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the sun's arc is always exactly adapted to 
the local situation where the birds live, 
which may differ markedly within the dis- 
tribution range of a bird species. And it 
may even include the possibility of their 
adjusting the sun compass to the seasonal 
changes in the sun's arc. Calculations have 
indicated that the pigeons' sun compass 
pays regard to the different rates of change 
of the sun's azimuth during the day [8]; 
our findings here offer a simple explana- 
tion how this is achieved. 
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Androgen in High Concentrations in the Blood 
of Female Western Gulls, Larus occidentalis 

J.C. Wingfield, A. Newman, G.L. Hunt, Jr. and D.S. Farner 

Department of Zoology, University of Washington, Seattle 98195 and, 
Department of Ecology and Evolutionary Biology, University of California, 
Irvine 92717 

On Santa Barbara Island, California, 
breeding colonies of western gulls contain 
significant numbers of female-female pairs 
which produce and incubate clutches that 
are often larger than the normal three eggs 
[t]. By radioimmunoassay of the plasma 
concentration of androgens [2] we tested 
the hypothesis that the formation of a fe- 
male-female pair is based on an endocrine 

masculinization of one of its members. 
Since we found no significant differences 
in the plasma levels of testosterone during 
the breeding season among homosexual fe- 
males, heterosexual females and breeding 
males (Table 1), and also no differences 
in levels of dihydrotestosterone (DHT), the 
hypothesis was rejected. 
It appears that breeding plumage and most 
aspects of reproductive behavior of both 
sexes in at least several species of gulls 
are under the control of androgens, with 
estrogens apparently involved primarily in 
the functional development of the repro- 
ductive apparatus and uniquely female be- 
havior [3]. Although testosterone has been 
reported from the plasma of breeding fe- 
males of several avian species, and very 
likely is of general occurrence in female 

birds, the female-male ratio in plasma le- 
vels in breeding western gulls is approxi- 
mately an order of magnitude greater than 
in other species thus far studied [2, 4]. 
The apparently equal levels of androgen 
in the sexes can be rationalized, at least 
in part, by quantified observations of be- 
havior that show that male and female 
western gulls defend territory equally well, 

that some females are capable of establish- 
ing territories, and that there are few dif- 
ferences in sexual behavior between the 
sexes. Males tend to mount  and copu- 
late more than females although the latter 
have been observed to mount  other fe- 
males and occasionally males [5]. Further- 
more, males and females have identical 
plumage and there is some overlap in body 
size. 
Given the slight sexual dimorphism in be- 
havior, identical plumage and similarity in 
body size in western gulls, it is perhaps 
not  surprising that plasma levels of andro- 
gens are so similar in the two sexes. In 
females plasma levels of estrogens increase 
only in spring at the time of development 
of precopulatory displays [5]. 

The similarity in levels of the two andro- 
gens measured in male and female western 
gulls, does not, of course, preclude the pos- 
sibility of differences in the secretion of 
other androgens, such as androstenedione. 
Furthermore, it is possible, indeed very 
probable, that there are differences be- 
tween the sexes in numbers and sites of 
androgen receptors. Also not  to be pre- 
cluded are possible differences in aromati- 
zation of testosterone to estradiol in non- 
ovarian tissues [6]. 

For species of birds in which the male and 
female are equally involved in defense of 
territory, in which plumages are similar 
and in which there are few sex-specific 
traits, we now hypothesize that the circu- 
lating concentrations of androgens may 
also be similar. Furthermore, we suggest 
that androgens may play a more significant 
role in the reproductive function and be- 
havior of female birds than has thus far 
been recognized. 

Table 1. Plasma concentrations of testosterone (pg/ml plasma) in male and female western 
gulls at different phases in a reproductive cycle (means + S.E.). An analysis of the plasma 
concentration of testosterone as a function of time of day yielded no indication that diurnal 
cycles contribute to the variance of the means 

Phase Courtship Ovulation Parental 

N Testosterone N Testosterone N Testosterone 

1977 
Male 
Female 
Homosexual female 

1978 
Male 
Female 
Homosexual female 

17 188-+45 4 201-+26 6 352-+189 
6 154-+49 9 233_+50 8 163_+32 
8 177_+34 2 98 9 149_+29 

7 115_+47 3 143+64 4 215_+110 
II 240+89 17 152+28 7 288+_68 
8 298_+178 3 232_+105 11 168+26 
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Effects of Lithium Chloride on Lateral Line Responses 
in Carassius auratus 

F.N. Johnson 

Department of Psychology, Lancaster University, Bailrigg, 
Lancaster LAI 4YF, England 

Goldfish (Carassius auratus) have been 
successfully used in the investigation of the 
behavioural effects of lithium salts [1] 
which have been found to reduce the re- 
sponsiveness of animals to low levels of 
sensory stimulation [2]. The majority of 
reports have related to lithium effects on 
visual stimulation. In the present experi- 
ment an attempt was made to assess the 
influence of lithium chloride treatment on 
the response of goldfish to stimulation of 
their lateral line system. 
It had been noticed in earlier studies [3] 
that goldfish would not swim down chan- 
nels narrower than a certain minimum 
width, even though the pectoral fins easily 
cleared the sides of the channel. The detec- 
tion by the fish of channel width may be 
partly visual, but when visual cues are re- 
duced by the use of transparent material 
in the construction of the channel the be- 
haviour of the fish remains the same, and 
it is therefore likely that the fish is relying 
upon the detection by its lateral line sense 
organs of pressure waves set up by the 
beating of its pectoral and tail fins and 
reflected from the sides of the channel. 
It was argued that if lithium chloride re- 
duced the responsiveness of the fish to sen- 
sory stimulation, and if this effect was in- 
dependent of  the precise sensory modality, 
then under such treatment the fish should 
be able to tolerate narrower channels. 
The apparatus used in testing this hypothe- 
sis was constructed out of  transparent 
acrylic sheet, so as to minimise visual cues. 
The form of the apparatus is illustrated 
in Figure 1. 

The main body of the apparatus consisted 
of a square chamber, the sides being 30 cm 
long and 8 cm high; from the mid-point 
of one wall a channel led off at right angles 
to the main enclosure. The length of the 
channel was 30 cm, the walls being 8 cm 
high. At the point of exit of the channel 
from the main chamber its width was 
10 cm, reducing to zero at the end of the 
channel. The main enclosure and the chan- 

a ~ 

Fig. 1. Apparatus for testing entry of fish into 
a narrowing channel. A main enclosure; B en- 
trance to channel; C narrowing channel; D 
fish; E scale for assessing degree of entry; F 
maximum entry determined by anterior tip of 
the fish 

nel were filled with deionized tap water 
at room temperature. 
A fish introduced into the square chamber 
would swim around and eventually enter 
the channel; after proceeding down the 
channel for a short distance the fish would 
either turn around or swim backwards to 
leave the channel and return to the main 
chamber. The maximum extent of  entry 
into the channel could be assessed by not- 
ing the position of  the anterior tip of the 
body against a scale mounted down one 
side of the channel. 
Prior to being placed in the main chamber, 
each fish was pre-treated for either 0.5 or 
1.0 h with one of  three concentrations of 
lithium chloride solution (5, 10 or 
15 mmol/t), the fish being allowed to swim 
freely in the drug solution. Two groups 
of control animals were allowed to swim 
for similar periods of  time in deionized 
tap water. The fish were removed from 
the drug or control treatment conditions 
in a small net and transferred directly to 
the main chamber of the test apparatus. 
Eight fish were used in all. On the first 
day of  testing one animal was allocated 
to each of the eight test conditions and 
one measurement of entry distance into 
the channel was made for each animal. 
The same fish were used on subsequent 
days, being allocated to different treat- 
ments. The experiment continued until all 
fish had been used twice in each experi- 
mental situation. The experimental design 
was thus a 2(treatment duration, 0.5 or 
1.0h) x4(drug dose, 5, 10, 1 5 m m o l / l +  
control) factorial, with 16 measures taken 
in each condition, these measures being 
regarded as independent for the purposes 
of statistical analysis. The results are sum- 
marized in Table 1. 
There was a statistically significant dose 
effect (F=4.25;  df, 3/116; p<0.01).  Nei- 
ther the duration of  treatment with lithium 
chloride ( F =  1.21 ; df, 2/116; p > 0.05) nor 
the interaction between dose and treatment 

Table 1. Means (_+ SEM) of entry distances (cm) of fish into a narrowing channel under different 
treatments with lithium chloride solutions (distances from pointed end of channel) 

Dose [mmol/1 solution of LiC1] 

5 10 l 5 Control 

Duration of treatment [hi 

0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 

24.23 24.61 13.66 12.91 10.62 6.88 27.86 26.02 
(3.04) (2.96) (2.10) (4.02) (1.60) (0.98) (2.18) (2.01) 
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