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C h e m i c a l  A s p e c t s  of  S t i m u l i  

by H. KLEEREKOPER 

Texas A & M University, Department of Biology, College of Science, College Station (Texas 77843, USA). 

The initiative to dedicate an issue of Experientia to 
the role of the chemical senses in the reproductive 
behaviour of fishes is in itself evidence for the scientific 
interest in the many  facets of this biologically im- 
portant  and fascinating problem. 

Although even from a strictly descriptive point of 
view the part  played by  the chemical senses in tha t  
behaviour has become known only superficially, there 
remains no doubt as to the importance of their in- 
volvement in a number of behaviour patterns related 
to reproduction in these animals, from orientation in 
migration to social behaviour and parental care. I t  
may be expected that  continuing research in this area 
will reveal the dependence of many  more behavioural 
functions in reproduction on chemical communication 
which is potentially one of the most versatile biological 
mechanisms for the transfer of precise and unequivocal 
information so essential in many  phases of reproduction. 
The many fascinating results of modern physiological 
investigations of behaviour related to reproduction in 
insects and, to a lesser extent, in mammals  are strongly 
suggestive as to what similar efforts may  yield with 
respect to that  behaviour in fishes. 

The information available on the role of the chemical 
senses in the behaviour of fish generally is largely 
descriptive in that  inquiries into the chemical identity 
of the substances involved are almost entirely non- 
existent. The few at tempts  described in the literature, 
including my own, which have yielded some informa- 
tion on chemical characteristics, have dealt with 
olfactory stimuli related to orientation (food localiza- 
tion) and alarm substances. 

Having been invited by you to prepare for this issue 
of Experientia a short review of the present status of 
our knowledge on the chemical aspects of stimuli 
involved in reproductive behaviour in fish, I ex- 

haustively searched the literature on information that  
may  be even remotely related to the problem at hand. 
I cannot remember any other of the many  literature 
searches carried out by me over the years that  was as 
totally negative as the one in question. I have oc- 
casionally emphasized the urgent need for an intensive 
and highly sophisticated chemo-analytical approach 
to the problem of odour identity of the waters of 
spawning grounds and migratory pathways and was 
well aware of the great void in meaningful knowledge 
on this aspect which is extraordinarily complex and 
whose solution is technically difficult and expensive. 
However, it is far less obvious why, apparently,  so few 
efforts have been made to ascertain the chemical 
nature, not to speak of the identity, of substances 
involved in less complex chemical communication such 
as is likely to be involved in sexual discrimination. I t  
seems reasonable to speculate that,  in many  cases, we 
may  be dealing with fairly simple steroids whose iden- 
tification should not present too great problems. 

Allow me to, once more, express the opinion that  
advances in knowledge on the fundamental processes 
in chemical communication in general and, in the 
context of the present issue of your journal, on that  
related to reproductive behaviour in fishes will be 
dependent on precise information on the chemistry of 
the substances involved. The analogy with the great 
advances in physiology of reproductive behaviour in 
insects, following biochemical identification of many  
pheromones, is obvious. However, the analytical 
problems are bound to be considerable and complex in 
most cases and would call for the application of the 
advanced techniques not generally accessible to the 
general and behavioural biologist. Collaborative efforts 
with organic and biochemists would be required in 
serious investigations of this type. 

C o n c l u s i o n  

by M. DOMINIQUE CRAPON DE CAPRONA 

Abteilung Mittelstaedt, Max-Planck-Institut fiir Verhaltensphysiologm, D-8131 Seewiesen, (Germany). 

The previous articles, demonstrating the importance of chemoreception in many aspects of fish reproduction, 
can be summarized in the following way. 

When breeding is limited to certain periods of the 
year, chemoreception promotes spawning synchrony 
by bringing together many  individuals of a given 
species. This is accomplished either through migration 
to spawning grounds, or by  an increase of the repro- 

ductive activity and receptiveness of the individuals. 
This assures a greater variety of prospective partners, 
consequently an efficient spreading and mixing of the 
gene 'capital '  of a population (and possibly even 
sexual selection). 
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Hybridization is sometimes prevented by the use 
of highly specific signals, which enable the fish to 
find not only a partner ready to spawn, but to recog- 
nize the partner of the right species (TODD 1971). The 
role of chemoreception in species preservation is 
evident. 

As studies on the social behaviour of the Bullhead 
have shown (ATEMA 1969; ATEMA, TODD, BARDACH 
1969), chemoreception is also a means of individual 
recognition, and is probably active in species capable 
of strong individual pair-bonding. 

During breeding, chemoreception is present in many 
aspects of communication between sexes: females 
obviously stimulate males (TAVOLGA 1956, BELDING 
1934), but the other combinations are also true (males 
excite males (LOSEY 1969), males females (EGGERT 
1931, ROIJLE 1931), probably females females). 

In species showing strong broodcare, chemoreception 
enables the parents to recognize their own brood, or, 
at least, to distinguish their own species' broods from 
those of other species (MYRBERG 1966, 1975; K/)HME 
1963; GREENBERG 1963). 

In a few cases, the environment itself produces 
chemical stimulants: spawning in the Pacific herring, 
Clupea pallasii, seems to be stimulated by lowered 
salinity (OuTRAM 1951); parental fanning of the eggs 
in the stickleback is elicited by a change in the 
chemical composition of the 'nest water' (VAN IERSEL 
1953) ; the odor of its own nest and slime enhances the 
sexual activity of the three-spined stickleback (LBINER 
1930). Migrating fish use chemical substances as orien- 
tation cues (see HASLER above). 

Individual, species, sex and brood recognition, all 
rely, often heavily, on chemical stimuli produced by 
the fish themselves or the environment. 

If the responses observed are analyzed quantitative- 
Iy, they can be characterized not only by immediate 
increases in rates of behavioural events, but also by 
long-term effects spreading the arousal over several 
days (CRAPON DE CAPRONA 1975). 

The sense involved in the detection of these sub- 
stances, although evidence is scarce, is usually smell. 
Taste, however, is certainly involved in courtship 
using tactile information, i.e., bringing taste buds in 
contact with parts of the partner's body (Barbel-play 
in the catfish, and maybe the mouthing of the male's 
genital papilla by the female of Tilapia macrochir). 
The outer surfaces (body, barbels, lips, gillrakers) are 
known to be receptive to chemical substances (HASLER 
1957, BARDACH and CASE 1965, HERRICK 1903). As to 
the nature of the pheromones themselves, very little 
can yet be said (see KLEEREKOPER above). 

Their source is mostly a matter  for speculation. The 
fluids from gravid female ovaries (in Bathygobius 
soporator (TAVOLGA 1956), and AIosa alosa (ROULE 
1931), as well as secretions from special glands pre- 
sented to the partner during courtship (in Glandulo- 

caudines, NELSON 1964) may account for the produc- 
tion of some of these pheromones. Secretions from the 
cutaneous anal glands in the male Blennius pavo 
attract females (EGGERT 1931). 

Chemosensory acuity is, of course, more or less spe- 
cialized, its role in reproduction more or less essential, 
according to the relative importance of other systems 
of communication in the species chosen: visual, acous- 
tical, electrical, tactile. One interesting aspect of chemo- 
reception has been pointed out by TODD, ATEMA and 
BARDACIt (1969). Their study is based on anatomical 
descriptions of fish brains, comparisons between species 
which are either primarily visual or olfactory, and their 
relationships to behaviour. According to these authors, 
a brain possessing an exaggerated development of the 
optic lobes will lead to very stereotyped, i.e. predict- 
able behaviour; on the other hand, a brain where the 
olfactory bulbs are dominant, allows sophisticated and 
plastic, i.e. versatile, behaviour. 

All these ideas about the nature of the functions of 
chemoreception in fish reproductive behaviour, as 
well as its relations to other types of communication, 
obviously need to be strengthened. An efficient colla- 
boration between thorough anatomical and histolog- 
ical studies of the fish brain (especially olfactory and 
gustatory areas), chemical analyses of the substances 
produced, neurophysiological, endocrinological studies 
and behavioural investigations is necessary. 
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S P E C I A L I A  
Les  a u t e u r s  s o n t  seu ls  r e s p o n s a b l e s  des  o p i n i o n s  e x p r i m 6 e s  d a n s  ces  b r 6 v e s  c o m m u n i c a t i o n s .  - F i i r  d ie  K u r z m i t t e i l u n g e n  
is t  aus sch l i e s s l i ch  d e r  A u t o r  v e r a n t w o r t l i c h .  - P e r  le b r e v i  c o m u n i c a z i o n i  6 r e s p o n s a b i l e  solo l ' a u t o r e .  - T h e  e d i t o r s  
do  n o t  h o l d  t h e m s e l v e s  r e s p o n s i b l e  fo r  t h e  o p i n i o n s  e x p r e s s e d  in t h e  a u t h o r s '  b r i e f  r e p o r t s .  - OTBeTCTBeHH0CTb aa 
KOp0TKHe co06meHga HeC6T HCKamqgTeabH0 aBT0p. -- Solo  los a u t o r e s  son  r e s p o n s a b l e s  de  las o p i n i o n e s  e x p r e s a d a s  en  

e s t a s  c o m u n i c a t i o n e s  b r eves .  

Etude photophysique de la pt6robiline 

Photophysical Study on Pterobilin 

t~_. GAUTRON 1, P.  JARDON 1, C. P1~TRIt~R 1, M. CHOUSSY 2, M. BARBIER 2 e t  M. VUILLAUM]~ 3'4 

Laboratoire de Photochimie de 1' Universitd Scienti / ique et Mddicale, Bor postale 53, Centre de Tri,  F -38041  Grenoble 
Cddex (France); Ins t i tu t  de Chimie des Substances Naturelles C N R S ,  F - g 1 1 9 0  Gi/- sur-Yvet te  (France); el Laboratoire de 
Zoologie, Ecole Normale  Supdrieure, F - 7 5 0 0 5  Paris  (France), 29 mars 7976. 

Summary .  T h e  f i r s t  r e su l t s  of  a p h o t o p h y s i c a l  s t u d y  on  p t e r o b i l i n  (b i l ive rd in  I X  7, a L e p i d o p t e r  b tue  bile p i g m e n t )  
a re  p r e s e n t e d .  F r o m  t h e  a b s o r p t i o n  a n d  f l u o r e s c e n c e  spec t r a ,  i t  is d e d u c e d  t h a t  t h e  l ow y ie ld  of  f l uo re scence  i n d i c a t e s  
a d e s a c t i v a t i o n  of  t h e  e x c i t e d  s ing le t  s t a t e  o c c u r r i n g  m a i n l y  b y  a n o n - r a d i a t i v e  p rocess .  A n a l y s e s  of  t h e  c h e m i c a l  
c o m p o u n d s  f o r m e d  a f t e r  i r r a d i a t i o n  of  p t e r o b i l i n  in m e t h a n o l  s h o w  t h a t  i t  is r e a r r a n g e d  in to  a ser ies  of  n e w  b lue  
p i g m e n t s  a m o n g  w h i c h  p h o r c a b i l i n  a n d  s a r p e d o b i l i n  ( the  t w o  n e o b i l i v e r d i n s  I X  7 i so l a t ed  f r o m  L e p i d o p t e r s )  h a v e  
b e e n  iden t i f i ed .  

De  la cu t i cu l e  e t  de  l ' h 6 m o l y m p h e  des  l a rves  a ins i  que  
de  la m e m b r a n e  a la i re  des  i m a g o s  d ' u n  c e r t a i n  h o m b r e  de  
L4p idop t6 r e s ,  o n t  6t6 isol6s des  p i g m e n t s  b i l ia i res  b l eu -  
v e r t  de  la s6rie I X  9J: la p t 6 r o b i l i n e  (ou b i l i v e r d i n e  I X  7), 
la p h o r c a b i l i n e  e t l a  s a rp6dob i l i ne .  C e t t e  de rn i6 re  d o n t  la 
s t r u c t u r e  c o m p l 6 t e  n ' e s t  p a s  enco re  c o n n u e ,  n ' a  p u  4 t re  
6 tudi6e  que  d a n s  les ailes d ' i m a g o s  5-10. Ces p i g m e n t s  s o n t  
b i o s y n t h 6 t i s 6 s  p a r  les L 6 p i d o p t 6 r e s  e t  p r o v i e n n e n t  de  
l ' o u v e r t u r e  de  la p r o t o p o r p h y r i n e  I X  au n i v e a u  du  p o n t  
y11. 

L a  b i l i v e r d i n e  I X  e a 6t6 t r o u v 6 e  d a n s  la cu t i cu l e  e t  
l ' h 6 m o l y m p h e  de  d i ve r s  I n s e c t e s  Or thopt6res l2 ,13 .  M c -  
DONAGH 14 m e t  eli 4v idence  u n  r61e d ' i n h i b i t e u r  de  l ' o x y -  

g6ne  s i n g u l e t  p o u r  c e t t e  s u b s t a n c e  e t  p e n s e  qu ' e l l e  p e u t  
ag i r  e f f i c a c e m e n t  p o u r  p r o t 6 g e r  les I n s e c t e s  c o n t r e  les 
p h o t o x y d a t i o n s  n6fas tes .  U n e  te l le  poss ib i l i t6  a v a i l  6t6 
sugg6r6e p a r  VUILLAUME 15, 16 

L ' a n a l y s e  de  l ' a c t i o n  de  la l umi6 re  su r  la p t6 rob i l i ne  se 
fe ra  su r  p l u s i e u r s  p lans .  L ' 4 t u d e  p h o t o p h y s i q u e  d o n t  n o u s  
p r6sen to r t s  ici les p r e m i e r s  r6 sn l t a t s ,  do l t  p e r m e t t r e  de  
d 6 t e r m i n e r  les c a r a c t 6 r i s t i q u e s  des  6 t a t s  p h o t o e x c i t 6 s  de  
ce p i g m e n t  e t  de  m e t t r e  en  6v i denee  ce r t a i n s  m o d e s  de  
d 6 s a c t i v a t i o n  de  la mol6cule .  L ' 6 t u d e  p h o t o c h i m i q u e  e s t  
o r i en t6e  v e r s  la d 6 t e r m i n a t i o n  des  p r o d u i t s  fo rm6s  apr6s  
i r r a d i a t i o n  e t  du  c o m p o r t e m e n t  6 v e n t u e l  de  la p t6 rob i l i ne  
v i s -a -v i s  d ' a u t r e s  r4ac t i ons  p h o t o c h i m i q u e s .  E n f i n ,  la 


