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In eight pr~ding papers hy the authOf 
were dealt ~ from the taxonomical s . . .. 

. ' . ,,·, : ·~:· .; i ' ' . ' . . .: : .. / •. 

. be ~·~to their habitat, especially ~>t) 

.tU..pr~:and tbe·tonowing'paper sballl.ij: ·. 
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c. Harukawa, Dr. M. Tokunaga, · Kyoro Jm~rial . . · · .. ·. ~~;~l)r'.- •. 
Yuasa,· ~ish.a Univeriity for their valuable :Critl0isn11 and ~s~ 
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Sin~ere .thanks are extended to Messrs, M. Y~~ }(~ QkUp~~ 

· K. Iwata, T. :Kani, M. Tsuda, S. Mori, S .. MOf~.:~ :~f.\k~ wll& 
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I. FUNDAMENTALS ·oN THE I;>~~T~~~· Qf ~~ .. ' 
MAYFLY ~·:'.11 :.:~,• . 

Life!°"" .i 

v •• _ ·~ v -. • : '• ,''.,':.:·,. ~'~·>· :·.~.·..:;.:::.>>.-:' -<"·<·.··\·-.>:-_; 
. The term.' life form • which t wish t.o U$e m1~.tli•=•t111:;·a.~.; ,<, . 

from the plant ecology. Bu.t wh~ tbia Jttlll · f~ •eii 4n the aai~t. · 
·ecology, ~ts meanmg may be .mor~ or .. ~as.·D>~~;Pl'•••t~ ..... · 
Allim~lsjJn general. ~ust move about·fpi t~ir: ~~· ~.Other;:;;:< 

. word$. animals have tbe function of .rn.o¥.i$. t •. ~;iJ(·~~ tespeQt ,/\ .. · ... ·.·. 
·the aniJJlal life differs from the. pl8TJ.f jl• .·.·.. ~~··~~~t:i,i ~·~>.·< ... · . 

-OCCUJ)aney of the earth surface• But th~~·~ · ·· :dd1l~•·\~·>·t:'Z 
from the~generalstructure of an. aqi~at. l'h~;~ij::.c~ . ;fiO~{l)le.;r,:/. <+ 
to understand th~ aetual .Jife of.an animal ...•. ·.·. ·.· .. · ·· · .• £.#i'Y~.tt~ 9~: .. J·}.,:;.· .. ::.,, •• ~;. 
he consil.~s the function of an animal '~~1; ..•. · ...... ~f:utture~ • ·. ··';t:··~l~iD: 

: * c~tcibution from the Ots\,1Hydrobiologjca.l,:8tation1 ~·~~$t~~~: ~~ ·. > ;.'.:. T. :F 
Cot1t;ibution from the Entomological Laboratocy, .K)r<>i;o l~~ ~nfv~J;y, No. m; .. 
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.24 KINJI r~ :1· · ... '.'/J. 
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·~* . - .·- -. ', ·:. ·-_ ' - -.' ''·.-.·-· ·:·. ','_· ' ·: ·'·'.: ·~: :·:·':.,~:-·:{_, -· .. · .. ·· 'tJn ·.the _other. hind. the. struchire;Wf\~t .. ~iaering it$ .t~Q. . 
tiott fa nothing but a dead body of an aU.nal· ~~ .one ean not 

' undel"stand the ... life of an ammal alto ft:em its. ~ure only. 
Here ,one needs to consider the environment ·of.ltfl:·.aniUiClt. and I should 
like to continue nw discussion by recopizing: the resii1t111• ~omenon 

... as a teal life pb~enon that .is prod.~ •omtn"t,he·reactD'tof.~ 
· struoture to the environment of the aniinaf. · · · · · . · 

In this way, the distribution -Of * ~· }jS.. -i&e<t·a a .Jife 
phenc)menon and it can be treated ' · •·vi· · :r•ma t'& 
the cx:cupancy. The . .term •life fonn.~,:;-j' :~:~ t}i. 
~~~ ::~:;:;; :;:~!ct~a::·~ ' , '· , ;11,!:::r: 

_:,:,;··~'' . - ,,, . ' . ' ... 

. • The . imaglnes .of· mayflies 'from Japanese tor;ents • ~e·. O'r teSs · 
similar to each· other in their general appflfita&ce. , '·it.> ;w~l1 be, natw;'1 
that . ene expects · from th~. similadty Ot t~lt ~i•re JJle ~imil~rltJ: : .. ··•···· '·. "'· 
of. t~ir. habits.. Indeed, .!he most ·imPo~~~1'•: ··~A~.·~~t ~·':;.\'.·<··,c.l;;/tf 
of the msect 1s the hab1tconcerningy .. ··. < .· ~.~;~tl;lf,,q),ay'o>b~ · ·:.!2; 
emphasized espec~ally in the imagines Of ~~;··9',tfi~·;have::orify ·· .. ·;~., 
atrophied mouth·}1>arts and never take ftiod. T · · · · 'it.f ill ;'their• ··· : " ·(1:; 

·:i~~!m!~~~=at:~~i~~<~~~f~ 
nymphal structure at mayflies is very.4~~,~ diffe!i¥t gener~ ant\ ·::•;;•:'':.' "~ 
families. From what cause does this d~fiiity or1'ifi,tei' Here we ·. 
·must turn our attention to the envirGIUilellt of · · · LlifeJf W•· :,:~~ 'C· 
wish to solve this .-iion. Meytly,&tr~; > . . . ~~ti &t :>t~' 
theit {ives are mamtained•in the f~llW-~;r~; .... ::,:aut.~ •.. · .....•... ,{>: ... ,< 
are ia, their ha~its not free•swimmmg: .··. . ·~~ ~c)l · · · · .. · 
as· ·uaed with · mOst fishes. ·They ·~•'.~~f · .. ~:,tl~j:,··• '};~:.\·\·i'}. 
constitute a part of the bottotll·fauna. JJ.\ .. ·. .~e ihl•~··. , .< ''"·' " 
water. including the lake, the river, th•:~ > . ~Jtre: especi .. itc · . :< :" ·:::~. 

· important constituents in the bottom of th:~ ,, · .. ·· .·. .· ... · f: .·· · ,. .. 

How do they· Jive their ny~phal 'livet.m'S\teh, ·a.· situation? Thet 
are riot sedentary, . They . move' about,' fi!-stly; owirig tb'.the fact 'that' 
they rnust get neceSsa.ry food for tb~ir ·'development, for their tranS": · 

and for rep,r«\neta. %~ 
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escape t-'m their enemies which (atch t~ as:tne{r own food, though 
thit may be the negative side for e~istence. .A.n'1 these are two 
prineiplet for existence which should be rec~~ . ~fore the life 
form of ~Y animal is discussed. · 

. ' . 

~bstratum and O«U/)an~y of it-~····~~-
'" ,~";"~t ;:;;: :","3'- "" 

M .. y; nymphs a& bot~om 4we11era~st~c·'· ~uf$~y ·· 
. of the ~bstratUm for their existence_ or fo;-,aecul'~~f~ ~.escapi11g 
from. ~ies. .There are many .kinds of the: ~mum>of the Inland 
water1 btlt in this paper .I may Confine the ~ject to. ~fie kintf 9f the 
inland water. namely. the torrent. Nev~hetes$~ 1 Will not consider. · 
the cunent of the water. one of the most cha.racteristic prope~ty of ·· 

·the torrent. for a whUe, and will concentrat~ int attention onlt (,ii the 
substratum itself. · · · •. · . . · 

Tb4' substratum is not ~o simple even iit .the' t()rtent · • it. iS rather 
most complicated in the torrent in all kiaos: ot ·the r~ :Water~. ii the . 

.. material&, of wbicb:the stream bed is. cmn~;at-t~p6l~y 
consideted. But it is also simplest, oa t1':·~ · ·. .·. · , <~t 1lS it 
is consiOered from the vegetation whi~ ~r<~.,~ti·~. • ·.. . :~i~'.~~lt \ 

· · consists of algae only, covering rocks and '$J<meil. ~Qi m·.thi$, t~et · · 
the stream bed may be contr~sted ~i'l ·~~ b1irren1 · ro¢ky groumiof · 
the mountain summit, y;her1; iiche~1s e>nly ~\V! · · · · 

Let us consider, in 'the first place, a kitid of the aubst~tum which ' 
is' coml>osed of some fine material as tile Jilt'. or the mud.', and has a . 
homogeneous, evenly stretched surface, offerlna . .m'·. w<or no am··· 

· ceating place. Even if provided witl'l :ple~·i~'· · ~<JP~l\t 
. place is very danger01Js for such weal{ : . . nl'mptls 

against their. enemiee. They have ··. ,~:tJ)e prati 
nor any shell to ci>nceal tbemsel\?eth# .• ~ '~~ 
PerhalJJ ~ey .can live .in such an ~~ . , . . ·. ···· .. · ' '·abOOt 
as sp~ily ,as their enemies move. Bt.tt I .· _. . . • ·. ~ dllc~; 
is su~ a, s~b$tratum that is too sOtt tt)''~'$\1)it ~ir viiorotit. 
crawlmg or their.· swift running, but pennit'5 t~ only ,to: perch quietly ·. 
upon its surface. · . . . i . ·· · ···.·.. '. ··• .·. ·. 

· 'fljere remain only two ways for 'the-mai1itenance of· their Jives 
in tbs dangerous situation.~ Fortunately, the material of which the 
subst~tum is composed is $oft enough .... Tb~ Olle.wa!Js to abandon 
the· occupancy·· of. the surface. arid to burrowJ~to:and~coneeat them~ 
sPnr~· .. il'.l th~ su~tratum, an4Jhis ~ b~p~,~~~·'\i~ i,f th,~ nymphs of 

.· .. . .. ' <&~~£:#t5' ' ~;:;(:i.~;01-0~#:d!>3':'dt\i\e/J .. ·· ... 



··,the burrowing form. belonging to the families· Ephemet:iJae BJ]d Pota· 
manthidae. Another way is ·10 gain the swift locomotive faculty .by 
clearing the surface of the substratum a1)4 .·bif~~llli•I· .<.This has 
been acllieved by the nymphs. which take the -~·Jin,e :£9tm dn tl:leir 
.general appearance as represented.·· in the .. ~•ttt1 Sitti~'1ri<,1ae ano 
Ba .... t·d...... . . ; ..•. ; >;1 .<;.::,1'.>·. . 

.. I. "'-. . . . . . ·. '. ; ' / '. ,, '. . . . . .· . ·. '. ' . '' 
. . We suppose that the materfal, of vrll~' tht\~~u~ j~(· 
posed, becomes more and more ·coarse; .. This.·.~•. ,j~~.,;1'1~~17 

. . •.. · .•.•.• ···•·· ·• ..... , "" ·:c . <···'':"• . 
accompanied by .the change of the .. envi~m$tal6:c~i·:~·oa.~· 
the other hand, this change also signifies the ~I~ ot'the:.~~t*· ;:. 
of the •rface of the substratum from the bonl~i. evenTff.tfetchett 
surface fl the mud or the silt depoSited, fOrJ~~. · · · ·:~ 
l;>ottom t.o thejrregutar surface of rocks ~lid;; . .:,Qllld.~./;', 

. ~nd. }1e .. ed on the bottom of the ~. ' ·~~ ::>l''•' i: 
surface curvature . of each . particle or grain:' ... · .. · p(>r~ · · · · 
ti on as. it becomes greater .in J~ dimen.· •. . . . 
ideal ball. But. when it becomes ar.eater · 
the stretch of the legs of ~aJ:~l. 11.Y~~ 
whether it is a pebble or a g~v~ •.. Jn ~; 

·.mental cpndition, .what. advaotage;is.ex · 
.··· with its 'perching·· leg~ without coo~ide . .. •. .· 

On or among stones or rocks lhe do:tio:v'~if'. . . . . 
the limpet-like forms seem . to he far more ~it-ble fot tHe ~cup~ey . 
of the ~rface than the s~ream·Hn~·forms . .:lll;i$.~ .. ,~<~he),f~do.;;~,;' ;~. :\:;::~,· 
not perch on but stickto the ISUrtacefsif.~;·····, .. 11"·· ... tifide".~',:.~~f}:' •·• 
awiftly npon ·it, if the tNrface. is ,sptoo~" ··· }~· '«.:·:~r~~.·r::.~2,.[<;Cl'>'i': 
the d~ventrat. flat~ forms. enable>. .. . ' !: .· ·. •. /~):\,~>·;· ··;~·~· .· 

:s:m&,m,.:; ~ ~roctcA!ld~;"O( ,, Ii~~f{i~~~ 
it is evltient that these forms ate utote···eft .. ·· .. ···· ... ·· ... ··.·.. .·· · ... ··. ·.· ... e'.f'. ::e1·c:"""''" 
represented. in the nymphs of the families ~ptllpplebida~ and Eedyo- . .:, . ~ 'J' .• ;. 

nurida~, especially well represented in the lattet\·~mijy~ ·.····· · · · ·• . ··.· 
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ready imentjonc<lt. tbtn the burrowipg fo1m .~~.;~·& bqtt~iU 
condition t1aat enable.s. it t9 live a burrowing lit~ .. 'Mi'il~f·~l~tr~·line 
form prefe1s such a bottom condition that<~~~::-~'· · · · .·.· •.. ··int 
.·aud·swimnting life, and at last the dOrs~N;~flt~lci-: 'Prefers 
such a pe..e,.a gravel or a boulder whi~ ~~·J.· · a stick-
ing llld gliding life, whether the current ~,· i: · · . >W\ # l 
shall expWil in the subsequent pag~ •. · 

If tbs phenomena are originated from the:~ces$ity;c0f'. P®tfPYing 
the habitat ·for any animal in order. to live .it$ life, then tlle habitat 
segregation tbroqgh the differ~nt~tion of the str~ctur~Js, in its 001,1-

.. 'tents, ·no.more than the ·differentiatiQl) •Of the:.hi',.{otlif .·.·· ·· ·'wld~hJ 

mean~ ~erefare the habitat eegre,gatlon ~-fl:~~··· · ·1orw$ 
of mayfly nymphs as ment,ioned above, ·~ ,tM! .. ~if·. 
ferentiatioa of the life form of mayfly niSt~~\ .·· ... ·.· .· .· .. ·· .. >t,i&llOn 
.woula .ha~ been accomplished· in the. and··~·ff:r;~~~Jfl".;~ic. 
order as Ephemeroptera, and it is intet'estina.ifiat,~ticll>er$-enti~ 
corr~P9Jlds with the present .. system of tlle ~Ql'JoinY'·.it~-tI,.;ha~· 

-·-primarily upon the structure of tbe ima~i ~· !,_ <~>-;J3t, ··. · ·" 

Pi*.ibution. of Jife forms ~f ma:;ft~ ~~1- ~~,,llle}~,,i- . , 
I sha~l here consider .the di~t;ibution:";F~~·.:~: .. _;Y·.~.-~~Y: 

nymphs 'is. the. torrent •..• Are lili::Y. oistri~t~2~' •··.· 
1 

.!·erderly? 
Iri the 1110\lntainous .countrY as Japan, . a rlyll( •v-llf,1. ~tit~ t?"'o . 
geographir;al or physwgraphical sections, ~;·tilt:-' ·~1011, · 
and the l)lain section. The mountai'1 ·~~l'·tf; ·•: . 'bi'tlte: 

.. predominance' of the erosion by its wat~. amf ., <'::~t:ioti.'•i$; 
cbaracteri.1¢d by that of the sedimentatj9Jl .• -~Jtt W:ilte;¥{1i~CJi-.tbis · • 
classification is very •rough and the · sedkn•J<m· .· · ·· · · · · .tn.cnl~in · · 
section <X" the erosion in . the plain ~1on.· 1ft,,,.1~ ·· ln,some 
degree .. And this maY' be inevitable.if t•'' ' ·r.i~ into . · 
some sectjons, OO.sed tip0n the· landscape•;,:· ,· , '· · 

But wJlen we eonsider this from tb~ ' 
of .. ,,vbich the substratum is composed. lat •. ; 
fi~~d to tlie mountain section, and Where ~· 
foot-hill, there are still d.eposited many peb"ble$ .. ·· .. · .·· .. . . .·• , jjien .· 
the more. the river flows seaward, the more ·the\~:~iltt::$ttried. and 
deposited bY the ·wa~ •. diminish~ .. in ~:,. · · ·,· ., .. ,,,,,," "' -~~icl~&, · 
corresPoa,ding to su~n . changes :of ·Ul~·.:.ti.. .. . it¥ ~f:~s 
currentis more ' ~nd ;tnore ' . Qf Jttf water 

,'."<:«,.,f·:\~::::~:f~:.·°',' 



··~·.···~,;,;~, y·{.~;_ .• :,J. f'.'t,:'.':; '' 1
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;_:..- __ : .·.:· .,- •. _, __ ,, ____ • _·:·· -_ , __ - <-----.<--.. __ ·:·- __ -----. .-;: ___ -~>-(:_~1St<:)·,_ __ ·>.:<:---·-·x_'.:·,_-_-\}-~_\:<_:-_:--:>· _ .:·_:--/ _ --_, __ 
ts ~nMnously mcreased. . And ·~. the ~~tkm ;.~f 'fife ·fOfDll'of; 

··mayfly nymph!I. Should ~relate W:fth .. the. ~ibtlt~ •. of ,the·.· .. i.bitat; 
the buTJ'owing life. form and the switlunina. ~f~ ~ ~ .~ .. 4fstriQUted 

· even in . the typical niountain sectkm if their M•ltat'corKJitiOlt still· 
ex~sts in . it, Whe_reas the gliding Jffe f<>t11l ~1 be ;ti~tribu!~ in the 
plain.1tetlon•in so .far as there·. exist 1tDl pebbletrand gr.awls. 

Bllt . the distributkm of such habitats or i~e f~llls llM in ~eality 
deternlined by the .velocity of t}le curren~, 99.J: ~~e~tl~~s-etetion· ... 
of the river where .it meanders a• aft'~-~*'ii;;·~·i.>~ - > \{, 

· materi.,,, of which the substfatum is ~Ol)JP~i~.·~-u q • ~~~~· • •

1 
.·: ., 

to Jar1e in tbe. dimension of .j~ part~,·~~- . > } r . .·:t '.,' 
the velecity of the current, anlfw1th thi$.·~~~~ .X.·; i ·· 
life. forp1S wiU succeec1 to the g1it.1i~·l.,~flt•• ~· · · <:~ • 
s~b~ic •... Where the different habit.t ¢~~ ~ >. ..· ..• ·. .··Wifh · ': :·~ 
e'ach other, then the different· .. life forms!\Jill~clfv~i··si~·~Y "Kfe.···.··.Jt~._ .. • .· .. ···· 
is . remembered that the •boulder does nOt ~bttt• Qllt ~· ~· · .life. ,\i .......•. · 
form ·tetally, as this .form and·.··tbe. gli~itii·.Jle'fertn •we· .. · .. ···.· .. ··· ~~1v·1- \ .::• 
dwelll~.:I of the .surfda':a.of tbbe su_bstr~tu~~~!!t·~~· '&tit}s.,~~-.;. .>:.f:"., 
as a r~y mentione., w.1at t e sw1mm1n' ~·~~ · ltfJI!~~.·•;i. . .. , / 

... with .t1rejncrea$e of d1e velocit,Y of the' ·<•.·.:~t:;i·Ai., 

~!r!~t ~!d:::~:t= among the big··~ •c\~~~s:~~itf {~~r~f 
-~.>.;.-.~.:;;:_ -. . :~--~;}:~~::_-::~~F· ~~,~;·)e:~~.::·_ .. •.;.· ..... '..·}i1:~~·:;,~ :.~~~;··.·.:o·:.·· .•. · .. ·.·.,.; :- -·,, .. , ,. .,<;,!'· ,,.. ;:."',,;. _,-,. __ -·--- __ ._,,_ - __ -, .. ,,. 

Convergence aifll dl1Jlr#n~-¥: ~'fli~·~I~ .. , .. ,1•~It~i'.)'~ff~"·';;!~f~t~· 
,_ -·-, .. x ::·:'" --- - - -'"- ,._ :_; -.,:" ". . - -- j:; . --~ • i <,-

In this mipecl, .. t1Je~curr~nt or tbecV:ek§Jttof~e'cifrrent:•;.m:: ··;. i 

enviroil~ental factor must be eonsidereQ ~gain, in ~-~~t~ atlCi.llf!M .···. ·;:r · ·· · 
. we. can understand.the. divergence· .. amCl~ ~,i~e .~.:9fig"~at11}. c:c:;F 
~~'to the,sa~ category .. aswelr,as . ' . '.. '· ·~~~~~:>·/··.3;.~J~f; ·' 
origin•y belonging to the d.if;fere11t ca . ' · .. · ·· :· : 0> .•,f::: 

. and diVergence imply. the differendat• ... ······. ''.:,~· .. ;:.'1i·I~i·:. .; 
. ···. tbey n$$t .be atten~ with· the babitat; • · . ·. ... ;:;·£:;;,;':'~~~{~" 
If we consider them from the strttCtutal .... ·.···•··· .· ·.· .... · ..... ·.·· ...••. --.. , • · .. · ·.'";;~'·: ;'.~\" 
they correspond with the differentiation of the ~e,~ .. ~Jthe.~ ; . .,, 
family <>r of.the species among the samjgenti&·,::.•.}:: .·· ·· · ~ · '',· .· ·· •• 

FC(. instance, . in· the .different genera.among the fmnjlySiphlo· 
. nuridae,. which is •. typical of the stream·~e.. .farm or ~ .swiniJ;nittglif~.···•····· .. · 
·form, the genus SiJ;hl<murus· is in itsdlstdb~t,IQnl~.t&Jh~lesa::.> ······.'.F'.' 

current in accotd with the finer ~Qf}Stit~iQtl .ofJb~ '1bsb1ttum~~/ · .· , , 
·~ . ,·_ 

·,·.·. ~>'f 



than Among the species . 
~tis t~j(rus is on~ .of the strQ · .· 
:.velotjty . at .the. curre~t in. Japan an~ 
. UQµJderj. Qf the mountain. torrent. 

· stteatn·li,.!.form,. it •ms to sacrifice 
cljng to · 9le .r0ck · su.tf~ ·firmly, JlS 
Hisaw•. ~ut .in this Hs~ •e ~11d 
fami}y is:most curio\1s •. ·for Baetiella.)a · 
current by spreadiµg its legs and . stic:k1.111g 

·some spl¢ies .oftl1e family . . . . 
lost completely its illedian caudal .· ... ···· ... ~··bl> 

· . between this species. and, Baetis. blcaudtdf4> in C 
'•n4:1iisat,*•.as w!l• a convergence·~'-" 
~/us'.~ the family BciiyonuriQ~, ~- r . 

··•. ~\l~ent.i :B&t .. ~uti. :F~lf-~4·. ·· 
n()t gJid~~9n the rock surfilce •• E~': 

< it; . so tlljt in its l'tat.Vt it ratl'ser ten~~­
.... ·i11h!lbit~·.·.of. ·the ·r~ cuireuisuc1l .• -'··· . 

dipterQus family. l'Jtepharoeeridae. · · · .• p 

· .. ln>~e.~amily ~dYQriuridae. tqc>, whkh.i$a·*~~it~i,vecfthe 
gliding JifeJorm, the Ii{~ for!Jl is di11'1:"~,j · · ·· · · · · · • 
mental 19J.ldition. If we .. con~der Jhe, · · 
filament.:to~be·a criterion .of the m~· 
rent, .w~take at once .tna genus ·.·/j,. · .. :o;..~ 
inli•b~t of .. ~}1e, ra,id . torren~· bQt ·~.{:: 
Blepat#.t.as an exi~._ If ~•.co·.· · · · · · 

.. to beia .criterion c:>f 1tpe 6'ltne.)fi~ .. 
t}legen·tJS Epeom$ and l(ldJ.~~11!1 

· is not e%actly tb~ a$sociate of E~im> 
is not t~e same as. P>at of Qpeorus'. · J.l.hjt~r!J~i ..... -.,.... .. 
caUy nOt so flattenf;d.AA Et>eoru~ or.J~·· · 
Epeorus and is rat~er similar in its. ge~~t~fa 
of . the .~enus Paraleptophlebia •.. is also an ill 
stones· .as • Paraleptophtebia. ':rhat is . tt) 6-fJ 

........ * J;)ad~. ('.; .. s: and '· ~. Hi~wi l9.2~r ~Of(~ .· 
tation.ot ttt,a:vfiy.ny.m?hsi.to swift·stt1~1u1i• ·~oiJrV.~Si 

··.·~ ~ •. ~ ... ~J<IZ.·.,. . . ...... . . . •. . . •. , . .. " ' ,.,. .·,,- <-·," •.. - / •'. ,.- :····,; ,• 
, ......... ·.. · ....... "• '..f:'i:•f.•;,·,0~·tff:;<~:~1:;:,:;J 



/< ::.- •', -,,,:~'··, :j"' : .; ' _.. ' __ . !_:~,,··;_ -. ., '..::,.-. ,_.,.· " . •. ~: '.~~/>, 
· taJget·~tones than t~ ll~f(}Mnq ~-;;• 
vetodt:f of tbe cutr"nt in tll~ee .two babt~:ili 

Tbe gen\ls CmYli•. wh~tli i$ ciosei~.~l(: . ·. . _ Js a,l~ 
distributed in the. subStratufu ·which is· ~ef ;:fl ~i~,Df!:-... '. 
as tll•t ia whj~h Rhit/tnJgenfl is distril;;u~.· '¥M~fore ·ife ·~n -~~fiJ 

· . the gliding form. further into two life fOf •. · · · ..•.•... · ~--··· · .$Ul;St~C. 
is ctmpQsed of the large stones .or tile t~.:~~ .. .. it ~ ··· 
that. the familY . Ecdyonuridae is also. to.·~·• · ·. ·. · _·. ·.·.·~~·~.}•~-·· t"'·< 
main grour;s corresIX>Dding to-.this ~;- ·-·ltefota¥a. On• 
group. is composed of the genera· J.... •• •· •••• • • · :."'.~~ ~ , 

unique Blepatus fascirlt.s, the onlY; . · · · ~i~ · ... ~ .,: ·" :~: 
known in Japan,. Seems to .be-l' • • • ·s as~-- r~;: -~· · .. · 
curv(Jfulus, which is able to q-a\Yl lkWJ.tliJ.·~ . . _.· :~~itbi -~ die :\• J•;~:~: 
substratum is not suited. for glk\ing., 'l'.ne,.oi~r.•r> ~1$>~~~.:,:·;',,'·1; i~ 

. , th.e genera Cinygna and Rniihrogena~ ~ ~,i.:~ "· ., .ii!Otto'-1p..' ::,-'~''.(';f:fr:} 
the genus He/1fagenia belongs is. still·~- · ~.ag..taioteq· '{ /;;;:··"i;' 

::.wi~~::.~ ~:is~=.r-~ . ' ... i~ '.~f~~ 
spring.fed. slowly flowing rivulet, -the bed(;).f:' · :,;, .! 

· of fallen leaves. , ·,..t . 
And in each· of these two group!_ th.e. Q~er~tfiatian is reCQp~~ 

in their structure as . well as .in their. lla'.tiitttt $~~ Jl .· · · 
the, velocity Qt thf! current, As a conseQ\,l~' ·, · · " ;.~~ 1ll .. . 
the rapid current iDhabitantsl are·.distiJ)~l( ,.~~ {~tt,t'ti$ 

. Cinygma, the slow current inhabitant.-. ;, N~. .. . . ' j • • • 

of th~ validity of separating these two".'. · ·· ·'·· 
which is concerned in the very irn~~' . 
namely the method· of their transforme.iloti 
traimf ormation means.the essen,tial cQ~e of ,th~ ~-~f a;ataeter~ ·•i't••·· 
the change from the aquatic -life. to ttle terreatrlaf .. Jlt~:' · · 

• - ., . ' ' ,, 7 ., ,, "· ,'' ·\ 

Types of the tra 
. to sub 

llnag::· ;:J;: :::~ ;!!k~~; ~~~J~l1l$i 
as Ephemera and Potamant/W(Jts; COrJJi::f1U~sf. . .... · . . ~ ftoat·:J~t(:::::) '.1·''' ' 
the surface ot the watedor transformation., sµ;&1~al'flle& ~erie, ftoatiJ.1 ., . :, t 

. at ~e.surface and f}Y awa~~ · Tbe~,~ondJyfie: :nytri~~ wh.fob are·ttie·>.· .. ·, · 
( ~'~~d ~ life f~{iiS ~ · ~ !!Ill~, ;',\ 
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to the side: of the . stream and climb up a ~~We *'1'· ~,·~~vet ill the 
shore to tbe surface -of the water or a little higher'. lt.,i';~~n$ 
etllerge, lewing the nYuipbal skins attach~ . to the.~;J- 4 tl3e st~· 
And._ at J~_the third type~. nymphs. belongit1g·t~tl1•·•$·~1onmm 
and ltHa,. •. a groilp of the .gUding life fotm• ~tel · .· · · · · ·· · :large · 
stones as tlleir habitats, remain as they stick tcJ:U1e;~· _ ....... $urtaee 
of the bl)11lder, even wnen· ready tor tran•ort:n~on.. Ttiei-~ote sut> 
imagines achieve to. emerge under the.:~at·~~;~~ "· ".~.- · 
the surface; of the bOulder. attd.Jly ~lt'f·t,1te'jii~i.-,~~'9~\L' · )tlQat 

up to the •urface oft~ water~ . .•• .. . > ;;·· · . . .. c . .. . . .. 
But ·it· is wor(lly. of· mention here th:at: -CiJ11•rz. ~i,Rhitkt(}gena, · 

another gmup of· the 1liding life fqi::ms csm·eJ:ated \\tiUl t~e tm'alt' stOn,es 
as ·their ~-1>itats,_.do nt>t perform their tral'l.~m.~•~'- meth~. 
but by the .second method, though in Baetillla, one t>Ltht typi~t rapid 
current i~abitants. l;>etonging . to tbe family B~•ti¥,. •U:bimagines 
emerge allo by the third method. Is it n~ •oii.rous t~. emerge 
floating at the surface of the .water in such a ;apid·· .and turbµl~ilt 
current. ~1;:in. t~e Jll.OU.tltaiQ torre11t? 1s·.it;~~~J~~·1itt .. ·· · · t.th~ 1tch _,;~'·:\~/;~~:.~;' 
same mel:!lod' af th~ir .,emergence in .such :di .. ~~ ··.· .... ·. . .. ·· .. ~.,fr'' ''.iif:!~~i~i. .,, " 1.,. 
and Baettifla meana t~ same modincation 'of theit·Jt~i\ie}.~US~ ..• by '.'· ·· ;: k 

the rapid current and that for these reasoos., " ·. . >is';~~·~<l : · Li .. : ·' 
succ~ssful in the 'rapid current as Epeorus or .· "·~ijt,·b:~·:-~ ·. J¥~,\~;f~.\~.'. 
we explain Ecdy:murus which also eµierges QY. N.~t)lod,'.\1i~1:tgh 
it is a slaw current inhabitant? l4"or ~,t · · ·~· . .• . .· .·. ,·:c ·:}~~:~ •.• ,,;,:~t:!j(.,:· ~ 
distributed not oniy in the calm side. of the .,.-~t .a~:tli the ·tjke < i"·'~i,;~~~;·~··]'.1 >. 
shore where there will :be sometimes no actidriofth,,'W'tl'V'eS ~L(}ai k>\tg,:: i .. ::::·:, : · 

but in e:Very case there must be stones l~~''n~l.tih fQ,: its lite fog1l. · · 
Ttiese. stories are surely accuQ:l11lated b.Y·•~ · ·· . . . w~~ ~llt 

t~ prim•y necessity for Ecdyrmu1µs · · · ::· · ·• · .. :~·~ · 
in tlle aetion of waves as geJ.'lera\11 ·.···. ... ·. ' r~~~t 
the met•d of emergmce is ~an~~. . ...• ,-~1,.·t~ 
current ltut is the ci>nseqqence of the tff:l! tor-· -~V.~tal.• 
flattened Ecdyoinurus and Epeorus with ;t,lmfS~ ~s<ar• 

, origin~lly_,U~e life foqns which corre$'f)onll'{o .. ··. · ....... ·.. .· .· J.7 ~-
not to floating, so that· not to the first anitsei~'d::;meiti&ct:of emetgence~ 
And this. explanation will :b:! also applicable ~ tne':~~ of ,Baetietla. ·• 
And her_, we shall consider 'the relatio~)>e~?>'~~).,-~ R_h~br<;· 
gena m:>re. The enlarged first g~ll·l«{l1eltae.xwtf1¢1l ar' f9und in 

"IJ·"''"'""" of Epeorus, formerly recognized as. the:genus tr(}n. bY this 
and in Rhithrogena, witllit~e,identlY:'.a·convergence 

, '-'/' , "': "-"'!>'~,_, • 



·.·.. . 

.·. o~· t~e rapil currenl But· sucb 
diffex:ent · 1•ra does not mean that 
ii\ .every ·~~. ,,f the vetOcity « 

. mt.writy fl: flJUthrogena to ~··. (/t'l)a) . ;i. 
·~ .. at[eady .~U$$ed .. in 4~ by Dr. Hora.* ·~ · 
.. /•· ... - .·. - . .·'..' _- - ' - ' '. --. - . ""·-;· 
f~ $lat tfutlarge stone inhabitant EMOl'US (1~1 
&Wifter part.;of the :current tnan istbe small ~l : 
~ 4\le t<> t.h fact that the fonner: in iJ1' ~~: 
resist agait'Jlt the w~hing mechanis111 .of t.lle 
cannot l)e~,fecognb:ing at the &ametime, the fact: 
m~l'e t)f lat. stones in· the s\Vifter pan;tJl':tht 

. Then I .Coi:a$ider thiJ problem ·to be uiui 
of the life form theory or the st~r~h 
&idering Jmm the life form it is ¢V1de*t ~at 
belong to a life form group differen,t frO:ll} 
Bpeorus, Clid as there .... e fQund n~~t· .. 
t\VO grou~ Hora's diagram**. illustrati~ .. : 

· Qf the· f~y ~cdy~:mµraj mu.st be ~~. 

Lffefof'!'UJ of the nympJis (if thela.m#t : 

Here f shall .·consider t11e Hf e form of the·ily 
Ephemerellidae. untouebed in the pr~~. · · 
they are . ., dw~llers ~ tbe ~date. of ... ~. . . · 
But 'they cian neitbet' swim nor glide as ~ta• .. · . 

. .line. f!)rll,lt · nor dor~~ventr~I . Jla~ecl· ;f9t'~~.'.~ 
stout·builtin their getierat ~pear~. w1tlf 
and are durnsy, spra)Vling creatures in·~· 
m1 ·field. ~~ience, at. least ~ • Jar&e·'1~· 

·Spnemlttllrt basrilis, for ~-~. ·t;iiay·· ·• 
character• are quite different fronl those Of ~ . 
1.1eems to me that they belong . to the· fourth cat•oiY ~qt. ~he. 
of Japanese mayfly nymphs. · 

. ·. What kind of habi"*t is occupied bt 1™em? .· 
· prefer l~pebbles orgravela in the &lo\v;.~~~/· 
. tltey:.ar.e.jsed to hide themselves in {be '4~~}-' 
up .• ·the • •. lbterval ·beiw• t~ese small -~~,., .~:.~ .. 
al)proach a step towatd the ~bur~~mg.·'tiff ~~ 

. •Hom, S. L., 1930, Eetll0gy, bionoml~ aud ~iOt~J;i~:~:-
·. . ;~1.~~!;, • · .. ·.~~ .. ·• ;;;;c 



• . '' . !dA~ ~M"J~A.~:~A~t,, < . 
sudtvas E~erella. tmplna or Ephew;e~L~~ . ,ttnJound en 
th~ .unders~e . of a boulder in th¢ rapw cu.,, :aa ~, ~ also 
fourtd amoai tbe smaller stones, their life f~ '---/~ ~:(cq~~ 
with the. large stone not so closely as in the case of~~$~ Baetielfa •. · 
Perhaps the stream-bed, on which boulders M~•.i~.·a~ one·Df. their 
habitats, wkere. the velocity of the current is re4;uced and at the same 
time more or less small stones as well as vari®!i kindsrof debris .are 
depositeq. · ·And if such is the life form of th•b!~t>J;lsott~f~ily 
Ephemerelliiae, it is noticeable that it resemb1es;Jia;~ ~(!>Hfe'f<>tm 
of some dragonfly. oymphs, in ·the te>rrent,. for io~i~ +~~~ 

. tQ the subfamily Gompbinae or the family !p~~, ·' · · · · 
The .IJ.1Byflies of the family Ephelllerel~\\. : ..... ·i~~ 

some g~ by some authors but in recent ,y~r• ~l'~ver ~ 
again unitei various ge111era into one origin·algeQ~ · affd l < · 
followed their classificat{on in the precedintt PaPef:~.: . . .. > . . . . ..· . f~! 
their life form it seems to me that there are at · ~ut::~~Yi<t<'l~ps 1n ; 

' ~ .. ; ' - . - ' - "° ·:~'-·: - ., '.'·':·' ~.<• '. ··-·,{·;. . ' ' ' ; 
the Japa~ese species of the genus Ephemer4ll4 ~· 'm~tt~M above, 
namely one grouir being composed of the more; ot ,~· ijlrge ston~ 
inhabitants distributed in the more or less r;apid.pa?t.of, ~e.curt~Qt 
as Epheme,,.lla. trispina or Ephemerella basdl£s;i :~ti;jfJ · .bting 
c-0mposed of the more or less small stone "' . . . . . . . .. < .·. ·. ·:.· ·. ed in 
the more or less slQ\V part of the current. as. Bp~f',llt1 nigia and 
almost all other sm~ll·s~zed speci~ Then •Js ~e- ~!~~pologiCal 
differentiation corre£1Ponding with this habitat .~ .. f9ri::t> lwi$h'":to:· 

. denote such. a morpbol0gical differentiatio.n a& ;~~~)·;j~i:;:· . '· ·.·• · · 
,· • ' ' ' ' ' . ·, - ,~-'. ·.<·-·:-~~~<~:~,~\~t::-;~: ~-- --~-~--\"·:-~~>~~{'><. <'.:::- --- :·"' 

Fro~tal .hero~ present. F1:~tat'li0f~:~. ;, ..... . 
Fore femur flattened, with spines on Fo~ fet).lut . ~~. ~~{wlt~lit .· 
its .anterior marlin. ap~ .on .ttf ~ ,il:ta~n~ ... · 

hi tbe. nympl!ll. Knee spines present. · K~ $~;~''..> .. 
Tail fringed. with dense hairs from .'rail , . . · ' · . · · 
the base to tbe tip. 

Caudal prolongation of scute!lal 
lamellae · abs¢nt. 

In the imagines ~ 
In the male, third joint of the for· 

. ceps Jong. · 

These 



EPheMerella in so far as the . .:tai:>an•ll!le•. sp~1~~. 
· corideft1ed. '.l will not claim 

sufficient to recognize th~ two szr<:~ilmL 
doubtless that this is a step repres1entiin1t ~i,e,,l)i1ffet:·et11:l••ion 
due to the change of the emr.1ro1nmren1:ar;•anm 

I '.have .already. ret)Orl:ed 
enlar,~d first giU-lameltae 
tne gen\lS Iron from Kh<~ll¥1'Lc 

·ind1'1iduaJ$ .. of·which llOSl:tess 
$pecies. with the enlatllled 
example whiCh Rl>TI!l!r:.Qtl!$ •··· 
'among the same· genus 

]lilt is there not any ..... ,.,., .. ". 
gitt-lameJtae · is derived from. t~at>.Of 
iatiQgtoward the slower curreu~.? ·ni .. 
is di$trfbuted only in .ithe rapid. partof 

" - ,- __ -- ~ --.: -: - --.-- - ~- - .,< __ :t·-

to the slo.w current m · its or1g1'l' as t .··... ..... \ 
Bleplla.loceriqae. . But 1 consi®rth~t lO ·~~yJi 
Uzed habitat correspoods to tJ;te't'bote · 
more generalized. habitafcorres~dS · 
If it is ad111~ible that the .n:iore,isgecial~ta~~;~; 
more generalized structur~. atid the ~at1:~~.,'. .... ~:,:ijt,( 
then ·it.· is also to be ·admissible. that '.t~e·· 
occQied . wh~n the $Pecializ~ st~~ 
geneiali~ed structure. .If. this <be trq~/the 
here discuss~ is al\Yara dif~te~ l . · . 

. l will . represe~t the ~ela · 
that .the 

the r•p 



··• .· .. ·.. ~YF~ F~_()M<J1!A~.~{~~~~~··; 
.·animal. ~ogy, the ·term •. synusia 'i w'lt~; ·· · 
by the life' tomi 'in plant eco10gy, th<>uah: .• 
needs to be modified or· supplemented.to•:a·•. ··· 't )thas;,been. · 

·/., - . . , - .- ·•·:~ ,.s.-·.~.;c":<-'.-,,·1.«'.;'"'.:·;,·5,':'., ,-~4«-f. '·. '· -·', , '.,. 

·recognized above that there are four niaiuJif~,~~-·$)1·1n Ja~ese, 
mayfly aymphs, namely. the. burrowing lit•· .l~j;~~- ptrchinl and .· 
swim.mirtg life form, ·the sticking and glldtna fifi'~]!mi at last.the' 

· coneealiag ~nd sprawling life form of the filmjJ.f~anei:lllidae. Are 
thes.e foar Hfe form groups immediately ~~'~'~.:.repre$eriting 
four. svnusiae if we are to isolate the· actual · · ·• · ·· · · · ;'Qdl a ljft. 
form grCIQp as an Object of our· field. st~ •.• ~~'., . . tnlilltlt , , . 
as a whole which consists of so many'' · · 

But. l consider the. conc~pt of a 
biodc CQlamW';lity .as a·whole. we.µ:ia:v r 
tO (our Jlte form grolltps as meatiOO.eti a ' '' 

·, recpgniztd two different life form stlbgroupa * 
we may ~so recognize two· diffeJ;ent)~tt · · ' 
different.life form ~ublr,oUPf5. On the. . . 
all life f~ms of mayfly nymphs tonstit. J4 
other ·aquatic insects· or invertebrates .of .• '" 

· life forrn .of mayfly nymphs is more closet# .. 
aquatic insects or invertebrates than any ~.·~ 

' ·, the life f()rm ot th,e ush. ' Mereove~, we· .. · 
~~rteb111tes inhabiting the .. streain •.·bed .: 
invertebnites inhabiting the eartll su~e · 
the life ;form of the aquatic 1nvertebra.~ JI: · 
ihat of the terrestrial invem&rates that£ :artif) ~ 

·larger. al)fl higher vertobtates.. . ·.· 3~'.'.: ?: . 
· Wh• .such a Hfe form group of w~ ;J; .r • 

CQnstituting a synusia, th.en it follows that".~; ·· 
belongs to only a subsynusia, and the bou11'1r 
division of a subf:iynusfa ? I do not iatend'.·tb:: 

. fication . ~re, .··but I . shall content mrsetf ·\Yo·i* 
'life zone.' with som~ .modernized meanln:J: •. f:G.:;t. 
which ls to be. segregated by the diffei' · ·· · ·· · · ' ·.~· 

·. terrestrial part and the aquatic part ma¥· 
these two are covered by one synusia. ·.. . 
recognized which are arrat:lged accordiiJ&·fo. 
the current, if the stream b.ed commuB.itj'. 

·. ponding fo one synusia. · Thereforet .. '<· 

. . :~.form gr.,s iµ,.ni~Y'tlf n~q,~:"111-kii 
i ~,~>·;~;:<.<> :. ~: ;''.~_~:"</;_;-> r;:}~.;:~;:~:~:.i\~;~~;:~?;i .. ···-· _·.:_'.--. ~·~::}:'.~~L ·: =- - - _.,_-,~<~_;,~:;:;-~>-- /: ·: ;:/:_::~;._ 

·-t.y<' 



!Wn111Sta. in •• ~~ ~ •eimatton'. COG'.I• 
the enviroarrietttalCOA~lon may •.atao 

a series of Jfe zones. wbi¢h $egregat~ . the 
o~• of the •ies of the gliding. life form is­
seiie& oflife ~on~ ;:is E~on•rus--~rus 
~- .. gill~~-11~ An4 fat• ~ w~ w~.?e ., . ., 
life·icne segeegation· ~() ~ epecific dlfferenti ·· ·· 
siJlce the s~ia ~~ys~~Unto qui~ ho 
but a sjnu&ta- QI 1{JJpecifs. .. 'fben the • · .. · 

· z®es in the.· synusia of ohe of the g{iding' life· 
e>;l\Ce again)w the . series pf life ~Ond: 9f a~ 
:Ef!Jyonurus. )Q$hidae~/JIO~ ·· zatifolium · · 
;_£jleon1'$ uenpi~ · · ·· ·· 

. ,, ' ' ' ' ;: ~ 

. .· . . . . .· . . '7;:6)~:i;:3~f::;\•(1::.. •'· ' 
These are the relations between life form..-¥~~·: a~rl .. ~~ 

lt is needlesa to say that such a . life plieno 
by · us only · .. because every animal ha$.' a · 
structure. And I .have ctemom¢rated b.(mr 
meru>:n is, as a ~le~ ~~. 'if:~·stli~/~ 
well· as. the ttructural aftimtY · arnt?J,1g .~'· · ·' 
that the syStem of the biotic world iise'tf is 
differentiatiOP as .. well aa tbe structu~l .~ 
Tben. taxonQiny~ which ;ahns to study.the ':'"; 
-well a~ .the:/structural ~ity., •hot®. be pr, , 
in~al fiel• research ~sable in' ~!e' s,#i 


