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sufficient reproductive motivation to orient to a chemical 
stimulus, not itself a food odor, may not have been adequate- 
ly replaced by the motivation to search for food in 'home' 
waters. 
Finally, comment must be made about the apparently differ- 
ent mechanisms underlying food choice behavior of the 
hatchlings and chemosensory choice behavior of the juve- 
niles. These results may be due to an underlying biological 
difference in selecting food versus responding to non-food 
chemical cues, or to the difference in experimental protocol, 
i.e., a 'reward' versus a 'non-reward' situation. Because juve- 
nile loggerheads are subject to the same patchy distribution 
of food in the marine environment as are hatchlings and thus 
would equally benefit from food choice behavior following 
the PR model, we speculate that the former is true. This is an 
easily-testable hypothesis, and is the focus of research 
planned by the third author. 
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Locomotory response of Phreatichthys andruzzK Vinciguerra (Pisces, Cyprinidae) to chemical signals of 
conspecifics and of closely related species 
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Summary. The phreatic cyprinid Phreatichthys andruzzii Vinciguerra, tested singly in a choice-apparatus, is strongly attracted 
to the chemical signals of unfamiliar conspecifics, while it is completely indifferent to the chemical cues of Barbus semiJa- 
sciolatus var. schuberti, a species that is close systematically. The stimulus and response are evidently species-specific. 
Key words'. Cave fish; chemoreception; locomotory response. 

The attraction of isolated specimens to conspecific odor has 
long been known in several species of epigean fish t - 4. Re- 
cent experiments verified the existence of an analogous phe- 
nomenon in the blind cave forms of Astyanax mexicanus 
Filippi s, 6 and in the hypogean species Caecobarbus geertsi 
Boulenger 7 and Phreatiehthys andruzzii Vinciguerra s. Spec- 
imens of the cave forms of A. mexicanus can discriminate 
not only between the odor of conspecific groups of different 
size (4, 8, 16, 32 individuals) tested in pairs, systematically 
preferring the larger ones 9, 10, but also between familiar and 
unfamiliar groups of equal size, where they show a prefer- 
ence for the familiar group 6. Similarly, in P. andruzzii the 
attraction to chemical information of conspecifics is more 
immediate and intense when they are familiar to the test 
fish s. In the light of these findings we decided to investigate 
whether the reaction of this species - which shows very 
marked morphological regression and functional adapta- 
tions related to the subterranean habitat TM 11 _ has re- 
mained species-specific or has become merely a response to 
generic fish-odor. The loss of the species-specificity of the 
chemical stimulus and/or of the response to this, brought 
about in the process of their adaptation to a subterranean 
habitat, where there are no known sympatric species, would 
not have compromised either the biological function of the 
stimulus or the significance of the biological response. The 
locomotory response of P. andruzzii to the chemical traces of 
unfamiliar conspecifics and of Barbus schuberti, the golden 
variety 13'14 of B. semifasciolatus Giinther, which is an 
epigean species close to it systematically, was tested using the 
method employed in earlier experiments 7.8 
Materials and methods. Three groups of native P. andruzzii 
and one group of B. schuberti were used. Two of the three 
groups of P. andruzzii (AI: 32 specimens; A2:33 specimens) 
came from wells in the locality of Bud-Bud (Central Soma- 

lia) and one (B: 31 specimens) from a well in Gheriale, 7 km 
south of Bud-Bud. The group of B. schuberti (C: 35 speci- 
mens) was purchased from a pet store. Both the groups of P. 
andruzzii and B. schuberti were kept in similar glass aquari- 
ums (100 x 40 x 50 cm, water height 40 cm) with an ad- 
sorbing charcoal filter and aerator, taking all the necessary 
precautions so that there was no passage of chemical infor- 
mation between the various aquariums either during normal 
maintenance or testing. Sixty days before testing, the aquar- 
iums were emptied and washed, and both the filter material 
and water renewed. Six days prior to testing the operation 
was repeated without renewing the water. 
The test aquarium was a narrow glass corridor (105 x 
8 x 20 cm, water height 8 cm) divided by removable parti- 
tions into three compartments 35-cm long. The test fish was 
selected from either group A1 or A2 and placed in the central 
section of the test aquarium where it was allowed to acclima- 
tize for 9 to 13 h, considered sufficient time for the animal to 
overcome the stress of transfer. Then two 300 cc samples of 
water - one odorless and one taken from either the home 
aquarium of group B (A x B tests) or group C (A x C tests) 
- were simultaneously poured into the two end compart- 
ments. For each experiment, the introduction of the 'odor- 
ous' sample in the right or left end was determined using a 
table of random numbers. For both types of tests (A x B; 
A x C) the odorous sample was poured the same number of 
times in either end. After 5 min, sufficient for the two sam- 
ples to spread in the end compartments, the partitions were 
removed and the fish was then free to swim the length of the 
test aquarium. At this point the presence of the fish in each 
of the three compartments, whose borders were indicated by 
the position of the partition slots, was recorded every 30 s for 
30 min for a total of 60 successive registrations. During each 
experimental session an equal number of both types of tests 
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(A x B; A x C) were performed contemporaneously.  At  the 
end of  the test, the test aquariums were hand-scrubbed and 
then rinsed with a high pressure (70 atm) spray. The water 
used to fill the test aquariums and for the odorless samples 
was obtained f rom a tank with an adsorbing charcoal filter 
like the ones in the home aquariums. The tank, test  and 
home aquariums were in the same room, constantly illumi- 
nated by filament lamps which emitted a weak red light 
corresponding to the wavelengths to which P. andruzzii is 
least photophobic  t s. The lamps and test aquariums were 
arranged so that  there were no differences in luminosity at 
the ends of  each aquarium. The temperature of  the water was 
maintained at 27 ~ 
The fish were fed thawed chironomid larvae in quantities 
that were consumed in a few minutes. The usual frequency of  
feeding in the keeping conditions was twice weekly for all 
three P. andruzzii groups, and daily for B. schubert�9 Six 
months  before testing, the P. andruzzii of groups A1 and A2 
were fed twice a week, while the P. andruzzii of  group B were 
fed once a day as were the B. schubert�9 of  group C. The usual 
low frequency of  feeding of  P. andruzzii was maintained for 
the test fish (groups A1 and A2) in order to enhance any 
possible component  of  their oriented response dependent on 
food odors eventually present in the home aquarium water 
of  the two (B and C) stimuli-supplying groups. No  food was 
given during the 18 h preceding testing. 
A total of  76 tests - 38 of  type A x B and 38 of  type A x C - 
were performed in 16 consecutive days between February 
and March 1988. As the total  number  of  specimens in groups 
A1 and A2 was 65, some specimens were tested again after an 
interval of  at least six days. 
Results and discussion. The overall results are shown in terms 
of  absolute frequency of  presence of  the test fish in each one 
of  the three sections of  the experimental aquarium. A prefer- 
ence for the compar tment  containing the chemical traces is 
clearly evident when these were supplied by the conspecific 

group (fig. 1)i Even though the test fish generally did not  
remmn in the section with the conspecific chemical cues 
throughout  the test but often swam back and forth along the 
entire corridor, it spent more time in the compar tment  with 
chemical cues than in the other  two. Their  oriented response 
in this experimental  condit ion seems to be comparable  to an 
orthokinetic reaction. The situation differs when the chemi- 
cal signals were supplied by the group of  B. schubert�9 where 
no preference was shown for either end section (fig. 2). In 
both cases only the external compartments  can be considered 
as equivalent and thus comparable, the central section being 
not only familiar to the test fish at the beginning of  the test 
but also not  defined by any terminal walls. Furthermore,  it 
was the obligatory path between the two ends of  the corri- 
dor. 
The statistical analysis of  the data was conducted classifying 
each test as positive, neutral or negative according to 
whether, out  of  the total  of  60, the number of  registrations 
occurring in the end sector into which the sample of  water 
containing chemical traces of  group B or C had been poured 
were greate r than, equal to, or  less than those registered in 
the opposite end sector into which odorless water had been 
poured. For  each type of  test the significance of  the differ- 
ence between the number  of  positive and negative tests was 
tested with the chi-square one-sample test 16. The evolution 
of  the response in time was analyzed by subdividing each 
30-min observation into 6 subperiods of  5 min and applying 
an analogous procedure to each of  these. The results of  the 
statistical analysis (table), show the response of  P. andruzzii 
in the two test situations to be very different. When tested 
with chemical cues of  unfamiliar conspecifics, specimens of  
P. andruzzii appear significantly attracted to these. Their  
reaction is immediate,  reaching a maximum intensity in the 
second and third 5-min periods and then gradually tapering 
off. On the contrary they appear to be completely indifferent 
to the chemical signals of  B. schubert�9 
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Figure 1. Absolute frequencies of presence of the test fish in the three 
compartments of the experimental aquarium in the A x B tests (chemical 
traces of unfamiliar conspecifics). Top row: end section containing chem- 
ical information; middle row: central section; bottom row: end section 
containing odorless water. Abscissa: observation time (30min; 60 
counts). Each point on the ordinate corresponds to a single count (total 
per column: 38 points). 
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Figure 2. Absolute frequencies of presence of the test fish in the three 
compartments of the experimental aquarium in the A x C tests (chemical 
traces of B. schubert�9 For further explanations, see fig. 1. 
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Locomotory response of Phreatichthys andruzzii to chemical traces of unfamiliar conspecifics (A x B tests) and of Barbus schuberti (A • tests): 
statistical analysis of results. 

Test type Intervals of analysis Experiments Chi-square values Significance 
(min) Positive Neutral Negative 

AxB 0 30 32 1 5 19.703 p < 0.001 

0--5 25 3 10 6.429 p < 0.02 
5-10 28 4 6 14.235 p < 0.001 

10-15 28 4 6 14.235 p < 0.001 
15 20 22 6 10 4.50 p < 0.05 
20-25 25 1 12 4.568 p < 0.05 
25 30 21 4 13 1.882 n.s. 

A• 0 30 20 0 18 0.105 n.s. 

0 5 23 1 14 2.189 n.s. 
5-10 18 4 16 0.118 n.s. 

10 15 19 5 14 0.758 n.s. 
15-20 17 4 17 0.00 n.s. 
20 25 12 5 21 2.455 n.s. 
25 30 17 4 17 0.00 n.s. 

A t  present  no  hypothesis  can be formula ted  abou t  the na ture  
of  the at t ract ive substance,  except tha t  this does not  seem to 
consist  of  ca tabo l i sm produc ts  p resumably  similar in bo th  
species. Moreover ,  the react ion does not  appea r  to be depen- 
dent  on food odor  possibly present  in the water  of  the home  
aquar iums  of  the B and  C groups.  Fur the rmore ,  no  pa t te rns  
of  food search were observed dur ing the tests. Therefore  the 
react ion appears  to be dependen t  on  some specific chemical  
signal. The biological  significance of  the presence of  a spe- 
cies-specific response in a species which in the course of  its 
evolut ion has  undergone  marked  morphologica l  regression 
and  funct ional  adap ta t ion ,  and  inhabi t s  an env i ronmen t  free 
of  any known  sympatr ic  species where presumably  no selec- 
tive pressure exists for its retent ion,  has yet to be established. 
Nonetheless ,  it is fur ther  p r o o f  of  bo th  the complexity of  the 
mechanisms  regulat ing the oriented locomotory  response in 
hypogean  forms and  the impor tance  of  chemical  communi -  
cat ion in their  biology. 
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Experimental evidence for endogenously programmed differential migration in the blackcap (Sylvia atri- 
capilla) 

S. B. Terrill and  P. Ber tho ld  1 

Max-Planck-lnstitut j~r Verhaltensphysiologie, Vogelwarte Radolfzell, D-7760 Schloss Moeggingen (Federal Republic o f  
Germany) 
Received 9 September 1988; accepted 3l October 1988 

Summary. Female  hand- ra i sed  blackcaps  (Sylvia atricapilla) held in cons tan t  condi t ions  (except for s imulated seasonal  
changes in pho toper iod)  showed significantly more,  and  significantly longer, au tumna l  migra tory  activity as well as signif- 
icantly later  ini t ia t ion of  spring migra tory  activity t han  males f rom the same popu la t ion  ( including siblings) held under  
identical condit ions.  
Key words'. Migra t ion ;  differential  migra t ion ;  endogenous  p rog ram;  b lackcap;  Sylvia atricapilla; warbler.  

Migra t ion  is a relatively widespread a t t r ibute  a m o n g  b o t h  
ver tebrates  and  inver tebra tes  tha t  enables organisms to es- 
cape det r imenta l  ecological condi t ions  in one region while 
exploit ing more  benign condi t ions  in ano the r  2, 3. Migra t ion ,  
however,  is a highly diverse behaviora l  p h e n o m e n o n  4, 5 and  
it has  been well establ ished tha t  migra tory  behav ior  varies 
f rom highly facultative responses to immediate  env i ronmen-  

tal change 2 to endogenous ly  cont ro l led  behav ior  with high 
heri tabi l i ty  values 6. Of  considerable  interest  f rom an evolu- 
t ionary,  ecological, and  physiological  s t andpo in t  are the rel- 
ative roles of  exogenous and  endogenous  factors in the regu- 
la t ion  of  migra tory  behav io r  7, 8. Current ly ,  the mos t  per- 
suasive exper imental  evidence for a h igh degree of  endoge-  
nous  regulat ion derives f rom an  extensive, long- term investi- 


