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Wise and L. Stein, Science 163, 299 (1969)]. 
The noradrenergic fibers in the medial fore- 
brain bundle area have diameters ranging 
from 1 to 4 /am [K. Fuxe, Acta Physiol. 
Scand. 64, suppl. No. 247, 47 (1965). 

5. The fixed parameters of stimulation during 
the self-stimulation test were: train duration, 
0.3 second; pulse width, 0.1 msec; 100 pulse/ 
sec. The pulses throughout this study were 
negative-going, but fed through a large capaci- 
tance, to prevent polarization of the electrode. 

6. Since the first synapse probably acts as a 
nearly perfect temporal integrator over the 
relevant range (0.1 to 0.2 msec), refractory 
period effects probably arise before the first 
synapse and remain independent of the 
characteristics of subsequent units in the 
chain. The Helmholz nerve-muscle prepara- 
tion yields the neural refractory period, even 
when the muscle refractory period is twice 
as long [H. C. Bazett, J. Physiol. 36, 414 
(1908)]. 

7. The refractory period was estimated by eye 
from the plotted data on burst size. In doubt- 
ful cases (including Fig. 2C) we applied a 
statistical decision rule based on the x2 test. 

8. The neurons shown in Fig. 1B witfi re- 
fractory period values of 0.7 msec and 1.2 
to 1.4 msec do not agree with the behavior- 
ally determined refractory period values of 
the neurons mediating the rewarding and 
priming effects, respectively. But both sets 
of neurons were in the same brain sites 
and responded to further tests in the same 
manner as the neurons with refractory periods 
agreeing with the behavioral determinations. 
Since urethane prolongs the refractory pe- 
riod of nerve bundles [I. Tasaki, Nervous 
Transmission (Thomas, Springfield. Ill., 1953), 
p. 104], one might include these units in 
the appropriate populations. However, their 
inclusion must remain tentative. 

9. This histogram was compiled from units 
recorded in rats tested for self-stimulation 
and in rats with stimulating electrodes low- 
ered into highly reliable self-stimulation sites 
at the start of the acute experiments. Results 
from tested and untested preparations were 
alike. 
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Laughing Gull Chicks: Recognition of Their Parents' Voices 

Abstract. Laughing gull chicks between 6 and 13 days old responded to the 

calls of their own parents with orientation toward the sound, approach, increased 

locomotion, and vocalization. In response to the same kinds of calls from other 

adults they tended to orient away from the sound, withdraw, and sit or crouch. 

Chicks as young as 6 days can identify their parents from individual charac- 
teristics in the calls of adult gulls. 
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Laughing gulls Larus atricilla breed 
colonially (1). Consequently, when the 
young become mobile, they frequently 
encounter adults other than their par- 
ents. Because the young are usually 
cared for only by their parents and 
are treated with hostility by other 
adults, it must be assumed that there 
is some means by which parents and 
young are directed to one another in 
a gullery. Laughing gull chicks behave 
differently toward their parents than 
the way they do toward other adults, 
even at the same place of encounter 
(2), which implies that the chick 
can recognize its parents. I now re- 
port an experiment to test the pos- 
sibility that laughing gull chicks can 
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distinguish their parents on the basis 
of individual characteristics of voice. 
This possibility was suggested by the 
fact that individual characteristics are 
discernible in some of the types of calls 
given by adults (2), and by the fact 
that the vegetation height and density 
in the gullery after hatching are such 
that parents and young are often cut 
off visually from one another. Recog- 
nition by chicks of the voices of their 
parents has been conclusively demon- 
strated by experiment with the guillemot 
Uria aalge aalge, a colonially breeding 
bird in the same order (3). Less-direct 
evidence has been obtained for it in 
black-billed gulls Larus bulleri (4), 
sandwich terns Sterna sandwicensis (5), 

distinguish their parents on the basis 
of individual characteristics of voice. 
This possibility was suggested by the 
fact that individual characteristics are 
discernible in some of the types of calls 
given by adults (2), and by the fact 
that the vegetation height and density 
in the gullery after hatching are such 
that parents and young are often cut 
off visually from one another. Recog- 
nition by chicks of the voices of their 
parents has been conclusively demon- 
strated by experiment with the guillemot 
Uria aalge aalge, a colonially breeding 
bird in the same order (3). Less-direct 
evidence has been obtained for it in 
black-billed gulls Larus bulleri (4), 
sandwich terns Sterna sandwicensis (5), 

and king penguins Aptenodytes pata- 
gonica (6). 

Laughing gull chicks were taken 
from their nest areas (7) and tested 
indoors, one at a time, with recordings 
of calls of their parents and other 
adults. The testing situation was a 
wooden box (120 by 30 by 30 cm) open 
at the top and with the two end walls 
consisting of cheesecloth screens. The 
interior of the box was flat gray. The 
floor was marked off transversely into 
24 strips (5 cm wide) and longitudinally 
into 2 strips (15 cm wide) to give a 
reference grid for noting the position 
of a chick in the box. A portable 
speaker-amplifier (Nagra DH) con- 
nected to a portable tape-recorder 
(Nagra III) was used to broadcast calls 
through the cheescloth screen at one 
end or the other of the box during a 
test. The volume of the broadcast 
sound approximated that of natural 
calls and was the same in each test, 
but no measurements of the sound in- 
tensity in the box were made. An over- 
head light source gave even illumina- 
tion over the floor of the box. The 
observer sat behind a screen and was 
not directly visible to a chick in the 
box. A mirror enabled him to observe 
the position and behavior of the chick 
being tested. 

The chicks tested came from nests 
at which recordings of the calls of the 
parents had been obtained (on the 
Nagra, with a Sennheiser MKH404 
microphone). These chicks were cap- 
tured in the field and tested at ages 
which ranged from 6 to 13 days. This 
range was selected because within it 
chicks show the first clear signs of 
being able to recognize their parents. 
Twelve chicks were tested. For each 
test session two chicks were selected 
which were from parts of the gullery 
remote from one another, and whose 
ages were as close as possible. Each 
chick was tested with two tapes-one 
was a recording of calls of its parents 
(its "parental" tape); the other was a 
recording of calls of the other chick's 
parents (the "foreign" tape). Thus each 
test tape was used both as a "parental" 
tape and as a "foreign" tape. This strat- 
egy was used to balance out the pos- 
sible effects of differences between 
tapes incidental to the identities of the 
adults recorded. 

The tapes were played for 5 minutes, 
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The tapes were played for 5 minutes, 
and each contained instances of all the 
types of call that, as field observation 
had suggested, might influence filial re- 

sponses of a chick. Before each test 
with a tape (sound test) a chick was 
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Table 1. Responses of laughing gull chicks to recordings of calls of their parents and of other adults. Median scores were derived from 
the numbers of 15-second intervals (out of 40) in which the item was registered, except for total calls and the position scores (see text). 
Probabilities are derived from two-tailed Wilcoxon matched pairs tests (matching by chicks). Probabilities involve the comparisons of tests 
indicated. N - 12. 

Median scores on tests Probabilities 

Item Parental tests Foreign tests Silence and sound Parental and foreign 
Silence Sound Silence Sound Parental Foreign Sound Silence 

Orientation to speaker 0 23.0 0 1.5 <.01 * <.01 
Orientation to other end 2.5 1.0 0 19.0 * < .01 .01 * 
Position score, speaker side 0 118.5 0 28.0 <.01 <.01 
Position score, other side 22.0 31.0 0 48.0 * .05 * * 
Position change 0.5 18.0 1.0 3.5 < .02 < .01 
Calling 0 20.0 0 0.5 < .02 < .01 
Total calls 0 80.0 0 1.0 <.01 < .01 , 
Sitting 2.5 0.5 1.0 16.0 * * < .02 
* Not significant. 

observed for 5 minutes in the box with 
no sound played to it (silence test). 
The chick was tested with each tape 
twice, with the speaker placed first at 
one end and then at the other end 
of the box. The entire testing session 
for a chick therefore consisted of four 
silence-sound sequences. About 12 min- 
utes intervened between each se- 
quence; during these intervals the chick 
was kept in a room away from the test 
room although not completely out of 
earshot of it. The order of presentation 
of tapes was parental-foreign-parental- 
foreign for five of the chicks; foreign- 
parental-foreign-parental for the other 
seven. The order of speaker location 
was similarly varied between chicks but 
independently of the order of tapes. 

Every 15 seconds a chick's orienta- 
tion was scored as either toward the 
speaker end, or toward the other end, 
or nil, according to whether it was 
pointed in a direction within 20? to 
either side ,of the direct line from it to 
one end or the other. The chick's posi- 
tion, determined by the cell on the 
floor grid in which its feet were placed, 
was also noted and scored according 
to whether it was on the speaker or 
nonspeaker side of the central trans- 
verse division, and values were assigned 
to each transverse strip of the floor grid 
-the central transverse line was as- 
signed a value of 0 and the strips were 
assigned values which increased from 1 
to 12 reading from the central trans- 
verse line toward one end or the other. 
The chick was also scored as to whether 
it changed position or not during the 
preceding 15 seconds. The chick was 
scored as to whether it called in that 
interval or not; and the total number 
of calls uttered by the chick in the 
whole 5-minute period was tallied. 
Finally it was noted, at the end of 
each interval, whether the chick was 
sitting or on its feet. 

The results were subjected to com- 
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parison of the two 5-minute observa- 
tion periods in each category (for ex- 
ample, the two foreign silence tests, 
the two foreign sound tests); compari- 
son of silence tests and sound tests; and 
comparison of parental tests with for- 
eign tests. To examine whether be- 
havior was regularly different between 
first and second sound tests or silence 
tests because of the order in which they 
occurred, Wilcoxon matched-pairs com- 
parisons (8) were made of first and 
second sound tests and of first and sec- 
ond silence tests in both the parental 
and foreign categories. In the same way 
the possibility was examined that posi- 
tion of the speaker affected behavior. 
There were no significant differences 
associated with order, as far as 5-min- 
ute observation periods in the same 
category were concerned, or the posi- 
tion of the speaker, To simplify the 
other two types iof comparison the re- 
sults of the two 5-minute observation 
periods, in each category, for each 
chick, were summed. The subsequent 
analyses were therefore carried out as 
though sound tests and silence tests were 
10 minutes in duration and hence con- 
sisted of 40 intervals of 15-seconds each. 
Forty was therefore the maximum pos- 
sible score that a chick could obtain 
for orientation (to one end or the other 
or both ends taken together), for posi- 
tion change, for calling, and for sitting. 
The maximum possible position score, 
for one side or the other or for both 
sides taken together, was 480 (12 X 
40). The maximum score for total calls 
was unrestricted by this scoring sys- 
tem (Table 1). 

The chicks moved about more, called 
more, positioned themselves closer to 
the speaker, and oriented themselves 
more often toward the speaker, in re- 
sponse to parental calls than they did 
in response to silence or to the calls 
of other gulls. Also they spent less 
time sitting during the parental tests 

than during the foreign tests. Behavior 
in the silence tests consisted, for the 
most part, of inactivity-a chick stood 
or sat in silence at or near where it 
had been placed in the box, occasion- 
ally preening, stretching, or nibbling at 
the wall or floor. On hearing its parents' 
calls the chick, in most cases, immedi- 
ately raised its head and started calling 
(9); it stood up if it had been sitting, 
oriented itself toward the speaker and 
walked or ran to the speaker end. 
There some of the chicks pushed 
against, scrabbled at, or jumped against 
the end wall as though attempting to 
get to the source of the sound. In gen- 
eral, the behavior in the parental sound 
tests consisted of locomotion and call- 
ing by the chick. 

The chicks in the foreign sound 
tests tended to orient away from the 
speaker and to spend more time in the 
nonspeaker half of the box than in the 
speaker half. But there was more vari- 
ability in the results of the foreign 
sound tests than in the results of the 
parental sound tests-some chicks 
showed more locomotion and calling 
when the foreign calls were played 
than in the preceding silence test, al- 
though less, as a rule, than in the pa- 
rental sound tests (two gave more calls 
than the median number for the pa- 
rental sound tests); other chicks showed 
no change in behavior whatever be- 
tween the silence test and the foreign 
sound test. 

Since each test tape was used both 
as a parental tape and as a foreign 
tape, tapes instead of chicks could be 
matched to give an alternative com- 
parison of scores in the parental and 
foreign sound tests. Wilcoxon com- 
parisons of the scores matched by 
tapes gave results essentially in agree- 
ment with those obtained from match- 
ing by chicks: for orientation to the 
speaker, position score for the speaker 
side, position change, calling and total 
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calls, the scores were significantly 
higher (P < .05, two-tailed) when a 
tape was parental than when it was 
foreign; for orientation to the non- 
speaker end the scores were higher 
when a tape was foreign than when it 
was parental (P < .05, two-tailed); po- 
sition scores for the nonspeaker side 
and scores for sitting were not signifi- 
cantly different between a tape that was 
parental and one that was foreign. 

A laughing gull chick's immediate 
response, in the field, to arrival of one 
of its parents is usually orientation to- 
ward the parent, calling, and approach. 
In the proximity of an adult other than 
the parent the chick, particularly if it 
is outside the family territory, usually 
orients away from the adult, crouches 
silently, or flees. Such selective respon- 
siveness by the chick is evident in the 
field as early as 6 days after hatching. 
Whatever the total range of character- 
istics on which the chick can base this 
selective responsiveness, it is clear from 
my experiment that individual charac- 
teristics in the calls of the adults are 
sufficient for it, at least after a certain 
age or degree of experience. What these 
individual characteristics are, when 
and how a chick's discrimination of 
them develops, and what the conse- 
quences are of the development of such 
discriminations for the later behavioral 
development and social relationships 
of a chick, are not known. 

Recognition by chicks of individual 
characteristics of the voices of parents 
is not unique to the guillemot, although 
the ability in laughing gull chicks may 
not be established prior to hatching, as 
Tschanz (3) has shown is the case in 
the guillemot. The laughing gull chick, 
unlike the guillemot chick, does not 
hatch where it is immediately con- 
fronted with proximity of numerous 
adults other than its parents to which 
it must react selectively. Only after sev- 
eral days when the parents begin leav- 
ing them unattended for periods and 
they start wandering away from the nest, 
do laughing gull chicks come into fre- 
quent close contact with adults other 
than their parents; and there is reason 
to believe that ability to recognize 
the parents develops during the early 
days after hatching as a consequence 
of positive conditioning in which as- 
sociation of the parental calls with feed- 
ing plays a prominent part (2). In the 
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ment and adaptive significance may 
vary from species to species, individual 

recognition by young of voices of their 
parents may be widespread in colo- 
nially breeding species of birds (4~-6). 
Recognition of their young by parents 
(10) and of one adult by another (lI) 
on the basis of individual characteris- 
tics of voice may also be more comn 
mon than is presently realized. 

C. G. BEE 
Institute of Animal Behavior, Ruttteris 

University, Newark, New Jersey 
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protein, and type-specific antibody. 

Clinical and immunopathologic find- 
ings associated with poststreptococcal 
glomerulonephritis in man suggest that 
this disease is mediated by the fixation 
of antigen-antibody complexes in the 

region of the basement membrane of 
the glomerulus (1). Which, if any, 
streptococcal antigen or antigens is in- 
volved in the antigen-antibody complex 
is not certain. The elution and char- 
acterization of the bound y-globulins 
would provide a direct assessment of 
their reactivity. However, such studies 
have not been performed and are 
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Fig. 1. A comparison by immunoelectro- 
phoresis of serum proteins with those pres- 
ent in the acid eluate of the kidney. E, 
eluate; WS, whole rat serum: AG, goat 
antibody to rat globulins (Hyland Labs., 
lot No. S228C1); and A W, goat antibody to 
whole rat serum (Hyland Labs., lot No. 
822DOO1A1). 
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extending from 1 to 7 khz. The calls were 
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limited by the necessity for more tissue 
than can be obtained by the usual bi- 
opsy techniques. 

The availability of an experimental 
model which fulfills many of the epi- 
demiological, clinical, and laboratory 
features of the disease, as seen in man, 
offers an accessible alternative oppor- 
tunity to study this aspect of the 

pathogenesis of the disease (2). In this 
model of experimental streptococcal 
glomerulonephritis in rats, the disease 
is restricted to animals exposed to a 

nephritogenic strain of group A, type 
12 streptococcus; it is characterized by 
proteinuria and by tissue-bound 7- 
globulin and streptococcal M protein 
in the region of the glomerular base- 
ment membrane. Our characterization 
of the fixed y-globulins provides direct 
support for the hypothesis that strepto- 
coccal M protein and type-specific 
antibody are the immunologic react- 
ants in the experimentally induced dis- 
ease. 

Twenty-six Sprague Dawley rats were 
exposed to the nephritogenic (A12N) 
strain of type 12 streptococcus and 15 
to the nonnephritogenic (A12) strain 
(2). All animals were killed at 65 days. 
There was no difference in the amounts 
of type 12 specific hemagglutinins in 
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Elution of Glomerular Bound Antibodies in 

Experimental Streptococcal Glomerulonephritis 

Abstract. Imnmunoglobtlin G, eltated from glomeruli of rats with streptococcal 
glomerulonephritis, reacts with type 12 M protein of the streptococcus but not 
with other streptococcal or renal antigens. Therefore, this disease may be medi- 
ated by fixation of antigen-antibody complexes consisting of streptococcal M 
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