
zwar hochstens zwei vcrschiedenartige, zufallig vorhcr- 
bestimnlte Beutetiere je Tag. Eincs gait als abgclehnt, 
wenn es wahrend der Darbietungsdauer nicht geschnappt 
war; auch wcnn es ablchnende andcre Individuen 
betrachtlich langcr roiztc, stiessen sie ihrc Entschei- 
dung nicht um. Die sclektive Ablehnung eines bestimmten 
Beutetieres licss sich rneist von einer allgcmcinen durch 
mangelnden Hunger unterscheiden, wenn ein sofort 
danach gebotenes anderes Beutetier gefressen wurde. 
Bei der ersten Darbietung der 5 Beutetierarten lehnten 
weit mehr Anolis Heimchen und Asseln a b  als Mehl- 
wiirmer und Getreideschimnielkaferlarven. Hingegen 
nahmen alle Individuen Wachsraupen an (Figur a). Von 
32 moglichen Kombinationen der Annahmc und Ableh- 
nuns sind nur 7 verwirklicht. Das selektivc Verschmahen 
von Heimchen bleibt bei 19% der h o h s  fiber wenigstens 
9 Heimchendarbietungcn bestehen, d.h. in der Regel 
5 Wochen lang. Dagegen werden Asseln, bis auf cine 
Ausnahme, und die iibrigen Beutetiere schon nach veni- 
gen Darbietungen nicht mehr abgelehnt, nach 5 Wochen 
sind von den sieben Vcrhaltenstypen nur mehr 3 iibrig 
geblieben, die AnoZis also einander ahnlicher geworden 
(Figur b). Die raschere Annahn~e der Asseln und die Tat- 
sache, dass Heimchen- und Asselablehner verschiedene 
Tiere sind, legt die Annahme nahe, dass znmindest 

G .  M. BURGHARDT, Behaviour, im Druck. 
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Heimchcn und AsseIn aus vcrschiedenen Griinden ver- 
schmaht wurdcn. Die Anolis cr\vciscn sich als ~Gcne-  
ral isten~ nach Modcll (b), deren Gemeinsamkeit, Wachs- 
raupcn zu fressen, zunachst zwar goring ist, spater aber 
die urspriingliche angeborcne Spezialisierung (Figur a)  
wcit ubertrifft. 

Die Ergebnisse lassen vcrmuten, dass die Anolis in 
bestimmten Eigenschaften ihrer Wahrnehmung poly- 
morph sind, ahnlich wie es BURGHARDT~ bei Strumpf- 
bandnattern (Tamnophis s. sirtalis) gegenuber zwei 
Beutesorten gefunden hat. Einzeltiere bevorzugcn ent- 
weder ?frurni oder Fisch, sind hierin aber flexibler als 
unsere bei Geburt beutestarr fcstgelegten Anolis. Die 
indiviclucllc Spezialisierung konnte im Frcilebcn inner- 
artliche Nahrungskonkurrenz mildern. Die Untersuchun- 
gen werden fortgesetzt. 

Szt~tzmary. Newborn lizard (Anolis Zi-neatopns) indi- 
viduals differ clearly by their acceptance of 5 different 
prey items, there are 7 'etho-types' of differential accep- 
tance which after 5 weeks of feeding have become 
reduced t o  only 3. 
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Moth Mating Periodicity: Temperature Regulates the Circadian Gate 

In  moths, the periodicities of female pheromone 
emission and male responsiveness have been accepted to 
be temporally synchronous, rigidly programmed, and to 
serve as  isolating mechanisnls among species utilizing a 
common chemical communication system Recent 
findings in an  arctiid4, a n o c t ~ i d ~ ' ~  and numerous 
t o r t r i ~ i d s ? - ~  have revealed that  rhythms of female calling 
behavior, or male response, or both, appear to be greatly 
modified by fluctuations in temperature regimes : lower 
ambient temperatures cause the mating response inter\ als 
to  be shifted to \\armor periods of the day or night. Such 
tcmperature-related rhythm modifications of female 
calling behavior and male flight have also been reportedJ0 
in the semi-domcsticatcd sat urniid, Antlierae-a perfzyi. 
One previous study l1 11 ith this sil kw orm moth indicated 
a discrete mating interval, whereas others 1 2 7  l3 on the 
contrary reported that  this species lacks o\crt  calling 
behavior and mating periodicity. TRUM A N  lo found that  
the temperature regime during the 20 days of adult 
maturation in the pupa programmed the periodicities of 
female calling behavior and male flight Cool clevclop- 
mental temperatures such as  lZÂ° result in adult r h ~  thins 
of lemalc calling behavior and male flight occiirring 
sev eral hours prior to these rhythms in moths from pupae 
maintained a t  2 5 O C .  Thcsc fixed inter\ als persisted 
throughout adult life regal clless of anil)icnt temperature 

In Lepidoptera the temperature modulation of Orcadian 
mating rhythms appears to be pre\,iIcnt In a t  least 
sex eral lepidopteran> species this modification is nt-nler 
rrgultition of a quite (lifk-rcnt ii~.bchtinisin : in -1 )gvrot(~eina 
z*t>/itfmaiici (Walker), a tortricicl, and HoloiitC7lnin 111111111- 

i u/(tf(~ (Kciikirt), and nritiid, adju-itnu-nts of periodn.it\ 
itre t oorclinated to daih rather than x~ason:i1 tcinpi-riitnrc 
flii(-t na t ions  

The A. veliitinana laboratory colony originated from 
material collected in Geneva, N. Y .  and the H .  immaczilata 
culture was obtained from Dryden, N. Y .  All insects 
were reared on an artificial medium4 a t  24OC under a 
16: 8 LD (light-dark) cycle, -with photophase a t  2800 lux. 

For determination of female calling periodicities, 
0-1-dny-old females were confined individually in 
airtight plastic vials 5 cm in diameter and 8.5 cnl in 
height. Vievting of behavior during scotophase was 
accomplished with a low intensity light filtered with a 
.Kodak Wratten Filter 29, eliminating light below 6100 A. 
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Specialia 

Laboratory A.  vehttinana male response tests were 
under a simulated scotophase of 0.35 lux and a 

photophase of 2800 lux. The bioassay chambers consisted 
of 6 x 8 x 12 cm plastic boxes holding 10 males. Through- 
out, equivalents of methylene chloride female 
abdominal tipextract on 1 x 2 cm o f  filter paper were used 

, as a stimulus for 1 min and wing fanning and flight 
\\ere selected as the key behavioral responses. Males were 
assayed a t  hourly intervals and were not re-used. Field 
trials were conducted with an automated trap which 

loof- 

TEMPERATURE OF DAY u 2030 

A) A .  velzitmana (fY = 60) and B) H. zm~~zaculata (X = 100) female 
calling periodicities in a laboratory 16:s LD cycle alternated through 
daily temperature reghnesof 24O, 16' and 24OC. Scotophase indicated 
b y  shaded areas. C) Laboratory flight response of A. veluf~iana 
males (1V = 60) to female pheromone gland extract in  16 :s  LD 
cycles a t  24OC (broken line) and lGÂ° (solid line). Scotophase in- 
dicated by  shaded area. D) Effect of ambient temperature on the 
mean time of wild male attraction in the field. Regression lines for 
the summer (top) and spring (bottom) are in solid line. The broken 
line is for the pooled flights. 

indicated the hour of attraction and 25 mg cis- and 
trans-1 l-tetradecenyl and dodecyl acetates (9:1:15) as a 
lure. 

Results. At a constant temperature (24OC) these 
species differ in their responses to the photoperiodic cues 
affecting entrainment of their endogenous female calling 
rhythms. The 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 .  immacz~lafa lights-off serves as the critical photo- 
periodic cue and the rhythm is maintained only in 
continual scotophase *. A .  vehifinana females reared and 
observed at  24OC under a 16: 8 LD call from the 1st h of 
darkness to its termination, whereas females held at  lGÂ° 
initiate this interval sonic 6 h prior to scotophase (Figure 
a). Females of H. immacdata exhibit the same sort of 
temperature sensitive shift when contrasted at  16O and 
24 OC (Figure b). In both species females alternated 
through 24O, 16' and 24OC regimes modify their calling 
intervals in accordance with daily temperature. A .  
velzttinana overwinters as a pupal4 and females from 
pupae chilled a t  16 OC from pupation until emergence, 
similar to the testing of A .  peynyi1OI exhibit the same 
adjustment of their calling rhythms as those maintained 
at  24OC. 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 lo. 

A .  velzttinana males exhibit a similar temperature 
sensitivity of their periodicity of pheromone response In 
laboratory bioassays a t  24OC males were stimulated by 
natural pheromone extracts only during scotophase. 
whereas at  16OC male response occurred as much as 6 h 
prior to scotophase (Figure c ) .  Under natural conditions 
the timing of attraction of wild males to the synthetic 
pheromone blend15 was correlated with temperature. In  
central Sew 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 

l4 P. J. CHAPMAN and S. E. 1-IESK, Torfricid Fauna of Apple in 
New York (Special publ. New York State  Agric. Exp. Station, 
Geneva 1971), 122 p. 

l5 W. ROEL.OFS, A. HIL,L and I<. CARUE, J. cheni. I<col. 7, 83 (1975). 

Effects of a decrease in temperature of 24* to lGÂ° on the initiation of female calling behavior and male pheroinonc responsiveness in the  
laboratory under a 16: S 1.D 

Hours relative to scotopliase Percent females calling ( V  = 50) Percent male pheroinonc response (.V = 00) 

niin a t  16 OC Constaut 24-'C 15 mill a t  16OC Constant 24 C 

10 30 60 



f 
! a t  20.30 h (E.D.S.T.) shows r = 0.768 ( p  < 0.05) for the 
I springsflight, Y = 0.664 ( p  < 0.01) for the summer flight 

and Y = 0.908 ( p  < 0.001) for the pooled data. Similarly, 
wild H. i~n~nacz~lata males were lured t o  synthetic 
2-methylheptadecane, the  female sex pheromone16, for 
t he  2 h prior t o  sunset on a cool day  (a high of 24OC) and 
for 2 h after sunset on a warm day (a high of 30 OC)4. 

I n  the oscillating daily temperatures found in nature 
these rhythmic modifications of the  mating clock could 
be a function of the daily thermoperiod or they could be 
initiated by ambient temperature fluctuations occurring 
during a specific daily interval or selective circadian gate. 
The interactions of temperature and light cycles in 
affecting the initiation and duration of female calling 
behavior and male responsiveness are complex Notwith- 
standing, in A .  velzitinana a decrease in temperature 
occurring within a specific daily gate can induce both 
female calling and male responsiveness within a few 
minutes (Table). Even if this decrease in temperature is as  
little as  1Â°C a significant number initiate mating behavior. 
I n  the laboratory, 14.3% of the  females ( N  = 210) 
experiencing a decrease from 24' t o  23OC 1 h prior t o  
lights-off in a 16:s  L D  commenced calling behavior 
within 10 min [where the  95% confidence interval (CI) 
extends from 9.5 t o  19.3%]. I n  the control group 0.5% 
of the females were calling (a CI t o  2.6%). I n  male 
pheromone bioassays ( N  = 200) 54.3% experiencing an  
identical decrease in  temperature were responsive t o  

female pheromone extract (CI 47.4 t o  61.3%), whereas 
only 24.5% control males were responsive (CI 18.9 to 
31.0%). 

These findings indicate tha t  the control centers for 
female calling behavior and male phcromone respon- 
siveness have inputs from the circadian clock as  well as 
external stimuli, apparently unlike the periodicities of 
female calling behavior and male flight in A. pernyi' 
which are tightly coupled to  the  output of the clock10. 
This is the first report of current conditions modifying the 
timing of a circadian rhythm without appearing t o  affect 
its entrainment. 

The adaptive significance of this intricate, daily temporal 
coordination of mating rhythm with temperature is 
obvious: cool temperatures are undesirable because they 
increase the demand for metabolic energy necessary to 
sustain mating flight1'. This consideration is  most 
crucial in small insects (such a s  A .  velz~tinana) t ha t  
possess a high surface area t o  volume ratio. Operating 
against this factor are possible evolutionary disadvantages 
such as  increased difficulty in maintenance of temporal 
partitioning of closely-related species t ha t  utilize a 
common chemical comn~unication system and exposure 
t o  additional predator pressure during diurnal activity. 

RSsiimS. Les lepidopt&res modifient leur rythme 
endog&nc d'activitb sexuelle selon Ie regime de  temperature 
du  jour. Les fluctuations de  tcmp6rature dans certaines 
parties du cycle photoperiodique servent de signal pour 
determiner l'heure de  l'accouplement. 
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The Rate of Testicular Development in Japanese Quail (Coturnix coturnix-japonica) Following 
Stimulation of the Extra Retinal Photoreceptor 

Seasonal reproduction in many birds is regulated by 
the annual change in daylength, with the longer photo- 
periods of  spring and summer causing increased gonado- 
trophin secretion. Knowledge about the neuroendocrine 
basis of this photoperiodic response is quite extensive112 
but  our understanding of the sensory structure(s) involved 
in light detection, and of the nlechanisms used for 
measuring its daily duration3 is much more limited. The 
issue of light perception has been especially intriguing 
ever since Bcnoit suggested in the thirties that  an  estra-  
retinal photoreceptor existed in the duck. His many 
experiments led him to conclude4 that  the eye played 
little or no role in the photoinduction of testicular growth 
and that  another photoreceptor must exist elsewhere in 
the brain, probably nithin the hypothalamus Mort.- 
recent studies in the house sparrow by M E X A K E R  et  ~ l . ~ - "  
confirm these findings and they have concluded that  the 
eyes do not participate a t  all in the reception of light for 
the photoperiodic response. This is possibly true in other 
species also9-11. 

In the Japanese quail (Coiztrnix colnruix juhoincd} 
there is cleasciit c\iclencc that enucleation does not block 
photoindnced gonadal growthl'-'* l 3  or lead to regression in 
sexually mature birds maintained on lonpla\lengtlis l 4  16,, 
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