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PREFACE 

J e  t i e n s  à e x p r i m e r  mes r e m e r c i e m e n t s  à t o u s  ceux  q u i ,  d ' une  

man iè re  ou d ' une  a u t r e ,  o n t  c o l l a b o r e  à l ' é l a b o r a t i o n  d e  c e t t e  t h è s e .  . 

En B t a n t  a u t o d i d a c t e  e t  e n  a y a n t  t r a v a i l l é  d a n s  l a  s o l i t u d e  d e  ma 

p r o p r e  demeure,  l ' a i d e  que  j ' a i  r e ç u e  s o u s  n ' i m p o r t e  q u e l l e  forme 

e t  l e s  c o n t a c t s  a v e c  d e s  c h e r c h e u r s  d e  p r o f e s s i o n  é t a i e n t  pou r  moi 

d e  beaucoup p l u s  d ' i m p o r t a n c e  q u ' e l l e s  l e  s o n t  pour les  c h e r c h e u r s  

t r a v a i l l a n t  d a n s  un l a b o r a t o i r e  u n i v e r s i t a i r e .  C ' e s t  l a  r a i s o n  pour  

l a q u e l l e  ma t a b u l a  g r a t u l a t o r i a  e s t  p l u t b t  l ongue ,  m a i s  l o i n  d ' Q t r e  

complè te .  

Je r e m e r c i e  v ivement  l e  P ro f .  A. Bart  i il le) d ' a v o i r  b i e n  vou lu  accep-  

ter  l a  d i r e c t i o n  de  ce t r a v a i l .  S e s  r emarques ,  s e s  encouragemen t s  e t  

sa p a t i e n c e  m'ont beaucoup a id6 .  

Je t i e n s  à c i te r  l e  D r .  H. Dumont  a and) d o n t  l e  r d l e  d e  d i r e c t e u r  d e  

mes r e c h e r c h e s , l e c t e u r  e t  c r i t i q u e  e n s u i t e ,  a pe rmis  l ' a c h è v e m e n t  d e  

ce t r a v a i l  d a n s  l a  f o r m e  p r é s e n t e .  C'est é g a l e m e n t  l e  D r .  H. Dumont 

q u i  m'a d o n n e  l e  g o d t  d e  l a  r e c h e r c h e  b i o l o g i q u e  e t  q u i  m'a i n i t i e  à 

l ' é t u d e  d e s  Odonates .  

Le P r o f e s s e u r  A. De Loof ( i o u v a i n )  m'a p r o d i g u é  d e  p r d c i e u x  c o n s e i l s  

e t  honoré  d e  sa b i e n v e i l l a n t e  s o l l i c i t u d e .  

Le Prof .  F. De Troch  a and) m'a a c c o r d é  une a i d e  p r é c i e u s e  en  gui -  

d a n t  mes p r e m i e r s  p a s  s u r  l e  champ d e  l a  s t a t i s t i q u e .  



Je s u i s  a u s s i  r e c o n n a i s s a n t  e n v e r s  l e  P r o f e s s e u r  A ,  Coomans  a and) 

e t  t o u t e  s o n  Qqu ipe  s c i e n t i f i q u e  e t  t e c h n i q u e ,  q u i  m'a t o u j o u r s  

r 6 s e r v é  un a c c e u i l  c h a l e u r e u x ,  e t  je p e n s e  p l u s  p a r t i c u l i è r e m e n t  

à Mme S. Dumont-Wellekens. 

J ' a i  r e ç u  d e s  s u g g e s t i o n s  e t  d e s  encouragemen t s  du P r o f e s s e u r  F, 

S c h a l l e r  ( ~ t r a s b o u r g ) ,  du D r .  M ,  Mouze  i il le) e t  du D r .  J ,  V a n f l e t e r e n  

 and) e t  d e  l ' a i d e  p l u s  m a t é r i e l l e  ( e n t r e  a u t r e  p r & t s  d ' a p p a r e i l s )  du 

P r o f e s s e u r  J. Heuts ,  D r .  F. J a c o b s ,  Mr. L. F o b e r t  e t  D r .  S i e r e n s .  

Je t i e n s  a u s a i  à e x p r i m e r  ma g r a t i t u d e  à t o u s  q u i  o n t  a s s u r e  ma 

f o r m a t i o n  s c i e n t i f i q u e  e t  p l u s  p a r t i c u l i è r e m e n t  Mr, F. Van Schuylenbergh .  

Je n e p e u x  c e r t a i n e m e n t  p a s  o u b l i e r  l e  ra ie  d e  Mr. A. D e l e r s ,  Secr6-  

t a i r e  a d j o i n t  h o n o r a i r e  du Fonds N a t i o n a l  d e  l a  Reche rche  S c i e n t i f i q u e  

Be lge  q u i  m'a a p p r i s  l a  p o s s i b i l i t e  d ' o b t e n i r  ce t i t r e  s c i e n t i f i q u e  à 

L i l l e  e t  q u i  m'a e n c o u r a g e  à d e b u t e r  c e  t r a v a i l  e t  p a s  p l u s  que  c e l u i  

d e  Mr. J. T r a e s t ,  S e c r é t a i r e  g d n e r a l  a d j o i n t  d e  c e t t e  mBme i n s t i t u t i o n  

où je t r a v a i l l e  d e p u i s  q u i n z e  a n s ,  pour  s o n  a p p u i  e t  l e s  f a c i l i t e s  q u ' i l  

m'a a c o o r d é e s .  

Je r e m e r c i e  l e  M. K. Roche e t  l e  D r ,  Coppens-Gendreike pour  r e l i r e  

ces t e x t e s ,  

Je r e m e r c i e  éga l emen t  l e s  p e r s o n n e s  q u i  o n t  e u  l a  t a c h e  i n g r a t e  d e  

d a c t y l o g r a p h i e r  les d i f f e r e n t e s  v e r s i o n s  d e  ce t e x t e ,  Mme Y,  Coessens  

e t  Mme S. Dumont-Wellekens, Mr. B r u y n e e l  pour  d e s s i n e r  l e s  f i g u r e s  

e t  N r ,  F. De Pauw pour  l a  c o m p o s i t i o n  d e  l a  c o u v e r t u r e ,  



Je d o i s  e n f i n  à mon é p o u s e  un s o u t i e n  d i s c r e t ,  mais  q u i  f u t  e f f i c a c e  

a u  c o u r s  d e s  p 6 r i o d e s  c r i t i q u e s  d e  l a  r d a l i s a t i o n  d e  c e t t e  t h è s e .  

Je s u i s  a u s s i  r e c o n n a i s s a n t  e n v e r s  mes beaux-parents  q u i  o n t  m i s  une 

p a r t i e  de  l e u r  maison à ma d i s p o s i t i o n  pour  mes r e c h e r c h e s ,  

Me reste  s e u l e m e n t  à d e d i c a c e r  ce t r a v a i l  à f e u  P e t r u s  De Kuyper, 

mon beau-père,  q u i  6 t a i t  e n c o r e  beaucoup p l u s  e n t h o u s i a s t e  que moi- 

mdme e t  à mon f i l s  J e r o e n ,  q u i  a s o u f f e r t  l e  p l u s  d e  mes a b s e n c e s  e t  

mes o c c u p a t i o n s  s c i e n t i f i q u e s .  



L I S T E  D1ABREVIATIONS 

f a r n é s o l  

hormone j u v d n i l e  

l o n g u e u r  d e  v i e  maximale  o b s e r v é e  

l o n g é v i t é  moyenne 

c c o r r i g é e  

a  d e s  s p é c i m e n s  d e  l a  p o p u l a t i o n  a c t i v e  

L T  méthode  t a b l e  d e  v i e  

FF méthode  d e  F i s h e r  & F o r d  

1 méthode  d e  c o r r e c t i o n  1 

2 méthode d e  c o r r e c t i o n  2 

t a u x  d e  s u r v i e  j o u r n a l i e r  

d é v i a t i o n  s t a n d a r d  

marge d ' é c a r t  ( " s t a n d a r d  e r r o r " )  

moyenne ("mean") 



SOMMAIRE 

Ischnura  e. e leqans e s t  un Zygoptère commun en Europe, don t  

l a  sa i son  de v o l  s 'é tend  de mi-mai à mi-septembre. Ce t t e  espèce montre 

des changements morphologiques de c o l o r a t i o n  q u i  c o ï n c i d e n t  avec des 

s tades de développement de l ' a d u l t e  : un polymorphisme accusé e s t  

cons ta té  chez l e s  f e m e l l e s  ( ~ n n e x e s  A 85-A 86). 

Lo rd  (1961) a demontré q u ' i l  s ' a g i t  d 'un polymorphisme gdnét ique e t  a a u s s i  

d é c r i t  l e  tégument des t ypes  d i f f é r e n t s  e t  l a  façon  don t  l e s  cou leurs  s o n t  

p rodu i tes .  Une première couche de p e t i t s  g ranu les  j u s t e  en dessous de l a  

c u t i c u l e ,  par d i f f r a c t i o n  de l a  l um iè re  par  e f f e t  Tyndal l ,  p r o d u i t  l a  

cou leu r  bleue, pa r  l ' i n t e r a c t i o n  d'une m a t r i c e  p l u s  au moins jaune e t  

une deuxième couche de g ranu les  p l u s  la rges ,  composées dlommochromes, 

absorbant  ou r é f l e c h i s s a n t  l a  l um iè re  s e l o n  l e s  cas. L1andromorphisme 

f d m i n i n  e s t  demontré e t r e  un désavantage quant  aux chances d'accouplement. 

Pa r r  (1965,1969) a comparé p l u s i e u r s  methodes pour  es t imer  l a  l ong6v i t 6 ,  

l e  sex - ra t i o  e t  l e  nombre d'animaux gr%ce à des méthodes de marquage e t  

recapture.  Le problème r é e l  e s t  l ' é v a l u a t i o n  des r d s u l t a t s .  Il a é t u d i é  

un grand nombre de p o p u l a t i o n s  e t  c e r t a i n e s  o n t  é t é  s u i v i e s  pendant 

p l u s i e u r s  anndes. 11 a con f i rmé  l e  schéma des changements de c o l o r a t i o n  

proposé par  LORD e t  l e s  a s i t u é s  chronologiquement. 

Le premier  b u t  de l a  p résen te  é tude e s t  d ' é t u d i e r  l e  pourquo i  e t  l e  com- 

ment de ces changements de c o l o r a t i o n  e t  du polymorphisme e t  comment ces 

phénomènes son t  supposés j oue r  un r 8 l e  dans l e  comportement des animaux 



e t  meme dans  l a  dynamique d e  p o p u l a t i o n  . Les f a c t e u r s  i n f l u e n ç a n t  l e  

comportement ,  l a  d i s t r i b u t i o n  d e  l a  p o p u l a t i o n ,  l a  l o n g é v i t é  moyenne (ï), 

l e  t a u x  de s u r v i e  j o u r n a l i e r  ( z )  e t  l ' e f f e c t i f  d e s  p o p u l a t i o n s  s e r o n t  

a n a l y s é s .  Un a u t r e  b u t  e s t  a u s s i  d e  d é m o n t r e r  l e s  m6canismes p h y s i o l o -  

g i q u e s  e t  l e  s y s t è m e  d ' h é r é d i t é  g o u v e r n a n t  l es  changements  d e  c o l o r a t i o n  

e t  l e  polymorphisme.  Une s y n t h è s e  s e r a  f a i t e  d e s  r é s u l t a t s  e t  d e  l a  

c o n n a i s s a n c e  a c t u e l l e  p o u r  e s s a y e r  d e  p l a c e r  l e  comportement  d 8 I s c h n u r a  

e l e q a n s  d a n s  un  c a d r e  p l u s  g é n é r a l  q u a n t  à l a  dynamique d e  p o p u l a t i o n  

s i t u 6  d a n s  un a r r i è r e - p l a n  p h y s i o l o g i q u e .  

P a r m i  l a  s é r i e  d ' h a b i t a t s  é t u d i é s  p a r  les a u t r e s  a u t e u r s  e x i s t e  u n e  l a c u n e  : 

un h a b i t a t  o u v e r t  e t  non i s o l é ,  l e q u e l  a é té  t r o u v é  à Oenderleeuw ( 8 e l g i -  

que ,  F l a n d r e  o r i e n t a l e ,  A 8 3 )  où une  e x p é r i e n c e  de  marquage a  Bté 

e f f e c t u é e  ( A  1 à 34).  

Pour  pouvo i r  Q v a l u e r  l e s  r é s u l t a t s  o b t e n u s  d a n s  d e s  c o n d i t i o n s  n a t u r e l l e s  

p a r  c e s  d i v e r s e s  e x p é r i e n c e s ,  nous  a v o n s  e s s a y é  d e  g a r d e r  d e s  a d u l t e s  

d l I . e l e q a n s  e n  v i e  au l a b o r a t o i r e .  

Les animaux o n t  é t é  t r a i t es  p a r  l ' ho rmone  j u v é n i l e  pou r  d é m o n t r e r  l e  

mécanisme g o u v e r n a n t  l e s  changements  d e  c o l o r a t i o n ,  l a  m a t u r a t i o n  e t  

l a  l o n g é v i t 6 .  

Pour g a r d e r  d e s  a d u l t e s  d ' o d o n a t e s  e n  v i e  d a n s  l e  l a b o r a t o i r e ,  S e i d e l  

& Buchho l t z  ( 1 9 6 2 )  a v a i e n t  c o n s t r u i t  t o u t  un s y s t è m e  Bco log ique ,  t a n d i s  

q u e  Johnson (1965,1966a)  u t i l i s a i t  d e s  i n s e c t a r i u m s  d e  p l u s  p e t i t e s  d i -  

mens ions .  Ces méthodes  s o n t  t rès  v a l a b l e s  pou r  p e r m e t t r e  en  f i n  de compte 



d e s  r e c h e r c h e s  6 t h o l o g i q u e s ,  e t  d ' é l e v a g e ,  mais n e  l e  s o n t  g u è r e  pou r  

d e s  r e c h e r c h e s  p h y s i o l o g i q u e s .  

3 ' a i  u t i l i s é  d e s  p e t i t s  r é c i p i e n t s  e n  p l a s t i q u e  t r a n s p a r e n t  ( 8 x 4 ~ 4  cm), 

l e  f o n d  c o u v e r t  d ' un  g r o s  p a p i e r  a b s o r b a n t  m o u i l l 4 .  Les  Odona te s  a u x  

a i l e s  c o u p é e s  p r è s  du nodus o c c u p e n t  c e s  c a g e s  à deux e t  s o n t  n o u r r i s  

d e  D r o s o p h i l a  m e l a n o n a s t e r .  Ce n o u r r i s s e m e n t  d e  l o n g u e  d u r é e  (+ 1 h e u r e  - 
p a r  j o u r  p a r  20 s p é c i m e n s )  e s t  l ' i n c o n v é n i e n t  p r a t i q u e  d e  l a  mdthode. 

Les  an imaux d e  l a b o r a t o i r e  u t i l i s é s  s o n t  d e s  1 . e l eqans  t é n é r a l e s  (*) 

du p r e m i e r  ou du deuxième j o u r .  

Pour  l ' e x p é r i e n c e  d e  marquage à Dender leeuw un nouveau s y s t è m e  d e  

marquage a é t é  u t i l i s é  (un  code  s i m p l e  à p o i n t s  e t  t i re ts  a p p l i q u e s  

a v e c  d e  l ' e n c r e  non s o l u b l e  à l ' e a u ) .  I l  s ' a g i s s a i t  d ' une  p o p u l a t i o n  

d 9 I . e l e q a n s ,  v i v a n t  d a n s  un c r a t è r e  d ' une  bombe d e  l a  deuxième g u e r r e  

mond ia l e ,  e n t o u r r é  d e  p l u s i e u r s  a u t r e s  é t a n g s  : un s y s t è m e  o u v e r t  e t  

non i s o l é  ( A 83) .  

Les  donnees  d e  Lord (1961)  e t  P a r r  (1965,  1969,  1973a ,  1973b)  P a r r  & 

Palmer  ( 1 9 7 1 )  e t  P a r r  & P a r r  (1972) s o n t  a u s s i  u t i l i s é e s .  Lord  a f a i t  

une e x p é r i e n c e  s u r  un é t a n g  d e  d i m e n s i o n s  non s p é c i f i é e s  à Anglesey  

n e a r  Bangor ( G B ) .  P a r r  a é t u d i é  q u a t r e  p o p u l a t i o n s ,  d o n t  deux  

d u r a n t  p l u s i e u r s  a n n é e s .  T r o i s  d e  ces p o p u l a t i o n s  o n t  Bt6  o b s e r v e e s  

pendan t  t o u t e  l a  s a i s o n  de v o l  à Dunham ( G E ) .  S a  q u a t r i è m e  e x p é r i e n c e  

e s t  e x é c u t é e  à Dale ,  Pembrokesh i r e  (GE) .  Un d e  c e s  h a b i t a t s  6 t a i t  t rès  

i s o l é .  E n f i n  Van ~ o o r d w i j k ( l 9 7 8 )  a  é t u d i é  d e s  p o p u l a t i o n s  d e  p l u s i e u r s  e s p è c e s  

d a n s  un s y s t è m e  de  marais e t  é t a n g s  à Welle ( ~ e l g i q u e ,  F l a n d r e  o r i e n t a l e )  

p r è s  d e  l ' h a b i t a t  d e  Denderleeuw. 

(*) S t a d e  t e n d r a l e  ( " t e n e r a l  s t a g e " )  : les  deux p r e m i e r s  j o u r s  a p r è s  

1 ' 8 c l o s i o n ;  l e s  a i l e s  o n t  e n c o r e  une  b r i l l a n c e  opaque. 



LONGEVITE 

La l o n g é v i t é  o b t e n u e  a u  l a b o r a t o i r e ( t a b 1 e  1 )  nous  permet  d e  

t r o u v e r  une d i s t r i b u t i o n  t h é o r i q u e  de  m o r t a l i t é  p a r  g r o u p e  d ' a g e  

( d i s t r i b u t i o n  F ,  dl = 2, J2 = 15) e t  l a  d i s t r i b u t i o n  d t 8 g e  d e  l a  

p o p u l a t i o n  t h é o r i q u e  ( A 80-82, t a b l e  2 ) .  Nous remarquons  

é g a l e m e n t  q u ' i l  n'y  a p a s  d e  d i f f é r e n c e  e n t r e  l a  d e s  males e t  

d e s  f e m e l l e s .  

Les v a l e u r s  o b t e n u e s  d a n s  l a  n a t u r e  t a n t  p a r  l a  méthode d e  F i s h e r  

& Ford  (1947)  que  p a r  l l u t i l i s a t i o n  de  l a  t a b l e  d e  l o n g é v i t é  s o n t  

f o r t e m e n t  i n f l u e n c é e s  p a r  l a  d u r d e  d e  l ' e x p é r i e n c e  d e  marquage. 

La p r e m i è r e  f a i t  une  e s t i m a t i o n  du ç t a n d i s  q u e  l a  deuxième c a l c u l e  

l a  ï, mais c e s  r é s u l t a t s  s o n t  sous-es t imés .  

La t a b l e  de  l o n g é v i t é  p e u t  etre c o r r i g é e  d e  deux f a ç o n s  : 1 )  e n  

p r e n a n t  l a  m o i t i é  d e  l a  p é r i o d e  d e  marquage e t  en  c o n s i d é r a n t  un 

mdme nombre de  j o u r s  d e  r e c a p t u r e  pou r  chaque  j o u r  d e  marquage,  c e c i  

donne à chaque l o n g é v i t é  u n e  meme p r o b a b i l i t d  d l é t r e  obse rvée .  C'est 

l a  méthode  l a  mo ins  i n f l u e n c é e  p a r  d e s  f l u c t u a t i o n s  d e  l a  f r é q u e n c e  

d e s  r e c a p t u r e s .  2 )  En c a l c u l a n t  une t a b l e  d e  l o n g é v i t é  c o r r i g é e  e n  
L 

r e é v a l u a n t  chaque  nombre o b s e r v é  à s a  p r o p r e  v a l e u r .  = N~ . (n-i)-i .n 

Ni 
= nombre d ' i n s e c t e s  a u  j o u r  i, n  = nombre d e  j o u r s  d e  r e c a p t u r e .  1 

Il e s t  é v i d e n t  q u e  l a  d u r é e  d e  l ' e x p é r i e n c e  l imite  l a  l o n g u e u r  d e  

v i e  maximale o b s e r v 6 e  ( L  ). 
m 

De l a  d e  mon e x p é r i e n c e  d e  l a b o r a t o i r e  ( t a b l e  1 )  un e s t  d é r i v é  

(ï = 1/1-ç) a v e c  l e q u e l  une  t a b l e  d e  l o n g é v i t é  a v e c  c o n s t a n t  es t  

c o n s t r u i t e  ( t a b l e  4) .  Pour c h a q u e  j o u r  une  a v e c  les  données  d e  l a  

p e r i o d e  c o n s i d é r é e  a  é t é  c a l c u l é e ,  j u s q u ' à  50 j o u r s .  La compara i son  
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avec l a  L i n i t i a l e m e n t  obtenue nous donne un f a c t e u r  de c o r r e c t i o n  

s u i v a n t  l e  nombre de j o u r s  de recapture.  

En t r a i t a n t  t o u t e s  l e s  données numériques de l a  l i t t é r a t u r e  ( t a b l e  

3, A 36-41) avec ces f ac teu rs ,  il e s t  cons ta té  que c e t t e  L c o r r i g é e  

( ï c )  e s t  presque i d e n t i q u e  pour un meme t ype  de b i o tope  ( t a b l e  6). 

Une mgme c o n s t a t a t i o n  a  é t é  f a i t e  à p a r t i r  de données de Corbet  (1956) 

de popu la t i ons  de Pyrrhosoma nymphula ( t a b l e  7). Les va leu rs  l e s  p l u s  

p e t i t e s  cor respondent  aux h a b i t a t s  ouve r t s  e t  non i s o l é s .  La v a l e u r  

l a  p l u s  é levée correspond à un h a b i t a t  fermé. 

PERIODE DE MATURATION ET DISTRIBUTION D'AGE DE LA POPULATION ACTIVE. 

Beaucoup d'espèces d'odonates mont ren t  des changements rnorphologi- 

ques de c o l o r a t i o n  (~a rnb les  1960, Jacobs 1955). La c o l o r a t i o n  j u v é n i l e  

se développe dans l e  s tade  t éné ra l ,  l e s  p remie rs  j o u r s  après l ' é c l o s i o n .  

Après ce s tade  de gamétogenèse (commencé au d e r n i e r  s tade l a r v a i r e )  s u i t  

l e  s tade  j u v é n i l e  dans l e q u e l  l e  comportement sexue l  se développe e t  on 

remarque pour 1.eleqans un  changement de c o l o r a t i o n .  En v i e i l l i s s a n t  un 

d e r n i e r  changement se p r o d u i t .  

Beaucoup d 'observa t ions  ( ~ a j u n e n  1962a, Waage 1972, Corbet 1952, Heymer 

1964, P a r r  & P a r r  1979, T r o t t i e r  1966, Van Noordwi j k  1978, Moore 1953, 

Gambles 1960, B i c k  & B i ck  1961, 1965, Zahner 1960) nous mont ren t  que 

c ' e s t  à p a r t i r  de l a  pé r i ode  de m a t u r i t é  que l e s  Odonates regagnent  

l a  p o p u l a t i o n  a c t i v e  p rès  de l ' e a u  après une pé r i ode  de m a t u r a t i o n  en 

zone n e u t r e  (*), sans comportement sexuel .  

(*) Zone n e u t r e  ou h i n t e r l a n d  : l ' a r r i è r e  pays où l e s  animaux s o n t  p l u s  

d ispersés  e t  oh il n'y  a pas d ' i n t e r a c t i o n s  sexue l l es  ( A 84) 



Une t a b l e  d e  l o n g é v i t é  c o r r i g é e  nous  donne  les f r a c t i o n s  p r è s  d e  l ' e a u  

d e  chaque  g r o u p e  dl?!ige comme n  - ( L n  = nombre d e  s u r v i v a n t s ,  

- 
s = t a u x  d e  s u r v i e ,  i = temps e n  j o u r s ) .  Une s é r i e  d e  v a l e u r s  e s t  

o b t e n u e  q u i  mon t r e  un maximum b i e n  d é f i n i .  ( t a b l e  5, A 43-54). 

C e t t e  p é r i o d e  p e u t  d t r e  c o n s i d é r é e  comme sous -e s t imée  p a r  l a  n a t u r e  

d e  l a  méthode d e  l a  t a b l e  d e  l o n g é v i t 6 .  En e s t i m a n t  l a  p o p u l a t i o n  

( l e  maximum o b t e n u  l e  j o u r  d e  l a  m a t u r a t i o n  ou une v a l e u r  p l u s  é l e v é e )  

e t  en  l e  m u l t i p l i a n t  a v e c  ; i, il es t  p o s s i b l e  d ' o b t e n i r  une série q u i  

mon t r e  q u e  l e  nombre d t a n i m a u x l q u i  n e  s o n t  p l u s  j a m a i s  r e c a p t u r d s  

p r è s  d e  l ' e a u  a p r è s  l e  m a r q u a g e , e s t  l a  somme d e s  s p é c i m e n s  q u i  s o n t  

m o r t s  l e  j o u r  du marquage,  p l u s  ceux  q u i  n e  s o n t  r e v e n u s  q u ' a p r è s  l a  

f i n  d e  l ' e x p é r i e n c e ,  p l u s  ceux  q u i  s o n t  m o r t s  p e n d a n t  l ' e x p é r i e n c e  ma i s  

i n a p e r ç u s  e t  é l o i g n é s  d e  l ' e a u .  

INFLUENCE DE L'HORMONE J U V E N I L E  (JH) SUR LES CHANGEMENTS DE 

COLORATION ET LA . 

Des a d u l t e s  d g  I . e l eqans ,  t e n u s  en  c o n d i t i o n s  d e  l a b o r a t o i r e ,  o n t  

é t é  t r a i t é s  p a r  l a  JH e t  l e  f a r n é s o l  ( d e  ~ a l b i o c h e m )  ( A  55-79). La mé- 

t h o d e  d ' i n j e c t i o n  d e s  d o s e s  a v e c  l ' é t h a n o l  comme s o l v a n t  a  é t é  abandonnde 

p a r c e  q u e  l e  m o r t a l i t é  é t a i t  t r o p  Blevée .  Des i m p r é g n a t i o n s  d e  l a  c u t i -  

c u l e  du t h o r a x  o n t  e n s u i t e  é té  e s s a y é e s  d a n s  d e s  s o l u t i o n s  à b a s e  

d ' é t h a n o l  e t  d ' h u i l e  d e  p a r a f f i n e .  
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REÇULTATS 

LOMGEVITE 

Le f a i t  l e  p l u s  remarquable e s t  que l a  mascul ine e t  fémin ine  

au l a b o r a t o i r e  son t  i d e n t i q u e s  ( t a b l e  1). Les Tc son t  pour l a  p l u p a r t  

proches de l a  t theor ique  e t  l a  l o n g é v i t é  maximale e s t  proche de 50 

j o u r s  comme l e  l a i s s e  supposer n o t r e  d i s t r i b u t i o n  t héo r i que  d'%ge. 

( t a b l e s 2  e t  6). 

PERIODE DE MATURATION, CHANGEMENTS DE COLORATION ET DISTRIBUTION 

DE LA POPULATION. 

On cons ta te  que l ' age  de ma tu ra t i on  e s t  p l u s  é l evé  pour l e s  

f eme l l es  ( t a b l e  14, A 43-54, F ig .  1 e t  2) ce q u i  e s t  probablement 

dh au f a i t  que l a  spermatogenèse e s t  p l u s  r a p i d e  que l 'oogenèse (srni th 

1916, Pajunen 1962a). A aucun moment l 'ensemble de l a  p o p u l a t i o n  n ' es t  

proche de l 'eau. On remarque a u s s i  que dans l a  p o p u l a t i o n  ferrnde, 

l 'échange avec l e  h i n t e r l a n d  (*) e s t  t r è s  l i m i t é .  L 'étude e s t  mende 

avec mes propres données, avec c e l l e s  de Pa r r  (1969) e t  c e l l e s  de 

Corbet (1952) su r  Pyrrhosoma nymphula. Dans chaque cas l l a g e  de matu- 

r a t i o n  f e m e l l e  e s t  l e  p l u s  é l evé  e t  l e s  f r a c t i o n s  mâles de l a  popula- 

t i o n  proche d~ l ' e a u  son t  l e s  p l u s  élevées. 

DISTRIBUTION DE LA POPULATION ET SEX-RATIO EN FONCTION DE LA 

DENSITE DE POPULATION. 

La durée des changements de c o l o r a t i o n  en l a b o r a t o i r e  ( t a b l e s  

15 e t  19) permet de c a l c u l e r  l e  nombre r e l a t i f  d'immatures e t  de 

(*) ou zone neu t re  ( A  86) 



m a t u r e s  d ' une  p o p u l a t i o n  en  s e  s e r v a n t  d e  l a  t a b l e  de  l o n g é v i t é  

t h d o r i q u e  d e  mon e x p é r i e n c e  ( t a b l e  8 ) .  Ces v a l e u r s  t h é o r i q u e s  

p e u v e n t  Q t r e  p r i s  comme d e s  v a l e u r s  s a n s  i n t e r a c t i o n  i n t r a s p é -  

c i f i q u e ,  donc  à d e n s i t é  h y p o t h é t i q u e  z é r o .  Avec l e s  données  d e s  

p o p u l a t i o n s  d e  P a r r  (1973) ,  c o n s i d é r é e s  en  f o n c t i o n  d e  l a  d e n s i t é  

de  p o p u l a t i o n  ( ~ i g .  3 )  on c o n s t a t e  que  l e s  f r a c t i o n s  immatu re s  

d i m i n u e n t  quand l a  p o p u l a t i o n  d e v i e n t  p l u s  dense .  Les f e m e l l e s  

r é a g i s s e n t  p l u s  f o r t e m e n t  a u  s t i m u l u s  d e  d e n s i t é  que l e s  males .  

I l  e n  r é s u l t e  que  l a  f r a c t i o n  de  m a l e s  m a t u r e s  d e v i e n t  l a  p l u s  

i m p o r t a n t e  a v e c  une  d e n s i t é  de  p o p u l a t i o n  augmen tan te  e t  que  l e  

s e x - r a t i o  e s t  d é t e r m i n é  d a n s  l a  p o p u l a t i o n  a c t i v e  p a r  l a  d e n s i t é  

de  p o p u l a t i o n .  C ' e s t  a i n s i  un moyen de  m e s u r e r  c e t t e  d e n s i t é .  

C e c i  é t a i t  d é j à  i n d i q u é  p a r  l e  f a i t  que  l e  s e x - r a t i o  ( Y )  b a s é  s u r  

l e  t o t a l  d e s  c a p t u r e s  e t  r e c a p t u r e s  e s t  p l u s  e n  f a v e u r  d e s  m a l e s  

que  c e l u i  b a s é  s u r  l e  nombre d ' i n d i v i d u s  e t  c e l u i - c i  p l u s  que  c e l u i  

b a s é  s u r  une e s t i m a t i o n  d e  l ' e f f e c t i f  d e  l a  p o p u l a t i o n .  ( A  35)  

Les  r e l a t i o n s  e n t r e  l a  d e n s i t é  d e  p o p u l a t i o n  e t  f r a c t i o n s  à l ' e a u  

s o n t  l i n é a i r e s  ( ~ i g .  3 ) ,  a i n s i  que  l a  r e l a t i o n  du  s e x - r a t i o  en  fonc-  

t i o n  d e  l a  d e n s i t é  de  p o p u l a t i o n  ( t a b l e  9, a. = 0.51, a  = 0.03, 
1 

r2 = 0097,  n  = 4) .  La p o p u l a t i o n  d e  l ' h a b i t a t  f e rme  donne  d e s  

c h i f f r e s  a b e r r a n t s  c a r  l ' é c h a n g e  e n t r e  les  z o n e s  n ' e s t  p a s  l i b r e .  

C e c i  s i g n i f i e  a u s s i  que  l e  temps p a s s é  en  zone  n e u t r e  e s t  d é t e r m i n é  

p a r  l a  d e n s i t é  d e  l a  p o p u l a t i o n .  

Que  l a  ï c  d i f f é r e n t e  d e s  m a l e s  e t  f e m e l l e s  e s t  due à l e u r  comportement  

p e u t  8 t re  ddmon t ré  une f o i s  d e  p l u s  en  d i v i s a n t  l a  m a s c u l i n e  p a r  l a  

(*) S e x - r a t i o  comme l a  f r a c t i o n  d e s  m a l e s  de  l a  p o p u l a t i o n  donc  

comme f r a c t i o n  de  1. 
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- 
L f é m i n i n e  e t  e n  m e t t a n t  l es  r é s u l t a t s  en  f o n c t i o n  du s e x - r a t i o  

(comme mesu re  d e  l a  d e n s i t é  d e  p o p u l a t i o n ) .  I l  en  r é s u l t e  p o u r  

l e s  h a b i t a t s  o u v e r t s  e t  i s o l é s  une  f o n c t i o n  l i n é a i r e  q u i  r e n d  

tcr 
a c c e p t a b l e  n o t r e  p o i n t  t h é o r i q u e  ( s e x - r a t i o  = 0 , S j ~  = 1 ) ( A  42).  

L$ 

GENETIQUE DE POLYMORPHISME FEMELLE. 

1 . e l e q a n s  a t r o i s  phéno types  f e m e l l e s  : un andromorphe e t  

deux h é t é r o m o r p h e s  ( A  85-86). Johnson  (1964a ,  1966b)  a démon t r é  

pour  q u a t r e  z y g o p t è r e s ,  d o n t  deux  du  g e n r e  I s c h n u r a ,  q u ' i l  s ' a g i s -  

s a i t  d ' une  h é r é d i t é  mono-a l l è l i que  a u t o s o m a l e  a v e c  une  e x p r e s s i o n  

l i é e  a u  s e x e .  La r é p a r t i t i o n  d e s  t r o i s  g d n o t y p e s  est  t h é o r i q u e m e n t  

25 % d 'homozygotes  and romorph iques ,  25 % d'homozygotes h é t é r o m o r p h i q u e s  

e t  50 % d @ h é t é r o z y g o t e s  ( 1 - 2 - 1 ) ( ~ i ~ .  4 ) .  Lord (1961)  e t  P a r r  & 

Palmer  (1971)  o n t  démon t r é  que  l a  p r é f é r e n c e  s e x u e l l e  d e s  m a l e s  va  

v e r s  l e s  f e m e l l e s  hé t é romorph iques .  C e c i  l a i s s e  s u p p o s e r  une  d i s t r i -  

b u t i o n  d i f f é r e n t i e l l e  non s e u l e m e n t  e n t r e  l es  s e x e s ,  l es  m a t u r e s  

e t  immatu re s ,  m a i s  a u s s i  e n t r e  l e s  d i f f é r e n t s  formes .  Aucun a u t e u r  

n ' a  c o n s t a t é  un comportement  d i f f é r e n t  e n t r e  l es  deux hé t é romorphes .  

En r e g a r d a n t  l e s  f r a c t i o n s  c o r r e s p o n d a n t e s  d e s  immatu re s  e t  m a t u r e s  

d e  deux p o p u l a t i o n s ,  on c o n s t a t e  que ,  d a n s  c e l l e  à b a s s e  d e n s i t é ,  l a  

s i m i l a r i t é  d e s  f r a c t i o n s  es t  f r a p p a n t e ,  d a n s  c e l l e  à h a u t e  d e n s i t é  

l a  d i f f é r e n c e  l ' e s t  a u s s i  : e l l e  e s t  due  à l a  f r a c t i o n  d e s  andro-  

morphes ( t a b l e s  1 0  e t  11). 
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Les données des t r o i s  popu la t i ons  de Pa r r  & Palmer (1971) e t  l a  

r é p a r t i t i o n  t héo r i que  du type d 1 h é r 6 d i t é  de mon hypothèse (1-2-1) 

à d e n s i t é  zé ro  e t  sans i n t e r a c t i o n ,  nous donnent des r e l a t i o n s  

l i n é a i r e s  en f o n c t i o n  de l a  d e n s i t é  pour l e s  f r a c t i o n s  des andro- 

morphes e t  l a  f r a c t i o n  des deux hétéromorphes ensemble. La d i f f é -  

rente e n t r e  l e s  deux hétéromorphes n ' e s t  exprimée qu'à m a t u r i t é  

( t a b l e  12). 

FREQUENCE DE COPULATION ET LA DENÇITE DE POPULATION COMME 

REGULATEUR DE LA POPULATION. 

Evidemment l e s  f réquences de c o p u l a t i o n  des males e t  f eme l l es  

son t  éga les  au s e x - r a t i o  0,s e t  n u l l e s  au sex - ra t i o  1. 

En a j o u t a n t  l e s  f réquences de c o p u l a t i o n  t rouvées  par  Lo rd  (1961) 

e t  Pa r r  & Palmer (1971) e t  en l e s  cons idé ran t  en f o n c t i o n  du sex- 

r a t i o  ( l e s  immatures que Pa r r  a v a i t  omis s o n t  a j ou tés )  une r e l a t i o n  l i n é -  

2 
a i r e  e s t  obtenue (a  = 0.90, a  - 10.78, r = 1.00, n  = 4 pour  l e s  males e t  

O 1- 

a  = -  Z 
29.33, a  = 68.37, r = 0.90, n  = 4 pour l e s  femel les) .  La 

O 1 

fréquence de c o p u l a t i o n  augmente avec une d e n s i t é  de p o p u l a t i o n  

g rand issan te  ( p l u s  demons t ra t i f  dans l e  cas des femel les ,  parce qulen 

même temps l e u r  nombre dans l a  p o p u l a t i o n  a c t i v e  diminue) jusqu'à un 

maximum, après  l e q u e l  c e t t e  f réquence diminue s u i v a n t  une f o n c t i o n  pa- 

r a b o l i q u e  chez l e s  males ( a  = 77.99, al = 166.23, a  = 88.25, n = 4) 
O 2  

e t  une f o n c t i o n  de pu issance chez l e s  f eme l l es  ( a  = 0.29, b  = - 10.47, 

2  
r = 1.00, n  = 3) ( t a b l e  13, F ig .  5). 

En rega rdan t  l e s  deux popu la t i ons  pour  l e s q u e l l e s  il y a  des donnees 

é ta l ées  s u r  deux années d i f f é r e n t e s  non consécut ives,  j l a i  cons ta té  

que ces popu la t i ons  connaissent  un c y c l e  de s i x  ans ( ~ i g .  5). 
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INFLUENCE DE LA DENSITE DE POPULATION SUR LA PERIODE DE MATURATION. 

Les pér iodeçde ma tu ra t i on  obtenues pour l e s  popu la t i ons  de Pa r r  

(1969) e t  l a  p o p u l a t i o n  que j ' a i  Qtudiée en r e l a t i o n  avec l e  sex- ra t io  

montrent  que l a  pé r i ode  de ma tu ra t i on  d é c r o i t  l i n é a i r e m e n t  en f o n c t i o n  

de l a  d e n s i t é  de populat ion.  ( t a b l e  14 , males a. = 43.95, al =-45.00, 

2 r2 = 0.93, n  = 4 ; feme l l es  a. = 67.50, al =-75.00, r = 1.00, n  = 3). 

INFLUENCE DE LA 3H SUR LA PERIODE DE MATURATION ET LA PERIODE DES 

CHANGEIYENTS DE COLORATION. 

Les per iodes  des changements de c o l o r a t i o n  a i n s i  que l a  longé- 

v i t é  s o n t  r accou rc i es  de p l u s  en p l u s  avec des doses c ro i ssan tes  de l a  

JH (d'une façon  l i n é a i r e )  (Tables 15 à 19). Le premier  changement 

de c o l o r a t i o n  co tnc ide  avec l a  pé r i ode  de maturat ion;  l e  deuxième 

di3 au v i e i l l i s s e m e n t  e s t  probablement provoqué par  une déshyd ra ta t i on  

(cons ta tée  par  prélèvement de l'hémolymphe (*)). 

EVOLUTION DE C DURANT LA SAISON DE VOL. 

En c o r r i g e a n t  l e s  donn6es pa r  Pa r r  (1969), j ' a i  cons ta t6  que 

- 
L e s t  l a  p l u s  é levée au début de l a  saison, diminue e n s u i t e  e t  rdaug- 

mente légèrement à l a  f i n  de l a  sa i son  ( A  39 à 41, Fig.  6 e t  7). 

L ' d v o l u t i o n  de l a  des feme l les  montre mdme deux p i c s  de dens i t é  

de l a  p o p u l a t i o n  ( l e s  feme l les  s o n t  p l u s  i n f l uencées  pa r  l a  dens i té) .  

(*) La t e t e  e t  l e  tube d i g e s t i f  son t  enlevés, l e  t ho rax  compressé e t  

l'hémolymphe p r é l e v é  avec une c a p i l l a i r e  d i t e  de microhématocr i te .  
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cc < L. r d e l l e  < ï c  + p e r i o d e  p a s s é  on r a n o  n e u t r e .  
(1 1 ( 2 )  (3 1 

La v a l e u r  (1) es t  sous-es t im6e.  La v a l e u r  ( 3 )  es t  s u r e s t i m é e  à 

c a u s e  d e  l ' é c h a n g e  c o n t i n u e l  e n t r e  les deux zones .  

La v a l e u r  (1) d e s  f e m e l l e s  mon t r e  d a n s  l a  p l u s p a r t  d e s  cas une v a l e u r  

i n f é r i e u r e ,  l a  t e n d a n c e  i n v e r s e  e s t  c o n s t a t é e  pou r  l a  v a l e u r  ( 3 )  ( t a b l e  20). 

Ceci mon t r e  q u e  l e s  d i f f é r e n c e s  e n t r e  l e s  s e x e s  d e  l a  mesu rée  à l ' e a u  

s o n t  d e s  f a u t e s  e x p é r i m e n t a l e s  d u e s  a u  comportement  d i f f é r e n t  d e s  sexes. 

DISCUSSION. 

A L'EAU : U N  RESULTAT DU COMPORTEMENT 

La p r è s  d e  l l e a u  e s t  e n  e f f e t  l a  somme d e  l a  p d r i o d e  p e n d a n t  

l a q u e l l e  les animaux r e s t e n t  d a n s  l a  p o p u l a t i o n  a c t i v e  p l u s  l a  p 6 r i o d e  

p e n d a n t  l a q u e l l e  il s e  p r o d u i t  d e s  Bchanges e n t r e  l a  zone  n e u t r e  e t  l a  

z o n e  a c t i v e  ( A 84). c c  e s t  une  l imite  minimale.  Lc p l u s  l e  temps d u r a n t  

l e q u e l  i ls  v i v e n t  é l o i g n é s  d e  l ' e a u ,  e s t  l a  l imite  maximale d e  l a  

réelle.  La t e c h n i q u e  d e  C o r b e t  (1952)  a j o u t a n t  à l a  l e  temps d e  ma- 

- 
t u r a t i o n  e s t  é g a l e m e n t  une l imite  maximale. Lc p e u t  Qtre c o n s i d e r d e  

comme l a  a c t i v e ,  q u i  s emble  Btre c o n s t a n t e ,  d e p e n d a n t e  du t y p e  

d ' h a b i t a t ,  mais i n d é p e n d a n t e  d e  l a  d e n s i t é  d e  l a  p o p u l a t i o n .  Dans d e s  

p o p u l a t i o n s  t rès  d e n s e s  l a  a c t i v e  a p p r o c h e  l a  L r é e l l e ,  b i e n  que  l a  

p é r i o d e  d a n s  l a  zone  n e u t r e  se p r o l o n g e  e t  que  l e s  v i s i t e s  à l ' e a u  se 

r a c c o u r c i s s e n t ,  mais les  é c h a n g e s  e n t r e  l e s  deux z o n e s  d e v i e n t  t rès  

f r é q u e n t .  



INFLUENCE DU TYPE D'HABITAT. 

Un h a b i t a t  non i s o l é  a v e c  beaucoup de  p o s s i b i l i t é s  d 'dmigra t ion  

donne d e s  v a l e u r s  de  ï c  sous-estirn6es. Un h a b i t a t  c l o s  donne d e s  v a l e u r s  

d e  c c  beaucoup p l u s  prochesde l a  r é e l l e  c a r  l e s  animaux peuvent  d t r e  

o b s e r v é s  pendant  l a  p l u s  grande p a r t i e  de  l e u r  v ie .  

EVOLUTION DE Tc DURANT LA SAISON DE VOL. 

Une Tc é l e v é e  au  début  de  l a  s a i s o n  e s t  due au  f a i t  que  t o u s  l e s  

i n d i v i d u s  s o n t  j eunes  e t  que l e s  animaux r e s t e n t  p r è s  de  l ' e a u  c a r  l a  

d e n s i t é  d e  l a  p o p u l a t i o n  e s t  basse .  A d e n s i t é  maximale de  p o p u l a t i o n ,  

- 
Lc e s t  minimale,  comme l e  temps p a s s é  en  zone a c t i v e ,  A l a  f i n  de  l a  

s a i s o n  ï c  e s t  i n t e r m é d i a i r e ,  due  à une d e n s i t é  de  p o p u l a t i o n  peu é le -  

vée e t  à l ' a b s e n c e  d'animaux j eunes ,  

PERIODE DE MATURATION. 

Non e x p e r i e n c e  de  l a b o r a t o i r e  a  permis  d ' o b t e n i r  d e s  v a l e u r s  de  

l a  p é r i o d e  d e  m a t u r a t i o n  dans une p o p u l a t i o n  dense. La l i t t e r a t u r e  ne 

donne que d e s v a l e u r s  du meme t y p e  e t  t r è s  peu de  v a l e u r s  pour d e s  

p o p u l a t i o n s  moins denses .  Les c h e r c h e u r s  p r é f è r e n t  d e s  p e t i t e s  popu- 

l a t i o n s  à h a u t e  d e n s i t é  e t  s e  l i m i t e n t  i n v o l o n t a i r e m e n t  à une p e t i t e  

p a r t i e  du c y c l e  de  l a  popu la t ion .  

Toutes  l e s  données conf i rment  que l a  p é r i o d e  de  m a t u r a t i o n  f e m e l l e  

e s t  p l u s  longue  que c e l l e  d e s  males,  Smith (1916) e t  Pajunen (1962a)  

l ' a t t r i b u e n t  a u  f a i t  que  l ' oogenèse  prend p l u s  de  temps que l a  

spermatogenèse .  



DISTRIBUTION DE LA POPULATION. 

Le compor tement  a g r e s s i f  e t  t e r r i t o r i a l  e t  l a  d i s t r i b u t i o n  

s p a t i o - t e m p o r e l l e  d e  l a  p o p u l a t i o n  s o n t  g o u v e r n é s  p a r  l a  d e n s i t e  

d e  l a  p o p u l a t i o n .  Ces f a c t e u r s  peuven t  l imiter  une p o p u l a t i o n  a u s s i  

f o r t e m e n t  q u e  l e  manque de  n o u r r i t u r e  ou q u e  l a  p r é d a t i o n ,  

A f a i b l e  d e n s i t é  d e  p o p u l a t i o n ,  il n'y a q u e  peu d ' i n t e r a c t i o n s  

e t  d ' a g r e s s i v i t é .  Beaucoup d ' immatures  r e s t e n t  p r è s  d e  l ' e a u  e t  l e  

s e x - r a t i o  e s t  p r è s  d e  0,s .  

S i  l a  d e n s i t é  augmente ,  l ' a g r e s s i v i t é  s e  d é v e l o p p e  ( ~ o h n s o n  1962,  

Crumpton 1975,  P a j u n e n  1964) ,  l e  s e x - r a t i o  e s t  en  f a v e u r  d e s  males 

e t  une c e r t a i n e  t e r r i t o r i a l i t é  e s t  o b s e r v é e . ( ~ o r m o n d y  1959, 1961,  

Pa junen 1964,  1966a ,  St . -Quentin 1964, Heymer 1964, 1968a ) ,  Les 

i n t e r a c t i o n s  s o n t  p l u s  nombreuses e t  l a  p é r i o d e  p r o c h e  d e  l ' e a u  

p l u s  c o u r t e  ( ~ a i s e r  1974) .  

A p l u s  f o r t e  d e n s i t é  d e  p o p u l a t i o n  l e s  t e r r i t o i r e s  d e v i e n n e n t  mo ins  

a d a p t é s  ( P a j u n e n  1 9 6 6 b )  e t  un c e r t a i n  nombre d e  males n o n - t e r r i t o r i a u x ,  

c h a s s a n t  mame d e s  f e m e l l e s  d a n s  l ' ensemble  d e  l ' h a b i t a t ,  y-compris 

c e l l e s  i n  c o p u l a ,  r é d u i s a n t  a i n s i  l e  s u c c è s  r e p r o d u c t i f  ( ~ a j u n e n  

1966b).  Les j e u n e s  animaux,  l e s  mâ les  % g é s  e t  les f e m e l l e s  n e  s o n t  

t r o u v é s  p r è s  d e  l ' e a u  qu 'en p e t i t e s  q u a n t i t é s .  Chez l e s  f e m e l l e s  l ' a n -  

dromorphisme d e v i e n t  un avan tage .  

Cet a v a n t a g e  d e s  f e m e l l e s  andromorphiques  d e v i e n t  d e  p l u s  en p l u s  impor- 

t a n t  d a n s  d e s  p o p u l a t i o n s à  d e n s i t é  ex t r ème ,  é v i t a n t  l ' é l i m i n a t i o n  d e s  

andromorphes  p a r  s é l e c t i o n  n a t u r e l l e .  Un d é s a v a n t a g e  d e v i e n t  un a v a n t a g e  

à p l u s  f o r t e  d e n s i t é  d e  p o p u l a t i o n .  
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Dans l e s  p o p u l a t i o n s  à e x t r è m e  d e n s i t é  l ' a g r e s s i v i t é  d i s p a r a f t  

( ~ a j u n e n  1962b,  B u c h h o l t z  1951,  Zahner  1960,  Crurnpton 1975,  K l E t z l i  

1971)  c a r  l a  c o m p é t i t i o n  pour  un p a r t e n a i r e  n ' e x i s t e  p l u s  : il n 'y  

a  p r e s q u e  p l u s  d e  f e m e l l e s  p r è s  d e  l ' e a u .  A g r e s s i v i t é  e t  t e r r i t o -  

r i a l i t é  c o n s t i t u e n t  une  s t r a t é g i e  d ' a d a p t a t i o n  c o n t i n u e  à d e s  d i f -  

f é r e n t e s  c i r c o n s t a n c e s  d e  d e n s i t é .  

La d e n s i t é  d e  l a  p o p u l a t i o n  e s t  l e  f a c t e u r  d é t e r m i n a n t  l e  temps 

p a s s é  en  zone  n e u t r e ;  l e  nombre d e  spéc imens  p r é s e n t s  e n  zone  n e u t r e  

e t  donc l e  s e x - r a t i o  e n  b o r d  d 'eau .  Le v r a i  s e x - r a t i o  e s t  0 ,5,  les  

a u t r e s  v a l e u r s  m e s u r é s  e n  zone  a c t i v e  ne  r é s u l t e n t  que  du comportement  

d e  l ' a n i m a l .  

Ces v a l e u r s  e n  f a v e u r  d e s  males c h e z  les  Z y g o p t è r e s  e t  e n  f a v e u r  d e s  

f e m e l l e s  c h e z  l e s  A n i s o p t è r e s  s o n t  f a c i l e m e n t  a c c e p t é e s  d ' a u t a n t  p l u s  

q u e  d e s  v a l e u r s  s i m i l a i r e s  s o n t  t r o u v é e s  c h e z  l e s  l a r v e s .  

Ce phénomène a é t é  e x p l i q u é  p a r  l a  p l u p a r t  d e s  a u t e u r s  p a r  une mor- 

t a l i t é  d i f f é r e n t e  : il semble  que  c e  ne  s o i t  p a s  l e  cas é t a n t  donne 

que  ce s e x - r a t i o  est  m a i n t e n a n t  ddmontré  é t r e  l e  r é s u l t a t  du compor- 

t emen t ,  

En a c c e p t a n t  une d i s t r i b u t i o n  s i m i l a i r e  pour  l e s  s t a d e s  l a r v a i r e s  e t  

a d u l t e s ,  l e  mécanisme d e v i e n t  p l u s  s i m p l e  e t  é v i d e n t  : d a n s  l e  c o u r a n t  

du s t a d e  l a r v a i r e  l e s  s e x e s  commencent à se c o m p o r t e r  d i f f é r emmen t .  

La d i s t r i b u t i o n  c h a n g e  e t  l e  s e x - r a t i o  s ' é l o i g n e  d e  0 ,5  : les  m a l e s  

o c c u p e n t  l e s  e n d r o i t s  l e s  p l u s  a v a n t a g e u x  d e  l ' h a b i t a t ,  p r o f i t a n t  d ' une  

m e i l l e u r e  n o u r r i t u r e  e t  a y a n t  un développement  p l u s  r a p i d e .  Ceci pro- 

voque l ' é c l o s i o n  p l u s  r a p i d e  c h e z  l e s  males. C e t t e  h y p o t h è s e  e s t  

s o u t e n u e  p a r  p l u s i e u r s  o b s e r v a t i o n s p u b l i é e s ,  ( ~ a w t o n  e t  a l .  1980, 

Ingram 1976,  Lawton 1970 ,  Johannson 1978,  B l o i s  1985).  I l  est  v r a i m e n t  

dommage que  s i  peu d ' a u t e u r s  a i e n t  f a i t  a t t e n t i o n  a u  comportement  

d i f f é r e n t  d e s  s e x e s  e t  a u  compor tement  é v o l u a n t  s e l o n  l t % g e  d e s  l a r v e s .  
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Na c o n v i c t i o n  que l e  comportement e s t  c o n t i n u  à t r a v e r s  l a  v i e  e t  non 

in te r rompu  p a r  l a  métamorphose e s t  sou tenue  p a r  l e  f a i t  que c e r t a i n s  

a u t e u r s  o n t  o b s e r v é  a u s s i  un c e r t a i n  d e g r é  d t a g r e s s i v i t 8  e t  de  t e r r i -  

t o r i a l i t é  chez  l e s  l a r v e s  (Corbe t  1952, 1962, Needham 1930, Heymer 

1968b, 1970, Rowe 1980, Nacan 1970).  

MECANISMES PHYSIOLOGIQUES 

La JH e s t  connue comme s t i m u l a n t  du v o l ,  de l a  m i g r a t i o n  e t  

du m6tabolisme ( ~ a n k i n  & R i d d i f o r d  1978); d e  m@me un r a i e  de  c o n t r b l e  

a é t é  accordé  aux c o r p s  a l l a t e s  à l a  p é r i o d e  d e  m a t u r a t i o n  de  Dictyop- 

t è r e s  ( ~ n g e l m a n n  1960).  

INFLUENCE DE LA 3H SUR LA PERIODE DE MATURATION. 

S t a a l  (1961)  a  o b s e r v é  une l o n g é v i t é  p l u s  longue chez  Locusta  

m i g r a t o r i a  ( o r t h o p t e r a )  p r i v e  d e s  c o r p s  a l l a t e s ,  t a n d i s  que Loher 

(1960)  a  remarqué d é j à  l ' i n f l u e n c e  d e  l a  d e n s i t d  de  l a  p o p u l a t i o n  e t  

l a  c o n c e n t r a t i o n  de  l a  JH s u r  l e  changement de  c o l o r a t i o n .  N o r r i s  

(1964) t r o u v a i t  que d e s  mâlesrnatures f o n t  a c c é l é r e r  l a  m a t u r a t i o n  

d e s  a u t r e s  mâles ,  t a n d i s  que un grand nombre de  j u v é n i l e s  i n h i b e  

l a  m a t u r a t i o n  p a r  l ' i n t e r m é d i a i r e  de  phdromones. 

Ces o b s e r v a t i o n s  c o r r e s p o n d e n t  a v e c  l ' e f f e t  r a c c o u r c i s s a n t  que l a  

JH a  s u r  l a  d u r é e  d e s  p é r i o d e s  de  changement d e  c o l o r a t i o n  e t  s u r  

l a  ï, mais m'a ident  a u s s i  à e x p l i q u e r  beaucoup mieux l ~ é v o l u t i o n  

de  ï c  d u r a n t  l a  s a i s o n  de  v o l  : au debu t  d e  l a  s a i s o n  l a  m a j o r i t 6  

d e s  animaux e s t  j u v d n i l e  c e  q u i  i n h i b e  l a  ma tura t ion .  Au moment oh 

l a  d e n s i t é  de  l a  p o p u l a t i o n  augmente, l a  F r a c t i o n  d e s  males  matures  

d e v i e n t  p l u s  i m p o r t a n t e ,  s t i m u l e  l a  m a t u r a t i o n  e t  r a c c o u r c i t  l a  v ie .  



Le f a i t  que  l a  c o l o r a t i o n  s o i t  t e l l e m e n t  i m p o r t a n t e  pou r  l e  c h o i x  

du p a r t e n a i r e  e t  que  c e t t e  c o l o r a t i o n  s o i t  un f a c t e u r  d e  r e c o n n a i s -  

s a n c e  du s t a d e  d e  déve loppemen t  s e x u e l  m e  f o n t  c r o i r e  que  l e  s t i m u l u s  

q u i  i n t e r v i e n t  d a n s  ce mécanisme d e  s y n c h r o n i s a t i o n  d e  l a  m a t u r a t i o n  

e s t  un s t i m u l u s  v i s u e l  c h e z  1. e l e q a n s .  

CHANGEMENT DE COLORATION AU NIVEAU CELLULAIRE. 

Les c o u c h e s  de  g r a n u l e s  d'ommochromes e n  d e s s o u s  du c u t i c u l e  

o n t  é t é  d é c r i t s  p a r  p l u s i e u r s  a u t e u r s  ( ~ o r d  1961,  O'F are11 1968,  

Veron 1973, C h a r l e s  & Robinson  1981) .  Chez 1. e l e g a n s  l a  couche  

d e  p e t i t e s  g r a n u l e s  à e f f e t  T y n d a l l  e s t  l i é e  aux  m a l e s  e t  aux  

f e m e l l e s  andrornorphiques  homozygotes e t  h é t é r o m o r p h i q u e s  h é t é r o -  

z y g o t e s .  

I l  e s t  a u s s i  r e m a r q u a b l e  q u e  l a  d i f f é r e n c e  e n t r e  l e s  deux g d n o t y p e s  

hd t6 romorph iques  n e  s ' e x p r i m e  qu ' au  s t a d e  ma tu re .  

La f a ç o n  d o n t  a g i t  l a  JH a u  n i v e a u  d e  l a  m a t u r a t i o n  e t  du ddveloppement  

du comportement  s e x u e l  n ' e s t  p a s  connue,  mais comme l a  JH s t i m u l e  l e  

mé tabo l i sme  e t  l ' a c t i v i t é ,  un mé tabo l i sme  é l e v é  donne  une  h a u t e  con- 

c e n t r a t i o n  de  t r y p t o p h a n e  t o x i q u e  (un  p r o d u i t  c a t a b o l i q u e  d e  p r o t é i n e s ) ,  

un p r é c u r s e u r  d'omrnochromes (~Ockmann  e t  al .  1966).  

La c o u l e u r  j a u n e  d e  l a  m a t r i c e  e s t  t r è s  p r o b a b l e m e n t  due  à d e s  pré-  

c u r s e u r s  d~ommochromes. 

I l  e s t  a u s s i  connu qu 'une  c o n c e n t r a t i o n  b a s s e  de  l a  JH provoque u n e  dés- 

h y d r a t a t i o n ,  q u e  j ' a i  t r o u v é e  c h e z  1 . e l e q a n s  é g a l e m e n t  ( ~ l l t m a n  1956 ,  

Raabe 1959).  Cette r é d u c t i o n  du  c o n t e n u  d ' e a u  e s t  c o n s i d é r 6 e  comme l e  
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mecanisme c a u s a n t  l e  changement de  c o l o r a t i o n  c o f n c i d a n t  a v e c  l e  

v i è i l l i s s e m e n t .  Un d é f i c i t  en  eau provoque une f a i b l e  e x c r é t i o n  

de  t r y p t o p h a n e ,  don t  l a  c o n c e n t r a t i o n  augmente a i n s i  que l e s  a u t r e s  

p r é c u r s e u r s  d*ommochrome. La c o n t r a c t i o n  d e s  t i s s u s  r e n f o r c e  a u s s i  

l ' e f f e t  Tynda l l .  

CONCLUSION 

L ' i n t e r a c t i o n  i n t r a s p é c i f i q u e  d o i t  B t r e  c o n s i d é r é e  comme beaucoup 

p l u s  i m p o r t a n t e  que l ' i n t e r a c t i o n  e n t r e  e s p è c e s  d i f f é r e n t e s  d'odo- 

n a t e s  e t  c ' e s t  l a  d e n s i t é  de  l a  p o p u l a t i o n  q u i ,  p a r  l ' i n t e r m é d i a i r e  

de  p l u s i e u r s  mécanismes p h y s i o l o g i q u e s ,  e s t  un d e s  f a c t e u r s  l e s  

p l u s  i m p o r t a n t s  dans l a  dynamique d e  popula t ion .  La JH joue  i c i  

un r 8 l e  impor tan t .  L ' a g r e s s i v i t é  e t  l a  t e r r i t o r i a l i t é  s o n t  l e s  

moyens p a r  l e s q u e l s  l e s  animaux s ' a d a p t e n t  à l a  d e n s i t é  de  popu- 

l a t i o n  r é s u l t a n t  en une d i s t r i b u t i o n  de  p o p u l a t i o n  e t  d e s  c h a n c e s  

de  c o p u l a t i o n  p l u s  au  moins grandes .  

Ces mécanismes donnent un c y c l e  p l u r i a n n u e l  de  l a  popu la t ion .  

Les formes d e  c o u l e u r  d ' I . e l eqans  fo rment  une s t r a t é g i e  d ' a d a p t a t i o n  

aux d i f f é r e n t e s  d e n s i t é s  e t  s o n t  l e s  s t i m u l i  q u i  i n f l u e n c e n t  l es  

processus  p h y s i o l o g i q u e s  q u i  gouvernen t  l e  développement du corn- 

por tement  s e x u e l .  

La s y n c h r o n i s a t i o n  l a r v a i r e  ( S c h a l l e r  1972, Yagi 1976) e s t  s u i v i e  

p a r  une s y n c h r o n i s a t i o n  d e  m a t u r a t i o n  pour o b t e n i r  l e  p l u s  g r a n d  

nombre d ' a d u l t e s  ma tures  en  meme temps, t a n d i s  que l e s  i n d i v i d u s  



d a n s  l e s  a u t r e s  p h a s e s  d e  déve loppemen t  s o n t  c h a s s é s  d e  l a  zone 

a c t i v e  p a r  l l a g r e s s i v i t é  d e s  m â l e s  m a t u r e s .  I l  a é t é  m o n t r é  qu 'une  

h a u t e  d e n s i t é  d e  p o p u l a t i o n  accélère l e s  phénomènes p h y s i o l o g i q u e s  

e t  l a  v i e  e n t i è r e .  Ceci e s t  é g a l e m e n t  un mécanisme d ' a d a p t a t i o n  à 

d e s  d i f f é r e n t e s  d e n s i t é s  d e  p o p u l a t i o n ,  l e s q u e l l e s  s e r a i e n t  e n c o r e  

p l u s  é l e v é e s  s i  l a  n ' é t a i t  p a s  r a c c o u r c i  p a r  l ' e f f e t  d e  d e n s i t g .  

La m e i l l e u r e  s t r a t é g i e  pou r  p r é s e r v e r  une e s p è c e  e s t  l ' e x p a n s i o n .  

A f i n  d e  p r o d u i r e  un maximum d e  spéc imens ,  l e s  e f f e t s  n é g a t i f s  d e  

l a  d e n s i t é  d e  p o p u l a t i o n  (comme l e  manque d e  n o u r r i t u r e  e t  l e s  

c h a n c e s  de c o p u l a t i o n  moins  f a v o r a b l e s )  d o i v e n t  6 t re  n e u t r a l i s 6 s .  

La d i s p e r s i o n  d e  l a  p o p u l a t i o n  ( a v e c  l a  p o s s i b i l i t é  d e  c o l o n i s e r  

d ' a u t r e s  h a b i t a t s )  e t  l e  r a c c o u r c i s s e m e n t  d e  l a  v i e  s o n t  l e s  moyens 

u i t l i s é s ,  
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ABSTRACT 

Laboratory and field experiments in adult 1- elegans 

provide correction techniques for the estimation of 

population parameters based only on capture-recapture data. 

Thus it i s  demonstrated that male and female longevities 

are identical and that their sex ratio is O. 5. (Male fraction) 

Longevity, measured at the water, erroneously appears ta 

differ between sexes, and sex ratio is also biased. This 

bias is a function of population density, which causes a 

different distribution in males and females, matures and 

immatures, andro- and heteromorphic females, and i s  

regulated by aggressive, territorial and mating behaviour 

of individuale. The female maturation period exceeds that 

of the male. Female polymorphism i s  an adaptation t o  

population density, high density favouring andromorphs. 

This polymorphism is determined by single allellic 

autosomal inheritance vith a eex-linked expre~eion. 

In crowded populations, intense visual interactions 

between individuals occur. These cause their juvenile 

hormone titer ta rise, which shortens maturation time, the 

period of morphological colour changes, end life span. This 

mechanism counteracts crowding, and synchronises maturation 

and development of sexual behaviour. 

In the course of their life, individuals go through a 



number of colour changes. The development of teneral 

colours coincides with spermato- and oogeneeie. The 

morphological colour change at sexual maturity is due to 

the neutralisation of toxic waete products of the protein 

metaboliem. The ageing colours are partly due to 

dehydration. 



INTRODUCTION. 

The zygopteran Ischnura elenans. (Vander Linden) 

widely distributed in Europe, has a long flight season, 

extending between mid-May and mid-September.1t has been 

intensively studied by different authors in the field and 

in the laboratory. 

1. elenans shows a morphological colour change during 

its life span, further complicated by the fact that females 

display different colour morphs. The colour changes in I. 

elenans are called morpholoqical if they coincide with 

developmental stages and are irreversible. Reversi ble 

colour changes induced by temperature or humidity are 

called physiological. Morphological colour changes are 

observed in many Odonate species, e. g. in 

Crocothemis erythraea, C. sanuuinolenta, C. divisa, 

Trapezostiqma b. basilare, Pantala sp. (Gambles 1960), and 

Plathemis lydia (Jacobs 1955). Polymorphism is very common 

in Ischnura spp. and has been described by Tillyard (1905) 

in 1. heterosticta, by Grieve (1937) in 1. verticalis, by 

Killington (1924) and Longfield (1936, 1949) in 1. eleuans, 

by Johnson (1966b) in 1. demorsa, and by Johnson (1964a) in 

1. damula. 

In what follows, we define as tenerals al1 specimens 

with a typical vitreous sheen on the wings (first and 

second dey after eclosion). 

Immatures are al1 animals not showing sexual beheviour. The 



immature stage is further divided into a teneral and a . 

juvenile stage. 

Matures are al1 animals showing sexual behaviour and the 

term adults i s  u8ed a s  a synonym for imagines. 

During the teneral stage the definitive juvenile colours 

appear. Omura (1955) found that spermatogenesis is fully 

developed in tenerals and that there is no difference 

between tenerals and mature specimens in Pseudothemis 

zonata. Smith (1916) even states that spermatogenesis 

starts in larvae. Spermatogenesis thus coincides with the 

development of the juvenile colours in adults. The maturing 

colour change of the juvenile stage is related ta 

development of sexual behaviour. 

In Leucorrhinia dubia and L m  Pajunen (1962a) 

found undeveloped gonads in larvae and tenerals until the 

age of 4 t o  5 days. The maturing colour change started 

later. Buchholtz (1951) and Zahner (1960) observed 

copulation 3 days after eclosion, and in warm weather even 

on the first day. This shows that the ability to mate 

exists as soon as the teneral stage ends and the juvenile 

stage begins, even before the onset of sexual behaviour. 

Lord (1961), in a short capture- recapture experiment at 

Anglesey (U.  K. ),  and by keeping specimens in a large out- 

door cage, demonstrated that 1. elegans shows a genetic 

polymorphism in females and a morphological colour change, 

but proposed no inheritance mechanism. 

Males change from green (juvenile), through turquoise 

(mature), t o  blue (old). Female colour changes and 



polymorphism are shown in Fig. 4. The violacea form hos a 

A 85 violet thorax, rufuscens is orange-fawn or somewhat red and 
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has no or light brown humera1 stripes, infuscans-obsoleta 

has light or dark brown hameral stripes and is fawn in 

colour. Infuscans is greenish to greenish-brown. Al1 forms 

except rufuscens and infuscans-obsoleta have black humera1 

stripes. 

Lord (loc. cit.) gave an extensive description of the 

integument of the different 1. eleqans morphs. The colours 

are formed by the interaction of small granules directly 

under the cuticle, which scatter light by a Tyndall effect 

and produce a blue colour (Mason 1923), combined from a 

more or les8 yellow or dark yellow matrix and underlying 

larger ommochrome granules, absorbing and in some cases 

reflecting light. Female andromorphism was shown to be 

disadvantageous to reproduction. 

Different methods exist to study populations of 

imagina1 Odonata, providing estimates of mean longevity, 

sex ratio and population number. Al1 these methods are more 

or less valuable, but the real problem consists in gauging 

the results and their interpretations. 

Parr (1969) studied several populations in the United 

Kingdom at Pembrokeshire and Dunham and made a follow-up 

study of some of these over several years. Different 

estimating techniques to calculate mean longevity ( E l ,  

daily survival rate ( B ) ,  and population number were 



compared. This threw some light upon the many problems of 

estimating x. Lords scheme of colour changes was confirmed 

and was put on a time scale. 

My first aim was t o  study the how and why of ischnuran 

colour changes and polymorphism. As these phenomena are 

supposed t o  play a role in the behaviour and population 

dynamics of the species, factors influencing behaviour, 

population distribution and the measurement of r, Ë and sex 

ratio were analysed. Another purpose was to disclose the 

physiological mechanisms ruling colour changes as well a s  

the inheritance scheme itself. A final aim was t o  

synthesise my findings with preexisting knowledge as t o  

integrate behaviour and the ischnuran colour system into a 

general population dynamics and physiological framework. 

Other authors have studied populations within a nearly 

complete range of habitats, but they always selected 

isolated populations. In contrast, my capture-recapture 

A 83 experiment was set up at Denderleeuw (Belgium) on a non- 

isolated population. 

Live 1. elegans specimens were kept in laboratory 

A61 - conditions t o  obtain t, E and a time scale for the colour 
62 

A78- changes, a s  a baeis for comparison with field data. 
7 9  

Finally, specimens were treated with juvenile hormone 

to study the physiological mechanisms governing colour 

changes, maturation and longevity. 



MATERIALS AND METHODS. 

MAINTAINING A LABORATORY STOCK OF LIVE ODONATA FOR 

PHYSIOLOGICAL STUDIES. 

PREVIOUS METHODS. 

Methods for keeping Odonata alive in laboratory 

conditions were described by Johnson (1965, 1966a) and by 

Seidel & Buchholtz (1962). 

Johnson (1965) first used terraria 60 cm long, 35 cm 

wide and 55 cm high, blackened with aluminium paper to make 

the cage vision-proof and t o  inhibit escape behaviour. The 

top was covered with a screen-coated wooden frame and the 

bottom with moistened absorbent paper. Each cage contained 

16 specimens, that were fed Drosophila ap.. 

Later, Johnson (1966a) used breeding cages with fine 

mesh screening, covered by plate glass. As the animals are 

sensitive to low humidity, a fingerbowl with water-soaked 

sand was added. 

Seidel & Buchholtz (1962) used an artificial biotope: 

a room 4.55 m x 3.30 m in size, 2.70 m high, with a pond of 

3.00 m x 2.30 m, f lowing water, waterplants and artif icial 

sunlight. 

Although these methods work well for breeding and 

ethological experiments, they are expensive, use much space 

and are impractical for physiological work. 



DESCRIPTION OF A NEW METHOD FOR MAINTAINING A STOCK OF LIVE 

ODONATA. 

A simple, yet satisfactory method using cages without 

cover was developed. The bottom of each cage was covered 

with thick wettened filter paper, and the size was adapted 

t o  the dimensions of the species.used. For 1. eleaans, for 

example, a plastic box of 8 x 4 x 4 cm per 2 specimens 

gave excellent results. In our experiment, transparent 

plastic boxes were used, placed one against another in a 

block, allowing visual contact between the animals. 

In Zygoptera, wings were cut at the nodus. Enough of 

the winge was left to provide a grip for handling specimens 

for feeding and other treatments. Because in Anisoptera the 

centre of gravity lies higher than in Zygoptera, 

individuals with part of the wings removed, lose balance, 

cannot get up again, and die. Instead of cutting them, a 

light plastic plate was therefore glued across the four 

wings, fixing them in a horizontal position. This 

effectively kept the animals quiet and in upright position. 

A drawback of this technique is the time-consuming 

nature of individual feeding, which rcquires daily 

individual handling of 011 specimens. Live 

Drosophila melanoaaster were used as food; they were 

presented to the Odonata with a forceps and were readily 

accepted. 



Individual 1. elesans consume an average of 4 

Drosophila per day. Lord (1961) recorded a consumption of 8 

prey items per day in large outdoor cages. However, 

specimens without wings obviously use less energy than 

f lying insects. 

Feeding was accompanied by hoarding. The Odonata were 

fed once or twice a day and accepted up to 4 Drosophila 

specimens at a time. In 1. elesans several prey items were 

chewed into a single meatball, kept under the mandibles, 

and slowly ingested af terwards. The anisopteran 

Sympetrum sanquineum hoarded up to eight Drosophila at a 

time, but kept the meatball inside its mouthparts instead 

of beneath them. Regularly, Odonata were observed in 

natural conditions with such a meatball too, but it remains 

uncertain whether this was composed of a single or of 

several prey items. An individuel refusing food almost 

invariably died the next day. 

Freshly emerged 1. elegans were captured in the 

morning hours at the Gates reservoir (Welle, Eastern 

Flanders, Belgium), a habitat described by Dumont (1968, 

1971), and transported to the laboratory in a chest with 

fine mesh screening. Two-dey old tenerale, completely 

coloured, but still with opaque wings, were also included. 



CAPTURE-RECAPTURE EXPERIMENTS. 

Parr (1965) reviewed methods to estimate population 

number, and x, such as Jackson's first and second method 

(1948), Fisher & Ford's method (1947), Bailey's triple- 

catch method (1951), and Jolly's method (1965), and 

compared their respective results. The Life table method, 

Fisher & Fard's, Joly's and Manly & Parr's method (1968) 

were simultaneously used and compared by Parr (197Ja, 

1973b, 1976) and by Parr & Parr (1979). 

The method most commonly applied to estimate population 

numbers i s  that of Fisher & Ford. It csn also be used to 

obtain and t, but the life table method is of course the 

simplest way t o  compute (the mean of al1 periods between 

first and last capture). 

A capture recapture experiment was run in August 1973 on a 

population of 1. eleqans on one of the bomb holee of World 

A 8 3  War II in the area at Denderleeuw described by Dumont 

A4- (1971 1 .  
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The population studied is situated on H4, a circuler bomb 

crater with a shore length of 4 9  m. In the vicinity, 4 

other bomb craters and 2 rectangular fish ponds occur. The 

pond studied had the largest population of 1. eleqans at 

that time. It i s  topologically very open and has a free 

exchange with the other ponds. The vegetation around the 

pond i s  regularly cut. A small region with high grass at 30 

m from the pond, where many females were found, was included. 

A l  - For marking, the individual method of Hinnekint (1974) was 
3 



used, applying numbers in a point-dash fashion on the wings 

with waterproof ink. 

Lord (1961) studied a population of 1. elesans at 

Anglesey (U. K. ), an open, isolated system, at a pond with 

indeterminate dimensions and provided based on life 

- - 
table (LLT ) and L calculated with the Fisher & Ford 

technique (TFF) for two short consecutive periods. She also 

observed female mating frequencies in the different morphs. 

Parr (1965) studied a population at an open, isolated 

habitat at Pembrokeshire (U.K. ) during a short period and 3 

populations at different ponds at Dunham ( U . K . )  during a 

complete flight season. Dunham ponds 1 and II are open 

isolated systems but pond III is isolated and closed as it 

i s  sheltered in a deep hollow and surrounded by mature oak 

trees. Populations 1 and III were also studied for a 

shorter period a few years later. (Parr 1969, 1973a, 1973b, 

Parr & Palmer 1971, Parr & Parr 1972). 

- - 
Parr's work provides L F F r  LLT , pond dimensions, total 

season population numbers mating frequencies and numbers 

of matures, immatures and different female morphs. 

Van Noordwijk (1978) marked 1. eleqans and several 

other zygopteran dragonflies in a marsh-and-pond syetem at 

A83 Welle (Belgium) to collect information on interspecific 

interactions. Such a habitat is of course an open, non- 

isolated system. He captured randomly, and included a large 



part of the hinterland. 

MEAN LONGEVITY IN LABORATORY CONDITIONS. 

- 
A61 - L of 91 specimens of both sexes is given in table 1. 
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A78- There ras no significant difference t =  1-0.901 x1.66 (t for 
79 

1 - 
df=89 at 5% level) between L of males and of females. 

Both sexes may therefore be pooled. A mathematical 

expression describing the frequencies of the survivals was 

A80- determined by trial and error. Normal, logarithmic normal, 
82 

Poisson and k2 distributions were rejected. A x2 

distribution with 3 =2 provided a rough approximation, but 

an F distribution ( i .e .  a fraction with nominator and 

denominator k2 diatributed) with JI = Z  and J2 =15 gave the 

best fit. 

( x2 -test for goodness of fit:x2= 15.45<22.4, df=13 at 5% 

level). 

This distribution was accepted as a theoretical base and 

used to calculate daily mortality, daily total number of 

survivors in a population, their age distribution, and 

per considered period. (Table 2). 

CORRECTION OF THE LIFE TABLE DATA AND OF ,. 

For an unbiased comparison between laboratory and 

field conditions, a similar method to compute should be 

used. 1 chose as a base the time between f i r ~ t  and lest 

capture. Al1 literature figures (table 3 )  are arithmetic 

means of the observed survival times, without corrections. 



- 
They underestimate L because 

-the first capture is rarely during the teneral phase 

and the last capture is rarely at ?.he very end of an 

animal's life. 

-the probability of recording a short life span is 

larger than that of observing a longer life spen. 

This last point provides a way to correct field data. A 

capture-recapture experiment of, Say, 1s d a y ~  contains 1 

day of only captures, and 14 days of captures and 

recaptures. Specimens of the first capture day can be 

caught during 14 days, but specimens caught on day two can 

only be observed for 13 days, and so on. The chance of 

recapturing an animal after 1 day is 14 times higher thon 

after 14 days. 

There are two ways to avoid this. The first one is to 

give al1 survival times an equal chance to be observed by 

using, in the example of a 15 day experiment, only the 

first 7 days for marking, and for each marking day 7 

recapture days. This leads to 7 observation days for each 

of the 7 survival times, but reduces the observation period 

to half. 

A second method is to reevaluate the observations 

themselves. Ni individuals (one individual should only be 

taken into account once, even if it is recaptured several 

times) taken at the ith day of an n day experiment with the 

first day (captures only) as day 0, are reevaluated as 

-1 
Ni. n i  . n. 



This expression includes al1 observations of the 

experiment, but is influenced by the rareness of aged 

specimens. It can only be used when the experimental period 

exceeds or at least approaches the maximum longevity (Lm) 

of the species studied. The maximum survival period 

observed definitely influences L. In the example of 15 

days, no animal can be seen for longer than 7 days in the 

first method and 14 days in the second one. A table can be 

constructed to correct for this. Table 2 yields a 

- 
theoretical L of 9.6302 days (Sx=9.2075, Sx=O. 9269 for 

Lm=50 days. 

This theoreticalx is somewhat below the value observed in 

the laboratory (at Lm=50, the upper limit of y is not yet 

reached), but these figures fa11 within each others error 

range. 

Not knowing the exact age of a specimen in the field, a 

constant E based on the theoretical value of is derived 

f rom the expression y= l/l-E, as E=0.89616, and is used ta 

construct table 4, giving a correction factor for the life 

table data. Attention should be paid to use the proper 

factor for the number of recapture days, not for the whole 

experimental period. Corrected i based on each of the data- 

correcting methods for life table data (YLTc ) will be 

ref erred to respectively as ilLTcl and tLTc2 . 



CORRECTION OF CALCULATED AFTER FISHER & FORD. 

The Fisher & Ford method provides from an estimated 

- 
S. However, the shorter the period of observation, the 

lesser the chance a marked individual will be caught again. 

The observation period will therefore influence the 

- 
measured s. ~ h u s  table 4 was used for correcting iFF as 

- 
well and will be referred to as LFFc . 

- 
A 3 8  For female L in Parr's 1965 13-days study (table 3), a 

correction factor for only 8 recûpture dayn was used to 

reevaluate LFF . Indeed, on the first two and on the last 

day he captured hardly any femalrs, while on the third dûy 

no observations were made. 

- 
Female L in the second experiment of Lord (1961) is 

probably underestimated. The experiment is discontinuous 

and based on too few specimens. Parr's figures for the 

üunham ponds are averages of for overlapping periods. To 

- 
A39- adjust these, L was corrected for each period, and the 

41 

average calculated. 

MATURATION PERIOD AND AGE DISTRIBUTION IN AN ACTIVE PUPULATICIN. 

Evidence that teneral specimens leave the active 

population and the water, and live in a neutral zone, 

without sexual behaviour is given by Pajunen (1962a) in 

Leucorrhina rubicunda and L. dubia, Waage ( 1972) in 

C. maculata, Corbet (1952) in Pyrrhosoma nymphula, Heymer 

(1964) in Oxyaastra curtisL Parr & Parr (1979) in 



Ceriaqrion tenellx, Trottier 11966) in Anax junius, Van 

Noordwijk (1978) in Coenaqrlon puella and & pulchellum 

(here many mature female specimens also lived away from the 

water), Moore ( 1953) in Brachytron pratense, 

A- Anax imperatoa Orthetrum cancellatum, 

Libellulaquadrimaculata, L. depresea and Sympetrum 

striolatum, Gambles (1960) in Lestes virqatus, Bick & Bick 

(1961, 1965), Zahner (1960) and many others. It i s  thus a 

widespread behaviour in Odonata. Only rarely (Parr 1973b) 

do tenerals and immatures not leave the water. 

A measure of presence at the water in different aqe 

groups can be extracted from the corrected life table, 

showing equal chances t o  observe each survival period. 

Table 5 shows an example based on a fixed 8. Column 1 g i v e ~  

the survival periods, column 2 the surviving individuels 

for each period, column 3 the total survivors on the i th 

day, column 4 the total survivals revised by raising the 

- 
corresponding s to the power -i. For example one specimen 

- 4  
living for 4 days corresponds to 1.s specimens on the 

first day. This expansion shows a maximum, representing the 

maximum active population fraction at the water, and is 

entered on top of column 6. In column 6 the maximum active 

population decreases each day by multiplying it with to 

give the theoretical attendance at the water of each age 

group. The difference between columns 6 and 3 is shown in 

column 7 as the number of animals away from the water. A 

maximum in column 7 indicates a maximum in column 5. Column 



5 gives the fraction of the population at the water based 

on column 4 and on the total survivors of column 3. 

Emergence peaks do not interfere, because figures of first 

and last captures of many days are pooled. The accuracy of 

this method can be checked by verifying that the difference 

of the top figures of columns 3 and 6 (115) approximately 

equals the maximum number of ûnimals away from water (day 

1: 337-238=99) plus the number of animals surviving after 

13 days (11). If this 1s not 60, the maximum active 

population size has been erroneously estimated. In such 

A43- cases, several larger top values for column 6 were tried 
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until a reasonable match was obtained. 

ACTION OF JUVENILE HORMONE (JH) ON COLOUR CHANGE PERIODS AND z. 

Teneral 1. eleqans males kept under laboratory 

conditions were treated with JH (Calbiochem) and farnesol 

A63 diluted in ethanol. Injecting JH solutions caused a very 

high death rate, probably due to the ethanol solvent. 

However, it was found adequate to apply the hormone 

solution on one side of the thorax to impregnate the 

cuticle, although a few specimens surviving an injection 

with the ethanol solution reacted more strongly to the same 

dose of JH than impregnated ones. In tests with 250 pg of 

A 74 farnesol, the dose was split into 3 subdoses applied on 3 

consecutive days. 

This same experiment was repeated using JH and 

farnesol solutions in paraffin oil for cuticular 



impregnation. The experiment was mainly run on males 

because female polymorphism complicates the evaluation of 

colours changes. In females, only changing was studied. 

RESULTS. 

- 
L IN FIELD AND LABORATORY CONDITIONS. 

Table 1 shows obtained in laboratory condition=. 

Most remarkable is the identical male and female whereas 

field data usually show a lower female (Table 3 ) .  These 

field data also show a large end unlikely spreading, caused 

by the methods used or by the behaviour of the animale. 

Table 6 presents TLTCI (experiments of table 3, where 

- 
enough data were available), LLTc2 (the larger Dunham 

- 
experiments) and LFFc . Most figures are now close to 

those measured in the laboratory, and to theoretical E. 

- 
APPLICATION OF THE GAUGING TECHNIQUES FOR L TO PYRRHOSOMA 
NYMPHULA. 

The same procedure as before was followed for 

Pyrrhosoma nymphula (Table 7 ) ,  and figures matching each 

other closely were obtained after correction,. while 

uncorrected figures for different experiments were widely 

divergent. Strictly speaking, it is not knawn whether the 

same correction table can be used, as in leboratory 

conditions IE unknown for P. nymphula. The approximation 



seems quite reasonable, however. ln the case of 1. elegans 

and P. nymphula, my correction of Lord's LLTc may still be 

an underestimate as 1 used ourvival periods between 

captures instead of the survival period between the first 

and the last capture. 

MAXIMUM LONGEVITY. 

Lm observed in field conditions in 1. elegans is 45 

days (table 3 ) .  In laboratory conditions, it was 42 days 

(this study) and in semi-natural conditions, it was 41 days 

(Lord 1961). This matches the age distribution of table 4 

well: 50% elimination after 6.2 days, 75% after 12.7 days, 

and only 1% survival after 42 days. That there is some 

possibility thnt some 1. eleqans can survive for about 50 

days is shown by Parr (1973b): he found an andromorph 

femsle which survived for 45 days, to which at least 5 days 

should be added for its teneral and violacea stages. 

SURVIVAL RATE. 

- 
Table 2 shows that in laboratory conditions s is 

0.8907 on day 1. It goes up ta 0.9037 on day 10, 0.9190 on 

day 25, and ends at 0.9362 on day 50. On comparing tables 2 

and 4, it is seen to be a good approximation to accept e 

fixed survival rate. 



MATURATION PERIOD, COLOUH CHANGES AND POPULATION DISTRIHUl'lUN. 

Figure 1 shows that at eclosion al1 animals are at the 

water. Their number drops immediately thereafter (0.56), 

A 43 but most of the population (0.80) is back at day 10, while 

older animals leave the water again. Maturation time here 

is 10 days in male 1. eleqan~. This example illustrates 

that the supposed mass-mortality between day O and 1 is in 

fact the sum of real mortality on that day, plus the 

animals that escaped notice due to the shortness of the 

experiment, and those that died on other days, away from 

the pond. The same L is obtained and the lack of immatures 

in the active populatiori is explained, bringing field data 

into agreement with laboratory data, where E is only a 

little lower at the beginning and a little higher at the 

end of life. The very high mortality between days O and 1 

was explained by Parr (1973b) as natural mortality in 

1. eleqans, whereaa, in Enallagma cyathigerum,he considered 

the marking itself as the source of mortality (Parr 1976). 

A44 In females, the number initially drops even more (0.37) 

than in males, and climbs to 0.47 at day 12 (Fig. 1). 

The same method can also be applied to other species, 

A45- e.g. to Corbet's (1952) life table of Pyrrhosoma nymphula 
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(corrected with method 2: N'=Ni. (n-i)-' . n .  Most males 

(0.91) are at the water on day 12; in females, only a 

fraction (0.61) reaches the water on day 14 (Fig. 2). 

Knowing that the maturation period away £rom the water is 



underestimated by the nature of the life table technique, 

these figures match remarkably well the maturation period 

of approximately 15 days observed by Corbet (1952) as the 

interval between an eclosion peak and a peek of new animal 

arivals at the pond. 

In both species, we see that more males are observed 

at the water at maturity while in females only a small 

fraction i s  seen and the presence at the water of every age 

group is inferior to the corresponding age group in males. 

In both species, male maturation is of shorter duration 

than for females. However, when applying this calculation 

A 47- to the Dunham populations of 1. elenans from Parr (1969), I 
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found that the fraction of the populations at the water 

are, by the nature of the technique, directly influenced by 

- 
s and indirectly by the recapture intensity. In the 

populations at ponds 1 and III, the fractions of immature 

specimens match reality (Table 8 )  and are absolutely 

reliable. In the pond II population with low recapture 

- 
intensity, this is not the case. L is underestimated, end 

the fractions are only of relative value. The low recapture 

rate of pond II is caused by the fact that an islend in the 

pond renders recapture difficult. Pond III is a special 

case, where large fractions of tenerals stay at the water 

(0.73 in males and 0.58 in females) and al1 animals return 

t o  the water after 17 days. 

Data about the 1966 populations of eenaqrion puella 



A53- and Enallaqma cyathiqerum (Parr 1969 and Parr & Palmer 
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1971) give male maturation times of, reepectively, 26 and 

22 days at the Dunham pond III. 

MORPHOLOGICAL COLOUR CHANGES. 

Male 1. elegans change colour from green, through 

turquoise, to blue. In laboretory conditions, the first 

A61- colour change occurs after 14.13 deys ( S x = 5 . 6 6 ,  SZ=1.41, 
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n=16) and the second after 19.62 days (5x=6.51, SX=1,81, 

n=13). From capture-recapture data, Parr (1973a) and Van 

Noordwijk (1978) derived values of 7.38 deys and 20.44 days 

for both periods. Obviously, there is good agreement for 

the second period, but the first one is underestimated by 

the capture-recapture technique because few immatures are 

present at the water and tenerals are only rarely marked. 

Similarly, the underestimation of t is due t o  the behaviour 

of the immature stages. 

We now know how many specimens of each age group are 

in the neutral zone. Similarly, it is possible t o  divide 

the population into mature and immature specimens. Table 2 

lndicates that for a male immature period of 14 days, 0.386 

immatures and 0.114 matures are the theoretical population 

fractions. Similar theoretical figures for femaler are 

unknown. Parr (1973a) gives the figures in table 8 for the 

Dunham experiments. They match well with values found with 

the life table technique in populations with sufficient 

recapture frequency. 



My laboratory experiment can also serve a s  a basis to 

calculate ideal immature and mature population fractions at 

population density zero, since the relationship between the 

theoretical life table and maturation time i s  exactly 

known. 1 accept this relation as being constant in al1 

density conditions, as suggested by the linearity of the 

regressions obtained. (In natural conditions, at the 

hypothetical density zero, no intraspecific interaction 

can occur. In the laboratory, such interaction causing 

different distribution patterns is, of course, not possible 

and population density zero can be accepted if only 

distribution patterns are studied.) 

SEX RATIO AND POPULATION DENSITY. 

That the sex ratio observed in nature is influenced by 

behaviour is shown by the population at Denderleeuw in 1973 

(this study), which had a sex ratio of 0.74 (based on 

captures), 0.71 (based on the number of individuals), and 

A35 0.66 (based on population number estimates with the Fisher 

& Ford method). 

The most reliable estimate of population density is 

the total season population (Sheppard 1951) per meter of 

shoreline. Figures used for the Dunham ponds were published 

by Parr (1973a), together with the sizes of the ponds. As 

no estimete i s  given for pond 1 females, 1 took only male 

density into account. A s  males are the largest fraction at 

the pond and as aggression i s  a rather typical male 



behaviour, this seems a logical choice. I derived t.he 

following densities: pond 1: 6.4, pond II: 4.1 and pond 

III: 1.7 males per m. Considering male and female immature 

and mature fractions as a function of population density 

and including theoretical male values at hypothetical 

density zero, a linear relationship is obtained (Fig. 3 )  

(r2 =1.00 in both cases with n=J). Figure 3 shows that 

immatures are progressively banned from active populations 

at increasing densities, where mature males form the 

ma jority. 

The data of pond III are omitted from the regression. 

They lie closely together, as the topological features are 

hindering Odonata in leaving the active population. 

The linear relationship for immature and mature 

females again provides a theoretical value for both 

fractions at density zero: immatures 0.428 and matures 

0.082, and these figures are entered into table 8. Based on 

table 2, a maturation time in females of 17.55 days is 

found, confirming the longer female maturation period. 

Even though 1 have only 2 data points, 1 accept that 

in females the relationship is linear, in analogy with the 

males and because of the correlation of sex ratio with 

population density (Table 9 ) .  The latter calculation was 

done on Parr's 3 Dunham populations and a theoretical 0.5 

sex ratio at density zero. (ao =O. 51, a, =O. 03, r2 =O. 97, 

n=4). 



TIME AWAY FROM THE WATER AS IMMATURES. 

In table 8, we can use the proportion between the 

fractions of immatures observed in nature and the 

theoretical immature fraction to estimate the average time 

spent away from water (using table 4 to see how long the 

total immature fraction had been away t o  be reduced t o  itn 

actual level by mortality). A linear relationship with 

population density using data from ponds 1 and II and, as a 

theoretical point, no time away at density zero is found. 

( 8 ,  =-O. 13, al ~0.66, r2 =0.98, n= 3  in males and in females 

a, =-0.26, al =1.31, r2 =0.98, n-3). For the opecial case 

of pond III, time spent away from water i s  too long, as 

could be expected. 

DIFFERENT ACTIVITY OF MALES AND FEMALES. 

- 
Parr (1973b) suggested different s in males and 

- 
females, but male Lc divided by female c c  produces a 

- 
ratio indicative of a different activity in both sexes. Lc 

i s  here taken as the mean of the values given by the two 

correcting methods (Table 6). Data on populations in 

unusual conditions are omitted (Dunham pond III, the non- 

isolated bomb hole at Denderleeuw, and the marsh-and-pond 

system of Van Noordwijk 1978). At a s e x  ratio 0.5, a 

similar behaviour pattern and the same Tc are expected 

for both sexes. By including these theoretical figures, a 

A42 linear relationship i s  found between z c d  /Tcp and sex 



ratio, as a measure of population density. (a0 =O. 39, a, 

=l. 14, r2 =O. 89, n=6). Sex-linked behaviour and measured 

are thus both influenced by population density. In almost 

al1 populations, we find that female Tc is lower than male 

- 
Lc . However, analysis of the corrected life table shows 

that in the Dunham pond III, female Tc is higher, because 

older males are forced to leave the population under the 

aggression of younger males, while older females can stoy 

in the active population longer. At the Denderleeuw bomb 

hole, a high female Tc resulted from the recapture of 

many marked females in long grass, about 30 m from the 

pond, in the early morning hours. 

INHERITANCE OF FEMALE POLYMORPHISM. 

Johnson (1964a, 1966b) studied the inheritance of 

(demale) polymorphism in 1. damula and Ldemorsa. Both 

species have dimorphic females that can be andromorphic or 

heteromorphic. Males have only one phenotype. He found a 

single allelic autosomal inheritance and a sex-linked 

expression. Andromorphic females are homozygous recessive 

and heteromorphic females are homozygous dominant or 

heterozygous. A similar genetic control is proposed by 

Johnson (1964b) in Enallaqma civile and E. praevarum. 

In I, 3 female phenotypes exist, which is 

compatible with the above mentioned inheritance system, 

with rufuscens and infuscans-obsoleta as homozygous 



heteromorphic (both without black humeral stripes), 

infuscans as heterozygous heteromorphic, and the andromorph 

as a homozygous andromorph (the latter 2 morphs having 

similar immature stages and al1 having black humeral 

stripe~). Parr (1969) rejected this mode of inheritance, 

but 1 will maintain this hypothesis (Fig. 4). If males and 

females, and immatures and matures have a different 

distribution pattern, why not the different morphs as well? 

Lord (1961) and Parr & Palmer (1571) found no difference in 

mating behaviour of both types of heteromorphs, but a 

significant difference was found between andromorphs and 

heteromorphs, andromorphic females being disadvantaged. 

Obviously, males do not readily recognize andromorphs as 

females. A different behaviour of males towards female 

morphs has also been described by Johnson (1975, 1964b1, 

who noticed that phenotype frequencies change during 

development to maturity. He ascribed this fact to 

selection. However, this phenomenon is simply due to a 

different behaviour. In table 10, frequencies oi female 

phenotypes from the dense (sex ratio = 0.67) Pembrokeshire 

population (Parr 1965) are separated into mature and 

immature stages. The homozygous heteromorph form is 

underrepresented at maturity and the andromorphs are 

overrepresented. In the less dense Angle~ey population of 

Lord (1961) (sex ratio=0.52 to 0.59), this effect is nearly 

negligible (Table 11). 

Based on this hypothesis, a frequency of 0.25 homozygous 

heteromorphs, 0.50 heterozygous heteromorphs and 0.25 



homozygous andromorphs should be found. This theoretical 

frequency at density zero, and that of the Dunham ponds 

(Parr 1969) provide a linear regression for andromorphs and 

heteromorphs (r2 =0.97 in both cases, n=4) but no such 

relationship is found upon separating bath types of 

heteromorphs (table 12). This shows that the difkerential 

distribution of andro- and heteromorphs under the influence 

of population density is a fact. No difference is found 

between the 2 heteromorphs, confirming what was found by an 

analysis of mating frequencies by Lord (1961) and by Parr & 

Palmer (1971). My hypothesis about the inheritance of the 

female polymorphism is thus acceptable. 

MATING FREQUENCY AND POPULATION DENSITY AS A POPULATION 
REGULATOR. 

1 showed that sex ratio is directly determined by 

population density, therefore sex ratio can be used as a 

measure of population density where sufficient data are not 

available. 

Mating frequency and sex ratio at the Dunham ponds 

(Parr & Palmer, 1971) are represented in table 13. 

In females, the number of mating males versus total female 

number was taken to include as many juvenile females as 

possible in the frequency data. These mating juveniles 

should not be omitted (as Parr & Palmer did) because they 

compete with mature fernales. 



These corrected mating Trequencies are represented in 

figure 5, together with a theoretical point at sex ratio 

1.0, and, of course, zero as mating frequency, because only 

males are present in the population. 

At a sex ratio of 0.5, an equal mating frequency should be 

found. The 3 low density points in males give a linear 

relationship (ao =O. 90, a, =IO. 78, r2 =l. 00, n=4), with, 

at sex ratio 0,50, a mating frequency of 4.49. If this 

extrapolation is included with female figures, a linear 

regression can again be derived (ao =-29.33, al  ~68.37, r2 

=0.90, n=4) with a mating frequency at sex ratio 0.50 of 

4.80. 

In males at high density, we get a parabolic curve (ao 

=77.99, a l  =166.23, a2 =88.25, n=4) whereas in females a 

power curve occurs (a=0.29, b= -10.47, r2 =1.00, n=3, pond 

III omitted). 

We al80 note that the mating frequency in females is 

invariably higher than that in males, caused by a male- 

biased sex ratio at the water. Hating frequency in both 

sexes increases linearly to an optimum population density 

(at sex ratio 0.676). In denser populations, male mating 

frequency falls parabolically t o  zero at sex ratio 1.00. 

Females pushed out of the population at rising densities 

are becoming s o  rare that couples are often disturbed by 

other males, and females are chased by several males at a 

time, especially non-territorial ones which occur in large 

numbers in dense populations (Pajunen 1962b, 19666). This 



may explain why the female curve drops in a power fashion. 

Pond III shows in 1970 an abberantly high mating 

frequency as females at the pond cannot move away into the 

neutral zone. (This mating frequency gives an acceptable 

point for the linear regression at low density). 

The phenomenon described acts a s  a population 

regulator: in low density populations, a large fraction of 

females is in the active population and has a chance t o  

copulate; the population expands (Fig. 5). 

When the optimum density is reached, the population 

continues to grow. The next year, however, a density occurs 

which i s  unfavorable and the population decreases, thus 

closing the cycle. In England, we see a 6 -  year cycle, 

beginning with a population at sex ratio 0.5 (the Anglesey 

population) climbing up to a sex ratio of 0.75 (Dunham pond 

III 1970 and, also, Denderleeuw 1973, this study). This i s  

sustained by the 2 Dunham ponds for which data for two 

different non-consecutive years are available. 

The mating frequency in 1. elecrans is rather 1ow 

compared with other species (Parr & Palmer 1971), perhaps 

because many couples leave the water (Van Noordwijk 1978). 

Couples leaving the water were also observed in 

Leucorrhinia sp. (Pajunen 1963). 



INFLUENCE OF CROWDING ON MATURATION PERIOD. 

The maturation time obtained by analysing life tables 

of the Dunham and the Denderleeuw populations of 1. eleqans 

are presented as a function of sex ratio (a measure of 

crowding) in table 14. In males this relationship is found 

to be linear (ao =43.95, al =-45.00, r2 =O. 93, n=4). In 

females, much more influenced by population density, pond 

III had t o  be eliminated (a normal exchange with the 

hinterland being prevented) to obtain a good linear fit. (ao 

=67.50, al =-75.00, r2 =1.00, n=3). 

INFLUENCE OF JH ON MATURATION TIME AND LIFE SPAN. 

Results of the experiment treating male 1. eleqans 

specimens in laboratory conditions with JH or farnesol are 

given in tables 15, 16, 17, and 18. 

With untreated specimens as a reference, significant linear 

relationships were obtained between the colour change 

associated with maturation, the ageing colour change, and 

- 
in males. L and maturation time become shorter with 

increasing JH titer. 

Administering 250 pg farnesol, split up in 3 subdoses 

applied on 3 consecutive deys showed a shortening of the 

colour change period fitting the obtained regreasion, but a 

much lower death rate than with a single dose. 

The ageing colour change is probably due to 

dehydration. A progressive dehydration was observed 



while measuring the quantity of hemolymph obtained for 

analysis. A turquoise specimen yielded about half the 

amount of hemolymph of a teneral one, while old, blue 

pruinescent animals contained only one fifth of the teneral 

amount. 

The results obtained by treatment of females are shown 

in table 19. Life span was essentially changed in the same 

way as in males under the influence of JH. 

EVOLUTION OF L DURING THE FLIGHT SEASON. 

- 
L F F ~  for the Dunham populations of Parr (1969) shows 

- 
a seasonal trend: LFFc is very high at the beginning of the 

season, lowest in late July and early August and again 

rises towards the end of the season, but not sufficiently 

t o  reach spring values again. 

- 
Unfortunately, the LFFc at Dunham pond II suffers 

from a low recapture rate. This leaves us with only 2 ponds 

showing related circumstances and sufficient data: Dunham 

- 
ponds 1 and III (Table 20). I f  we look at the values of LFFc, 

it is ciear that high density at pond I causes iow iFFc . 
To improve the picture, time away from the water i s  added 

(this will, in fact, overshoot reality because there is 

continuous exchange between the active population and the 

- 
hinterland) to have a maximum L. Again crowding is a 

negative factor and, in al1 ponds, maximum t appears to be 

higher in females than in males. As true is intermediate 



between ilFFc and the sum of LFFc plus the time away from 
- 

the water, and, as in the first case, female LFFc is 

- 
mostly inferior but in the second case superior t o  male LFFc, 

we may conclude that they are in fact equal, as found in my 

laboratory experiment. A closer look at the calculated 

regressions not only shows that female L F F ~  i s  higher 

- - 
than male LFFc at density zero but also that. female LFFc 

is shortened more by increasing density. This, however, is 

an illusion caused by a different attendance at the water. 

- 
In populations with a real L exceeding the L found in 

laboratory conditions, time away from the water at low 

density is underestimated by uging our theoretical life 

table. The magnitude of the error increases proportionally 

In males, there is no sign of effects of population peaks 

(fig. 6). Females react much more strongly to the density 

stimulus and show 2 peaks, with IFFc reaching a minimum 

(fig. 7 )  in the pond II population. 

DISCUSSION. 

MEASURED AT THE WATER: A RESULT O F  BEHAVIOUR. 

- 
L measured at the water, in the active population, i s  

in fact only the mean period individuals can be observed at 

the pond, it is the period specimens stay at the water plus 

the period that specimens exchange regularly with those in 

- 
the hinterland. Lc, computed with either method will 



invariably be an underestimate. Real 1 is intermediate 

- 
between Lc and Ec plus the average time spent away from 

water by the immature fraction. The two values should not 

be added as the equilibrium between the neutral zone and 

the active population is a dynamic one. We may conclude 

that the high field Tc value= at the beginning of the 

season are realistic, but the lower ones are 

underestimates. Another way of setting an upper limit to 

was developed by Corbet (1952), who added maturation time 

and TFF or zLT . This, hawever is an overestimate due to 
the exchange between the active and neutral zone. It was 

- 
called adult mean longevity. Looking at table 6 of Lc 

values, we see that this "active Lu < t a >  is a constant for 

a species in one type of habitat, not depending on 

population density or selective predation. Types of habitat 

can be open, closed, isolated, or not isolated. 

The denser the population, the more real is close to La, 

the longer is the time away f r o m  the water, the shorter are 

the visits to the water-but the more frequent is the 

exchange between the two zones. 

- 
L measured and corrected with either method is determined 

by life span, population distribution and maturation period 

and indirectly by JH titer and crowding. 

INFLUENCE OF THE TOPOLOGICAL FEATURES OF THE HABITAT. 

- 
Low L at the bomb hole at Denderleeuw is due to the 

fact that the habitat is open and surrounded by other 



ponds. Garrison (1978) also suggests that non-isolated 

ponds provide opportunities t o  emigrate causing an 

underestimated in Enallauma cyathiqerum (In addition, his 

marking period was short: only 10 days). 

- 
The male LFFc (female is more easily influenced) at the 

b m b  hole corresponds to the male Tc of the marsh-and-pond 

system studied by Van Noordwijk (1978). This illustrates 

the great importance of the topological features of the 

habitat. Thus, the extreme high Tc at Dunham pond III can 

be explained by the fact that very few specimens can leave 

the habitat, situated in a deep shelter, wherbe they are 

captured during their entir'e life span. However, low 

population density is a160 a Iactor. The fact that Dunham 

pond III had t o  be excluded in the relationship between 

immature and mature population fractions and population 

density, and could be included if sex ratio as a function 

of population density are concerned, shows that the 

topological features are important in preventing 

immatures from leaving the pond. 

EVOLUTION OF Tc DUKING THE FLIGHT SEASON. 

High T c  at the start of the flight seeson is caused by 

the fact that al1 specimens in the population are young 

and, because of their low density, stay in the active 

population. In al1 other periods the population consists of 

- 
specimens of al1 ages. At peak density, Lc is lowest: more 

young and old specimens leave the water, and the time spent 



at the water i s  at a minimum. At the end of the season the 

population density decreases, less specimens leave the 

water, but only few young specimens are left, with an 

intermediate ïc as a result. 

MATURATION PERIOD. 

The maturing colour change period gave me the 

maturation period in the dense population, created by my 

laboratory experiment. Similar data about maturation time 

have been published on several species: 11 deys in 

Brachytemis l e u c o s t i c t ~  (Adetunji & Parr 1974), 12-15 days 

in Nesciothemis niaeriensis (Parr & Parr 1974), 11 days in 

male and 14 days in female Acisoma panorpoides inflatum and 

10 days in Palpopleura lucia lucia (Hassan 1977), 11 days 

in Calopteryx maculata ( Waage 1972), 10 days in 

Calopteryx haemorrhoidalis (Heymer 1972), 14 d a y ~  in 

Aqria moesta (Borror 1934), 14 days in Leucorrhinia d u k h  

(Prenn 1930, Steiner 1948), 5-12 days in male and 13-16 

deys in female Anax imperator (Corbet 1957), 10 days in 

Orthetrum coerulescens and 0. bruneum (Heymer 1969), 15 

days in Platycnemis acuti~ennis and Lestes barbarus 

(Aguesse 1961) and 14.5 days in Erythemis simplicicollis 

(McVey 1981). The literature provides only few longer 

maturation times: Corbet (1956) and Gross (1930): 16-30 

days in  leste^ sponsa, Loibl (1958): 2-3 weeks in 

L. sponsa, Jacobs (1955): 8-14 days in male and 13-24 days 

in female Plathemis lydia. 1 believe this is due to the 



fact that almost every investigator i s  inclined to select a 

small but fairly dense population to study, thus 

subconsciously tailoring his results to a particular 

portion of the population cycle. Data published for both 

sexes invariably confirm the fact that female exceeds male 

maturation period, supposedly because oogenesis takes more 

time than spermatogenesis (Smith 1916, Pajunen 1962a). 

POPULATION DISTRIBUTION. 

Aggressive and territorial behaviour and specific 

spatio-temporal population distribution are regulated by 

population density. Such factors may limit population sizes 

as effectively a s  availability of food or predation. At low 

population density, the interaction of individuals is 

minimal and s o  i s  aggressivity. A large part of immatures 

remains et the water where the sex ratio is near 0.5. 

At rising density, aggressiveness develops (Johnson 

1962 in Hetaerina americana, Crumpton 1975 in Xanthocnemi. 

zealandica, Pajunen 1964 in Leucorrhinia caudalis), sex 

ratio becomes male biased and territorial behaviour appears 

(Kormondy 1959, 1961; Pajunen 1964, 196Eia; St.-(duentin 

1964; Heymer 1964, 196Qa). Increased interactions and a 

shortened stay at the water were also observed by Kaiser 

(1974) in Aeschna cyanea. 

If density increases even further, territories become 

so small a s  t o  be unsuitable (Pajunen 1966b in 



Calopteryx sp.) and a number of males act non-territorially, 

chasing females al1 over the habitat instead of inside a 

territory. Non-territorial males disturb ovipositing 

females and thereby negatively influence reproductive 

success. (Pa junen 1966b, in Calopteryx virqo) . Immature 

specimens, females and older individuals, spend almost no 

time at the water and andromorphic females gain an 

advantage. 

The denser a population, the more andromorphs are at 

an advantage, escaping the attention of males. Thus, a 

disadvantage in mating frequency in sparse populations 

becomes an advantage in dense populations. If there were no 

such alternating circum~tances, the andromorphic genotype 

would have disappeared by natural selection. 

In extreme dense populations, the fraction of mature 

males is very large. Now aggressivity drops (Pajunen 1962b 

in Leucorrhinia sp, Buchholtz 1951 and Zahner 1960 in 

Calopteryx sp., Crumpton, 1975 in Austro-lestes colensonis, 

Klotzli 1971 in C. virgo) because there are hardly any 

females in the active population and cornpetition for mates 

is relieved. Aggressivity and territorial behaviour thus 

appear to be a continuous adaptation to changing population 

densities. Moore (1952, 1953, 1562 and 1964) and Kaiser 

(1973) see aggressive behaviour as an attempt to keep a 

constant density at a pond, in continuous exchange with the 

hinterland. 



It is my strong conviction that the fact that 

some species develop territorial behaviour and others 

do not i s  mainly due to the fact that the former ones 

are often found in relatively dense populations, while 

the latter ones are almost always seen in relatively 

sparse populations. 

Aggressive behaviour was recognized as a 

distributive factor by Schmidt ( 1964) and 

Kaiser t 1974). It is seldom interspecific, a s  

demonstrated by Moore (1962) in Pyrrhosoma nymphula 

and Ceriaqrion tenellum. 

Density is the determining factor for the amount 

of time spent in the neutral zone, for the number of 

specimens away from the water, and therefore for the 

sex ratio. In the seme way, the population density 

also influences and the difference between male and 

- 
female L. In fact real sex ratio is 0.5 and 

independant of the type of habitat. Other values are 

only t h e  result of behaviour. This also applies t o  

Fisher & Ford population underestimates, especially in 

f emales. 

The fact that a male-biased sex ratio has long 

been accepted a s  a reality was corrobarated by a 

similar larval sex ratio in Zygoptera, while in 

Anisoptera an excesn of females is common (Waage 1980, 

Testard 1975 and Lawton 1972, Parr & Palmer 1971, Van 



Noordwijk 1978). Sex ratios determined on large 

numbers of larvae (>1000) range between 0.499 and 

0.544. The larger the samples, the more of the 

population is observed, and as there is n o  hinterland, 

the limit for larval sex ratio is O.S. A 0.5 se% ratio 

was found by Pickup e t a l .  (1984) in young Lestes 

larvae. Later in the larval growth season, the 

population was male biased, but in the final period a 

female excess was found. This phenomenon was explained 

by differential mortality. If a similar distribution 

in larval and adult populations i s  accepted, this is 

easy to explazn: as larvae develop, they begin to 

behave differently sexwise. Distribution will be 

influenced, and meosured sex ratio will diverge from 

0.5, males occupying the most favorable positions in 

the habitat. Lawton et al. (1980) demonstrated that 

development in larvae of 1. eleqans ie directly 

proportional to prey density. This means male larvae 

will develop quicker and eclode earlier. Such an 

earlier eclosion period was observed in Lestes (Ingram 

1976) and age-dependent distribution was described by 

Lawton (1970) and Johannson (1978), while Bloie (1985) 

observed age-dependent distribution in larvae. 

We should, of course, be careful not to 

generalize this conclusion prematurely, a s  population 

density plays a role and a density which i s  high for 

some species is not for others. However, it is clear 



that behaviour determines sex ratio in adults a& in 

larvae. Even at eclosion (different eclosion period, 

perhaps a different choice of substratum) and thus in 

exuviae, one may find a behavxoural influence on sex 

ratio. 

More attention should be given to this part in 

future studies. My contention that behaviour is 

continuous throughout life, without a fundamental 

interruption caused by metamorphosis, is strengthened 

by the fact that, to some extent, aggressive behaviour 

is found in larvae (Corbet 1952, Needham 1930, Heymer 

1968b and 1970, Rowe 1980, Macan 1977), and so is a 

certain form of territoriality lCorbet 1962). 

Interspecific competition io avoided in larvae 

(Johannson 1978) as well as in adults (Van Noordwijk 

1978). 

Adult aggressive and territorla1 behaviour and 

diiierent distribution of sexes, mature and immature 

have one goal to create optimum reproductive 

conditions. Therefore, when elbow-room becomes scarce, 

immatures and older specimens are driven out of the 

active population. Behaviour was described by Moore 

(1954) as a basic mechanism to keep an active 

population at optimum density. On the other hand, 

specimens which have just matured acquire the best 

chances to mate (Pajunen 1962a). 



A long maturation period implies that only the 

best adapted animals survive and finally mate. This 

form of naturel selection must be of great importance. 

Indeed, the major part of a population is eliminated 

before reaching maturity. 

The emigration of immatures and older specimens 

from the water can lead to dispersal and colonisation 

of new habitats. Immatures play the moet important 

role having a longer life expectancy and the largest 

numbers. This whole mechanism has mass migration as an 

extreme. A sequence of phenomena is required ta allow 

a mass migration to take place. First, larve1 

development (Schaller 1972, Yagi 1976) must be 

synchronized, but a synchronized eclosion (Corbet 

1952, 1957 and Trottier 1966, 1973) and a synchronized 

maidenflight (Corbet 1957 and Trottier 196b) are also 

necessary. This synchronized maiden-flight may take 

huge proportions ii population density is high enough. 

Tenerals, juveniles, but also older specimens with a 

tendency ta leave the active population under density 

pressure will tend to join the ewarm. As a result, 

mas6 migration is most likely to occur one or two 

years after optimal population density and optimal 

mating frequency were reached. 

Most species seem to regulate their population density 

as described here in 1. eleqans-, i.e. by excluding or 

not excluding femeles of the active population and 



reducing or increasing mating frequency. However, in 

some species with mass migration, this phenomenon 

serves to eliminate the surplus number of specimenn. 

PHYSIOLOGICAL MECHANISMÇ INVOLVED. 

Changes in behaviour, like emigration and 

immigration, are partly mediated by certain hormones. 

It is well documented that a low juvenile hormone 

titer before metamorphosis is a necessity t o  

metamorphosis, but also to oogenesis in the last 

larval instar and in the teneral phase of adults. 

Moulting hormone (20-OH ecdysone) i s  essential for the 

moulting process itself and, at least in Diptera, also 

for vitellogenesis (De Loof et al. 1984 and Briers & 

Huybrechts 1984). In recent years, steroids like 

progesterone, testosterone etc., once believed to 

occur in Deuterostomes only, have been demonstrated in 

insects (De Clerck et al.- 1984). By means of 

immunological techniques, many peptides resembling 

'typical' vertebrate neuropeptides, have al60 been 

found. However, no functions have yet been assigned to 

these candidate hormones. 

Effects of JH on behaviour have been described by 

Rankin & Riddiford (1978), who observed a stimulating 

effect of low JH titer on flight and migration in 

Oncopeltus fasciatus (Heteroptera). A declining JH 

titer was found at increasing population density, 



shortening the larval stage and increasing 

spermatogenesis in Mamestra and Çpodoptera 

(Lepidoptera) (Yagi 1976). Finally, the precopulatory 

or maturation periods found in Kuphoeta cinera (Roth 

& Barth 1564), Leucopha,ea maderea and 

Byrsotriafumigata (Dictyoptera), (Barth 1962), have 

been claimed to be controlled by the corpora allato 

(Engelman 1960). 

INFLUENCE OF JH ON MATURATION TIME AND LIFE SPAN. 

In adult Odonata, population density probably 

influences JH secretion by some unknown stimuli. 

Norris (1964) found that mature males had an 

accelerating effect on male and female maturation and 

that crowded immature males inhibited male maturation. 

This is a synchronizing mechanism that maximizes the 

number of mature  male^ in the population at one given 

time. High activity (in Udonata also a higher degree 

of aggressive behaviour) is associated with rapid 

maturation. In locusts, pheromones are involved in 

this phenamenon. Loher (1960) observed L. miqratoria 

to turn yellow under the influence of the 

corpora allata in dense populations, but not in less 

dense populations. He also observed JH to control 

maturation and colour change in Schistocerca qregaria, 

- 
and, also, Staal (1961) recorded a longer L in 

Locusta miqratoria apecimens without corpora allata. 



The findings of Loher and Norris are in agreement 

with the shortening effect of JH action on colour 

change periods, maturation period and life span in 

1. eleqans and the findings af Norris can help to 

- 
understand the evolution of Lc during the flight 

season: at the beginning of the season, juveniles 

inhibit maturation but with rising density the large 

fraction of mature males speed up maturation. 

Formerly, Parr & Parr (1972) tried to explain 

- 
differences of L in several habitats by different 

predation rates. Loher (1960) explained changes in 

maturation time as a direct action of the 

corpora allata. Norris (1964) gave the stronger 

attraction between mature specimens of both sexes as 

an indirect cause. In Odonata, colours influence 

partner choice, but mating frequency is also 

influenced by population density. This leads us to 

believe that the stimulus in Norris' theory is visual 

in üdonata, in which individuals can be seen to return 

to the active population as soon as their colour is 

acceptable. 

CULOUR CHANGE AT THE CELLULAR LEVEL. 

The cellular arangement of the integument as 

described by Lord (1961) was confirmed (O'Farell 1968, 

Veron 1973, Charles & Robinson 1981). Ummochromes seem 



to be randomly distributed in Odonata (Becker 1941, 

1942 and Butenandt 1957). Vuillaume (1969) gives o 

review of their characteristics. 

In 1. eleqans, the Tyndall light scatterlng layer 

is linked to the male, homozygous andromorph and 

heterozygous heteromorph female. The dif f erence 

between the two heteromorph genotypes only expresses 

itself after maturation. Whether JH titer has any role 

in this genetic expression is not yet known. Formation 

of ommochrome is a way to eliminate the toxic 

tryptophane liberated by protein breakdown (Buckmann 

et el. 1966). More tryptophane is available at a high 

metabolic rate in active periods. 

The mechanism of action of JH is still unknown as 

far a= maturation and induction of sexual behaviour 

are concerned, but it ie well known that JH seems ta 

stimulate metabolism and possibly gives high activity, 

aggressivity, and increased interaction, al1 stre~sed 

by crowding. The effect of crowding on ommochrame 

formation ha6 been reviewed by Vuillaume (1969). 

Colour changes are thus an inevitable part of 

metabolism, and a mirror of interna1 changes. 

Lord (1961) found that ommochromes are protein 

bound (os also observed by Fox & Vevers 1960) and 

presented evidence that the large, light absorbing 

granules are of ommine nature, and the smaller light 



scattering ones xanthommatine. 

The yellow colour of the matrix could be an 

ommochrome precursor. A s  Altman (1956) and Raabe 

(1959) ascribed reduced water content of the body and 

haemolymph to a reduced JH titer (or to the 

neurosecretion stored in the corpora allata) this is 

likely to be the mechanism behind the aqeing colour 

change. The reduced water content can easily trigger 

higher titers of ommochrome precursors and stimulate 

the formation of more granules. It also contracts the 

tissue and reinforces the Tyndall effect of the upper 

layer. Finally, the low wnter content may cause an 

excess of uric acid or leucopterin, breakdown products 

of proteins, which are deposited in the integument, as 

is the fact in Lepidoptera (Hopkin~ 1891) and can 

cause pruinescence. This appears even more reasonable 

as ommochromes, pterines and uric acid are situated on 

the same genetic chain (Danneel & Escherich-Zimmerman 

1957). 



CONCLUSION. 

Interspecific interaction in Udonata is largely 

avoided by separated flight seasons, separate spacing, or 

different behaviour (Van Noordwijk 1978) and i not 

recognized as a major organizing iorce in insect 

cornmunities (Shorrock et al. 1984). 

Through a variety of physiological mechanisms, 

population deneity govrrns the intraspecific 

behaviour. It can be considered as one of the main 

factors involved in population dynamics. Corpora 

allata products provide the chernicals behind the 

mechanisms. Aggressive behaviour is their main 

expression resulting in the distribution pattern of 

the population and more or les6 favorable mating 

f requencies. Another mechanism that possibly 

interferes is lowered fertility at rising densities, 

as abserved by tirechany i ( 1984 ) in 

Drosophila melanoqaster. 

These complex mechanism~ result in a multiannual 

population cycle. A related regulatory phenornenon was 

hypothesized by Dumont & Hinnekint ( 1973) in 

Libellula quadrimaculata. They noticed a 10 year population 

cycle resulting in mess migration at density peaks. 

The colour morphs of 1. elegans- females provide an 

important adaptive strategy at al1 possible levels of 



population density. Another illustration of its 

adaptability, in relation to salinity of the larval 

environment, was described by Dumont & Dumont (1969). 

The morphological colour forms are important visual 

characters by which an animal can identify the sexual 

status of its congeners. They directly iniluence, as visual 

stimuli, the rate of physiological processes involved in 

the development of sexual behaviour. 

The larval synchronization is followed by e 

synchronization in adult maturing t o  create as many mature 

animals as possible at the same time at the water, while 

other developmental phases are chased away hy aggressive 

pressure from mature males. Crowding is shown to speed up 

the whole life history and most, if not all, physiological 

phenomena. This is also a mechanism of adaptation to 

different population deneitiea. If life was not shortened, 

density would, in fact, be much higher. 

The best strategy to preserve a species is expansion. 

To produce as many specimens as possible, crowding, with as 

negative factors shortage of food and unfavorable mating 

chances, must be avoided. This is done by distributing the 

population (with the possibility t o  colonise new habitats) 

and by shortening life span. 
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Sex 

Males 11 53 10 87 1 66 43 

Table 1. of 1. elegans in laboratory conditions. 



-1 
Days 0ays.S~ 

- 
Survivals Oeaths s L 

Table 2 : Chi-square distribution o f  mortality frequencies of 
1 .eleqans in libiratory condit i~ns ( J1=2, d2=15) 



- - 
Sex 

L~~ L~~ 
Lm f larking pe r iod  idabi tat  and Reference 

i n  days 

nales 

Females 

cn F emales 
in 

Pllales 

Females 

Males 

Females 

Males 

Females 

Males 

f emales 

12 Anglesey 1 

LORO 1961 

17 Anglesey 2 

LORO 1961 

13 Penbrookshire 

PARR 1965 

5*6(9,7) 39 119 Dunham pond 1 (1965) 

- (8.7) 42 92 PARR 1969 

3.3(8,2) 3 3 120 Dunham pond II (1965) - (7.6) 3 3 119 PARR 1969 

15.2 l l .o(l3.7) 3 9 72 Dunham pond III (1966) 

18.0 - (16.1) 45 72 PARR 1969 

- 3 months Welle - VAN iüOORDWIJK 1978 

24 Denderleeuw 

HINNEKINT ( t h i s  study ) 

Table 3 t I e  elesans r L as g iven by d i f f  e rent  authors. 

(1) Regression method. F igures between parentheses f o r  t he  Dunham ponds a re  ca l cu la ted  from raw 

recapture data (PARR 1969), o m i t t i n g  animals which were never recaptured. 



Days Survivals  Deaths ï SX Correction 
factor 

Table 4 r Age distribution fsr 1. eleqans i n  laboratary conditions- 
based on a f ixed  ; = 0.89616 and ~ o r r e c t i o n  factors for L. 





Sex 
- 

c Ref erence 

(flean o f  t h e  
2 methods) 

- 

LORD, 1961 Males 
Females 

LORD, 1961 

Males 
Feiaales 

PARR, 1965 

Nales 
F emales 

PARR, Pond 1 
1969 

males 
Fernales 

PARR, Pond II 

flales 
Females 

PARR, Pond III 

HINNEKIHT ( t h i s  
s tudy ) 

- 
Table 6 : Lc o f  1. eleqans. 



ï 
C 

Narking period Ref ersnce 
i n  days 

Piales 4.0 - 1 O 7.8 7 8 7 8 

Females 4 0 - 9 7.8 8.0 7.9 

Males 7.0 3 1 9.6 8.5 
6.7 7.3 

Females 5.5 19 7 .O 7 2 

LORD 1961 

CORBET 1952 

Table 7 r P. nymphula : maximum longevity, corrected and raw . 



Immature 
male's 

mature 
males 

Immature 
Females 

Nature 
Females 

n F r a c t i o n  n F r a c t i o n  n F r a c t i o n  n F r a c t i o n  

T h e o r e t i c a l  d i s t r i b u t i o n  

POND 1 

POND II 

POND III 

Immatures a t  the water as a f r a c t i o n  o f  the t h e o r e t i c a l  immature f r a c t i o n  

Popu la t ion  
dens i t y  

Males Time away fram Females Time away from 
the  water i n  days the  water i n  

POMO 1 6.4 0.62 4.3 0 139 8.6 

POND II 4.1 O. 78 2.2 0.61 404 

POND III 1.7 O. 68 3.4 O. 59 4.7 

Theore t i ca l  O 1.00 O 1.00 O 

Table 8 r F r a c t i o n  o f  immature and mature males and femalss o f  d i f f e r e n t  h a b i t a t 8  and immature f r a c t i o n s  

versus own t h e o r e t i c a l  immature f r a c t i o n  and t ime away from the  water du r ing  immature stage. 

(8ased on the  Dunham experiments o f  PARR 1973). 



Population Sex r a t i o  based Habitat  and refersnce 

density on captures 

6 . 4 0.70 Dunham pond 1, PARR 1969 

4.1 0.62 Dunham pond II, PARR 1969 

1.7 0 . 58 Dunham pond III, PARR 1969 

O 0. 50 Theoretical 

Table 9 t Sex r a t i o  i n  r e l a t i o n  to the population density 





Immature s tages  
n 

Mature s tages  
R 

0.385 178 Andromarph 
violacea 36 0.632 0.578 

0.193 89 infuscans 

~ u f  uscens 21 0.388 0.422 195 infuscans- 
obsoleta 

Table 11 : florphs of female 1. elegans a s  a f rac t ion  of the female popu- 

l a t i o n  a t  Anglesey ( ~ a s e d  on LORD 1961). 



Dunham ponds Andromorph 

n 

Heteromorph in fuscans  and Populat ion 
infuscans- Densi ty  
o b s o l e t a  

n n 

Theore t i ca l  0.250 0.750 0,250 0.0 

O. 500 

Andromorphs 8 a* = 0.2502, a = 0.0161, r2 n 0.97 
1 

Hsteronorphs : a: = 0.7498, a l  = 0.0161, r2 = 0.97 
O 

y - a  + a , x  
O 

(y  = popula t ion  f r a c t i o n ,  x = populat ion d e n s i t y )  

Table 12 r Frequencies  of  female morphs as f r a c t i o n s  o f  the t o t a l  female popula t ions  

Dunham ponds, Populat ion d e n s i t y  rr male t o t a l  season dens i ty  per m bank. 

( ~ a s e d  on PARR 1969). 















Administ ered î 

Ref erence 9.92 5.84 0,84 48 

Table 19 r Influence of  JH di luted  i n  paraffin o i l  on adult  I. elegans females. - 
L a s  a function of  treatment r aO = 9.42, al = - 2 0.05, r = 0.91, n = 3 



Average time away from t h e  water 

Maximum 

Popula t ion  d e n s i t y  

Pond 1 

Pond II 

Pond I II  

Males Females 
7 

as a f u n c t i o n  of popula t ion  d e n s i t y  (pond II ornittecl) : : a O = 17.92, a 1 .- - 1.13, n = 2 (males)  

r a O = 22.14, a l  = - 2.09, n = 2 (fernales)  

PbxinuDC a aD = 20.99, a l  = -  0.94, n =. 2 (males)  

a = 25.43, al u - 1.26, n = 2 ( females )  
O 

Table  20 a Populat ion d e n s i t y  i n f l u e n c e  on i n  f i e l d  condi t ions .  



f i g e  1 : Age d i s t r i b u t i o n  o f  1. e l e ~ a n s  i n  t he  a c t i v e  populat ion. 

(~enderleeuw, 1973). 

Fig. 2 : Age d i s t r i b u t i o n  o f  P. nymphula i n  the a c t i v e  populat ion. 

(based on CORBET 1952). 

Fig. 3 : Immature and mature f r a c t i o n s  o f  bo th  sexes o f  1.  elegans 

as a f u n c t i o n  o f  male popu la t ion  density.  

F i g e  4 : Colour changes and polymorphism i n  female  1. eleqans. 

Fig. 6 : Evo lu t i on  o f  male i n  1. eleqans du r ing  the f l i g h t  season a t  

the  Ounham ponds. 

Fig. 7 : Evo lu t i on  o f  female i n  1. eleqans dur ing  the  f l i g h t  season 

a t  the Ounham ponds. 
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AN INDIVIDUAL MARKING TECHNIQUE FOR ODONATA 

B.O.N. HINNEKINT 
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A technique for quick individual marking in the field was developed, using 
sharp-pointed waterproof "magic" markers, for putting an easily readable code 
on one hindwing. 

JNTRODUCTION 

Most of the methods presently used in insect marking are slow and insuffi- 
ciently stable for a study in which individual marking is needed. A review of the 
techniques used in Odonata was published by CORBET, LONGFIELD & 
MOORE (1960). These authors recommend the commonly used method of 
cellulose paint, as practised by MOORE (1952), CORBET (1952, 1960), PA- 
JUNEN (1962) and PARR (1965). This is basically a good technique, but it is a 
bit slow and has one major disadvantage: the paint becomes rapidly viscous and 
sticky. 

For marking individually a large number of anirnals an elaborate code is 
indispensable, so that e.g. marking the femurs (PAJUNEN, 1962) is out of the 
question and only the wings remain as a possibility. 

THE NEW TECHNIQUE 

Capture techniques are explained in full detail by PARR (1965). We also 
work in a team of two persons, one capturing the animals and passing them on 
to the second for marking and recording al1 necessary information. 

Odonata are captured 10 to 20 at a time, using a butterfly net. They are 
removed from the net by grasping the top of the closed wings between thumb 
and fingers and then transferred to the other hand to liold them with head and 
thorax between thumb and two fingers. This permits to hold the wings against a 



Fig. 1. Key to  the code used in our individual marking technique for dragonflies. 



solid surface to be marked by the second person on the underside of one 
hindwing using a sharp-pointed waterproof magic marker (as used in the labora- 
tory to mark glasswork). The animals are released immediately hereafter. 

Using only one wing for marking has the advantage that the code, applied at 
the time of capture, is read at recapture without having to  spread the wings, 
which saves time and reduces possible damage. 

The code used is shown in Figure 1. It is a modified Roman system, having a 
great relation with the Maya numbers. It is impossible to apply normal arabic 
numbers on the wings because the ink of the nzagic marker contracts on the wing 
surface. But a combination of points, stnpes and eventually different colours, 
provides an elegant and fast solution. The following symbols were selected: a 
point for unity, a horizontal stripe for five, a vertical stripe for ten and two 
vertical stripes for twenty. For numbers above ten: use the upper side of the 
wing for the decades and the lower side for the units. In order to reduce the 
number of symbols we use for fifty, sixty, etc. the Roman numbers for five, six 
etc. One hundred 1s symbolised by a cross. For numbers above one hundred a 
vertical stripe is placed before the number, for tliose above two hundred, two 
vertical stripes. Above three hundred and four hundred, the vertical stripes are 
placed behind te number. Five hundred is about a limit for this code in small 
Odonata, though using several colours may extend its application considerably. 

It is recommended not to use the tip of the wing, as care should be taken not 
to touch the marks with tlie fingers. The coloured substance of the magic 
markers is indeed soluble in the lipids of the skin. Capture or recapture, 
application of the code and writing down the information needed takes an 
average of a minute per animal. Tlzere is thus a considerable gain of time, as 
compared with previous techniques, beside the advantage of having at hand a 
powerful technique for individual recognizing of recaptured specimens. 
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1. eleqans (W Bles ) ,  

marquage aodt 1973 

à Denderleeuu 

Sp6cimens Capturés 



1. e l e q a n s  ( F e m e l l e s ) ,  

marquage en aaiît  1973 

à Oenderleeuw 

SpBcimens captures 



Méthode de F i s h e r  e t  Ford  pour 1. eleqans 

1. Dates au  mois d ' aoû t  1973. 

2. Nombre de jours .  

3. Nombre de spbcimens l i b é r é s .  

5. Spécimens marqués en da te  de l a  co lonne 1, dont  on suppose q u ' i l s  

se ron t  encore en v i e  l e  30 aod t  1973. 

6. Nombre de spécimens marques en da te  de l a  colonne 1 p l u s  ceux des 

j ou r s  prdcédents, don t  on suppose q u ' i l s  se ron t  encore en v i e  l e  

30 aobt  1973. 

7. Nombre de j o u r s  que l e s  spécimens marques o n t  vécus. 

8. Nombre d ' obse rva t i ons  de spdcimens marqués. 

9. Nombre de j o u r s  vécus observ6s. 

10. Nombre de j o u r s  vécus extimés. 

11. D i f f e r e n c e  e n t r e  l e  nombre de j o u r s  vdcus observés e t  l e  nombre 

de j o u r s  vécus est imes. 

12. Nombre de captures.  

13. E s t i m a t i o n  de la p o p u l a t i o n  en da te  de l a  colonne 14. 

14. Date au mois  d 'aob t  1973. 



- Donnée:; s e l o n  l a  méthode de FISHER B FORD - - s = 0.7420 

n 
- t  

( 3 ) x ( 4 )  (5 
II n Date t L iberes  (6) Marques Jours (9)-(10) n Cap- { 6 ) : t  Date 

de bas de bas observ6s survecus t u r d s  8 )  4 )  
en haut  en h a u t  



- 
Donnée:; selori l a  méthode de FISHER & F O R D  - Femelles - s = 0.800 

n 
- t  

( 3 1 4 4 )  ( 5 )  
n n 

Date t LibBrée ( 6 )  marques Jours (8!;;71 (9)-(10) n Cap- 
de bas de bas observ6s survécus tur6s 
en haut  en haut  



Calcu l  de l a  moyenne du nombre de sp4cimens par jour  selon l a  methode de F ISHER & FORD. 

1. eleqans, Males, ç = 0.742, Denderleeuw 1973. 

1: ,- 
.> ri - 

Date ri s réc inens  l i b é r e s  i ~ : : r r i ~  IF 5 5  :-,itçr ; Marquages pr6sents n Captures Rarquages.Captures Recaptures 
en le iour n r é c é d c ~  > par jour  

a00 t 

Moyenne du nombre de sp6cimens par jour  : 369,598 
,'----. = 535.65 



C a l c u l  de l a  moyenne du nombre de spdcimens par j o u r  se lon  l a  methode de FISHER & FORD 

- 
1. eleqans, Femelles, s = 0.800, Oenderleeuw 1973, 

l - 2 - 
Date 1 ,  F~.&cF-i  l ih6r , 'au n - Marquages p resen t  Captures Rarqueges.Captures Recaptures 
en le jour ? r é c & d e n t  lrcl,u--es f :iLs.s par  j o u r  

aod t 

1 7 - - - 24 - - 
8 2 4 24 + 0.800 19.20 3 2 614 6 
9 3 2 (19.20+32), 0.800 40.96 2 3 942 9 

10 2 3 (40.96+23). O. 800 51.17 2 7 1,382 8 
11 27 (51.17+27). 0,800 62.53 27 1,688 6 
12 27 (62.52+27). 0.800 71.62 22 1,576 7 
13 22 (71.62+22). 0.800 74.90 27 2,022 6 
14 27 (74.90+27). O. 800 81.52 37 3,016 9 
15 37 (81.52+37). 0.800 94.82 2 1 1,991 4 
16 2 1  (94.82-i-21). 0.800 92.66 41  3,799 2 

D 17 41  (92.66t-41). 0.800 106.93 28 2,968 8 
18 2 8 (106,93+28). 0.800 107.94 15 1,619 4 
19 15 (107.94+15). 0,800 98.35 6 5 90 3 
2 O 6 (98.351. 6). 0.800 83.48 3 4 2,838 9 
2 1 3 4 (83.48+34). 0.800 93.98 38 3,571 14 
22 38 (93.98-i-38). 0.800 105.58 15 1,584 7 
2 3 15 (105.58+15). 0.800 96.46 22 2,122 8 
2 4 22 (96.46t-22). 0.800 94 -77 27 2,559 7 
25 27 (94.77+27). 0.800 97.42 14 1,364 7 
26 14 (97.42i-14). 0.800 89-14 16 1,426 5 
27 16 (89.14+16). 0.800 84.11 6 50 5 5 
2 8 6 (84.11+ 6). 0.800 72 .O9 2 3 1,658 8 
2 9 2 3 (72.09-23). 0.800 76.07 2 1 1,597 6 
3 0 2 1  (76.07+21). 0.800 77.66 14 1,087 5 

Moyenne du nombre de spdcimens par  j o u r  t 42,518 - = 277,90 



Sex rat io  à Denderleeuw en aodt 1973 

Bas6 sur : males femelles Sex ratio 

Estimation du 536 
nombre selon la 
methode de 
FISHER & FORD 



Calcul de la rLT de la population deIschnura eleqans deAnglesey 

Bas6 sur les 'l:.in;be~de LORD (1961) du 27 /5  au 4 / 6  

Femelles t Fréquence 

1 2 1 

2 12 

3 18 

4 15 



calcul de la de la population dvIschnura eleqans dtAnglesey L T 

Femelles 

- -- 

Bas6 sur les oru6vr,de LORD (1961) du 13/6 au 29/6 

t Fréquence 

1 O 

2 4 



Calcul de la îLT de la population d81schnura eleqans de Pembrokeshire 
- -- 

(f3asé sur lesrlo.~rt ,:.de PARR (1969). 

Femelles t Fréquence 

1 6 = 2.60 



C o r r e c t i o n  de l a  LFF d e s  p o p u l a t i o n s  de Dunham ( b a s 6  s u r  l e s , i o n i i i e s d e  PARR 1969). 

Dunham pond 1. 1965 

Sexe m i l i e u  de 
l a  o é r i o d e  

Noy enne 

Femel les  1/6-29/6 

24/6-23/7 

16/7-12/8 

22/7-27/8 

Moyenne 

( x ) r  C o r r i g é  avec  l e  f a c t e u r  de  c o r r e c t i o n  cor respondan t  avec  t - 1. 



Dunham pond 11. 1965 

Sexe Période Milieu de 
la période 

Moyenne 

Femelles 27/5-29/6 

23/62 3/7 

16/7-6/8 

21/7-23/8 

30/7-27/8 

12/8-12/9 

23/8-2 2/9 

Moyenne 



Dunham pond I I I .  1966 

Sexe Mi l i eu  de 
l a  p6riode 

Moyenne 

Femel les  6/6-15/7 

10/6-25/7 

28/6-8/8 

11/7-16/8 9 .9  37 10.7 
- - 

Moyenne 18.1 19.0 



ï 8 
C - - en  r e l a t i o n  a v e c  l e  s e x  r a t i o  

Basé s u r  les  

fi0nr1< c':: d e  : s e x  r a t i o  

( c a p t u r e s  ) 

PARR'S Dunharn Ponds  1 0.70 

I I  O. 62  

PARR - P e m b r o k e s h i r e  0.67 

LORD 1 0. 52  

LORD 2 O. 5 9  

En t h é o r i e  0.50 

Les p o p u l a t i o n s  n o n - i s o l é e s  q u i  c [ I I  > r ( > r l  11e.3 t a u s s i  une  p a r t i e  d e  l a  zbne 

n e u t r e  ne  s o n t  p a s  i n c l u s .  Il s ' a g i t  i c i  du s e x  r a t i o  d e  l a  p o p u l a t i o n  

a c t i v e  près d e  l ' e a u .  



Période de maturation e t  fraction à l ' e a u  

- 
Denderleeuw 1973, 1. e leqans ,  males,  s = 0.749 



Période de maturation et fraction à l'eau 

L 

Denderleeuw 1973, 1. elegans, femelles, s = 0.780 



Pér iode  - de maturation et f r a c t i o n  à l'eau, 



Pt ' r iode  de i i i a t i l ra t ion  et i'r; c t i o n  5. 1 'eau. 
"- --- -.--- - 

P. nymphula (CORBET, 1952) femelles, e = 0.84375 ( t  = 36 jours) 



Période de maturation e t  f r a c t i o n  à l i e a u  

1. elegans - males - Dunham POND 1 - 1965 ( t  = 110 jours)  

f r a c t i o n  
-i Nm. s 



PQriode de maturation et fraction à l'eau 

1. elegans - males - Dunham POND II - 1965 (t = 120 jours) 

L n  &.fi fraction ~ m . s  
i 

;'., l Ie,iu 



PBriode de maturation e t  f r a c t i o n  à l ' e a u  

1. elegans - males - Dunham POND I I I  - 1966 ( t  = 72 jours) 

znlfi f r a c t i o n  ~ m . s  i 
,'. l ' e a u  



Période de maturation e t  f r a c t i o n  à l ' e a u  

1. elegans - femelles - Dunham POND 1 - 1965 ( t  = 92 jours) 

t n n ' zy, z n ! ~ - ~  f r a c t i o n  N ~ . z ~  
''1 1 ' cau D 



Période de maturation e t  fraction à l'eau 

1. elegans - femelles - Dunharn POND I I  - 1965 (t = 119 jours) 

t n n ' Ln, L n l . f i  fraction i . - 
Nm. s 

L, ! 'eau 
d 



PQriode de maturation e t  fraction à l'eau 

1. eleqans - femelles - Dunham POND III - 1966 ( t  = 72 jours) 

1 --1 
n.s 

-1 
ni fraction Nm. s 

.': ' 1 6-> ,!- , 



Pdriode de maturation e t  f r a c t i o n  à l ' e a u  

E. cyathigerum - males - Dunham pond I I I  - 1966 ( t  = 83 jours) 

n ' f r a c t i o n  i 
NB. s 

:L l'eau 



PBriode de maturation e t  f r a c t i o n  à l'eau 

C. p u e l l a  - males - Dunham pond I I I  - 1966 (t = 57 j o u r s )  

t n ni  2 1 7 1  t n : b i  f r a c t i o n  ~ r n  .sl n 
.'. I ' c nu 



Trai tement  d ' a d u l t e s  d l I s c h n u r a  e l e q a n s  a v e c  l ''><.r ;one 

j u v e n i l e  ( J H )  e du f a r n é s o l  ( F )  e n  1974,  1975  e t  1976.  

(Clans l a  s u i t e  d e s  t a b l e s  1 5  à 19) .  

Codes : : c a p t u r e  e t  t r a i t e m e n t  

: mort 

: t u r q u o i s e  

: b l e u  



T r a i  t e  men t : 70 p g  ~ ~ I ~ t h a n o l  - Males 
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l T r a i t e m e n t  : Ternoin - Males 
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T r a  i t e m e n  t : 1 6 7 ~  g ma huile de paraffine - maies 



















Ischnura elegans : Distribution chi-quarré de l a  mortalit6 par période 

de 5 jours. (Plale8 e t  ~ e m e l l e s )  

O i No yenne Temps Temps P ( X > . ~  Ei P(x).n E 
des (en c lasses  i 

c lasses  de 5 jours) SX- 

O i  = observed frequency (frdquence observée) 

i = expected frequency ( f  rdquence e:;pérée) 

X* = 16.9 ( à  5 % e t  df = 9 )  



Ischnura e l e q a n s  : D i s t r i b u t i o n  F de l a  m o r t a l i t e  par p d r i o d e  de  5 j o u r s  (males  e t  F e m e l l e s )  

O i  Moyenne Temps Temps. n - ~ ( x ) . n  n-Q(x).n Ei n - ~ G < ) . n  E i  w ( x ) . n  Ei n - ~ ( x ) - n  Ei 
d e s  ( e n  c l a s -  s x - l  

1 33 5% g r e n s  2 2 1 2 2 



Ischnura eleqans t D i s t r i b u t i o n  F de l a  m o r t a l i t é  par période de 3 jours. 

( ~ â l e s  e t  Femelles) 

O i Moyenne Temps Temps. n - ~ ( x ) . n  E i  
des (en classes 

classes de 3 jours )  
-1 

Sx 

O O O 

20 2 2 6 

3 0.35 26.35 

18 5 18 

6 O. 70 44.40 

I l  8 12 

9 1 .O5 56.94 

13 1 1  9 

12 1.40 65.79 

9 14 7 

15 1.75 72.12 

2 17 5 

18 2.10 76.71 

8 20 3 

2 1 2 45 80.08 

3 2 3 2 

24 2 80 82.57 



S i t u a t i o n  g é o g r a p h i q u e  d e s  h a b i t a t s  é t u d i é s  

Region etudie 
par Van Noor<---'"- \,;\ 

\/' \, \ 

C a r t e  d ' a p r è s  l a  c a r t e  N I N O V E  30/4 d e  l ' I n s t i t u t  Géographique  M i l i t a i r e .  

E c h e l l e  1 : 10.000 



D i s t r i b u t i o n  d ' u n e  p o p u l a t i o n  d ' o d o n a t e s  

(Les d i s t a n c e s  dépenden t  f o r t e m e n t  d e s  c a r a c t é r i s t i q u e s  t o p o g r a p h i q u e s )  



formes d t I s c h n u r a  e.eleqans 

Ténéra le  

Femel les 

Ténéra le  

Ve r t  

T r o i s  génotypes  

RUFUSCENS VIOLACEA 

beige-orange ou r o u g a t r e  
bandes humérales : 
be ige  à b r u n â t r e  

INFUSCANÇ-OBSOLETA 

v i o l e t t e  

INFUSCANS TURQUOISE 

IMMATURES 

( t é n é r a l e s  + 
j u v 6 n i l e s )  

b run  Kak i -ve r t  
bandes humérales : foncé  

I b run  foncé  

HOMOZYGOTE HETEROZYGOTE HOMOZYGOTE 

hét6romorphe hé téromorphe andromorphe 

I 

HETEROMORPHE 

I 

ANDRONORPHE 



Thorax  d t I s c h n u r a  e . e l e q a n s  

bande  humera l e  

domen 

Changements d e  c o l o r a t i o n  : - l e  t h o r a x ,  s a u f  l a  f a c e  d o r s a l e  e t  l e s  
bandes  h u m é r a l e s  

- les t a c h e s  p o s t o c u l a i r e s  

- l e  8ème segmen t  d e  l'abdomen 

Les changements  d e  c o l o r a t i o n  s e  p r o d u i s e n t  p a r  l e  f a i t  que  d e s  p e t i t s  

i l8 ts  de  p igmen t s  s e  c r é e n t  e t  se  r é p a n d e n t  de  p l u s  en  p lus .  


