
Legs. Chaetotaxy of tho last threes segn~ents of Leg I\- varies greatly from 
thc other legs (Fig.  9 ) .  A double ro\v of simple sl~inous sc tw arises along thc 
lateral marpins of thc 1-entral surface of the genu and tibia. The scxtac. get longer 
to\vurd the distal end on each segn~cnt. tc~rminati~ig in a clump of six to eight 
setue. On thr  dorsal surfaccl of thc gcnu and tibia arc four sinll~lc. setae. The 
tarsus contains four \.entral spinous setae and one dorsal. Thc nurnber of hair- 
like setae present per segment of Leg IY is 0-0-0-2-1-(:31-30). From eleven to 
fifteen minute setai, arc priTsc.nt in a row along each lateral sidc of the tarsus. 
Size of the segments of Icg I\' vk~rics anlorig indii-iduals of tht, saint, a i d  of the 
c)~~positclscls ( Tabli. IY ) . 
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KO\\,  l~l(:1~hlill 1970. ?figs: ' , ~ ~ . I I Ig ~ ~ i t l r~tlorpIiolog>- a~l t l  \\.. EpIlrll~~c,rol>tcra 
;~tlhesi\r 1a)t.r Sol-11ratio11. Trar15. . \ I I I ~ Y .  hlicros. Sot,. SO: 205-2l)0. 'I'lrt. rcsgnlar occur- 
rencr of a spn.111 glritlt, in th r  ;~tIlic.\ivt, la? el., tlrr co~is t ; l l~ t  ot tlre ,l>rr111 g l~ i t le  a l i g l l m ~ r ~ t  
\vith t l ~ e  nricrop1lar c,all:il, ,lnd t l i ~  prfiencc. of sperm ;,tiidr\ ant1 atll~csi\.e layrri  or1 
eggs tlis\rctcd ho111 I I J I I I ~ I I : L I  \ tiiws il~(lic.;~tc tlic. acllrt.si\v t11;it in t111, E p l ~ n ~ ~ c , r o l > t e r ; ~  
1,iyer I ~ I I I S ~11e tlrpositc~l 1 ) ~ .tilt. tolliclr ct'lls .iftc.r tlrrsc. a;Iirir evil\ liavc, laid tlo\v11 
tilt. elrorion. 711~is acllit.i\t, 1a)c.r t l rpos i t io~~ is tlllis corliplctc.cl prior to fel.tiliratiol~. 

It is generally l)clie\,c.d that the chorion of insvet eggs is thc last Iwycr 
depoaitcd !)y folliclc cvlls, and that xcessory (o r  coll(~teria1) glands are rc3spon- 
sil~lcfor thc~ deposition of any suprachorionic udhesi\.c~ 111atrrial. 

' Presrntcd D e c r m l ~ e r  1,1968, iri Unllas, T?\as, at  t l ~ r  I<)(% i u r ~ ~ n a l  of tlir mec~tir~g L11to-
111ologic;il Socirty of America. Tllis researc-li was suppo~tec!  ill part 1,)- a graut fro111 the  Xation;~l 
Science Fonl~tlwtion. (:eorge F. Eclil~~nrtls,Jr., Prirrcip;~l In\c,stigator. 


' l ' r r s c ~ ~ taddress: C;c,ogr;~plly ant1 E~r\- irorlr i~c~~,t~il  
Depi . of b;lrginc~rring. 51:3 .\me,$ I Iall, 
l ' l i t~ solin IiopLilir l 'ni \  r ~ s i t y ,  Daltinrorc.. II;ir\.l,uitl "218. 
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There arcx, howecer, som(~ rctercilccs to the contrary. Johaaajen & B11tt ( 1931?, 
fiq. 26) illustrated a "lilucous layer" bet\veen the tollicle cells and tllc chorion, 
but said nothing about ~t in the teat. Hinton (1961) found "\iscous ~ilaterial" on 
egg5 in the ovarioles of Nepcz cinerea L. (Yepidae),  and this ~natcrial  reacted 
diffwently to identifying reagents than did the accessory gland contents. Dis-
cussing Helnipter'i, Cobben (1968, p. 259) stateci that "c\idence strongly suggests 
that thep [suprachorionic ICiyer\] are also generally secreted in the o\ariolc." 
S\T c,mey et dl. (1968) indicated th'it in Lljftc~ n~cttalli Sap ihleloidae) "mucilaqe" 
is secreted by the lateral o\ iducts instead of the 'tccessory glands. Brinck ( 1936), 
in a detailed study of the reploductive systern of P l e ~ o p t ~ r a ,  statcd that actLessory 
glcinds mere found in onr gtanus onlv (Pelloder) In a sirnil,ir study ot 
I<ph(hn~eroptera,Brinck (1957) stated th'lt accessory glands are absent, although 
Ircl  clid not state the source of the a d h e s i ~ e  rn'itclial co'iting the eggs 

To my Lnon7ledgc the origin and dcposition of the adhesi\c matt.rial toul~d 
o11 Ephnnel optera eggs has ncx er been descl ibed. T h r  underst'lnding of thcsc 
phenomena can be of grr'it \aluc~ to studies ot cxtcrnal egg morphology In t11,it 
511cli ,111 understandmg nould aid the interplctatlon of ho\\ other egg structures 
'1ro formed 'tnd ho\r thep h'i\ (, c\  o h  cd. 

Tlr(1 purpose of this p'iper 1s to report niy d<it'l and theory rele\ ant to adhcsit c 
lC1!c~r iorrnation in thr  lSl>hcrnr~roptc~ra. Thchse dat,t brc'tr~lc. ob\ious durlnq '1 

morphological studv of eggs of representative genera ot ,111 tamilic~s of Ephen~r r -  
o p t c ~ . ~ ~  Tliv qoal of that resrarcl~ \r '1scucept the P a l i n q c ~ ~ ~ ~ d a c .  to collrc t d , ~ t ~ ~  
to] '1 1)hylogruotic jtritl) of tlx. ordcr, and thost. ~esul ts  ~ 1 1 1  lje pul~lishrtl ~t '1 

I , l tc~ d , ~ t c  

\ L A I F K I A I  5 \";I) LIFI I T O I ) ~  

Tlrct tcchniclucs u j c ~ l  \\ (%I( 'esscnti llly those descnbc~d 1)) Koss ( 1968) . The 
csgg\of .~pproxim,rtely 100 gvnera and 223 species of exotlc and n'ttivc Epherner- 
optora \ \err  slide niot~ntocl ,111d ex'tminrd. Tlie eggs \felt. diswctc~d from 'idult 
ind m'iturr ny111p11,1lf(~~11'i1(,51)ccirne1l5. most ot \\)hlch \i7err c~\ail,il)l(t ,it tlie 
Entomology ;Iluseum of the, Unii (,I-sit) of LTtTt,th. S'ilt Lahe City. These, speclrncns, 
togrthrr with one srt of slides 'ire presently housed in tli'it ~l~uscuim.I ha\ t, 
I rtained they only other styt of slides. 

ChIC-S \la4 used ,is a mounting nlc,d~um, 'tnc3 geric~r,tlly thv eggs n e r r  
mounted \i7hole. CAI(:-S is :I product ,t\'~il,tblc fro111 the Ciel~eral Biologic'll 
Sul)ply House. (Turtox) ,  Chi~.~lgo,  Illinois. Son~r. studic~s wvrr cairied out on 
fresh egqs or on eggr 1ayt.d in \\later 'ind kept therr for 12 hours 1)efolc. 13re5erv't- 
tion and 'or mounting. ?rlost tyggs. ho\i,rvrr, \i7vrc dlssrctcd from sprcinlens th'it 

FIGS. 1-8. P'igs. 1,2. E[)lic,r~~r'rcr E:itc~11, sperili guide. x 1120, 1 .,,rr)~)~cj.rifo S11rfnc.e vietv. 
2. 'l'angeritrtl view. 3. I1c7sc~pr,nioI~ilii~cnfo( Say 1 ,  11iicrol)ylr arltl c.llorio11. ~ 5 8 0 .4. FIosci-
genia ~~rul rda  rnr~ildn Eaton, tangential \ i ev  of prosirllal portion of \perm g ~ ~ i d r .  xTOO. 5. 
Ehtotric'ci scholitdc>ni (, Nnras ), snrfar,e \ iew of c-liorior~. x l 120. 6. Iic,)~fcigc~niutik11ci.riu 
Rurks, micropyle and cl~orion. ~ 8 0 0 .Figs. 7,H. E .  ,i.c,lrontede~li. x 1120. 7. S11rfac.e 1-iew. 
Focused rriitl\\-ay in d c p t l ~  i;i ;~dhesi\>e1n)rl.. Chorionic. ritlccr ili hackground. o11t of focus: 
:itihesive layrr retic,ulation in for~grol~nt l ,  in Focus. 8. Tarigerltial view of c l~or io~iand :irlhesi\c. 
I:lvrr-..2 - - .  

i\l>l~rrviatiorls:a1 zatll~i*sivt: layer; ~ i l r  = ;,tlllr\i~c layer reticulation, (, r: c.horion, csy = 
clrc~ric~nicsperrn guide, mc = ~nicropylar cilniil. rno = rnicrupylar operiing, r = ridgc (strnritl 
of cllorionic reticulatiorl ), sperm guide. ssg := s~~prac l io r io~~ ic  

hlicroscopy: Figs. :3 and 6; pl~nsc cor~trilst: other figs,, interft~rmee cor~trast. Figs. 1,5; 
and 7 sliow rclic.f, and the lines ~rlarkrd "r.' ( ridge j sl~c-lilld appear as raisetl virlgrs; the spc:rsii 
pride in F i q  I slior~lcl :ippenr us ;L voicl in the adhesi\-e layccr. not as a r;lisecl sii~.f;~cc'. J,ight 
~,rojccbts f'rolli tol) left in tl~c: ir~tc.rfr,r.rlic.r> co~ltl.;ist pictnrrs. 
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\ v c ~ c  prcser\-ed in alcohol at the time of collection. Eggs from tlried specimeils 
ditl not respond satisfactorily to mountillg in ChIC-S, and therefore \vcrc, not 
uti1izc.d in this study. 

A Curl Zeiss Photomicroscope equipped with phase contrast and Nolnarski 
il~tc~rfc~rcilce attach~nellts \\-as used photography:contrast for ol~servation and 
the nrag~lific.ation range was froln :ti60 to x 1600. All photogrnphs \i7c.re takc~1-i 
!\.it11 Kodak Panatomic-S film. 

1'1i(l ~nicropyle (Figs. 3, 6 )  is the structure which nllons sperm to enter the 
vgg. a n d  on Ephemeroptera eggs it normally coilsists of two parks: the sperm 
guide, ;uid t11c micropylar canal. The sperm guide is n void or deprc~ssion in the 
:ucli:c~si\c material and or an exterilal chorionic depression nsuall) lacking sculp- 
luri~iq tund attnchnient struct~irc~s; it leads to and prc~suinably aids in dirc~cting 
spc3rlrr t o  t11c~ rnicropylar canal. It is almost alnrays of a nearly cbonstant shapc 
l'or ;l~t!. o ~ ~ c .species. Tlie rnicropylar canal is a tunnel-like passagcx leading from 
tliv s l : ( ' r ~ ~guidc, through the chorion, and into the egg; it may tcrminnte at thc 
i111lr.r surface of the chorioli or continue, into the egg for a short distance ( s w  
(lie l)rokc.~r piece of cllorion illustrated in Fig. 49 of Koss 1968). .~Ithough this 
111icrol)>lar tclrminology diffcrs slightly from that used by Koss ( 1968) .  the. other 
Lc.rmi~tolog>-used herein is adequately explained in that pul~lication. 

111 .in~rlctopsinae (Siphlonuridae), Stc<norzenia (c,xc,ept th(. illter))lcllctc~tlit,~ 
sl)ccic~s-group) ( 13eptage:iiidae ) , Hehni~lgiidae, and most Ep11emc.ridac. ( anlong 
ot11r~1.x) ,  ill which polar caps and accessory attachment structures arcx us~~a l ly  
lac,ki~tg.tllcre is a \yell-de\~rlopt.d adhesive layer cx:c,rnal to the cllorion. In such 
groups tl~c, sperrlr guides arc, de\-eloped in the. adhesi1.t. layer and t11us thcx guides 
are sl~lxachorionic( Figs. 1. 2 ) . Hon~c~r-er.in Epllettlcrc?lla ( l+:pliernerellid:rt.) 
Tricor>thidae, Potanlnnthidac and most Heptagclniidae, in \vhich polar caps 
~ ~ n d  structures are present. tilcl aclhesi1.e layer is allsent. or actcr,ssory att i~cl~ment 
111suc.11 i~lstances~ thc sperm guidrs are dr\~c,loped in the choriorl and thus the! 
arc cl~orionic (Fig.  6 ) .  Lastly. t h r w  are sonic groups (e.g.; ZIc.~'lcetlirl s.1. 
Ephc~~tc~r i i i a t~)in which thc sperm guidc is cliorionic as \veil as sul~racl~orionic 
( Figs. :3, 4). lit all three c,onciitionr, tht. sperfii guidc llas always Iwcn ol)ser;.c~tl 
t o  be in dirclc,t alignmc~lt ~v i th  thc mic,ropyler canal. 

A \.er>7 note\\-orthy obsrrvation \i7as that dissc~cted out of thr lateral 
oviducts of mature nymphs as \yell as adults. are alrc~iidy suppliecl \ i ~ i t l ~  thc~ 
adhesive layer and or other attachrnrnt structures plr~s spt.rin guides of I~o th  
chorionic and silprael~orionic types. 

Thr, eggs of some h:phc,mc,ridae sho~v patterns in the‘ ndhcsi\e layer \vhich 
rt.sem11le thr' sculpturing and thus tht. dcl7ositioii of the chorior~ (Figs. 3; 7 , 8). 
Thc adlicsi\.r layer is copiot~s on eggs of most ephcrnerid genera, and in 
Errtonigenicr, Eatotlic,:~ and I I r ~ ~ t r y ~ ~ t l i a  s.1. it frcl!lr~cntly contilins ;I 1argr.-r~esli 
rrtic,ulation formed by splits ( Fig. 7 ) . 111 son~e  cascs tllr .splits ar? \ )~rclr r rd  1 y  
atihcsi\e layer tliickc.nings (Fig.  8 ) .  and in all  cascxs cAxcryt E:~totric(etlir~ tl!c. 
adhesive layc\r rctic~~rlatioii corrrsponds to a c,horionic one (Figs.  5. 7): in 
Enfonigr~tlitr t l i ~  chorioii lacks :I rc,ticulation 

The regular occurrence of a spt,rIn guidt-* ill the. sd1ic~si1.e layer, ;lnd thr, 
constant alignment of the spern! guide ~ v i t h  the rnicro1)yl;xr canal. indicatra that 
in tht. Ephemeroptera thc adhesive layer must be  dc~positcd prior to fcrti1iz:ltion. 
and it must be deposited by tlzc. follicle cells after tliest. s;u~rc calls h a w  laid 
do\vr~ the chorion. The choricrn is secreted arounti protoplasmic projections of 



thy follicle crlls in ordcr to form tllv micropyl;w canals ( Korschelt 1884: Johann-
sc.11 iilld Sutt  1935) . that tllc. adht.si\.c layer must1 l~el i (~vc~ subsrclucntly 1,c. 
srcretcd ;wound th(1 same protoplasmic proi?ctions for it to for111 the adhc,sivc 
layer sprrlil guides \r-hich are alnrays in alignlncnt nit11 thcsc ~nicropylar canals. 
There) is no apparerit r~aso11 \vliy supraehorionic sperm guidcs should be prcwnt 
so l~crsistt~ntly or at all if the adhesivc layer \vc.rc sccrrtcd by sonre non-follicular 
me;lns after ft,rtilization. Furt1rrmc:re. the prcscrice of adhcsive material and 
slx'r111 guides on eggs dissc.cted from nymphal sptlcirncns is conclusi\zcx c\,idencc 
of a prc-fertilizatiol1tio deposition of thc ad1:esivc lay?:. 

Additional evidener of the folliclc~ ctxll solc~ in adhcsi\,e liiycr secretion may 
1:ossihly 1 ) ~seen on those Ephelnc~idatiol1ie eggs \vhieh possess an adhesi\,c. layer 
reticulation. This adhesive layer reticulation could be an indication of secrcti1.e 
activity of the follicle cells. or it may only reflect compaction of the eggs during 
storage in th(1 latvral o\~iducts. The lack of a corresponding chorionic rcticula- 
tion 011 Eclfo~~ig,ieniaeggs oppost,s the h t t e r  view, but the incornpletcness of the 
at1hcsi~-(1layer reticulation on rnany Ifcxclgenicl s.1 eggs confirrns it. 

Se\-c.rthclc,ss. t l ~ v  c.\~itl('nce glvaned from spcrln guide n~orphology and acl-
hesit,? layer occrlrrcxnce on eggs dissected front nyrnpilal stages clcarly sho\vs 
that follicle cells. instcad of accessory glands. arc responsible for dc,position of 
the adhcsivc layer on E p l ~ e ~ ~ ~ c ~ o p t e r aRycaust. of this place aucl time of eggs. 
deposition. thc, sperm guide is al\va!:s in :~lignment with the micropylar canal 
tvb(>thcr the gliitlr is in tht. :ldl~c.ivo layer only or in the ;~dhcsivr layer and the 
chorion. 
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