
f '
I This dissertation has been
I microhlmed exactly as received 68-13 ,560
I
I HORNUFF Jr ., Lothar Edward, 1928- 
i  FUNCTIONAL MORPHOLOGY OF THE EXTERNAL
I GENITALIA OF NEARCTIC DAMSELFLIES
I (ODONATA, ZYGOPTERA).

The University of Oklahoma, Ph.D,, 1968 
Entomology

University Microfilms, Inc., Ann Arbor, Michigan



THE UNIVERSITY OF OKLAHOMA 

GRADUATE COLLEGE

FUNCTIONAL MORPHOLOGY OF THE EXTERNAL GENITALIA 

OF NEARCTIC DAMSELFLIES (ODONATA, ZYGOPTERA)

A DISSERTATION 

SUBMITTED TO THE GRADUATE FACULTY 

in  p a r t i a l  fu l f i l lm e n t  o f the  requ irem ents f o r  th e

degree of 

DOCTOR OF PHILOSOPHY

BY

LOTHAR EDWARD HORNUFF JR. 

Norman, Oklahcma

1968



FUNCTIONAL MORPHOLOGY Œ  THE EXTERNAL GENITALIA 

OF NEARCTIC DAMSEIfLIES (ODŒATA, ZYGOPTERA)

APPROVED BY

iJ Â ^



TABLE OF CONTENTS

Page

LIST OF TABLES ............................................    iv

LIST OF ILLUSTRATIONS .................................................................  v

C hapter

I .  INTRODUCTION ...................................................................  1

I I .  METHODS .............................................................................. 7

I I I .  RESULTS AND DISCUSSION .............................................. 8

IV. SUMMARY.............................................................................  30

LITERATURE CITED ...........................................................................  32

iii



LIST OF TABLES

Table Page

1. L ocation  o f Sperm M a te r ia l du ring  th e
Reproductive Sequences .............................    15

IV



LIST OF ILLUSTRATIONS 

Figure Page

1. R eproductive p o s i t io n , Tandem ...........................    2

2. R eproductive p o s i t io n . Sperm t r a n s l o c a t i o n     3

3. R eproductive p o s it io n , C opulatory id iee l  ............... 4

4 . Second abdominal segment o f A rgia m oesta . . . . . . . . . . .  9

5. Term inal abdominal segments o f L es tes  un g u icu la tu s  . 12

6 . Mechanism o f sperm t r a n s l o c a t i o n .............................  18

7. Male n in th  abdominal s e g m e n t...............................................  19

8 . Spermatophores o f Zygoptera  ..............   21

9 . Spermatozoan o f  Enallagma c i v i l e ....................    23

10, C opulation in  A rgia v io la c e a , l a t e r a l  v i e w    25

11. C opulation in  A rgia v io la c e a , d is s e c te d  view ............. 26



CHAPTER I  

INTRODUCTION

The sequence o f even ts in  the  rep ro d u c tiv e  behav io r o f zygopterans 

i s  the  same f o r  many, i f  n o t a l l ,  sp ec ie s  (Buchholz, 1956; B arra , 1963; 

Heymer, 1966; Bick and B ick, 1961, 1963, and 1965a; Bick and Sulzbach, 

1966; Bick and H om uff, I 965 and 1966), The b e h av io ra l sequences a re  

as fo llow s:

( 1) th e  a r r iv a l  o f s in g le  males a t  w ater, th e  m ating s i t e ,  u s u a lly  

during  l a t e  morning, and th e  e stab lish m en t and m aintenance o f t e r r i 

to r i e s  a sso c ia te d  w ith  s u i ta b le  perches a t  o r n ea r th e  lan d -w ater 

in te r f a c e .

( 2) th e  fem ales a r r iv e  a t  w ater a t  midday and a re  im m ediately 

se ized  by m ales, A .brief tandem f l i g h t  fo llow s the  cap tu re  o f the  

fem ale by the  male, u s u a lly  away from w ater to  a  s u i ta b le  perch  w e ll 

above the  ground as i l l u s t r a t e d  in  F igure  1,

( 3) sperm tra n s lo c a tio n , or th e  t r a n s fe r r in g  o f sperm by th e  male 

from h is  gonopore on th e  v e n tr a l  su rface  o f h is  n in th  abdominal segment 

to  h is  pen is v e s ic le  a tta ch ed  to  th e  p o s te r io r  end o f h is  second abdom

i n a l  segment (F igure  2 ),

(4 ) co p u la tio n  (F igure  3) im m ediately fo llow s sperm tra n s lo c a tio n  

and l a s t s  f o r  a  vary ing  tim e in te r v a l  r e l a t iv e  to  th e  p a r t ic u la r  

sp ec ie s .

( 5) endophytic o v ip o s itio n  fo llow s co p u la tio n  and i s  u s u a lly  in

1



Figure It Reproductive position. Tandem.



Figure 2: Reproductive position. Sperm Translocation.



Figure 3: Reproductive position, Copulatory Wheel.



5
tandem. The le n g th  of tim e and s i t e  o f o v ip o s itio n  v a ry  w ith  th e  

sp ec ie s . At th e  com pletion o f o v ip o s itio n  a second a ttem p t a t  copula

t io n  w ith  th e  female by th e  same o r a  d i f f e r e n t  male may be i n i t i a t e d ,  

b u t, most o fte n , i s  u n su ccessfu l because o f th e  com pletely  p ass iv e  or 

a c t iv e ly  uncooperative  re a c tio n  o f th e  fem ale.

( 6) b reaking  o f tandem and the  immediate leav in g  of th e  reproduc

t iv e  s i t e  by th e  fem ale. The male a ttem p ts  to  r e - e s ta b l i s h  a  t e r r i t o r y  

and mate again  i f  a  new fem ale i s  a v a ila b le . The le n g th  o f time o f the  

complete sequence and th e  number o f o th e r males p re se n t a t  th e  mating 

s i t e  u s u a lly  p rec ludes a  second m ating by th e  male.

The o b je c t o f t h i s  s tu d y  was to  b e t t e r  e x p la in  sperm tra n s lo c a tio n  

w ith  d e sc r ip tio n s  o f the  n a tu re  o f th e  m a te r ia l  t r a n s fe r r e d  and the 

sperm atozoa. The tim e and mechanism o f sperm tra n s  lo c a t io n  by th e  male 

a re  o f i n t e r e s t  because th ey  a re  d i s t in c t iv e  in  t h i s  Order o f in s e c t s . 

Speaking of the  Anis o p te ra , which show homologies w ith  the  Zygoptera, 

T il ly a rd  (191?) s ta te d :  "The co p u la to ry  apparatus o f th e  male D ragonfly 

i s  one o f th e  most rem arkable s t ru c tu re s  in  the  Animal Kingdom. The 

'p ap p a l organ’ on the  ped ipalp  o f th e  male S p id er, and th e  hectoco ty lous 

arm of th e  Cephalopod M ollusc, e x tra o rd in a ry  as th ey  a re , do n o t d efy  

a l l  ex p lan a tio n , s in ce  in  each case th ey  a re  m o d ifica tio n s  o f an ap

pendage a lre ad y  p re se n t. But th e  apparatus of th e  male D ragonfly i s  

n o t homologous w ith  any known organ in  th e  Animal Kingdom; i t  i s  n o t 

d e riv ed  from any p re -e x is t in g  organ; and i t s  o r ig in , th e re fo re , i s  as 

complete a  m ystery as i t  w e ll could b e ."  L i t t l e  i s  known concerning the 

mechanism of tra n s lo c a tio n  o r th e  n a tu re  of th e  m a te r ia l  t r a n s fe r r e d  

by the  m ale. Various accounts in  th e  l i t e r a t u r e  (A lexander, 1964;

Davey, i 960 and 1965; H inton, 1964; B rinck, 1958» K h alifa , 19^9:
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Whedon, 1919; and T i l ly a rd , 1917) r e f e r  to  t h i s  m a te r ia l  as th e  sperm 

mass, sperm capsu le , o r sperm atophore. The l a t t e r  term  i s  most widely- 

used, b u t -there i s  no c le a r  d e s c r ip tio n  as to  what co n stitu -te s  a  

sperm atophore. The broad d e f in i t io n  o f th i s  term , as used in  th e  p re sen t 

s tudy , i s :  "a  pack e t, cap su le , o r mass which co n ta in s  sperm atozoa.”

This s tudy  a ls o  d e sc rib e s  th e  mechanism o f "hooking-up” o f th e  

male and fem ale du ring  co p u la tio n , h e lp in g  to  c l a r i f y  th e  ro le  o f the  

complex gen i-ta l appendages. Most re p o r ts  a re  based upon the  morphology 

o f the  e x te rn a l  g e n i t a l i a  and a  canparison  wi-th th e  s im ila r  s t ru c tu re s  

in  the  A niso p te ra , b u t -there a re  a  number o f n o ta b le  d if fe re n c e s  in  

the  morphology o f th e  two groupai, even though th ey  a re  considered  to  

be homologous. In  h is  d e sc r ip tio n s  o f d if fe re n c e s  bet-ween th e  dam sel- 

f l i e s  and d ra g o n f lie s , T i l ly a rd  (1917) n o ted  th a t  -the pen is  o f th e  

dam selfly  i s  n o t a t  a l l  a tta ch e d  to  the  pen is v e s ic le ,  as i t  i s  i n  th e  

d ragonfly , b u t i t s  lumen i s  continuous w ith  th e  g e n e ra l body c a v ity , 

and, a lso , u n lik e  th e  d ra g o n f lie s , -there i s  no e x te rn a l  opening -through 

which sperm m ight pass during  im pregnation o f th e  fem ale. The pen is  

a lso  ap p a ren tly  la ck s  m uscles, nerves and trach eae  in  th e  d a m se lf l ie s . 

Walker (1953) no ted  th a t  th e  pen is i s  sep a ra te d  frcaa th e  v e s ic le  and 

s ta te d :  " I t  i s  n o t known how th e  pen is fu n c tio n s  in  conveying th e  sperm 

capsu les to  th e  fem ale g e n i ta l  a p e r tu re ."  Kennedy (1917) d esc rib ed  the  

pen is as th e  only organ which serves to  ho ld  th e  male and fem ale o f 

Ischnurr, ce rv u la  to g e th e r  du ring  co p u la tio n .



CHAPTER I I  

METHODS

R esu lts  a re  based upon f i e l d  o b servations o f  zygopterans a t  a 

number o f  ponds, lak es  and stream s in  sou thern  Oklahoma in  th e  v ic in i t y  

o f th e  U n iv e rs ity  o f Oklahoma B io lo g ic a l S ta tio n  a t  W il l is ,  Oklahoma 

and in  c e n t r a l  Oklahoma in  th e  v i c in i t y  o f C e n tra l S ta te  College a t  

Edmond, Oklahoma. A d d itio n a l o b servations were made a t  o th e r l o c a l i t i e s  

in  Oklahoma, L ouisiana, and In d ian a .

Secected  in d iv id u a ls  were c o lle c te d  a t  th e se  s i t e s  and re tu rn e d  to  

th e  la b o ra to ry  f o r  a d d it io n a l  o b se rv a tio n s , d is s e c tio n  and s tu d y .



CHAPTER III

RESULTS AND DISCUSSION

Male E x te rn a l G e n ita lia  

In  zygop tera  th e  gonopore o f th e  male i s  lo c a te d  on the  v e n tra l  

su rfa c e  o f the  n in th  abdominal segment, covered h y  a  p a i r  o f g e n i ta l  

v a lv e s . The copulàtéxy  orgcùis, however, a re  lo c a te d  in  a  g e n i ta l  groove 

o r f e n e s t r a  along th e  v e n tr a l  su rface  o f th e  second abdominal segment 

and th e  a n te r io r  p o rtio n  o f th e  th i r d ,  and c o n s is t  of a  complex a rra y  

o f s t r u c tu r e s .  F igure 4 . D esc rip tio n s  o f th e  g e n i ta l ia  o f Aniso p te ra  

havebeen g iven  by T i lly a rd  (1917). H orror (1942), F ra se r  (1940 and 

1956) ,  Gardner { 1 9 % ) ,  Walker (1953) and Ponnawalla ( I966) w ith  b r i e f  

m ention o f a  few o f th e  s i m i l i a r i t i e s  to  the  Zygoptera, The fo llow ing 

d e s c r ip t io n  o f the  co p u la to ry  mechanism o f the  male A rgia moesta w il l  

se rv e  f o r  a l l  d a m se lf l ie s .

The l a t e r a l  borders o f th e  g e n i ta l  groove a re  the  v e n tr o - la te r a l  

m argins o f th e  second abdominal t e r g i t e .  A ttached to  th is  t e r g i t e ,  

along i t s  a n te r io r  h a l f ,  by means o f a  membranous connection, i s  a 

"U"-shaped s c l e r i t o ,  th e  a n te r io r  lam ina, which forms a  v e n tra l  s h e lf  

f o r  t h i s  p a r t  o f the  groove. The bend of th e  "U" i s  continuous w ith  

th e  in te rseg m en ta l membrane o f th e  f i r s t  and second segments. The arms 

o f th e  "U" a re  notched on t h e i r  m edial margins a t  a  p o in t a th i r d  o f 

th e  d is ta n c e  from th e  a n te r io r  ends. At those grooves th e re  a re  mem

branous hinges in  th e  lam ina, d iv id in g  i t  in to  an a n te r io r  and two

8



sp ira c le

a n te r io r  lam ina

l ig u la

penis

a n te r io r  hamule

p o s te r io r  hamule 

fe n e s tra

g lans penis

pen is v e s ic le

Figure 4: V e n tra l view of second abdominal segment of Argia m oesta, 

showing the  male e x te rn a l g e n i ta l ia .
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sm a lle r p o s te r io r  reg io n s .

th e  p o s te r io r  p o rtio n  o f the  g e n i ta l  groove and overlapping  th e  

a n te r io r  p a r t  of segment th re e  i s  a  sac , th e  pen is  v e s ic le ,  which 

serv es  as a  s to rag e  p lace  f o r  th e  sperm m a te r ia l  from th e  t e s t e s .  The 

v e s ic le  i s  a tta ch ed  to  the  ro o f  o f the  f e n e s t r a  n e a r  th e  p o s te r io r  end 

of th e  second segment by a  v ery  narrow  membranous connection , as i l l u s 

t r a t e d  in  F igure  6 . Two s c l e r i t e s  lo c a te d  along th e  v e n t r o - la te r a l  

reg io n s  o f th e  v e s ic le  a re  th e  so le  supports  o f th e  sac and th e  membrane 

between them allow s the  v e s ic le  to  be d is te n d ed  when f i l l e d .  V e n tra lly  

a t  th e  a n te r io r  end i s  a  s l i t - l i k e  opening from th e  c a v ity  o f th e  sac 

to  th e  o u ts id e  through which th e  sperm m a te r ia l  p a sse s .

A ttached to  th e  ro o f  o f th e  f e n e s tr a  n e a r i t s  m iddle and extending  

a n te r io r ly  to  the  f i r s t  segment i s  the  membranous l ig u la ,  the  lam ina 

b a t i l l i f orrais o f Poonawalla (1966). I t  i s  concave p o s te r io r ly  and 

serv es  as a  sh ea th  f o r  th e  p e n is . The p e n is , u n lik e  t h a t  o f th e  a n iso -  

p te ra n s , i s  n o t a tta ch e d  to  th e  pen is v e s ic le ,  b u t i s  connected to  the  

ro o f  of the  g e n i ta l  groove im m ediately p o s te r io r  to  th e  l ig u la  and i s  

supported  by two tra n sv e rse  s c le ro t iz e d  ex ten s io n s  o f th e  main body of 

the  pen is imbedded in  th e  body w a ll. The body o f the  pen is i s  the  most 

prom inent o f the  e x te rn a l  g e n i ta l i a .  At th e  d i s t a l  end i s  the  mem

branous g lans p e n is , supported by s c l e r i t e s  th a t  a re  hinged to  the  

main s ta lic . Bas a l l y  th e  g lans and i t s  sup p o rts  a re  broad and s tro n g ly  

recu rved , v e n tr a l ly .  A groove can be seen in  th i s  p o rtio n  o f the  g lans 

along i t s  v e n tr a l ly  d ire c te d  d o rs a l  su r fa c e . The term inus o f the  g lans 

i s  g re a t ly  prolonged in to  a  p a i r  o f filam en tous e x ten s io n s . The pen is 

lack s  an opening to  the  o u ts id e . I t s  lumen communicated d i r e c t ly  w ith  

the  g e n e ra l abdcaninal c a v ity . T i l ly a rd  (1917) s ta te d  th a t  th e  pen is



11
lack s  n e rv es, muscles and tra c h ea e . I t s  a c tio n , th e re fo re , must be 

under th e  c o n tro l o f changes in  th e  blood p re ssu re  in  th e  abdomen. 

Normally th e  penis a t  r e s t  l i e s  w ith in  th e  f e n e s tr a  w ith  i t s  d i s t a l  

glfflis d o rs a l  to  th e  a n te r io r  end o f th e  pen is v e s ic le .  During co p u la tio n  

i t  i s  e x se r te d  v e n tr a l ly .

Along th e  c e n tr a l  margins o f th e  g e n i ta l  groove a re  membranous 

rid g e s  b earin g  on each s id e  a  p a i r  o f p ro je c tio n s , th e  a n te r io r  and the  

p o s te r io r  hamules, which a re  d ire c te d  m ed ia lly  and a n te r io r ly .

Female E x te rn a l G e n ita lia  

The fo llow ing  d e s c r ip t io n  o f the  te rm in a l abdominal appendages o f 

L estes ungu icu la tu s  w i l l  serve  f o r  a l l  d a m se lf l ie s . The female e x te rn a l  

g e n i ta l i a  a re  lo c a te d  on th e  v e n tr a l  su rface  o f th e  e ig h th  and n in th  

abdominal segm ents. F igure  5. In  th e  zygoptera  th e se  organs serve  a 

d u a l fu n c tio n . The fem ale u ses them to  p ie rc e  v e g e ta tio n  during  endo- 

p h u tic  o v ip o s itio n , f o r  which th ey  a re  w e ll adapted . O bservations o f 

th ese  s tru c tu re s  during  co p u la tio n  showed th a t  th ey  a ls o  fu n c tio n ed  as 

a means by which th e  fem ale n in th  abdominal segment and th e  male second 

abdominal segment were h e ld  to g e th e r  during  co p u la tio n , and to g e th e r  

w ith  the  male organs form th e  passageway hy which sperm m a te r ia l  i s  

conducted from the  male to  th e  fem ale. T i l l yard  (1917) and Walker (1953) 

d esc rib ed  th e  female organs, b u t d if f e r e d  as to  term ino logy . The t e r -  ' 

minology o f T illy a rd  i s  employed,

The te re b ra  c o n s is ts  o f two p a irs  o f m ed ia lly  lo c a te d  and pos

t e r i o r l y  d ire c te d , p o in ted  p ro cesses , th e  gcnapophyses, which compose 

the  o v ip o s ito r , Tiie a n te r io r  p a i r ,  th e  a n te r io r  gcnapophyses, a re  

grooved p o s te r io r ly  and a re  a tta ch e d  to  the  p o s te r io r  margin o f the



12

Figure 5: Terminal abdominal appendages o f Lestes 
u n g u icu la tu s . l a t e r a l  view, (a s  -  a s
sess  ory g land; b -  bu rsa ; ga -  a n te r io r  
gcnapophyses; g l  -  l a t e r a l  gcnapophyses; 
gm -  m edial gcnapophyses ; s t  -  s ty lu s  ; 
t  -  te re b ra ;  v -  vagina; vg -  gonopore)

V III IX

s t

vg

gm

( t )

ga



13
e ig h th  abdominal segment. The p o s te r io r  p a i r ,  the  median gonapophyses 

( th e  p o s te r io r  gonapophyses o f W alker, 1953) a re  a ls o  grooved ahd a t 

tached  m ed ia lly  to  th e  a n te r io r  end o f th e  n in th  abdominal segment 

im m ediately p o s te r io r  to  th e  a n te r io r  p a i r  in  the  grooves o f which the  

p o s te r io r  p rocesses a re  f i t t e d ,  A th i r d  p a i r  o f p ro cesses , the  l a t e r a l  

gonapophyses o r g e n i ta l  v a lv es , a re  f la p s  a tta ch e d  along th e  l a t e r a l  

margins o f the  n in th  sternum , ex tending  p o s te r io r ly  beneath  the  te n th  

segment, and each te rm in a tin g  in  a h a rd , b lack  s ty lu s .  These a t  r e s t  

form a v e n tra l  covering  beneath  th e  te re b ra , which i s  norm ally  r e t r a c te d  

w ith in  the  v e n tr a l  groove of th e  n in th  abdominal segment. During cop

u la t io n  and o v ip o s itio n  th e  te re b ra  i s  extended from th e  groove.

Sperm tra n s lo c a tio n

Some au thors r e f e r  to  sperm t r a n s f e r  as th e  process by which th e  

male im pregnates th e  fem ale. Others use t h i s  term  to  d esc rib e  the means 

by which the  male t r a n s fe r s  sperm from th e  gonopore oh the  v e n te r  of the  

n in th  abdominal segment in to  the  pen is v e s ic le  on th e  v e n te r  of the  

second and th i r d  abdominal segments p r io r  to  co p u la tio n . In  th i s  s tudy  

sperm tra n s lo c a tio n  i s  used to  d esc rib e  th e  l a t t e r  f i l l i n g  o f the  penis 

v e s ic le .

Buchholtz ( 1956) re p o rte d  th a t  she b e lie v ed  sperm tra n s lo c a tio n  had 

occured p r io r  to  th e  cap tu re  o f the  fem ale in  about 75^ o f th e  m ales, 

th e  rem ainder a f t e r  c ap tu re , and d esc rib ed  a  s tag e  in  the  copu la to ry  

behav io r during which, " th e  male f le x e s  h is  abdomen v e n tr a l ly  so as to  

make th e  fem ale’s head and antennae touch  h is  accesso ry  g e n i ta l i a ."  I  

have never seen such c o n ta c t, b u t the  d e s c r ip tio n  f i t s  e x a c tly  th e  even t
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of sperm tra n s lo c a tio n  as had been observed o ften  in  the  f i e l d .  R obert 

( 1958) d esc rib ed  a  s im ila r  occrsrrance in  which " th e  male bends h is  ab

domen w ithou t loosen ing  th e  fem ale and touches many tim es th e  v e n tra l  

su rfa ce  o f h is  second abdominal segment w ith  th a t  o f th e  n in th  segm ent." 

This i s  a ls o  undoubtedly  sperm tra n s lo c a tio n .

Corbet (I963 )  s ta te d  th a t  i t  i s  n o t known w hether co p u la tio n  

occurs only  once w ith  a  s in g le  tr a n s lo c a t io n  of sperm by th e  male.

Bick and Bick ( I 963 and 1965b) a re  convinced th a t ,  n ece ssa ry  o r n o t, 

sperm tra n s lo c a tio n  occurs p r io r  to  each co p u la tio n  in  Zygoptera. I  

have v ery  o fte n  observed sperm tra n s lo c a tio n  in  the  fo llo w in g : L estes

u n g u icu la tu s  (B ick and H om uff, 1965^, Enallagma aspersum and E, ex - 

su lan s  (B ick and H om uff, 1966), E. c i v i l e , E, ebrlùm , Ischnura  v e r t i -  

c a l i s , A rgia a p i c a l i s , A. v io la c e a , and A. immunda. In  every  case 

where I  no ted  i n i t i a l  s e iz u re , sperm t r a n s lo c a t io n  prededed co p u la tio n . 

During th i s  s tu d y  I  observed sperm tra n s lo c a t io n  in  E, c iv i le  2? tim es 

du rin g  fo u r  hours o f o b serv a tio n s  s p l i t  between two consecu tive  days.

In  every  in s ta n ce  i t  occurred in  tandem w ith  th e  fem ale a f t e r  i n i t i a l  

s e iz u re  and was fo llow ed im m ediately  t y  co p u la tio n .

In  many sp ec ie s  th e re  was o f te n  a  second a ttem p t a t  co p u la tio n  

w ith  a  female t h a t  had j u s t  com pleted o v ip o s itio n . These second 

a ttem p ts  were u s u a lly  b r i e f  and most o ften  u n su cc e ss fu l (B ick and 

B ick, 1963 and 1965a; and Bick and H om uff, I 966) .  A second a ttem pt 

a t  sperm tra n s lo c a tio n  has n o t been re p o rte d .

In  o rd er to  determ ine th e  n e c e s s i ty  o f sperm t ra n s lo c a tio n  p r io r

to  co p u la tio n , I  c o l le c te d  207 s in g le  males which a re  l i s t e d  in  Table

I  and re p re se n t 14 sp ec ie s  o f 7 genera . A ll were perched a t  o r n ea r

w ater, the  mating s i t e .  These were a l l  a t  the  s tag e  p r io r  to  th e  be-
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TABLE 1 .-L oca tion  o f Sperni M a te ria l du ring  th e  R eproductive Sequences.

(p .v . -  pen is v e s ic le ;  S .T . -  sperm tr a n s lo c a t io n ;  Cop, -  
co p u la tio n ; Ovi, -  o v ip o s itio n ; gona, -  gonapophyses;

(+) -  f u l l  s t r u c tu r e ;  ( - )  -  empty s t ru c tu re )

SPECIES 1S ing le  d p .v , 'S .T .  
+ -  +

SEQUENCE 
d p .v» 'C op.

+
d p .v . 'O vi.

+
d p .v . 'S  gona. 

+
Enallagma

c iv i le 2* 38** 27 0 50 5 0 34 5 17
basidens 0 14 - - 4 0 0 8 1 1

A rgia
sed u la 0 11 - - - - 0 39 — M
plana 0 8 0 1 6 0 0 18 0 3
immunda 0 12 - - 5 0 1* ?** 0 3
moesta 0 36 - - 3 1 0 16 0 4
a p ic a l is 0 12 - - - - 0 8 — —
nahuana 0 20 - - 2 0 - - 1 1
v io la c e a 0 11 - - - - - - 2 1

Ischnura
v e r t i c a l i s 0 12

H etaerina
am aricana 0 24 1 0 7 0 1* 4** -

C alopteryx
maculatum 0 4

L estes
d i s ju nc tus 0 3 - - - - - - -

A rc h ile s te s
g rand is 0 2 - - 1* 1** - - -

TOTAL
A ll sp ec ies 2* 207** 28 1 78 7 2* 136** 9 30

* -  In d iv id u a ls  only hali* f u l l .

** -  Inc ludes a  number of h a l f  empty in d iv id u a ls  e q u iv la en t to  th e
number o f  h a l f  f u l l  in d iv id u a ls .
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g in ing  of m ating. The pen is v e s ic le s  o f a l l  were opened and t h e i r  con

te n ts  noted . In  a l l  (ex cep t 2 in d iv id u a ls  o f E, c i v i l e ) the  v e s ic le s  

were empty. Li th e  v e s ic le s  o f these  two ind iv idualsm asses o f sperm 

m a te r ia l  were found ( v e r i f ie d  by m icroscopic exam ination) eq u iv a len t 

to  le s s  than  h a l f  of th e  c ap a c ity  o f th e  v e s ic le .  These could have 

re s u lte d  from incom plete or u n su ccessfu l co p u la tio n .

Twenty-nine males were c o lle c te d  im m ediately fo llow ing  sperm 

tra n s lo c a tio n , w hile s t i l l  in  tandem w ith  fem ales, b u t p r io r  to  th e  

begln ing  of co p u la tio n , in c lu d in g  2? in d iv id u a ls  o f E. c iv i le  and one 

each o f A rgia p lana  and H etaerina  americ a n a . In  a l l  ( except A p la n a ) 

d is s e c t io n  and m icroscopic exam ination o f the  co n ten ts  o f the  penis 

v e s ic le  rev ealed  a  mass o f sperm m a te r ia l  f i l l i n g  th e  v e s ic le  to  the  

p o in t o f d is te n tio n .

Random c o lle c t io n  of 84 males during  co p u la tio n  showed 77 in d iv i 

dua ls  w ith penis v e s ic le s  f i l l e d  w ith  sperm m a te r ia l , 6 empty, and a 

s in g le  in d iv id u a l w ith  a  h a l f - f i l l e d  v e s ic le .  The tim e and in te n s i ty  

o f c o lle c t io n , which probably  included  m ostly  e a r ly  co p u la tio n , would 

account f o r  th e  g re a t  number o f males w ith  f i l l e d  v e s ic le s .  The 6 

males w ith empty v e s ic le s  could hâve been in  co p u la tio n  f o r  some tim e 

p r io r  to  th e i r  being c o lle c te d . The g lans pen is o f p r a c t ic a l ly  a l l  

the  above in d iv id u a ls  o v e rla id  th e  s l i t  a t  the  a n te r io r  end of the  

pen is v e s ic le  in s te a d  of being p o s itio n e d  d o rs a l  to  the  v e s ic le  as i t  

was in  a l l  the  s in g le  males examined. During the  exam ination o f f iv e  

o f th e  above m ales, sperm m a te r ia l  was found in  a  groove formed hy the 

membranous a n te r io r  end o f th e  pen is v e s ic le  and th e  g lans p en is .

This d iscovery  le d  me to  th e  exam ination o f th e  e x te rn a l g e n i ta l ia  

o f 39 females c o lle c te d  during  co p u la tio n , in  n ine  o f th ese  in d iv id 
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u a ls  sperm m a te r ia l  ( v e r i f ie d  by m icroscopic exam ination) was fooad in  

th e  groove formed by th e  a n te r io r  and median gonapophyses, I  b e lie v e  

t h a t  sperm m a te r ia l  would have been found in  more fem ales i f  co p u la tio n  

had been allow ed to  proceed f o r  a  lo n g e r p e rih d  o f tim e.

D isse c tio n  and exam ination o f th e  pen is  v e s ic le s  o f I 36 males 

taken  during  tandem o v ip o s itio n , which in d ic a te d  th a t  co p u la tio n  was 

com plete, rev ea led  134 empty v e s ic le s  and 2 w ith  th e  rem ains o f sperm 

m a te r ia l .

The absence o f speim m a te r ia l  in  the  v e s ic le s  o f over 99$ of the  

s in g le  males in d ic a te s  th a t  sperm tra n s lo c a tio n  must precede co p u la tio n . 

T h is, w ith  th e  observations o f sperm tra n s lo c a t io n  in  tandem a f t e r  cap

tu re  o f th e  fem ale and p r io r  to  co p u la tio n , s u b s ta n tia te s  th e  observa

t io n s  o f Bick and Bick ( 1963b),,

The absence o f sperm m a te r ia l  in  th e  v e s ic le s  o f over 98$ o f the  

males taken  during  tandem o v ip o s itio n  in d ic a te s  t h a t  sperm were n o t r e 

ta in e d  in  th e  pen is v e s ic le  f o r  fu tu re  m ating, and th a t  sperm tr a n s -  

lo c a t io n  must occur p r io r  to  each  co p u la tio n .

The v e n tr a l  su rfa ce  of th e  n in th  abdominal segment o f the  male  was 

b r i e f ly  d esc rib ed  by Walker (1953) as a  " g e n i ta l  a p e r tu re , flanked  by 

a p a ir  o f sm all f la p s ,  th e  g e n i ta l  va lves"  (F ig u re  6) .  These valves 

v a ry  in  shape among th e  v a rio u s  genera, b u t a re  somewhat uniform  in  

c lo se ly  r e la te d  sp ec ie s  (F igure  7) and, in  a l l  c a se s , a re  hinged along 

t h e i r  a n te r b - la te r a l  m argins. During speim tra n s lo c a tio n  th ey  a re  

opened and h e ld  v e n tra l ly ,  p a r a l l e l  to  the  long a x is  o f the  abdoaraan.

The a c tu a l  passage o f sperm m a te r ia l  from the  male rep ro d u c tiv e  sy s

tem in to  th e  pen is v e s ic le  i s  accom plished through the  e ja c u la to ry  

du c t, the  sperm in je c to r  o f J u r z i tz a  (1966 and 1967), td iich  can be
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Figure 6: Mechanism of sperm tra n s lo c a tio n  in  Zygoptera, A -  V en tra l
view o f the  te rm in a l abdominal segments o f Enallagma ebrium ; 
E -  L a te ra l  d is s e c te d  view , showing d e t a i l  o f v e s ic le  during  
tra n s lo c a t io n , ( f - f e n e s t r a ;  gp-gonopore; pv-pen is v e s ic le ;
V -va lv e)

IX
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H e ta e r in a  amer ic a n a

Figui%  7 ; V e n t r a l  v iew  o f  th e  n i n t h  ab d o m in a l segm ent i n  Z y g o p te ra . 
( V -  g e n i t a l  v a lv e ;  g -  gonopore )
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e x se rte d . This i s  undoubtedly " th e  v e s t i g i a l  r e l i c s  o f the  male læxiis 

on th e  n in th  segment" r e fe r re d  to  by F ra se r  (1939). In  a l l  sp ec ies  

examined the  d i s t a l  end o f th e  e x se rte d  d u c t was expanded. F ie ld  

observations o f th e  process c le a r ly  showed th e  d u c t ex tending  between 

th e  n in th  and second abdominal segments (F igure  2 ), b u t the  expanded 

end o f the  d u c t was n o t v is ib le  and appeared to  be in s e r te d  in to  th e  

s l i t  a t  th e  a n te r io r  end o f th e  penis v e s ic le .  The s o f t  f lu id  n a tu re  

o f the  sperm m a te r ia l  would e a s i ly  enable  i t  to  be passed th rough  th e

e ja c u la to ry  duc t and d ep o sited  w ith in  the  v e s ic le .
/

Spermatophore

M icroscopic exam ination o f the  pen is  v e s ic le  im m ediately fo llow ing  

sperm tra n s lo c a tio n  or during  e a r ly  co p u la tio n  showed a  mass o f sp em  

m a te r ia l  which f i l l e d  th e  v e s ic le .  3n l iv in g  specim ens, I  found th i s  

m a te r ia l to  be r a th e r  f lu id  substance w ith  no d e f in i te  shape. Di f r e s h  

specimens i t  was n o t th e  j e l l y - l i k e  s tru c tu re  d esc rib ed  f o r  the  hemi- 

p te ran , Rhodnius, by Davey (1965), b u t my p reserv ed  m a te r ia l had th e  

appearance o f the  sperm atophore he d esc rib ed . There was a  tra n s p a re n t 

o u te r  reg ion  which was d e f in i te ly  c le a r e r  th an  th e  rem aining c e n te r  

p o rtio n , in  p reserved  m a te r ia l .  The c e n tr a l  p o s te r io r  reg io n  was more 

dense, being ccanposed o f the  mass o f sperm atozoa, as i l l u s t r a t e d  in  

F igure 8 . In  some in d iv id u a ls , e s p e c ia l ly  in  the  genus A rg ia , th e re  

was a c o n s tr ic t io n  o f th e  c le a r e r  o u te r  la y e r  toward th e  a n te r io r  end. 

In  many of the  p reserved  sperm atophores th e re  was seen an opening o r 

s l i t  a t  the  very  a n te r io r  end, o r, a t  l e a s t ,  th e  end appeared to  be 

to m  open.

As s ta te d  p rev io u s ly , i t  was im possib le to  determ ine th e  s iz e  and
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F ig u re  8 :  S perm atopho res  o f  Zygo p te r a .  Shape in d i c a t e s  
th e  shape  o f  th e  p e n is  v e s ic l e  o f  th e  m ale r a t h e r  th an  
th e  sp e rm ato p h o re  i t s e l f .  X 100

E nallagm a b a s id e n s

E nallagm a c i v i l e

H e ta e r in a  amer ic a n a A rg ia  p la n a A rg ia  immunda
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shape of the  sperm mass because o f i t s  l iq u id  c h a ra c te r  in  l iv in g  

m a te r ia l .  However, sperm m a te r ia l  from preserved  specimens v a rie d  in  

s iz e  and shape. Measurements o f  th e  p reserv ed  sperm atophores o f  13 

in d iv id u a ls  o f  E, c iv i l e  gave an average of 0 .78 mm. X o ,42  mm., 

ran g in g  from 0,68 X 0 ,32  to  0 ,90  X 0 ,50 , The shape o f th e  p reserved  

m a te r ia l  as shown in  F igure  8 was q u ite  v a r ia b le  among the  d i f f e r e n t  

sp ec ie s  and corresponded to  th e  shape o f th e  l in in g  membrane o f the  

pen is  v e s ic le  r a th e r  th an  t h a t  o f  th e  sperm atophore i t s e l f .  The con

s t r i c t i o n  in  A rgia corresponds to  a  l ik e  c o n s tr ic t io n  o f th e  male 

v e s ic le .  The sperm atophore o f a l l  sp ec ie s  examined were tra n s p a re n t 

and c o lo r le s s  w ith  th e  ex cep tio n  o f H. am erieana, which was d u l l  y e l

low in  c o lo r .

The spermatozoan o f E, c iv i l e  (F ig u re  9) i s  v e ry  e lo n g a te . The 

head i s  approxim ately  one m icron in  d iam eter, and ranged from 12.5 to

15.0 m icra in  le n g th  w ith  an average o f 14.5  in  18 measured in d iv id 

u a ls .  The t a i l s  were over th re e  tim es th e  le n g th  o f th e  heads, 

approxim ately  50 m icra , and g ra d u a lly  tap e red  toward th e  end from a 

d iam eter n e a r ly  t h a t  o f th e  head.

C opulation

No c le a r  d e s c r ip t io n  o f th e  fu n c tio n a l ro le s  o f th e  v a rio u s  organs 

o f th e  e x te rn a l  g e n i t a l i a  o f th e  second and th i r d  abdominal segments 

o f th e  male can be found in  th e  l i t e r a t u r e  o f th i s  group. T illy a rd  

( 1917) s ta te d  th a t  s in ce  th e  pen is  o f th e  zygopterans has no m uscles, 

nerves o r tra c h ea e , " i t  i s  d i f f i c u l t  to  say  what p a r t  a  poo rly  develop

ed organ o f t h i s  k ind  can p lay  in  c o p u la tio n ,"  and sp ecu la ted  th a t  i t  

m ight serve  as a  means by which th e  male holds th e  fem ale gonopore in
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MICRONS

Figuro 9 :  Spermatozoan o f Enallagma c i v i l e .
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co n tac t w ith  h is  pen is v e s ic le .  Kennedy (1917) b e liev ed  th e  pen is to  

be the so le  c lasp in g  organ during  co p u la tio n . Walker (1953) s ta te d  

th a t  th e  fu n c tio n  of th e  penis i s  n o t  known.

I  c o lle c te d  th re e  co p u la tin g  p a irs  o f d a m se lf lie s  which remained 

to g e th e r in  th e  co p u la to ry  a t t i t u d e .  These p a ir s  were im m ediately 

k i l le d  in  a  cyanide j a r  and p reserved  i n t a c t  in  a lco h o l. The sp ec ies  

were A rgia v io la c e a , Enallagma geminatum. and Ischnura  v e r t i c a l i s .

The f i r s t  two p a irs  were c a re fu l ly  d is s e c te d  a p a r t  and the  p o s itio n s  

and a t t i tu d e s  o f th e  v a rio u s  organs o f th e  male and th e  female e x te rn a l  

g e n i ta l ia  no ted . The th i r d  was c le a re d  and mounted whole on a  g la ss  

microscope s l id e .  The attachm ent of co p u la tio n  was found to  be the  

same in  a l l  th re e  p a ir s .  The fo llow ing  i s  a  d e s c r ip tio n  of the  a t 

tachm ent in  A. v io la c e a , b u t th e  same would app ly  to  the  o th e r two 

sp ec ie s .

In  A. v io la c ea  (F igu res 10 and 11) the  a n te r io r  and median gona- 

pophyses o f the female were in s e r te d  in to  the  v e n tra l  groove on the  

v e n tra l  su rface  of th e  male second abdominal segment w ith  one o f each

p a ir  on e i th e r  s id e  o f the  p en is . They were anchored t ig h t ly  by the

a n te r io r  laminae o f the  male. These were the  only s tru c tu re s  th a t  

func tioned  as c lasp in g  organs by e i th e r  sex  during  co p u la tio n . The 

l a t e r a l  gonapophyses o f th e  female were held  a p a r t and p a r a l l e l  to  the  

male abdomen and played no p a r t  in  the  a ttachm ent. The penis o f the

male i s  in s e r te d  between the  r ig h t  and l e f t  a n te r io r  and m edial gona

pophyses of the  female w ith  the  proxim al p o rtio n  o f th e  g lans penis 

extending to  the  p o s te r io r  bases o f both  p a irs  o f th e  gonapophyses in  

the  reg ion  of the  female g e n i ta l  a p e r tu re . The s t a lk  o f th e  penis was 

f i t t e d  in to  the  p a ir  of median grooves of th e  a n te r io r  laminae o f th e
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F igure 10; A vgia  v io la a e a \  C opulation, l a t e r a l  view, X 60. (<î: la -lam in a ;
p -p en is ; pv-pen is v e s ic le ;  s p - s p i r a c le ;  : a - a n te r io r  gonapophysls; 
g l - l a t e r a l  gonapophysis; m -aedian gonapophysis; s t - s ty l e )



AH). SEGABD. SEG. -  3

F igura 11: A rg ia  v io la c e a ^  C opulation, d is se c te d  view, X 60. (d : gp-g lans p en is ;
la - la m in a ; p -p e n is ; pv-penis v e s ic le ;  s p - s p i r a c l e ; f : a - a n te r io r  gona
pophysis; g l - l a t e r a l  gwiapophysis; m-median gonapophysis; s t - s t y l e )
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male which appeared to  hold i t  in  the  e x se rte d  p o s it io n . The d i s t a l  

ends o f the  g lans pen is  p ro truded  from between th e  gonapophyses and 

la y  on e i th e r  s id e  of th e  s l i t  a t  the  a n te r io r  end of th e  penis ves

i c l e ,  The a n te r io r  opening o f th e  penis v e s ic le  was p ressed  a g a in s t  

the  s l i g h t l y  p a rte d  bases o f th e  te re b ra  o f th e  fem ale, e x te rn a lly .

The hamules o f  th e  male p lay  no p a r t  in  the  a ttachm ent and were lo ca ted  

l a te r a d  o f th e  in s e r te d  gonapophyses. The p o s te r io r  hamules f i t t e d  

a g a in s tth e  a n te r io r  margin o f  th e  a n te r io r  gonapophyses and th e  a n te r 

io r  hamules l i e  a g a in s t  th e  p o s te r io r  gonapophyses. T illy a rd  (1917) 

d esc rib ed  th e  hamules o f A niso p te ra  as being  com plicated in  form and 

fu n c tio n in g  as c la s p e rs .  In  th e  Zygoptera th e  hamules a re  m erely two 

p a ir s  o f sim ple f in g e r - l ik e  p ro je c tio n s  lo c a te d  p o s te r io r ly  n ea r th e  

edges o f th e  v e n tr a l  groove. They a re  ap p a ren tly  only sensory  s t ru c 

tu re s ,  o r guides to  a lig n  th e  te re b ra  in  th e  g e n i ta l  groove of the  male 

o r through t h e i r  senso ry  fu n c tio n  to  in d ic a te  to  the  male th a t  the  

gonapophyses a re  p ro p e rly  p o s itio n e d .

The ex ac t fu n c tio n  o f th e  pen is could n o t be determ ined from the  

specim ens, b u t from i t s  p o s it io n  i t  would s l i g h t ly  spread  the gonapo

physes, s in ce  the  d i s t a l  ends o f the  g lans p ro truded  frœn between them 

n e a r t h e i r  bases and s in ce  th e  main p o rtio n  o f th e  pen is la y  between 

them. The pen is could sec o n d a rily  a id  th e  a n te r io r  laminae in  holding 

the  fem ale by p re ss in g  th e  bases o f th e  gonapophyses a g a in s t the  pen is 

v e s ic le .  However, I  do n o t th in k  th a t  th e  pen is fu n c tio n s  very  e f f i 

c ie n t ly  in  th e  a ttachm en t, b u t p rov ides w ith  th e  te re b ra  the passageway 

through which th e  sperm m a te r ia l  passes from th e  male to  th e  femsuLe.

In  E. c iv i l e  and E. basidens th e re  i s  a p a i r  o f sm all grooves on e i th e r  

s id e  o f th e  pen is in to  which th e  gonapophyses f i t ,  ^nd in  H. am erieana
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th e re  i s  a  s im i l ia r ly  p laced  p a i r  o f s p i r a l  f la p s  which could engage 

th e  gonapophyses, b u t i t  does n o t seem l ik e ly  th a t  th ese  would be of 

much b e n e f i t  f o r  attachm ent because th ey  a re  membranous and n o t s c le ro -  

t iz e d .  With th e  penis o f th e  male e x se r te d , as i t  i s  du ring  co p u la tio n , 

a  groove was seen in  th e  te rm in a l g lan s  pen is supported  by two s e le ro -  

t iz e d  s tru c tu re s  which resem bled a  tw o-tined  fo rk . The p o s it io n  o f 

the  proxim al p o rtio n  o f th e  g lans a long th e  grooved p o s te r io r  s id e  of 

th e  te re b ra  formed a tu b u le  through which sperm m a te r ia l  could  pass to  

th e  female gonopore. This was confirm ed when sperm m a te r ia l  was found 

in  the  groove of th e  gonapophyses o f n ine  fem ales o f  E. c iv i l e  taken

during  co p u la tio n . Sperm m a te r ia l  was a ls o  found o u ts id e  o f the  pen is

v e s ic le  in  th e  groove of th e  g lans o f an o th er f iv e  males o f th e  same 

sp ec ie s , a ls o  taken  during  co p u la tio n .

I  have p rev io u s ly  d esc rib ed  th e  f lu id  appearance of th e  sperm ato

phore. I t s  l iq u id  n a tu re  would g r e a t ly  f a c i l i t a t e  i t s  movement from 

th e  v e s ic le  of th e  male through th e  tu b u le  formed by the  te rm in a l 

filam entous lobes o f th e  g lans pen is and th e  a n te r io r  p o rtio n  o f th e  

v e s ic le  and through th e  tu b u le  formed by th e  te re b ra  o f th e  female and 

the proxim al g lans to  th e  g e n i ta l  a p e r tu re  o f th e  fem ale. The sperm

atophore i s  ap p aren tly  moved in  a  stream  frcsn. th e  v e s ic le  in to  the

fem ale, which would account f o r  th e  r e l a t iv e ly  long perio d s  o f time 

req u ired  by most o f th e  zygopterans during  co p u la tio n . The f lu id  

spermatophore i s  thus moved to  to to  to  th e  female which would account 

f o r  th e  empty v e s ic le s  to  th e  males c o lle c te d  fo llow ing  co p u la tio n  

w hile to  tandem o v ip o s itio n  w ith  th e  fem ales.

The pumping a c tio n  seen during  co p u la tio n  to  many sp ec ie s  would 

p ress  the  p o s te r io r  margin o f th e  pen is v e s ic le  a g a in s t  th e  p o s te r io r
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p a r t  o f th e  e ig h th  abdominal segment o f th e  fem ale, idiich p ro tru d es  

v e n tr a l ly  because o f th e  attachm ent o f th e  te re b ra . This pumping ac

t io n  would a id  in  th e  squeezing of th e  sperm f lu i d  ou t o f th e  pen is 

v e s ic le .



CHAPTER IV 

SUMMARY

1, Sperm tra n s lo c a tio n  always occurs a f t e r  cap tu re  o f th e  fem ale by the 

male and im m ediately p r io r  to  co p u la tio n ,

2, Sperm tra n s lo c a tio n  must occur in  th e  male p r io r  to  each co p u la tio n  

and none i s  s to re d  fo r  fu tu re  m atings,

3, Sperm tra n s lo c a tio n  i s  accom plished in  th e  male through th e  e x se r-  

t io n  o f th e  e ja c u la to ry  du c t lo c a te d  in  th e  n in th  abdominal segment 

and the  in s e r t io n  of i t s  funnel-shaped  d i s t a l  end in to  th e  a n te r io r  

opening o f th e  pen is v e s ic le ,

4 , The sperm atophore o f Zygoptera i s  a  f lu i d  mass o f m a te r ia l  which i s  

moved from th e  pen is v e s ic le  of th e  male in to  th e  gonopore o f th e  

female in  a continuous stream .

5, The spermatozoan of Enallagma c iv i l e  has an e lo n g a te  head averag ing

1 ,0  X 14,5  m icra  and a t a i l  approxim ately  50 m icra in  le n g th ,

6, The attachm ent during  co p u la tio n  i s  achieved by means o f th e  te re b ra  

o f th e  female being  in s e r te d  in to  th e  g e n i ta l  groove on th e  v e n tr a l  

su rface  o f tlie  second abdominal segment of th e  male and being held  

in  p lace by the  a n te r io r  lam ina of th e  m ale.

7 , The pen is in  Zygoptera i s  o f l i t t l e  use  f o r  attachm ent du ring  cop

u la t io n ,  b u t forms a tu b u le  w ith  th e  o v ip o s ito r  o f the  female fo r  

conducting th e  sperm m a te r ia l  from th e  pen is  v e s ic le  o f th e  male to  

the  fem ale g e n i ta l  a p e r tu re ,

8 , The rem aining organs o f th e  e x te rn a l  g e n i ta l i a  o f th e  male and the

30
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fem ale zygopterans a re  p ass iv e  s tru c tu re s  in  attachm ent between the  

male and fem ale during  copulaticai.
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