxal bases (Figure 1b); fore-
tibiae with a variable number of pectinate setae on the inner margin (Figures 6, 10e,
f), useful for species diagnosis in mature larvae. All caudal filaments are capable of
being retracted into the posterior segments of the abdomen; abdominal segment X is
also capable of partial retraction into the preceding segments IX and VIII.

Winged stages (imagos and subimagos)

Shared synapomophies with the Baetiscidae include the presence of the vein CuP
posterior to the tornus in the forewing (Figures 14a, 19a) (hence Kluge et al. (1995)
introduced the term Posteritorna). Autapomorphies include the unique wing
venation, with no crossveins in either fore or hind wings, and the absence of
branching in MA; male forewings (Figure 14a) with long intercalaries adjacent to
main veins; female forewings without intercalaries (Figure 19b); hindwings in both
sexes with fan-like venation, the homology of which is impossible to derive. Kluge

Figure 6. Prosopistoma variegatum, foreleg of larva. (a) whole leg, lateral view; (b)
enlargement of part of tibia to show setation; (c) enlargement of pectinate seta near lateral
margin of tibia; (d) scale-like pattern covering entire surface of coxa, trochanter and femur.
Scale line equals 1 mm.
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(2004) lists as an autapomorphy the non-functionality of legs in both female
subimago and male imago, being functional only in the male subimago to aid in
moulting; in the adult male of P. variegatum (Figure 15), the legs appear to be
functional, but behavioural studies are needed to ascertain this without doubt.
Forelegs in male imagos of some species are reported to have an unusual
conformation, twisting up over the head in life (Gillies, 1954), apparently to
compensate for the relative shortness of these legs, which do not expand in length in
Prosopistomatidae as they do in the male imagos of most other mayflies.

Other distinctive characters which, in combination, serve to define the family,
include females sexually mature as subimagos and legs atrophied (Figure 20); male
imagos retain a fringe of setae on the wing margin (these setae are shorter than those
on the wings of the male or female subimago); male subimagos and imagos
with penes fused, terminally bifid, claspers distally distinctively mitten-shaped
(Figures 16b, c, 17b). Metathorax of all winged stages with elongate, tapering
dorsal extension (Figures 12a, b, 13b, 18). Terminal filaments of male subimago
(Figure 16a) short (approximately equal in length to two abdominal segments),
unsegmented; in male imago (Figure 17a) terminal filaments elongated (nearly equal
to length of abdomen) and covered in relatively long, scattered hairs.

Biology

Emergence and mating occur at dawn (Gillies 1954; Fontaine 1955; Campbell and
Hubbard 1998; personal observation, Sabie River, South Africa (1990); Elouard,
personal communication (2005)). Gillies (1954) reports that in P. africanum, the eggs
are released as soon as the female is in touch with the water surface.

Materials and methods

Selected material (listed under ‘Material examined’, below), stored in 70–80%
ethanol, was dissected and the body parts were prepared and mounted in Euparal on
standard glass slides. Material was dissected in Cellosolve, to prevent the formation
of an opaque patch on the slide. Slides were photographed and drawings were made
from the photographs using Adobe Illustrator by placing selected photographs as a
template in Adobe Illustrator CS, and using a Wacom drawing table to trace outlines
electronically, forming a vector graphic image. Gills and wings were mounted in
ethanol, photographed and illustrated as above, then sealed with clear nail varnish
when dry.

The material used for scanning electron microscopy (SEM) was run through an
alcohol dehydration series to absolute alcohol before the parts were dissected. The
parts were then critical point dried, mounted, gold sputtered, viewed and
photographed under a Tescan Vega SEM. Whole mature larvae were also mounted,
with one specimen placed dorsally and one ventrally.

Specimens examined for this study are deposited in the Albany Museum,
Grahamstown, South Africa [AMGS]; the Musée de Zoologie, Lausanne, Switzer-
land [MZL]; and the Purdue University Entomological Research Collection, West
Lafayette, Indiana, USA [PERC]. Most of the material examined was collected by
Elouard and various co-workers, 1990–2002 [MZL]; Gereke and Goldshmidt - July
to November 2001 [MZL]; Edmunds, Edmunds and Emmanuel, 1971 [PERC].
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The larval specimen described herein is designated as the neotype of
Prosopistoma variegatum Latreille, 1833; following article 75 of the ICZN (fourth
edition). Material of Latreille (1833) is no longer existent. There is need for a neotype
because P. variegatum is the type species of its genus, which is in turn the type genus
of the family Prosopistomatidae Lameere, 1917. The selection of material as the
neotype is based on the relatively few larval features provided by Latreille (1833) and
Westwood (1877) which indicate that this represents the same species as the material
observed in the original species description and type designation, and their origin
from near the likely topotypical locality.

Type locality. Not mentioned specifically by Latrielle (1833), or Westwood (1877).
Type locality given as ‘‘Madagascar’’ by Eaton, 1884. Unresolved, as elaborated in
discussion. The neotype locality was chosen as both larvae and the male imago and
subimago had been collected at this site, allowing correlation of most of the different
life history stages of this species. This locality also corresponds to the site of material
examined by Vayssière (1890a, 1890b), although it is not necessarily the locality of
the original material described by Latreille (see Discussion).

Prosopistoma variegatum Latreille, 1833

Material examined

[Madagascar]: neotype, here designated, H.M. Barber-James 2010. 1 mature larva, Mangoro
basin, tributary of unnamed river on route PK21 to Moramanga, 1980505700S 4881401300E,
940 m, 23.10.1998, P0765, J.-M. Elouard, J. Legrand and N. Raberiaka, [MZL].

Additional material examined from neotype locality.

1 larva on 3 slides (P0765a 1–3), 1 larva on 2 slides (P0765b 1–2), 1< imago on 3 slides (P0765c
1–3), 1 < subimago on two slides (P0765d 1–2), 1 < subimago and remains of imago in
ethanol, 1 mature larva and remains of mounted larva in ethanol (all [MZL]).

Additional material from other localities

All in ethanol unless otherwise stated; institutional catalogue numbers provided:

G.F. and C.H. Edmunds, and F. Emmanuel [PERC]: 2 partly mature larvae, Anevoka
River, 15 km East of Perinet (¼Andasibe), 1885702500S 4881605000E, 11.10.1971; 2 partly mature
larvae, Amboasary River, Perinet, 12.10.71; 2 larvae (1 mature, 1 partly mature), Farimbony
River at national road RN 2, 1885402500S 4880502500E, 15.10.1971.
R. Gerecke and T. Goldschmidt [MZL]: 1 mature larva, South of Ionilahy River, spring-fed

steam in Marosaro area, 2184600000S 4784400000E, 300 m, 12.08.2001, Mad 022; 1 immature
larva, Avatamboka River near Ionilahy, 1 km northwest of village, 210 m, 228070100S
4685002800E, 15.08.2001; 3 immature larvae, Antarantca River, Tsimelahy, 1 km upstream of
village, 300 m, 2485600000S 4683800000E, 04.09.2001, Mad 058; 1 immature larva, Antarantca
River, downstream natural pool, 200 m, 2384504600S 4685803000E, 05.09.2001, Mad 060; 1
immature larva, Andohahela, Stream crossing RIP 118 at km 34.5, 540 m, 2485505800S
468380000E, 10.09.2001, Mad 072; 1 partly-grown larva, Ankaratra, Manjakatompo Reserve,
left tributary of Mahiavona River, 1750 m, 1982500000S 4781200000E, 08.10.2001, Mad 107; 1
nearly mature larva, Fandramanana River, Marofinaritra (Antalaha, Antsiranana), 60 m,
1881903600S 4981805200E, 05.11.2001, Mad 138.

ORSTOM collectors and associates, 1993–2003, all [MZL] unless otherwise stated: 2
larvae [AMGS], 1 larva on 4 slides [AMGS]; 1 larva on 3 slides; 1 male subimago on
four slides, Manampatrana basin, Iantara River, Locality Andringitra Camp 1,
2281302800S 4780105000E, 1350 m, 17.11.1993, ORSTOM, P0165; 1 partly-grown larva, 2

222 H.M. Barber-James

D
ow

nl
oa

de
d 

by
 [

  ]
 a

t 0
2:

35
 2

5 
M

ar
ch

 2
01

4 



mature larvae, 1< subimago, Manampatrana basin, Manampanihy River, tributary of
Iantara River, 2281303300S 4780004100E, 1400 m, 19.11.1993, P0167; 1 partly-grown larva, J.-
M. Elouard, M. Sartori and M.R. Andriamihaja, Namorona basin, Tributary of
Namorona River, in Ranomafana Reserve, 2181504700S 4782501100E, 1225 m, 18.04.1994,
P0215; 1 mature larva, J.-M. Elouard and T. Pilaka, Manampanihy basin, Manampanihy
River, Enosiary 2484003700S 4684901900E, 100 m, 21.11.1995, P0526; 1, subimago dissected
and mounted on 2 slides; 1< subimago dissected and mounted on 2 slides, 1, subimago,
3< subimagos, 1 mature larva, 1 immature larva; eggs used in SEM, 3< subimagos
[AMGS], J.-M. Elouard and T. Pilaka, Manampanihy basin, Andranohela River, Camp II
Andohahela, 2483504700S 4684402500E, 850 m, 26.11.1995, P0543; 2 mature larvae, J.-M.
Elouard and Sambatra, Mangoky basin, Manambaroa River, 24 km from Amborompotsy,
2083701000S 4682305500E, 1100 m, 24.05.1996, P0600; 1 mature larva, J. Legrand and D.
Randriamasimanana, Lokoho basin, Manantenina River, Marojejy Camp II 1482505700S
4984503700E 720 m, 17.10.1996, P0623; 4< subimagos, same data as neotype, 24.10.1998,
P0769; 1 larva dissected and mounted on 2 slides, J.-M. Elouard, Sakanila basin, Lakato
River, 1980803300S 4882500800E, 690 m, 31.05.1998, P0731; 2 mature larvae, J. Legrand and
N. Raberiaka, Sakanila basin, Lakato River on road to Lakato, 1980802000S 4882405100E,
720 m, 17.10.1998, P0763; 1< subimago, same data, Lakato River, 1980803300S 4882500800E,
690 m, 17.10.1998, P0764; 5 larvae in ethanol, various sizes, Mission MZL and M.
Monaghan, Sakanila basin, Lakato River, 1980803300S 4882500800E, 690 m, 27.04.2003, P
2008; 1 mature larva, J.-M. Elouard, M. Sartori and N. Raberiaka, Rianila basin,
Sahatandra River, Ambodirina 1980103200S 4882002800E 980 m, 29.05.1998, P0721; 1
immature larva, Elouard J.-M. and Oliarinony R., tributary of unnamed river, on road
to Lakato, 1980300700S 4882103800E, 1050 m, 29.04.1998, P0722; 1 mature larva, J. Legrand
and N. Raberiaka, Rianila basin, Sahatandra River, Locality 200 m downstream of bridge,
1980204000S 4882104300E 1050 m, 16.10.1998, P0762; 1 immature larva, R. Oliarinony,
Rianila basin, Antanambotsira River, Antanambotsira (near Andasibe) 1885205300S
4882504900E, 950 m, 15.11.2001, P2105; 1 partly-grown larva, Mission MZL and M.
Monaghan, Andasibe (RN Mantadia), 1882509400S 4884907800E, 920 m, 13.09.2001, P2115; 1
immature larva, Mission MZL and M. Monaghan, Rianasoa River, Andasibe (RN
Mantadia), 1882509400S 4884907800E, 920 m, 29.11.2001, P2118; 1 partly-grown larva, R.
Oliarinony, Madiofasina River near Andasifahatelo (RN Andasibe) 1885502300S 48826033‘‘
E, 870 m, 11.09.2001, P2127; 4 immature larvae, same data, 27.11.2001, P2130; 1 partly-
grown larva, R. Oliarinony, Belakato River, Andasibe (RN Mantadia), 1884903800S
4882501400E, 920 m, 12.09.2001, P2139; 1 nearly mature larva, same data, 10.10.2001,
P2140; 1 nearly mature larva, 1 partly-grown larva, same data, 14.11.2001, P2141; 1 nearly
mature larva, same data, 04.06.2002, P2147; 4 partly-grown larvae, R. Oliarinony,
Beanamalao River, Andasibe (RN Mantadia), 1884905300S 4884600900E, 920 m, 15.06.2001,
P2148; 2 immature larvae, same data, 13.09.2001, P2149; 4 partly-grown larvae, same data,
29.11.2001, P2150; 2 immature larvae, R. Oliarinony, Sandrasoa River, Ambavaniasy,
1885507900S 4883100100E, 710 m, 21.05.2001, P2154; 2 mature, 3 immature larvae, same data,
17.09.2001, P2157; 1 mature larva, 5 immature larvae (damaged), same data, 25.11.2001,
P2160; 3 immature larvae (damaged), same data 16.01.2002, P2161; 2 mature larvae, 1
immature larva, same data 22.02.2002, P2162; 2 immature, 3 partly-grown larvae, same
data, no date, P2164; 1 partly-grown larva, R. Oliarinony, Irihitra River, 1885700100S
4883201500E, 520 m, 18.09.2001, P2179; 1 partly-grown larva, same data, 26.11.2001, P2180;
1 partly-grown larva, R. Oliarinony, Analambalo River, Ambavaniasy, 1885703800S
4883000400E, 750 m, 12.06.2001, P2181; 1 immature larva, same data, 17.09.2001, P2182;
1 mature larva, same data, 25.11.2001, P2183.
Material from the C. Verrier collection [MZL], made by various collectors in the 1940s and

1950s (R. Paulian, P. Griveaud, P.A. Robinson and P. Soga), and the F. Starmühlner
collection (Austrian expedition, July-August 1958) [MZL] was examined from slides prepared
by Josette Fontaine (Lyon, France). Two of Fontaine’s slides from the Starmühlner collection
fit the criteria of the larva of P. variegatum given in this paper; FM136a 07.08.1958
Ambatolamy, 60 km north of Fianarantsoa, on the road to Ranomafana; FM153 18.08.1958
Nosy Be, stream near landing strip, 1381805500 S 4880804600 E. One of the slides from the Verrier
collection represents an immature larva, Tsarantanana, 168480S 478390E.
Association of imagos and larvae based on presence of identifiable larvae specimens from

the same localities as the winged stages.
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Descriptions

Final instar male larva (based on neotype)

Carapace with distinctive, cream to pale brown-coloured markings which form a
transverse, sinuous pattern across lower third of abdomen, and on either side of
midline of anterior half of carapace as seen in Figure 7a; background of tan-coloured
pigmentation. Posterior area of head a pale cream-brown, from just in front of eyes
to margin of head, with darker tan-coloured oval marking between lateral ocelli
(Figure 7a). Anterior area of head darker brown in colour, with cream-coloured,
longitudinally elongate diamond-shaped patch present above median ocellus (Figure
7a); surface of protruding labrum paler tan.

Body length 6.1 mm excluding caudal filaments; carapace slightly wider than
long, length-to-width ratio 0.96. In lateral view, carapace strongly convex (Figure
7d). Depth of carapace divided by length of carapace along bottom lateral rim, using
a straight line between the anterior and posterior points of the carapace, gives
convexity measurement of 0.40. Flange of carapace only slightly pronounced, distal
end of carapace protruding over exhalent notch (Figures 1, 7a, 8a). Integument of
carapace finely pitted. Sternal plate (Figures 1b, 8e) with scale-like surface, with
similar scale-like texture also found on inner margins of coxae and upper femora
(Figures 6d, 10e). Occasional small round disc-like protuberances (Figure 8f),
probably chloride cells, scattered across surface of sternal plate. Tapering triangular
distal end of sternal plate reaching to beyond half the length of the hind femur
(Figure 1b). Posterolateral projections of abdominal segments VII–IX broad,
tapering to a point (Figure 8d).

Lateral head width (at widest point) 0.72 6 carapace width; lateral head width
1.62 6 distance between compound eyes and 3.3 6 length of head (from base of
labrum to occiput). Antennae short (Figures 1 and 2), not reaching margin of head,
7-segmented (Figures 3, 10c, d), segment III approximately equal in length to
segments IV-VII. Epicranial ecdysial sutures (Figure 2) lie anterior to lateral ocelli.

Mouthparts. Labrum (Figures 4g, 9f, 10a, b) with setae in clusters of 3–5 along
anterior margin. Outer canine of mandible (Figures 4a–d, 9a) much broader and
longer than inner canine, with three apical teeth, inner tooth slightly larger, bearing
two minute teeth (serrations) on inner margin below apex. Inner canine shorter than
outer, with two apical teeth, inner one slightly smaller, 2–3 minute teeth on inner
margin below apex. A row of 15 long unserrated setae arise from base of inner
canine, preceded by a single, shorter, thicker serrated hair which is not socketed as
the other setae but arises from the cuticle of the mandible itself. A single stout seta
present lateromedially on each mandible (Figure 4e) (shown under SEM to be
feathered – Figure 9b), with field of fine setae and setal bases below this seta,
extending to base of mandible, numbering 76–85. Left mandible (Figure 4c) similar
to right (Figure 4a, b).

Maxilla (Figures 4e, 9c) crowned by rigid canine and three moveable dentisetae,
the canine slightly shorter than the dentisetae, the dentisetae subequal in length to
each other. One stout, serrated seta present subapically to the canine and dentisetae
(Figure 9c, d), sometimes followed by a second, weaker, unserrated seta. Maxillary
palp three-segmented, segment II 1.3 times as long as segment I, segment III 0.3
times as long as segment II. Palp short, extending only as far as the notch which
marks the separation between the stipes and galea-lacinia. Short single seta present
near base of sclerotised section of galea lacinia.
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Figure 7. Prosopistoma variegatum, larvae (a) dorsal view and (b) ventral view of mature
male larva from tributary of Mangoro River; (c) dorsal view and (d) lateral view of mature
female larva from Sahanivoraky River (tributary of Iantara River); (e) immature and half-
grown mature larva from Iantara River; (f) dorsal and (g) ventral view of mature female larva
from Lakato River; (h) dorsal view of larva from Fandramanana River; (i) larvae of increasing
maturity from Lakato River, the largest being a mature male larva. Scale line equals 1 mm.
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Hypopharynx (Figures 4h, 11a–c) broad with distinct ‘‘mouth-like’’ opening at
the proximal end; lingua forms dorsal part, with superlinguae fused to form ventral
part. Interior surfaces lined with long, fine setae.

Labium (Figure 4i) consisting of fused prementum composed of fused glossae,
paraglossae, and mentum recessed in greatly expanded postmentum. Prementum

Figure 8. Prosopistoma variegatum, scanning electron micrographs (a) whole larva dorsal
view; (b) whole larva ventral view; (c) integument of carapace (dorsal surface) finely pitted,
with small straight setae arising from some of the pits, some of which end in branching
filaments (arrowed); (d) ventral view of abdomen showing last segment contracted and caudal
filaments retracted; (e) sternal plate; (f) surface of sternal plate, showing chloride cells in centre
of image.
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fringed with clusters of 3–5, discernable under a compound light microscope at x400,
but are better seen with SEM (Figures 9e, f).

Legs. Inner margin of fore-tibia (Figures 6a, b, 10e, f) with about 11–15 thick,
pectinate setae; viewed with SEM, further setae are seen, with thinner though still
relatively stout, mostly smooth setae in the middle region of the fore-tiba, giving way

Figure 9. Prosopistoma variegatum, scanning electron micrographs (a) apex of mandible; (b)
seta on lateral margin of mandible; (c) apex of maxilla; (d) enlargement of maxillary seta
directly below dentisetae; (e) labial prementum, recessed within enlarged postmentum, ventral
view; (f) edge of labium with labrum above (on right), showing groups of setae arising from
common basal point.
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to finer paired setae (two setae arising from the same base). Outer margin of femur
with numerous blunt-ended setae. Dorsal and ventral surface of coxa and femur
densely covered with scale-like structures (Figures 6d, 10e).

Gills (Figure 5). Gill I (Figure 5a) with lamellate upper portion, margin serrated,
tip turned acutely upward (Figure 5b); lower portion highly divided into filaments,
many of which are dichotomously branching and bearing fine setae (Figure 5c) under
high magnification (400 x or more); number of filaments, counted at their base and

Figure 10. Prosopistoma variegatum, scanning electron micrographs. (a) Dorsal view of
labrum; (b) close up of labrum showing nodular protuberances, peg-like setae and clusters of
setae along the margin; (c) antenna; (d) tip of antenna showing sensory pit on segment III; (e)
foreleg, showing scale-like pattern on femur and setae on tibia; (f) close up of setae on tibia.
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not including bifurcations 14–16. Gill II (Figure 5d) expanded to form broad
lamella, which covers remaining gills except for gill VI; gills III–V (Figure 5e–g) with
numerous, mostly dichotomously branching filaments; gill VI (Figure 5h) conical in
shape, offset from line of attachment of other gills, closer to midline of larva.

Variations seen in larvae from different localities

There is considerable variation in the details of the pattern on the larval carapace
between localities, and between instars at one site, hence the name given to this

Figure 11. Prosopistoma variegatum hypopharynx. (a) Ventro-lateral view from left side,
showing mouth-like opening and internal setae (arrowed), viewed under dissecting
microscope; (b) dorsal view of lingua under compound microscope (400x) showing setae; (c)
SEM showing close up of fused superlinguae.
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species by Latreille (1833) is apt. Figure 7 shows some of the variation in colour and
pattern seen in larvae from different localities and in different instars. Mature male
larvae can be distinguished from female larvae by having slightly larger eyes, being
slightly smaller in size, and by the presence of eggs in the mature female larvae; very
few male larvae were present amongst the samples.

Carapace pattern with bolder markings and darker brown pigmentation from
some localities (eg. Figure 7f, h, i). Maximum body length of mature female larvae
ranges from 8.0–8.9 mm (n ¼ 30), excluding caudal filaments; carapace length-to-
width ratio ranging from 0.89 to 0.97 (n ¼ 30); convexity measurement ranges from
0.40–0.46 (n ¼ 30). Lateral head width (at widest points) 0.75–0.80 6 carapace
width. Lateral head width 1.53–1.69 6 distance between compound eyes and 2.3–
3.4 6 length of head. Variations seen in mandible include 2–3 minute teeth on inner
margin below apex of inner canine; 12–19 long unserrated setae at base of inner
canine.

Partly-mature larva

The number of larval instars is unknown for P. variegatum. The stage described here
as termed ‘‘partly-mature’’ represents those larvae estimated to be about half-grown
according to total body length (larger than the minute ‘‘immature’’ larvae which are
clearly very early instars due to small size and lack of pigmentation). General
description as for mature larva, with a few notable differences. Body colouration of
preserved partly-mature larvae characteristically with median transverse wide cream
band, extending in most cases to the distal margin (Figure 7d). Head a uniform pale
cream colour.

A larva of 2.6 mm in length (P2148) had carapace length-to-width ratio 0.9; head
width (at widest points) 0.7 6 carapace width. Lateral head width 1.5 6 distance
between compound eyes. Lateral head width 2.7 6 length of head (from base of
labrum to occiput). Antennae 6-segmented, relatively longer in relation to head
capsule than in mature nymph, but not reaching margin of head. There are fewer
setae at the base of the inner canine of the mandibles, only 6–9 setae were present.
Gills smaller, tracheation less distinct, and with fewer filaments, and less branching
of filaments in gill I. Legs similar, but with fewer setae, foretibia with eight pectinate
setae.

Male subimago

Total body length excluding cerci 7.0–7.9 mm. Head (Figure 12a, b) uniform pale
brown in colour, thorax tan, abdomen cream-coloured. Head width from outer
edges of prominent eyes 1.6–1.8 mm; head length from posterior margin of
prominent clypeus to back of head 0.5–0.6 mm. Eyes project laterally on each side
of head, less stalked in appearance than imago; three prominent ocelli, white with
grey-brown to black bases; lateral ocelli less prominent in subimago than in imago.
Antennae well developed, scape pale brown, pedicel and flagellar segment white.
Pedicel greatly enlarged (Figure 12a), wider basally, tapering to meet terminal
flagellar segment, which is long and thin in subimago; antenna fringed with setae in
subimago. Posterior margin of head (Figure 12b) raised to form upwardly projecting
flange (but not strongly notched medially as in imago, described below); flange
fringed by a row of setae along the outer margin.
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Prothorax laterally wide (9 6 wider than long); mesonotum well developed, with
prominent dorso-median projection, (Figure 12a, b), mesosternum broadly ovoid in
shape, 2 6 wider than long; metanotum inconspicuous, largely hidden by the
cuticular projection from the mesonotum. Two pairs of wings present (Figure 14),
venation as illustrated, following the notation of Kukalová-Peck (1983). Length of
forewing from base to tip 5.4–6.9 mm; maximum width of forewing 3.6 mm (giving a
ratio of wing length-to-width of approximately 1.9). Forewing with costal margin
and area between costa and subcosta suffused with brown; remainder of wing semi-
opaque, fringed with microtrichia. Hind wing obovate with costal spur and with
multiple fine veins as in Figures 14, fringed with longer marginal setae than forewing;
length of hind wing 2.8 mm.

All three pairs of legs well developed (Figure 15a–c); tibiopatellar suture not
visible. Femur of foreleg with stout setae along inner and outer margin, inner margin
of femur of mid- and hind legs fringed with setae, all three pairs of legs with femora
orientated posteriorly. Claws on each leg ending in paired hooks (Figure 15a–c).

Abdomen similar to imago, described below, but less extended and fragile;
postero-lateral margins of segments VII–IX extended to form soft, rearward
pointing tergal spines. Genital claspers and penes arise in the same plane on ventral
surface of segment IX. Claspers and penes short (Figure 16a, b) relative to their state
in the imago (Figure 17a). In the subimago, the claspers are covered in fine setae

Figures 12–13. Prosopistoma variegatum, (12) male subimago (a) head in dorsal view; (b)
lateral view, showing posterior margin of head everted to form narrow, almost vertical, flange-
like extension; dorso-median projection from mesothorax evident in both diagrams; (c)
enlargement of antenna, showing scape, enlarged pedicel and flagellum. (13) male imago (a)
head in dorsal view, showing enlargement of setae fringing the margin of the vertically
protruding rear flange behind the head; (b) lateral view – note the flange at the rear of the
head, and the posterior orientation of the legs. Scale lines equal 1 mm.
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(Figure 16c). Cerci of subimago short (Figure 16a), 0.12 x total body length
including head, all three subequal in length, finely setose.

Male imago

Only one specimen available for examination (P0765). Colouration predominantly
white except for the pale brown colouration of thorax and head. Total body length
excluding cerci, 10.2 mm. Abdomen very fragile, white. Head (Figure 13a, b) width
from outer edges of prominent eyes 1.9 mm; head length from posterior margin of
prominent clypeus to back of head 0.77 mm. Eyes project from stalks laterally on
each side of head; three prominent ocelli, white with grey-brown to black bases;
lateral ocelli prominent. Antennae well developed, scape small, pale brown, may be
suffused with rufous colouration basally, remaining antennal segments white. Pedicel
greatly enlarged, wider basally, tapering to meet thread-like terminal flagellar
segment; antennae without setae. Posterior margin of head raised up to form thin
flange-like extension at a right angle to the plane of head, basally opaque and pale
brown, apically transparent with a deep medial notch dorsally in imago, fringed by a
row of setae along the outer margin.

Thorax similar to subimago. Wings similar to Figure 14a, b; forewing with
venation as illustrated (Figure 14a), costal margin, Sc and RA pale brown, other
veins white; remainder of wing semi-opaque, retaining microtrichia; length of
forewing from base to tip 7.5 mm; maximum width of 4.2 mm in imago (giving a
ratio of wing length-to-width of 1.8 mm; hind wing (Figure 14b) obovate with costal

Figure 14. Prosopistoma variegatum, wings of male subimago (a) forewing; (b) hind wing.
Notation follows Kukalová-Peck (1983). Scale line equals 1 mm.
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Figure 15. Prosopistoma variegatum, (a–c) male subimago, (a) foreleg; (b) mid leg; (c) hind
leg; (d–f) male imago, (d) foreleg; (e) mid leg; (f) hind leg. Enlargement of each claw shown.
Scale line equals 1 mm.

Figure 16. Prosopistoma variegatum, male subimago (a) ventral view of lower abdomen of
male subimago, showing lateral extensions of segments (b) claspers and penes; (c) close up of
clasper, showing fine covering of setae. Scale line equals 1 mm.
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spur and with multiple fine veins, fringed with longer marginal setae than forewing;
length of hind wing 2.9 mm.

All three pairs of legs well developed (Figure 15d–f). Femur of foreleg covered
with many stout setae. Foreleg not elongate in imago, as in most other mayflies.
Unlike P. africanum Gillies and P. pennigerum, which are both described as having
the forelegs bent above the thorax in the male imago (Gillies 1954, Fontaine 1955),
and several other Madagascan and African species personally studied, this is not
seen in P. variegatum, at least not in the preserved state. Unlike the subimago, the
claws do not consist of paired hooks, but rather terminate in a bulbous shaped
structure, preceded by a small thumb-like apophysis (see insets of claws in Figure
15). This must play an important role in mating; as yet the reasons for this change in
claw structure between subimago and imago remain obscure.

Abdomen with postero-lateral margins of segments VII–IX produced to form
tergal spurs, slightly longer in imago than in subimago. Genital claspers and penes
arise on ventral surface of segment IX, aligned in the same plane. Claspers without
setae and instead have a rugous outer margin (Figure 17b). Penis and clasper
considerably longer in imago than in subimago. Cerci greatly elongate, approxi-
mately 0.4 6 length of body including head, and covered with irregularly scattered
setae (Figure 17a).

Female subimago

The female subimago described here was selected from site P0543 (Andranohela
River), as females were not collected at the neotype locality. As is typical in
Prosopistomatidae (Vayssière 1881; Gillies 1954; Fontaine 1955), the female of P.
variegatum appears to be sexually mature in the subimaginal stage. In general
appearance, the female subimago is larger and more robust that the males. Total
body length excluding cerci 7.5 mm. Preserved colouration predominantly pale
brown, head suffused with dark maroon-brown colour around bases of lateral ocelli
to compound eyes, pigmentation internal. Similar colour at base of middle ocellus.
All ocelli white. Thin flange protruding upwards at right angles from posterior
margin of head, less prominent in female than in male. Antennae less well developed
in female than in male (Figure 18). Head width from outer edges of prominent eyes
2.5 mm, head length from posterior margin of clypeus to back of head 0.8 mm.
Mouthparts vestigial, only remnant labium and labrum evident.

Thorax uniform golden-brown. Wing braces darker brown. Forewing (Figure
19b) 10.8 mm in length, 5.2 mm at widest point, hind wing (Figure 19c) 3.5 mm in
length. Wing venation as in Figure 19a–c. Legs with developed femora but atrophied
tibiae and tarsi (Figure 20).

Abdomen with tergites and sternites pale golden brown, lateral parts transparent.
Cerci short (Figure 21b, c), similar to male subimago, with very fine setae. Entire
abdominal cavity tightly packed with eggs (Figure 21a), except for terminal segment.

Eggs

Egg dimensions. Length 143–150 mm, width 111–120 mm, height 39–48 mm.
Viewed under a compound light microscope, the egg surface has a granular

appearance. Scanning electron microscopy (Figure 22a–c) shows the outer surface to
have a tuberculate appearance, and that the eggs are without polar caps. The eggs
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are pentagonal or hexagonal in shape rather than rounded, probably due to the tight
packing of the eggs within the abdominal cavity of the female subimago. There are
an estimated 1600 eggs in one female subimago (counted through the abdominal

Figure 17. Prosopistoma variegatum, male imago (a) ventral view of lower abdomen,
showing lateral extensions of lower segments, claspers and penes; (b) close up of clasper,
showing rough, granulated outer surface. Scale line equals 1 mm.

Figure 18. Prosopistoma variegatum, female subimago, dorsal view of head. Scale line equals
1 mm.
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wall). The chorion appears to be covered by a series of contiguous, more or less
hexagonal ornamentations (Figure 22c), each ca 20 mm in diameter, with an inner
spherical disc ca 13 mm in diameter, with a small raised nipple-like projection
centrally, some 2.3 mm in diameter. These may be knob-terminated coiled threads, as
described by Koss and Edmunds (1974). The small aperture situated in the vicinity of
the posterior pole (Figure 22b) appears to be a funnelform micropyle (sensu Koss
and Edmunds 1974). Greater magnification is required to be certain of these
interpretations. A sticky, possibly mucus-like secretion is evident along the margins
of the eggs where they abut other eggs (Figure 22b).

The eggs of P. variegatum are similar in general appearance to those described
for P. pennigerum and P. pearsonorum. Degrange (1960) describes the egg of

Figure 19. Prosopistoma variegatum, wings of female subimago (a) base of forewing, showing
origin of veins; (b) forewing (c) hind wing. Notation follows Kukalová-Peck (1983). Scale line
equals 1 mm.
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P. pennigerum, which is somewhat larger than that of P. variegatum (206–234 mm in
length, 175–183 mm in width), and the description of the micropyle indicates that it is
funnelform in the European species. Campbell and Hubbard (1998) describe the egg of
P. pearsonorum from Australia, which is similar in size (150 6 110 mm) and also has a
funnelform micropyle. Koss and Edmunds (1974) describe the egg of P. africanum,
indicating a tagenoform micropyle and a pair of irregularly coiled threads, though
they do not mention dimensions. Tong and Dudgeon (2000) describe the egg of
Prosopistoma sinense (150 6 110 mm), which they have interpreted as having knob-
terminated coiled threads, similar to the structures as seen on the P. variegatum eggs.
They indicate that P. sinsense has two micropyles, one tagenoform and one
funnelform. It is unusual to have more than one kind of micropyle associated with
an egg, and while the tagenoform micropyle is clearly evident, the interpretation of the
funnelform micropyle is dubious (Elda Gaino, personal communication, 2009).

Diagnosis

Prosopistoma variegatum can be separated from other species by its large size, being
the largest species currently known. It can further be distinguished by a combination
of characters including: larva with flange of carapace only slightly pronounced
laterally and protruding exhalent notch at base of carapace (not unique to this
species, but only seen in one other undescribed Madagascan species); numerous (up
to 20) setae below mandibular canines; antennae much shorter than distance from
antennal socket to anterior margin of head, segment III subequal to remaining
segments; mandible with inner canine much shorter than outer, outer canine

Figures 20–21. Prosopistoma variegatum, female subimago, (20) legs, (a) foreleg; (b) mid leg;
(c) hind leg. (21) Lower abdomen of female subimago, (a) lateral view; (b) dorsal view; (c)
ventral view. Scale lines equal 1 mm.
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distinctly stouter than inner canine; 76–85 setae and/or setal sockets forming a field
medially to basally on mandible; length of seta on lacinia of maxilla 0.09 length of
dentisetae (ranges from 0.17 to 0.46 in all other species known), maxillary palp
shorter than in other known species, only reaching as far as the notch which marks
the separation between the stipes and galea-lacinia (in all other species the palp
extends beyond this notch for to some distance along the length on the galea-lacinia).

The winged stages can also be told apart from other described species by their
relatively large size; wings more acutely pointed apically than in other known species;
penes in male imago longer in P. variegatum than in P. africanum or P. pennigerum
which are the only other species in which the male imago has been described.

Bionomics

Larvae of P. variegatum at various stages of development were present throughout
the year, indicating that this is a multivoltine species, although more mature larvae
tended to occur in October and November, indicating a peak emergence in mid-
summer.

Figure 22. Scanning electron micrograph of eggs of Prosopistoma variegatum (a) cluster of
eggs; (b) end on view, with probable funnelform micropyle arrowed; (c) close up of chorionic
pattern, with one of the probable knob terminated coiled threads arrowed.
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Discussion

Comment on larval antennal segment numbering

The number of antennal segments in the larva (Figure 3) and the relative sizes of
certain of these has been used by various authors as one of the distinguishing
features of species (e.g. Joly and Joly 1872; Trägårdh 1911; Gillies 1954; Peters 1967;
Alouf 1977; Soldán and Braasch 1984; Tong and Dudgeon 2000; Sartori and
Gattolliat 2003; Zhou and Zheng 2004; Dalkıran 2009). However, a consistent error
has been perpetuated by all of these authors, who have named the predominantly
longer segment as segment two, implying that they have counted the pedicel as
segment one, which is clearly not correct. If the scape is segment one of the antenna,
the pedicel is segment two, and the remainder of the segments in the filament, which
constitute the flagellum, can then be numbered consecutively. The first flagellar
segment, which is consistently the longest and follows the scape and pedicle, should
either be considered as segment three of the antenna, or as segment one of the
flagellum. In this study, it is regarded as segment three. The distal segment is very
small in P. variegatum (Figures 3, 10d), and this may easily be overlooked.

Structure of the labium

It is important to clarify the use of the term prementum rather than mentum; the
distal structure forming part of the labial structure in the Prosopistomatidae must be
the prementum (Figure 4i), as labial palps always articulate with the prementum
(Snodgrass 1935). Following this terminology, the proximal part is termed
‘‘postmentum’’ and the distal part ‘‘prementum’’, which always bears the palpus,
and apically, the glossae and paraglossae. The postmentum can be identified as a
structure as it always articulates with the head capsule.

Although the glossae and paraglossae are partly fused with the prementum in
the sister lineage, the Baetiscidae, the fusion or loss of these structures in the
Prosopistomatidae cannot be confirmed. Investigation of the musculature of the
labium (not illustrated) shows the presence of the prementum abductor and adductor
muscles, but there is no evidence of musculature that may have been associated with
the glossae and paraglossae. Therefore, it cannot be said conclusively whether the
glossae and paraglossae are lost or fused with the prementum in Prosopistomatidae.

Wing venation

A number of notations have been used to name the veins in Prosopistomatidae
(Degrange 1955; Gillies 1955; Fontaine 1958; Kluge 1998, 2004). In an effort to
achieve standardisation, Kukalová-Peck’s (1983) wing venation terminology has
been chosen here.

It is difficult to be sure of the homology of the wing veins in a group such as the
Prosopistomatidae which has such reduced venation. This is made more complex by
the marked sexual dimorphism in venation in this family. If one starts by looking at
the reduced venation evident in the forewings of the females, one can clearly see the
homologies at the base of the wing (Figure 19a). However, a branch off RP1 (labelled
RP1a in Figure 19b) interrupts the regular fluting convex–concave pattern typical of
mayfly wings, resulting in two positive veins lying adjacent to each other. A possible
explanation is that this vein (which is less prominent in the forewings of females in
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other known species), is in the process of being lost, and the countering negative vein
may already have been lost through reduction. Although RP1 and RP1a are complete
in P. variegatum, the figure of P. pearsonorum (Campbell and Hubbard 1998) shows
RP1a to be completely lost, while in P. pennigerum, a portion of RP1 is shown to be
absent in a section between its stem and the wing margin, and a second small
intercalary lies between it and RP1a (Fontaine 1955, 1958), providing the negative
countervein in this species. In P. africanum and P. mccaffertyi (Barber-James 2010),
RP1 is reduced and does not reach the wing margin.

The derivation of the hind wing venation (Figure 19c) cannot be determined.

Historic and taxonomic considerations

The original P. variegatum material was collected by a travelling naturalist, M.
Goudot junior (Latreille 1833), along with some Coleoptera. Goudot was an ardent
collector of insects and plants in Madagascar in the 1830s, though there seems to be
scant record of where Goudot travelled. Correspondence with a botanist currently at
the Paris Museum (Peter Phillipson, personal communication, 2007) revealed several
sites where Goudot collected plants, but this did not help to clarify the collecting site
for the original Prosopistomatidae material. With regard to the type locality, Latreille
(1833), Westwood (1877) and Eaton (1884), who all examined Goudot’s material,
gave only ‘‘Madagascar’’ as the locality. It seems that Westwood (1877) was the last
person to see the material used by Latreille (1833); he stated that he examined ‘‘the
wreck’’ of Latreille’s collection in Paris. Westwood (1877) provided four diagrams of
P. variegatum of limited diagnostic value but the shape and proportions of the animal
he illustrated support the neotype designation (Figures 1 and 7).

Latreille’s (1833) description involved comparison with Entomostraca and
Branchiopoda. He said that the antennae were small, five-segmented, and broken
in many individuals. It seems the material studied by Latreille was in poor condition
with various parts described as mutilated. Comparing P. variegatum with P.
pennigerum, he noted that P. variegatum is more raised, and oval in shape (like a
gyrinid beetle), while P. pennigerum is more rounded (like a coccinellid beetle). He
described P. variegatum as ‘‘. . . almost six millimetres long. Its body is a dark brown,
dull, mixed with yellow on the top and at the sides’’. Given this size, it is probable that
the larvae examined by Latreille were female larvae that had not reached maturity, or
male larvae which are smaller at maturity, as the maximum length measured among
the more recently collected larvae examined for this study was over 8 mm.

Vayssière (1890a, b) mentioned that M. Fr. Sikora (an Austrian naturalist living
in Madagascar) found three P. variegatum larvae in a small tributary of the Mangoro
River, in rapid current, near the village of Ambodinangano, about 50 km south east
of Antananarivo. These were found in October (year not stated) and were mature,
with well developed wing buds, and measured 7–9 mm in length (compared to
Latreille’s 6 mm). This record is consistent with the present known distribution of
the species, but there is no reason to think that it corresponds to the locality from
which Goudot collected the earlier material used by Latreille. However, this
influenced the choice of neotype locality, and material collected in 1998 from the
closest site to this, a small tributary of a river in the Mangoro River basin, was
chosen for the neotype. Other material examined for this study came from many
streams in Madagascar, predominantly from the eastern half of the island (Figure
23), with the exception of the record from Nosy Be.
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Demoulin (1954), in reasoning that Binoculus should be the generic name rather
than Prosopistoma, pointed out that in this scenario, P. variegatum would lose its
status as the type species. However, since Hubbard (1979) reinstated the name
Prosopistoma, this argument falls away.

Future directions

Further in depth studies of this species are needed to irrefutably associate the larval
stage with all of the winged stages. Mating behaviour should be studied in the field,
to see how the males hold the females with their short forelegs, and how they use
their blunt ended claws. Molecular analysis of freshly collected material is
recommended to irrefutably link all life history stages, and to confirm relationships
between this and other known species.
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