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zwar  h 6 c h s t e n s  zwei ve r sch iedenar t ige ,  zuf/illig vorhe r -  
b e s t i m m t e  Beu te t i e r e  je Tag.  E ines  ga l t  als abge lehn t ,  
w e n n  es w~Lhrend der  D a r b i e t u n g s d a u e r  n i c h t  g e s c h n a p p t  
war ;  auch  w e n n  es a b l e h n e n d e  ande re  I n d i v i d u e n  
betr~icht l ich l~,nger reizte,  s t iessen sie ihre  En t sche i -  
d u n g  n i c h t  urn. Die se lek t ive  A b l e h n u n g  eines b e s t i m m t e n  
Beu te t i e res  liess s ich me i s t  yon  e iner  a l lgemeinen  d u t c h  
m a n g e l n d e n  H u n g e r  un te r sche iden ,  w e n n  ein sofor t  
d a n a c h  gebo tenes  anderes  B e u t e t i e r  gefressen wurde.  
Bei  der  e r s t en  D a r b i e t u n g  der  5 B e u t e t i e r a r t e n  l e h n t e n  
weft  m e h r  Anolis H e i m c h e n  u n d  Asseln ab  als Mehl-  
wt i rmer  u n d  Get re ideschimmelk/~fer la rven .  H ingegen  
n a h m e n  alle I n d i v i d u e n  W a c h s r a u p e n  a n  (F igh t  a). Von  
32 m6gl i chen  K o m b i n a t i o n e n  de r  A n n a h m e  u n d  Ableh-  
h u n g  s ind n u t  7 ve rwi rk l i ch t .  Das  se lek t ive  Verschm/ ihen  
y o n  H e i m c h e n  b l e i b t  hei  19% der  Anolis t iber  wen igs tens  
9 H e i m c h e n d a r b i e t u n g e n  bes tehen ,  d .h .  in der  Regel  
5 W o c h e n  lang.  Dagegen  werden  Asseln, bis  auf  eine 
Ansnahn le ,  n n d  die t ibr igen Beu te t i e r e  schon  n a c h  weni-  
gen D a r b i e t u n g e n  n i c h t  m e h r  a b g e l e h n t ;  n a c h  5 W o c h e n  
s ind yon  den  s ieben  V e r h a l t e n s t y p e n  n u r  m e h r  3 i ibr ig 
gebl ieben,  die Anolis also e inande r  ~ihnlicher geworden  
(Figur  b). Die raschere  A n n a h m e  der  Asseln  u n d  die Ta t -  
sache, dass  H e i m c h e n -  n n d  Asse lab lehne r  ve r sch i edene  
Tiere sind,  legt  die A n n a h m e  nahe ,  dass  zumi l ldes t  

3 G. ~.  BURGHARDT, ]3ehaviour, im Druck. 

H e i m c h e n  u n d  Asseln ans  v e r s c h i e d e n e n  Gr t i nden  ver-  
s c h m ~ h t  werden.  Die Anolis erweisen s ich als ~Gene- 
ra l i s ten~ n a c h  Modell  (b), de ren  Geme insamke i t ,  W a c h s -  
r a u p e n  zu fressen,  zun~tchst zwar  ger ing ist, spi i ter  abe r  
die urspr i ing l iche  angeborene  Spezia l i s ie rung (Figur  a) 
weft  i iber~rifft .  

Die Ergebn i s se  lassen v e r m u t e n ,  dass  die Anolis in 
b e s t i m m t e n  E i g e n s c h a f t e n  ih re r  W a h r n e h m u n g  poly-  
m o r p h  sind, ~thnlich w i e e s  BURGHARDT s bei  S t r u m p f -  
b a n d n a t t e r n  (Tamnophis s. sirtalis) gegent iber  zwei 
B e u t e s o r t e n  ge funden  ha t .  E inze l t i e re  b e v o r z u g e n  en t -  
weder  W n r m  oder  Fisch,  s ind  h ie r in  abe r  f lexibler  als 
nnse re  bei  G e b u r t  b e u t e s t a r r  fes tge legten  Anolis. Die 
ind iv idue l le  Spezia l i s ie rung k 6 n n t e  im Fre i l eben  inner -  
a r t l i che  N a h r u n g s k o n k u r r e n z  mi ldern .  Die U n t e r s u c h u n -  
gen werden  for tgese tz t .  

Summary. N e w b o r n  l izard  (Anolis lineatopus) indi-  
v idua l s  differ  c lear ly  b y  t he i r  a ccep t ance  of 5 d i f fe ren t  
p r ey  i t ems ;  t h e r e  are 7 ' e t h o - t y p e s '  of d i f fe ren t ia l  accep- 
t a n c e  wh ich  a f t e r  5 weeks of feeding h a v e  become  
reduced  to  on ly  3. 
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Moth Mating Periodicity: Temperature Regulates the Circadian Gate 

In moths ,  t h e  per iodic i t ies  of female  p h e r o m o n e  
emiss ion  a n d  male  respons iveness  h a v e  been  accep ted  to 
be  t e m p o r a l l y  synchronous ,  r ig id ly  p r o g r a m m e d ,  and  to 
serve as i so la t ing  m e c h a n i s m s  a m o n g  species u t i l i z ing  a 
c o m m o n  chemica l  c o m m u n i c a t i o n  sys t em ~a.  R e c e n t  
f ind ings  in a n  a rc t i id  ~, a noc tu id  ~,G a n d  n u m e r o u s  
to r t r i c ids  ~-9 h a v e  revea led  t h a t  r h y t h m s  of female  cal l ing 
behav io r ,  or ma le  response,  or bo th ,  a p p e a r  to  he  g rea t ly  
modi f ied  b y  f l uc tua t i ons  in t e m p e r a t u r e  reg imes :  lower 
a m b i e n t  t e m p e r a t u r e s  cause  t h e  m a t i n g  response  in t e rva l s  
to  be  sh i f ted  to w a r m e r  per iods  of t h e  d a y  or n igh t .  Such  
t e m p e r a t u r e - r e l a t e d  r h y t h m  modi f ica t ions  o f  female  
cal l ing b e h a v i o r  and  male  f l igh t  h a v e  also been  r epo r t ed  ~0 
in t he  s emi -domes t i ca t ed  sa tu rn i id ,  Antheraea pernyi. 
One p rev ious  s t u d y  11 w i t h  th i s  s i lkworm m o t h  i nd i ca t ed  
a d iscre te  m a t i n g  in te rva l ,  whereas  others12, ~a on t he  
c o n t r a r y  r epo r t ed  t h a t  th i s  species lacks ove r t  ca l l ing  
b e h a v i o r  a n d  m a t i n g  per iodic i ty .  TRUMAN 10 found  t h a t  
t he  t e m p e r a t u r e  reg ime  d u r i n g  t he  20 days  of a d u l t  
m a t u r a t i o n  in t h e  p u p a  p r o g r a m m e d  t he  per iodic i t ies  of 
female  cal l ing b e h a v i o r  and  male  f l ight .  Cool develop-  
mer t ta l  t e m p e r a t u r e s  such  as 12 ~ re su l t  in  a d u l t  r h y t h m s  
of female  cal l ing b e h a v i o r  and  male  f l igh t  occur r ing  
severa l  hou r s  p r io r  to  these  r h y t h m s  in m o t h s  f rom p u p a e  
m a i n t a i n e d  a t  25~ These  f ixed in t e rva l s  pe r s i s t ed  
t h r o u g h o u t  a d u l t  life regardless  of a m b i e n t  t e m p e r a t u r e .  

I n  L e p i d o p t e r a  t he  t e m p e r a t u r e  m o d u l a t i o n  of c i rcad ian  
m a t i n g  r h y t h m s  appea r s  to  be  p reva l en t .  In  a t  leas t  
severa l  l ep idop te rous  species th i s  mod i f i ca t i on  is u n d e r  
r egu la t ion  of a qu i te  d i f fe rent  m e c h a n i s m :  in A rgyrotaenia 
velutinana (Walker) ,  a to r t r i c id ,  and  Holomelina imma~ 
culata (Reakir t ) ,  a n d  arct i id ,  a d j u s t m e n t s  of pe r iod ic i ty  
are coo rd ina t ed  to dai ly  r a t h e r  t h a n  seasonal  t e m p e r a t u r e  
f luc tua t ions .  

The  A. velutinana l a b o r a t o r y  co lony o r ig ina t ed  f rom 
m a t e r i a l  col lected in Geneva ,  N. Y. and  t he  H. immaculata 
cu l tu re  was o b t a i n e d  f rom Dryden ,  N. Y. All insec ts  
were rea red  on  an  ar t i f ic ia l  m e d i u m  4 a t  24~ u n d e r  a 
16:8  LD ( l ight -dark)  cycle, w i th  p h o t o p h a s e  a t  2800 lux. 

For  d e t e r m i n a t i o n  of female  cal l ing periodici t ies ,  
0 -1 -day-o ld  females  were conf ined  i n d i v i d u a l l y  in 
a i r t i g h t  p las t ic  v ia ls  5 cm in d i a m e t e r  and  8.5 cm in 
he igh t .  Viewing  of b e h a v i o r  dur ing  sco tophase  was 
accompl i shed  wi th  a low i n t e n s i t y  l igh t  f i l tered w i t h  a 
K o d a k  W r a t t e n  F i l t e r  29, e l i m i n a t i n g  l igh t  be low 6100 ~_. 
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Laboratory A.  velutinana male response tests were 
conducted under a simulated scotophase of 0.35 lux and a 
photophase of 2800 lux. The bioassay chambers consisted 
of 6 • 8 • 12 cm plastic boxes holding 10 males. Through- 
out, 10 2 equivalents of methylene chloride female 
abdominal tip extract on 1 • 2 cm of filter paper were used 
as a stimulus for 1 min and wing fanning and flight 
were selected as the key behavioral responses, l\{ales were 
assayed at hourly intervals and were not re-used. Field 
trials were conducted with an automated trap which 
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A) A.  velutinana (N = 60) a n d  B) H.  immaculata  (N = 100) female  
cal l ing per iodic i t ies  in  a l a b o r a t o r y  16 : 8 L D  cycle  a l t e r n a t e d  t h r o u g h  
da i ly  t e m p e r a t u r e  reg imes  of 24 ~ 16 ~ a n d  24 ~ Sco tophase  i n d i c a t e d  
b y  s h a d e d  areas .  C) L a b o r a t o r y  f l ight  r esponse  of A.  velutinana 
males  (N = 60) to female  p h e r o m o n e  g l a n d  e x t r a c t  in  16 :8  L D  
cycles  a t  24~ (b roken  line) a n d  16~ (solid line). Sco tophase  in- 
d i ca t ed  b y  s h a d e d  area .  D) Ef fec t  of a m b i e n t  t e m p e r a t u r e  on  the  
m e a n  t ime  of wild male  a t t r a c t i o n  in  the  field. Regress ion  l ines for  
the  s u m m e r  (top) a n d  sp r ing  (bot tom)  are  in  solid line. The  b r o k e n  
line is for  the  pooled  f l ights .  

indicated the hour of attraction and 25 mg cis- and 
trans-11-tetradecenyl and dodecyl acetates (9:1:].5) as a 
lure. 

Results. At a constant temperature (24~ these 
species differ in their responses to the photoperiodic cues 
affecting entrainment of their endogenous female calling 
rhythms. Tile rhythm of A.  velutinana is entrained by 
the lights-on signal and the endogenous rhythm persists 
in either constant photophase or scotophase (LD); in 
H. imrnaculata lights-off serves as the critical photo- 
periodic cue and the rhythm is maintained only in 
continual scotophase 4. A.  velutinana females reared and 
observed at 24~ under a 16:8 LD call from the 1st h of 
darkness to its termination, whereas females held at 16 ~ 
initiate this interval some 6 h prior to scotophase (Figure 
a). Females of H. immaculata exhibit the same sort of 
temperature sensitive shift when contrasted at 16 ~ and 
24~ (Figure b). In both species females alternated 
through 24 ~ 16 ~ and 24~ regimes modify their calling 
intervals in accordance with daily temperature. A. 
veIutinana overwinters as a pupa 14 and females from 
pupae chilled at 16~ from pupation until emergence, 
similar to the testing of A.  pernyi 1~ exhibit the same 
adjustment of their calling rhythms as those maintained 
at 24~ Thus, in some Lepidoptera, the female modifies 
its calling periodicity in response to daily temperature 
fluctuations rather than possessing a fixed interval 
programmed during adult development, as previously 
reported 10 

A.  velutinana males exhibit a similar temperature 
sensitivity of their periodicity of pheromone response. In 
laboratory bioassays at 24~ males were stimulated by 
natural pheromone extracts only during scotophase, 
whereas at 16 ~ male response occurred as much as 6 h 
prior to scotophase (Figure c). Under natural conditions 
the t iming of attraction of wild males to the synthetic 
pheromone blendlS was correlated with temperature. In 
central New York in late April and early May during the 
spring flight, attraction occurred in the afternoon, 
whereas in the July summer flight, attraction took 
place after sunset (Figure d). Regression analyses 
comparing the average h of attraction and the temperature 

14 p .  j .  CHAPMAN a n d  S. E. LIENK, Tortricid F a u n a  o] Apple  in  
N e w  York  (Special  publ .  New Y o r k  S t a t e  Agric .  Exp .  S ta t ion ,  
Geneva  1971), 122 p. 

15 W. ROELOFS, A. HILL a n d  R. CARD~, J .  chem.  Ecol.  7, 83 (1975). 

Ef fec t s  of a decrease  in  t e m p e r a t u r e  of 24 ~ to 16 ~ on  the  i n i t i a t i on  of femaIe cal l ing b e h a v i o r  a n d  male  p h e r o m o n e  respons iveness  in  the  
l a b o r a t o r y  u n d e r  a 16 :8  L D  

H o u r s  re la t ive  to s co tophase  Pe rcen t  females  cal l ing (N = 50) Pe r cen t  ma le  p h e r o m o n e  response  (N = 60) 

ra in  a t  16 ~ C o n s t a n t  24 ~ 15 ra in  a t  16 ~ C o n s t a n t  24 ~ 
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a t  20.30 h (E.D.S.T.)  shows r = 0.768 (p < 0.05) for the  
spr ing  f l ight ,  r = 0.664 (p < 0.01) for t he  s u m m e r  f l igh t  
and  r = 0.908 (p < 0.001) for t he  pooled da ta .  Similar ly ,  
wild H. immaculata males  were lu red  to  s y n t h e t i c  
2 - me thy lhep t adecane ,  t he  female  sex p h e r o m o n e  ~6, for 
t he  2 h p r io r  to  sunse t  on  a cool d a y  (a h i g h  of 24 ~ a n d  
for 2 h a f te r  sunse t  on  a w a r m  d a y  (a h i g h  of 30~ ~. 

I n  t h e  osci l la t ing da i ly  t e m p e r a t u r e s  found  in n a t u r e  
these  r h y t h m i c  modi f i ca t ions  of t he  m a t i n g  clock could 
be a func t i on  of t h e  da i ly  t h e r m o p e r i o d  or t h e y  could be 
i n i t i a t e d  b y  a m b i e n t  t e m p e r a t u r e  f l uc t ua t i ons  occur r ing  
du r ing  a specific dai ly  i n t e r v a l  or se lect ive  c i r cad ian  gate.  
The  i n t e r ac t i ons  of t e m p e r a t u r e  a n d  l igh t  cycles in 
a f fec t ing  t he  i n i t i a t i on  a n d  d u r a t i o n  of female  cal l ing 
b e h a v i o r  and  male  respons iveness  are complex.  N o t w i t h -  
s t and ing ,  in  A. velutinana a decrease  in t e m p e r a t u r e  
occurr ing  w i t h i n  a specific da i ly  gate  c an  induce  b o t h  
female  cal l ing a n d  male  respons iveness  w i t h i n  a few 
m i n u t e s  (Table).  E v e n  if t h i s  decrease  in t e m p e r a t u r e  is as 
l i t t l e  as 1~ a s ign i f ican t  n u m b e r  in i t i a t e  m a t i n g  behav ior .  
I n  t h e  l abo ra to ry ,  14.3% of t h e  females  (N = 210) 
exper i enc ing  a decrease  f rom 24 ~ to  23~ i h p r io r  to  
l ights-off  in  a 16:8  L D  c o m m e n c e d  cal l ing b e h a v i o r  
w i t h i n  10 ra in  ~where t he  95% conf idence  i n t e r v a l  (CI) 
ex t ends  f rom 9.5 to 19.3%].  I n  t h e  con t ro l  g roup  0.5% 
of t he  females  were ca l l ing  (a CI to  2.6% ). I n  ma le  
p h e r o m o n e  b ioassays  (N = 200) 54.3% exper ienc ing  a n  
iden t ica l  decrease  in t e m p e r a t u r e  were r e spons ive  to  

16 W. L. ROELOFS and R. T. CARDE, Science J71, 684 (1971). 
iv j .  L. HENEGAN and J. E. HEATH, J. exp. Biol. 53, 349 (1970). 
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19 This research supported by the Rockefeller Foundation and NSF 
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f emale  p h e r o m o n e  e x t r a c t  (CI 47.4 to  61.3%),  whereas  
on ly  24.5% con t ro l  males  were respons ive  (CI 18.9 to 
31.0~ 

These  f ind ings  i nd ica t e  t h a t  t he  con t ro l  cen te r s  for 
female  cal l ing b e h a v i o r  and  ma le  p h e r o m o n e  respon-  
s iveness  h a v e  i n p u t s  f rom the  c i r cad ian  clock as well  as 
e x t e r n a l  s t imul i ,  a p p a r e n t l y  unl ike  t he  per iodic i t ies  of 
female  cal l ing b e h a v i o r  and  male  f l ight  in  A. pernyi 
w h i c h  are t i g h t l y  coupled  to  t he  o u t p u t  of t he  clock 1~ 
This  is t he  f i rs t  r e p o r t  of c u r r e n t  cond i t ions  mod i fy ing  t he  
t i m i n g  of a c i rcad ian  r h y t h m  w i t h o u t  a p p e a r i n g  to affect  
i ts  e n t r a i n m e n t .  

The  a d a p t i v e  s ignif icance of th i s  in t r i ca te ,  da i ly  t e m p o r a l  
coo rd ina t i on  of m a t i n g  r h y t h m  w i t h  t e m p e r a t u r e  is 
obv ious :  cool t e m p e r a t u r e s  are undes i r ab l e  because  t h e y  
increase  t h e  d e m a n d  for m e t a b o l i c  energy  necessa ry  to  
sus t a in  m a t i n g  f l igh t  17. Th i s  cons ide ra t ion  is m o s t  
crucia l  in  sma l l  insects  (such as A. velutinana) t h a t  
possess a h i g h  surface  area  to v o l u m e  rat io .  O p e r a t i n g  
aga ins t  th i s  fac to r  are poss ible  e v o l u t i o n a r y  d i s a d v a n t a g e s  
such  as increased  d i f f icu l ty  in  m a i n t e n a n c e  of t e m p o r a l  
p a r t i t i o n i n g  of c losely-re la ted species t h a t  u t i l ize  a 
c o m m o n  chemica l  c o m m u n i c a t i o n  s y s t e m  ~-a a n d  exposure  
to  a d d i t i o n a l  p r e d a t o r  pressure  d u r i n g  d iu rna l  ac t iv i ty .  

Rdsumd. Les l@idop t6 re s  m o d i f i e n t  leur  r y t h m e  
endog6ne  d ' a c t i v i t 6  sexuelle selon le r6gime de t e m p 6 r a t u r e  
du  jour .  Les f l uc tua t i ons  de t e m p 6 r a t u r e  dans  ce r t a ines  
pa r t i e s  du  cycle p h o t o p 6 r i o d i q u e  s e rven t  de s ignal  p o u r  
d 6 t e r m i n e r  l ' heu re  de l ' a ccoup lemen t .  
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The Rate of Test icular  D e v e l o p m e n t  in Japanese  
S t imula t ion  of the Extra  Retinal  Photoreeeptor  

Seasona l  r e p r o d u c t i o n  in m a n y  b i rds  is r egu la t ed  b y  
t he  a n n u a l  change  in  day l eng th ,  w i t h  t h e  longer  p h o t o -  
per iods  of sp r ing  and  s u m m e r  caus ing  increased  gonado-  
t r o p h i n  secret ion.  Knowledge  a b o u t  t he  n e n r o e n d o c r i n e  
basis  of t h i s  pho tope r iod i c  response  is qu i t e  ex tens ive  ~, 2 
b u t  our  u n d e r s t a n d i n g  of t h e  sensory  s t ruc ture(s )  i n v o l v e d  
in l igh t  de tec t ion ,  a n d  of t h e  m e c h a n i s m s  used for 
m e a s u r i n g  i ts  da i ly  d u r a t i o n  ~ is m u c h  more  l imi ted .  The  
issue of l igh t  pe rcep t ion  has  been  especial ly  i n t r i g u i n g  
ever  since B e n o i t  sugges ted  in t h e  t h i r t i e s  t h a t  a n  ex t ra -  
r e t i na l  p h o t o r e c e p t o r  ex is ted  in t he  duck.  His  m a n y  
e x p e r i m e n t s  led h i m  to  conclude  ~ t h a t  t h e  eye p l ayed  
l i t t l e  or no role in  t he  p h o t o i n d u c t i o n  of t e s t i cu la r  g r o w t h  
a n d  t h a t  a n o t h e r  p h o t o r e c e p t o r  m u s t  ex is t  e lsewhere  in 
t h e  b ra in ,  p r o b a b l y  w i t h i n  t he  h y p o t h a l a m u s .  More 
r ecen t  s tud ies  in  t h e  house  spa r row b y  ME~AKER et  al. 5-s 
conf i rm these  f ind ings  and  t h e y  h a v e  conc luded  t h a t  t he  
eyes do no t  p a r t i c i p a t e  a t  all  in  t h e  r ecep t ion  oi l igh t  for 
t he  pho tope r iod ic  response.  Th i s  is poss ib ly  t r ue  in o t h e r  
species also 9-~. 

I n  t h e  J a p a n e s e  qua i l  (Coturnix coturnix japonica) 
t he re  is c lea rcu t  ev idence  t h a t  enuc l ea t i on  does no t  b lock  
p h o t o i n d u c e d  gonada l  g r o w t h  12, ~a or lead to regress ion  in 
sexua l ly  m a t u r e  b i rds  m a i n t a i n e d  on  long d a y l e n g t h s  1 , - t6  

Quail ( Coturnix coturnix-japonica) Fol lowing  
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