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SYNOPSIS. ACTH and corticosterone exert opposite effects on the approach and imprint-
ing behavior of newly hatched ducklings. Wild mallard and domesticated Pekin ducklings
differ in the early posthatch period in both plasma corticosterone levels and approach/
avoidance behaviors. Injection of Pekin duckling embryos with pituitary-adrenocortical
hormones alters both later adrenal function and certain aspects of posthatch behavior.
These birds have behavioral and hormonal characteristics which resemble those of wild
mallards. The hypothesis that behavioral differences in wild and domesticated ducklings
result from a higher level of pituitary adrenal function in the wild embryo is explored.
Although adrenocortical function changes during domestication in many species, evidence
that the hormonal changes mediate the concomitant changes in approach and avoidance
behavior remains inconclusive. Factors which cause adrenal function and early behaviors
to differ in wild and domesticated genotypes must be sought in the gene action during
embryonic development. Since imprinting behavior is modulated by pituitary-adrenal
hormones, any factor which affects post-hatch adrenal function may potentially affect
imprinting. Later behavior development in the adult is strongly dependent on neonatal
experiences; and, therefore, hormonal modulation of early imprinting behavior may
constitute an important determinant of adult social behavior.

INTRODUCTION

Hormones synthesized in embryonic
endocrine tissues or contributed by the
mother via the placenta may influence the
development of the brain. This principle
was pioneered by Jeffrey Harris (1964)
and W. C. Young (1961) as a result of
experiments with sex steroids in neonatal
rodents. There is a growing body of evi-
dence that corticosteroids may also act dur-
ing development to influence the ser-
vomechanism regulating their secretion in
later life (Levine and Mullins, 1966;
Krieger, 1972; Lorenzo ai, 1974; Martin,
1975). The mechanism or mechanisms in-
volved in the "organizational action" of
corticosteroids are not clear, but may well
include effects on induction of brain re-
ceptors (Lisk, 1971), on developing neuro-
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transmitter systems (Vernadakis, 1971;
Parvezand Parvez, 1973; Costal a/., 1974;
Phillipson and Sandier, 1975), on myelina-
tion of developing neurons (Granich and
Timiras, 1971), on gene expression
(Schwartz, 1972; Earp, 1974), on neuronal
DNA/RNA content (Howard, 1965; How-
ard and Benjamins, 1975) and on neuronal
morphogenesis (Shapiro and Vukovich,
1970).

It seems reasonable and predictable that
these diverse actions of corticosteroids and
ACTH would be manifested in the be-
havior of the animal at a later stage. Sur-
prisingly, little work exists on the be-
havioral aspects of early hormone action
with the exception of sex steroid action.
This is certainly in part due to the
difficulty of defining and distinguishing
indirect and direct effects. Also, unlike sex
steroids, hormones of the hypothalamic-
pituitary-adrenal (HPA) system have no
distinct class of behaviors which they con-
trol. Rather they influence a wide variety
of behaviors ranging from sexual excite-
ment (Bertolini, 1969; Deviche, 1976) to
conditioned avoidance behavior (DeWied,
1974). Clinicians have long realized that
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disorders of the HPA system such as Cush-
• ing's - Disease-'and AddisonV Disease, in-
clude behavioral alterations. Extended
treatment with steroid anti-inflammatory
agents also may produce mood changes
(Myles and Daly, 1974). These were
thought to be side effects of a general
metabolic derangement induced by the
hormonal imbalance. That these hor-
mones may have direct effects on the
nervous system and hence on behavior was
not appreciated until more recently (De-
Wied, 1974; Brush and Froehlich, 1975
for critical review). ACTH and fragments
of this molecule, e.g., ACTH,_,0, inhibit
extinction of conditioned avoidance re-
sponses. Other molecules of similar struc-
ture, e.g., MSH, have similar effects as do
the vasopressins, e.g., arginine vasopressin,
lysine vasopressin, etc. On the other hand,
certain steroids including progesterone,
pregnenolone and corticosterone, but not
testosterone or estradiol, haVe the opposite
effect, i.e., they facilitate extinction of con-
ditioned avoidance behavior (DeWied,
1974). Kastin and co-workers have re-
ported similar effects in rodents and addi-
tional effects on human performance, re-
lated to attention or motivation (Miller el
al., 1974; Kastin el al., 1975). It is now clear
that the HPA system modulates fear moti-
vated behavior in rats (DeWied, 1966,
1974; Weiss et al., 1970), but less clear
whether developmental manipulation of
this system also effects later fear-motivated
behaviors (Swanson and McKeag, 1969;
Martin, 1973, 1975; Van der Helm-
Hylkema, 1973; Lat and Jakoubek, 1974).
Before reviewing in more detail develop-
mental studies on pituitary adrenocortical
modulation of approach/avoidance be-
havior in birds, let us first examine three
methodological points bearing on the
study of hormone-behavior interactions.

METHODOLOGICAL PERSPECTIVES

Ethologists have long criticized studies
of behavior which concentrate on isolated
components of behavior without reference
to the adapted whole because such studies
may not provide useful generalizations
and because they often overlook the true

functional significance of patterns or ef-
fects. It is desirable to design behavioral
tests which utilize the animal's natural
capacities and proclivities. The behavior
tasks used in many investigations of HPA
function and behavior are tasks which the
animal's evolution has not "anticipated"
and for which no specific adapted response
may exist. Studies of conditioned avoid-
ance behavior fit clearly into this cate-
gory. Endocrine responses to such tasks
may represent random, inappropriate or
even pathological actions or they may rep-
resent generalized coping responses which
have evolved for other natural contingen-
cies. Lacking has been a convincing demon-
stration that these hormones are involved
in behavior under natural conditions. The
studies reviewed below concern imprinting
and innate avoidance behavior in water-
fowl which are behaviors adapted for
specific functions in the species' evolution.

The second methodological point con-
cerns the use of birds as models for study-
ing developmental hormone-behavior re-
lationships. Manipulation of hormone
levels in mammalian embryos presents
technical problems since the placenta
translocates and/or produces certain hor-
mones and not others, and since the
mother may metabolize drugs and hor-
mones before they reach the embryo, etc.
These problems are avoided when using
birds since the egg albumin and yolk are
slowly absorbed by the developing avian
embryo and may hence serve as a reservoir
for introducing hormones or other sub-
stances. Furthermore, certain birds, e.g.,
ducklings, chicks, are precocial and begin
responding to external stimuli within 12
hours of hatching. This reduces learning
or experience as an important contributor
to the variability of a behavioral response.

The third point concerns the use of
different genotypes to elucidate
hormone-behavior interactions. Closely re-
lated genotypes differing in a given be-
havior may show correlated hormonal dif-
ferences. During domestication man has
produced sub-species that are more docile
than the wild type. Most domesticated
ducks are derived from the mallard, Anas
platyrhynchos, and they still interbreed with
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the mallard readily. A study of their hor-
monal and behavioral differences may
provide clues for unraveling the relation-
ship between HPA function and
approach/avoidance behaviors.

DOMESTICATION

Darwin once pointed out that domestica-
tion is a useful model of evolution. Arti-
ficial selection for docile sociable animals
has produced striking parallel changes in a
variety of species in their avoidance be-
havior.

Behavioral changes in the mallard

The domesticated duck, differs from its
wild counterpart, the mallard, in the rate
of habituation to fear-provoking stimuli
(Martin, 1973; Desforges and Wood-Gush,
1975). Martin (1973) devised an innate
avoidance habituation test; this test consists
of thrusting a puppet-like stimulus sup-
ported on a 1 m pole into the home cage of
the duckling and recording its response on
a scale devised by Schaller and Emlen
(1962) (0 = no response; 6 = maximal).
When given 4 trials every 15 min, twice
daily for 5 to 10 days, the habituation
curves indicate that the domesticated
Pekin habituates more rapidly than the
mallard (Fig. 1). This is unlikely to repre-
sent a simple strain difference unrelated to
domestication because Desforges and
Wood-Gush (1975) have shown a parallel
effect in habituation of the domesticated
Aylesbury Duck. These findings are of
interest here for two reasons. Embryonic
treatment of ducklings, but not acute
treatment (Figs. 1 and 3), with ACTH
decreases the habituation rate in this
paradigm; and secondly, ACTH and
ACTH analogues retard the extinction of
conditioned avoidance behavior in rats
(DeWied, 1966, 1974). Before discussing
these points further, I will delineate some
other ways in which wild and domesticated
ducks differ.

The wild mallard also differs from the
domesticated Pekin in its imprinting be-
havior. Imprinting is the process by which
precocial bird species develop social at-

tachments shortly after they hatch
(Lorenz, 1935; Batesbn, 1966; Hess, 1973).
It involves a tendency to approach a mov-
ing object during a sensitive period after
hatching and a process of learning or im-
printing to the characteristics of that ob-
ject, the Pekin duckling approaches a
moving imprinting model in the first day
after hatching more readily than its wild
counterpart (Gottlieb, 1961). Moreover, a
greater proportion of Pekin ducklings
than mallard ducklings are attracted to a
moving imprinting model. It seems likely
that the imprinting "sensitive period" is
broader and less sharply defined in the
Pekin, and hence it may develop social
attachments to a wider variety of objects.
This may correspondingly reduce the
range of objects it will later avoid. Any
hormonal factors which limit or restrict the
sensitive period will, therefore, reduce the
class of objects for which the animal will
develop a subsequent preference.

After only about 20 generations of cap-
tivity the mallard becomes "semi-
domesticated" and ducklings become nota-
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FIG. 1. Habituation of an innate avoidance response
in Pekin ducklings and in mallard ducklings treated
acutely with ACTH. Mallards treated 1) with 1 IU
ACTH (Ferring) daily one hour before first avoid-
ance test, 2) with carboxymethylcellulose vehicle or 3)
untreated; Pekins were untreated. Avoidance lest
given two times daily; points represent group means
for each test. Avoidance scale 0 = no response,
6= maximal reaction to stimulus. Slopes for tests one
through nine are: untreated mallards —.1069;
ACTH-treated mallards, —.1407; vehicle-treated mal-
lards, -.1461; untreated Pekins, -.2401. (Martin,
unpublished data)
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bly less responsive to fear-provoking
stimuli such as a hawk shadow (Martin,
1971, 1975). Since strength of approach
responses are generally inversely related to
intensity of avoidance responses (Hess,
1959), changes in imprinting behavior also
may result from captive selection. The
genes responsible for mediating these dif-
ferences in behavior presumably have
their effect during embryonic develop-
ment because the differences are apparent
shortly after hatching. Since the changes in
phenotype are apparent in a relatively
short number of generations, relatively
few genetic changes must be involved. Can
this genetic change involve control of
hormones of the pituitary-adrenal axis?

Changes in adrenal physiology in domesticated
animals

C. P. Richter (1954) was the first to draw
attention to the differences between the
adrenal cortex of wild and domesticated
rats. Wild rats have larger adrenals which
are less easily depleted of ascorbic acid
under stress (Richter, 1954). Further
studies showed that the wild rat's adrenal
contained larger cells and a more extensive
capillary network in the zona glomerulosa
and zona reticularis which pointed to an
increased secretory capacity (Mosier,
1957). Similarly in the mouse three of four
wild species, when compared to the inbred
C57 BIO strain, exhibited a greater ad-
renocorticoid response to electric shock
(Treiman and Levine, 1969). On the other
hand, Belyaev and Trut (1975), in discuss-
ing their 15 year selection program at
Novosibirsk to produce a domesticated fox
for fur production, indicate that the line
selected for docility usually exhibits a great-

er adrenocortical response to ACTH and
to confinement stress, although the reverse
occurred during February and March.
Hohn etal. (1965) found a seasonal change
in adrenal weights in the wild mallard
which was positively correlated with the
reproductive season; whereas, little sea-
sonal change occurred in the Pekin. Mal-
lards subjected to immobilization stress for
65 minutes exhibited a sustained elevation
in plasma adrenocorticoids; whereas, the
elevation in Pekin levels had returned to
near normal by the end of the stress period
(Martin, 1975). Table 1 illustrates the
plasma adrenocorticoid response to jugu-
lar vein incision in three groups of 5
month old ducks, Anas platyrhynchos. The
mallard group was hatched from eggs col-
lected from a free living flock; the dwarf
Pekin represents the domesticated strain,
and the hybrid group was hatched from a
single clutch resulting from mating a cap-
tive male mallard with a female dwarf
Pekin. These data again suggest the mal-
lard HPA axis is more responsive to stres-
sors than that of the domesticated strains.
However, it would be unwise at this time to
conclude that domestication, per se, re-
duces pituitary adrenocortical responsive-
ness. The data presented by Belyaev and
Trut (1975) for the silver fox do not con-
form to this pattern. Basal levels of plasma
corticoids in semi-domesticated foxes were
lower than those in the wild strain at all
times of the year, and the docile strain
showed a greater percent elevation follow-
ing ACTH injection or stressors. Their
interpretation was that selection for docil-
ity leads to lower plasma corticosteroid
levels and to an altered state of the HPA
system. Since the opposite patterns were
obtained in the duck, the hypothesis that

TABLE 1.

Strain

Mallard
Hybrid"
Dwarf Pekin

Plasma adrenocorticoid response tojugulai vein incision

Sample size

4
5
6

Basal levela

(Time 0)

.95 ± .365
5.72 ± 1.79
5.86 ± 2.29

in subadult wild, domesticated and hybrid dusks.

Stress level
(Time 0+ 1 min)

1 1.0 ± 4.44
19.7 ± 3.35
10.9 ± 2.18

Percent

1572 ±
298 ±
240 ±

increase

659.9
59.92

159.9

a Plasma adrenocorticoid level in ng/ml ± S.E.M.
b Consists of sibling progeny of mallard male x Dwarf Pekin female.
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domestication is accompanied by a reduc-
tion in the activity of the HPA system
appears too general to be valid. More data
from these and other species is clearly
needed, and more specific hypotheses are
required. For example, no information is
available on the amount of unbound
plasma corticosteroids in these strains or
on the characteristics of the plasma bind-
ing protein, transcortin. Without this in-
formation and information about target
tissue sensitivity, the significance of differ-
ent hormone levels in domesticated and
wild strains will remain unclear.

One approach which I have attempted is
the gene action approach of Ginsburg
(1958, 1971) in which one traces the de-
velopmental onset of differences in HPA
function and correlates this onset with
emergence of behavioral differences. By
simulating the gene action of one strain
through experimental manipulation of
hormone levels in a second strain, one may
produce a phenocopy of the first strain. If
the phenocopy is identical to the
phenotype of the other strain in its be-
havior (true phenocopy), then one has
presumably identified the mechanism re-
sponsible for the behavioral difference.
Likewise, significant similarity between the
phenocopy and the other phenotype im-
plies that the endocrine factor in question
is a contributing factor to the behavioral
differences in the two strains. Now, what
information suggests that activity of the
HPA system during development differs
between the wild and domesticated duck?

Mallard ducklings hatch with higher
plasma corticosterone levels than Pekins
(Martin, 1975). Figure 2 illustrates how the
plasma corticosterone (B) levels change in
the two strains in the early post-hatch
period.1 In the domesticated strain the
level rises during the first day after hatch-
ing only to decline again during the third

1 No effort was made to separate the various
glucocorticoids in the plasma; earlier workers have
shown that corticosterone is by far the most abundant
glucocorticoid in the duck (Bouille et al., 1969) and in
other avian species. New work by Kalliecharan and
Hall (1974) suggests this assumption may not be valid
for the developing chick embryo in which relatively
large amounts of cortisol and cortisone were found.

O SEMI-DOMESTICATED
MALLARD

20 40 60 80
POST-HiTCH ACE 'N HOURS

FIG. 2. Plasma adrenocorticoid levels following
hatching in semi-domesticated mallard and domesti-
cated Pekin ducklings. These mallards are termed
semi-domesticated since the parental stock has been
in captivity for more than 15 generations. Wild mal-
lards have higher post-hatch levels (Martin, 1975).
Points represent means of four to eight individuals,
each measured in duplicate using CPB assay. Initial
posthatch values differ between strains. P < .05, 2-
tail, U = 39.5. Pekin level increases from 2 to 50 hr,
P < .01, 2-tail, U = 50. Mallard regression equation
from 2 to 50 hr is y = 14.44 — .1575x; slope may
differ from 0, F,.19 = 4.229; P < .10. (Data based on
Martin, 1975, and unpublished data)

day; whereas, the mallard level is high at
hatching and appears to fall during the
first post-hatch day. The increase in the
plasma corticosteroids in the Pekin has
been confirmed by Weiss et al. (1977). One
may speculate that the mallard levels were
higher during prehatch development as
well.

EMBRYONIC ENDOCRINE MANIPULATION AND

APPROACH-AVOIDANCE BEHAVIOR

In three separate experiments I attempt-
ed to change the level of HPA hormones
in the developing Pekin duck embryo by
injecting hormones or enzyme inhibitors.
The egg injection procedure was adapted
from the method of McLaughlinetal.{\963)
using the diagrams of Romanoff (1960) as
a guide. Zinc bound porcine ACTH
(Schering) in doses of .005, .05, or .5 I.U.
was injected four times during incubation.
The first two injections given on days 14
and 18 were placed in the albumin or yolk;
whereas, the last two, on days 22 and 26,
were on the chorioallantoic membrane.
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Corticosterone was injected either prior to
incubation (10/tg) or during incubation on
days 15, 19, and 23 (50 /xg per injection).
the 20a-hydroxylase inhibitor, aminoglu-
tethimide (AG) (Elipten—Ciba Geigy),
which blocks the conversion of cholesterol
to pregnenolone, was administered as the
phosphate salt on days 14, 18, 22, and 25
in doses of 1.25 mg/injection. This dose
was effective in suppressing embryonic ad-
renal function in chicks (Adjovi and Idel-
man, 1969). The reader will find addi-
tional detail on the injection technique and
procedure in Martin (1973).

In a fourth experiment I injected
metyrapone (MET) (Metopirone—Ciba
Geigy) into developing mallard eggs on
days 20, 23, 26, and 27 in doses of .25, .25,
.5 and 1 mg respectively. Metyrapone is an
11/3-hydroxylase inhibitor which prevents
the conversion of 11-deoxycorticosterone
to corticosterone.

Certain aspects of these experiments are
summarized in Figures 3 and 4. Sum-
marized are the effects on imprinting be-
havior and avoidance habituation. The
method of measuring imprinting behavior

LATENCY TO APPROACH

7£2-
IMPRINTING

TRAINING LATENCY

IMPRINTING
FOLLOWING TIME

SLOPE OF AVOIDANCE
HABtTUATION CURVE N

- 6 0 - 4 0 - 2 0 0 20 40 IB0

PERCENT OEVIATION
FROM CONTROL MEAN

FIG. 3. Approach and avoidance behavior in Pekin
ducklings treated during embryonic development
with long-acting ACTH or with corticosterone. Fol-
lowing time with imprinting model in .005 IU ACTH
group differs from vehicle-injected control and from
.5 IU ACTH group (LSD = 135.5, P < .05;
LSD = 144.2, P < .05, respectively). Combined ACTH
groups differ from control (P < .05) in rate of habitu-
ation in innate avoidance test using parametric re-
gression analysis and comparing the slopes of the
habituation curves. Avoidance test given two times
daily for four days. (Data based on Martin, 1975, and
unpublished observations)

FOLLOWING TIME

CHOICE TEST LATENCY

TIME FOLLOWING
FAMILIAR MODEL

TIME FOLLOWING

• AG

-BO - 6 0 - 4 0 - 2 0 0 20 40 60 »0 4T5

PERCENT OEVIATION FROM CONTROL MEDIAN

FIG. 4. Imprinting behavior in ducklings treated
during embryonic development with inhibitors of
steroid synthesis, metyrapone (MET) or aminoglu-
tethimide (AG). MET causes learning impairment in
mallard ducklings as measured by increased time
following unfamiliar imprinting model in choice test
(U = 28, P < .025). (Martin, unpublished data)

has already been described in detail (Mar-
tin and Schutz, 1975). Briefly, it consists of
placing the 18-24 hr old duckling next to
an imprinting model (red cube or blue
ball) in a dark runway. The model begins
to emit repetitive sounds from an internal
loudspeaker; then the chamber is illumi-
nated. Next, the vocalizing model begins to
move away from the duckling. The exper-
imenter measures the time taken by the
duckling to begin following (Training La-
tency) and the time spent with the model
(Following Time) during the 10 min train-
ing experience. Two days later the duck-
ling is returned to the imprinting chamber
with the familiar and an unfamiliar model
present (Choice Test). The experimenter
records the latency and time spent follow-
ing each model. The training latency and
following time are measurements of the
animal's approach drive or, alternatively,
of the degree of suppression of avoidance.
The choice test provides a measure of how
much learning occurred during the train-
ing period. Two aspects of the results from
Fig. 3 deserve attention. First, embryonic
injections of ACTH can alter imprinting
behavior and avoidance habituation de-
pending on the dosage, and secondly,
ACTH and corticosterone appear to have
opposite effects on these behaviors. These
embryonic injections also alter HPA func-
tion. Especially important is the finding
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(Martin, 1975) that these corticosterone-
treated Pekins responded to immobiliza-
tion stress at 16 days of age more like wild
mallards than like Pekins, i.e., they showed
a sustained elevation of plasma adrenocor-
ticoid secretion during stress.

PERSPECTIVES

In this discussion I want to evaluate
three questions: 1) does embryonic HPA
function influence later approach and/or
avoidance behavior in birds; 2) can we
attribute the differences in approach/
avoidance behavior between wild and
domesticated species to differential HPA
function during development and 3) how
do HPA hormones influence the nervous
system that could account for their effects
on avian approach/avoidance behavior?

In order to prove that embryonic HPA
hormones can act during development to
organize the substrate mediating later im-
printing and avoidance behavior, three
criteria must be satisfied. One must be able
to change these behaviors by manipulating
embryonic HPA hormone levels, to dem-
onstrate that the embryonic manipula-
tions are physiological rather than phar-
macological and to show that the manipu-
lations are specific to the embryonic HPA
system. The first of these criteria can be
fulfilled. Embryonic injections of small
amounts of ACTH (.005 IU) stimulate
following (Fig. 3). Larger amounts of
ACTH (.5 IU), which would stimulate the
embryonic adrenal cortex more effectively
for a longer period, do not alter the ap-
proach response. Corticosterone-injected
ducklings show a different pattern of
behavior—in some ways opposite to the
ACTH effect. Birds that received the
steroid are less likely to approach the im-
printing model than controls, and those
that do, do so more quickly (Martin, 1975).
The slope of the avoidance habituation
curve is significantly flatter in the ACTH-
treated birds than in vehicle controls;
whereas, the corticosterone-treated duck-
lings show a tendency to a steeper slope
than controls. These two hormones pro-
duce similar opposite effects in extinction
of conditioned avoidance behavior (De-

Wied, 1974). The failure of aminoglu-
tethimide to alter approach or avoidance
behavior was surprising since the drug did
induce a small change in plasma ad-
renocorticoids 18 days after hatching indi-
cating that it had probably disturbed the
embryonic HPA function (Martin, 1973).
Metyrapone also failed to influence ap-
proach behavior significantly, but did ad-
versely affect retention (Fig. 4).

In the experiments reviewed here it is
difficult to establish whether the altera-
tions in the developing embryo are
physiological rather than pharmacological,
i.e., whether similar changes might obtain
due to natural causes. Injections were
never made into the embryo perse, but into
or onto the support tissues. This would
permit the hormone to be taken up more
slowly at a somewhat constant rate. Over 4
days 50 (Jig corticosterone might not ex-
ceed the secretory capacity of the em-
bryonic duck adrenal since Van der
Helm-Hylkema (1973) has shown that the
3-day old rat pup's adrenals can secrete 2.5
jug corticosteroids in 10 hours when stimu-
lated by ACTH. Those ducklings receiving
three 50 ixg injections weighed sig-
nificantly less than controls. A lower dose
(10+10+20 /i-g) did not produce growth
inhibition, but did affect behavior (Martin,
1975). It seems probable that the lower
dose is within a physiological range. Simi-
lar considerations apply to ACTH treat-
ment. The lowest dose of .005 IU spread
over four days is most certainly physiologi-
cal.

Present data do not satisfy the third
criterion. The actions of the enzyme in-
hibitors are not specific to the adrenal
(Dexter et al., 1967). More importantly,
zinc-bound ACTH may remain active in
vivo for up to 10 days (Laschet and
Hohlweg, 1962), and hence the ACTH
may have acted directly on the neural
substrate during the behavioral test to
produce the observed results. Similarly,
the duckling may have absorbed any un-
metabolized corticosterone present in the
yolk after hatching, and this hormone may
have influenced the behavior during test-
ing. Martin (1978) has shown that acute
injections of corticosterone do reduce ap-

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/18/3/489/2037977 by guest on 16 M

ay 2023



496 JAMES T. MARTIN

proach behavior; whereas, anti-sera to cor-
ticosterone facilitates approach responses.
ACTH!-,,) (Martin and van Wimersma
Greidanus, unpublished data), but not
ACTH (Martin, 1975), facilitates approach
when injected just prior to imprinting.
Acute ACTH injections also have no effect
on avoidance habituation (Fig. 1). Lands-
berg and Weiss (1977) report dose de-
pendent effects of acute ACTH injections
on imprinting retention in chicks. Doses
that produced detectable corticoid secre-
tion blocked retention, but doses which did
not activate the adrenals failed to affect
retention. However, their data do show
that only ACTH-injected ducklings ob-
tained the highest level of retention. Lands-
berg and Weiss (1977) do not report
whether the ACTH injections or stressors
influenced approach or following during
the training experience. Considering the
activational role that HPA hormones have
in approach behavior, it is probable that
the effects of embryonic injections result
from either traces of residual un-
metabolized hormone, or from a disturb-
ance in the HPA function induced by the
experimental treatment (Jakoubek et al.,
1974; Erdosova et al., 1975). Hall and
Kalliecharan (1975) found a complex pat-
tern of variation in the embryonic HPA
function after injecting cortisone at an
early stage, and they caution about draw-
ing quick conclusions from such injection
experiments.

It is not clear in what way the HPA
hormones exert their activational effects
on approach behavior. One possibility is
through an action on catecholaminergic
pathways. Sparber and Shideman (1968)
experimented with chicks which had re-
ceived reserpine prior to or during incuba-
tion. They found inhibition of following
behavior when the eggs were treated be-
fore incubation, but facilitation of follow-
ing if the drug was given at 15 days of
development. Injection of this
catecholamine depleting agent also inter-
fered with later catecholamine levels in the
brainstem. ACTH is known to influence
catecholamine metabolism in the brain
(Versteeg, 1973; Versteeg and Wurtman,
1975), and adrenocorticoids may influence

catecholamine degradation (Parvez and
Parvez, 1973).

HPA hormones may also act directly to
modulate neuronal discharge. Wiggert
and Chadar (1975) report that avian brain
possesses a high-affinity, limited capacity
binding system for glucocorticoids in the
optic tectum. In the same general area,
Koranyi et al. (1969) report increases in
amplitude of evoked potentials following
cortisol administration and stimulation of
the optic chiasma and a diminution in
potentials in the same area following injec-
tion of ACTH,_,0.

If, during development, wild ducklings
have a more active HPA system than
domesticated forms, the injection of
ACTH to embryonic Pekins may mimic the
mallard phenotype, thus suggesting the
contribution of early HPA function to later
behavior. ACTH-treated Pekins were like
mallards in that they habituated less
rapidly in an avoidance test (Fig. 3), al-
though in imprinting behavior they acted
less like wild birds. On the other hand,
Pekins injected embryonically with cor-
ticosterone behaved more like wild mal-
lards in their imprinting behavior. A small-
er proportion of these birds than of con-
trol birds followed, and they followed
more than controls. High levels of both
ACTH and corticosterone may, therefore,
be necessary to influence the early de-
velopment and function of the mallard
nervous system to produce the characteris-
tic imprinting phenotype. The validation
of this hypothesis requires demonstration
that the wild genotype produces more
ACTH and corticosterone during the em-
bryonic stages, and that reduction of this
functional level will produce a Pekin-like
phenotype. A demonstration of this latter
point would be technically very difficult.
Treatment of mallard embryos with
metyrapone, which should disturb normal
HPA function, produced no significant ef-
fects on approach behavior. Although the
present data are suggestive, it would be
premature to conclude that the differences
in early approach and avoidance between
wild and domesticated ducklings are
strictly attributable to differences in em-
bryonic HPA function.
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A major impediment to progress in the
kind of studies discussed above is the sub-
stantial phenotypic variability encountered
in presently available strains of birds. Im-
printing studies, in particular, are noted
for their high inter- and intrabatch varia-
bility (Graves, 1973). Even variations in
atmospheric pressure during incubation"
can affect the behavior (Bateson, 1974).
High variability implies many and un-
known causal factors; among these causal
factors, hormonal modulation may prove
to be relatively minor. In one sense, the
study of endocrine modulation of avian
behavior development is itself premature.
The broad endocrine data base present for
other laboratory animals is largely absent
in birds. Nevertheless, the developing
avian system is an attractive one which
holds real promise for future research
workers.

REFERENCES

Adjovi, Y. and S. Idelman. 1969. Action d'un in-
hibiteur de la steroidogenese, 1'Elipten, sur la cor-
ticosurrenale de l'embryon de poulet (Leghorn
Wane). C. R. Soc. Biol. 163:2588-2593.

Bateson, P. P. G. 1966. The characteristics and con-
text of imprinting. Biol. Rev. 41:177-220.

Bateson, P. P. G. 1974. Atmospheric pressure during
incubation and post-hatch behaviour in chicks. Na-
ture 248:805-807.

Belyaev, D. N. and L. N. Trut. 1975. Some genetic
and endocrine effects of selection for domestica-
tions in silver foxes. In M. W. Fox (ed.), The xvild
canids, pp. 416-426. Van Nostrand Rheinhold, New
York.

Bertolini, A., W. Vergoni, G. L. Gessa, and W. Fer-
rari. 1969. Induction of sexual excitement by the
action of adrenocorticotrophic hormone in brain.
Nature 221:667-669.

Bouille, C, J. Daniel, J. Boissin, and I. Assenmacher.
1969. Fluorometric assay of corticosterone after
chromatography in birds. Steroids 14:7-20.

Brush, F. R. and J. C. Froehlich. 1975. Motivational
effects of the pituitary and adrenal hormones. In B.
E. Eleftherion and R. L. Sprott (eds.), Hormonal
correlates of behavior, Vol. 2, pp. 777-806. Plenum
Press, New York.

Costa, M., O. Eranko, and L. Eranko. 1974. Hydro-
cortisone induced increase in the histochemically
demonstrable catecholamine content of sympathe-
tic neurons of the newborn rat. Brain Res. 67:457-
467.

Desforges, M. F. and D. G. M. Wood-Gush. 1976. A
behavioural comparison of domestic and mallard
ducks. Habituation and flight reactions. Anim. Be-
hav. 23:692-697.

Deviche, P. 1976. Behavioural effects of ACTH or
corticosterone administration to adult male domes-
tic ducks, Anas platyrhynchos L. J. Comp. Physiol.
110:357-366.

DeVVied, D. 1966. Inhibitory effects of ACTH and
related peptides on extinction of conditioned avoid-
ance behavior in rats. Proc. Soc. Exp. Biol. Med.
122:28-32.

DeWied, D. 1974. Pituitary-adrenal system hormones
and behavior. In F. O. Schmidt and F. G. Vv'orden
(eds.), The neurosciences, third study program, pp.
653-666. Rockefeller University Press, New York.

Dexter, R. N., L. M. Fishman, R. L. Ney, and G. W.
Liddle. 1967. Inhibition of adrenal corticosteroid
synthesis by aminoglutethimde: Studies of the
mechanism of action. J. Clin. Endocrinol. Metab.
27:473-480.

Earp, H. S. 1974. Glucocorticoid regulation of tran-
scription: The role of physiologic concentrations of
adrenal glucocorticoids in the diurnal variation of
rat liver chromatin template availability. Biochem.
Biophy. Acta 340:95-107.

Erdosova, R., B. Jakoubek, and M. Kraus. 1975.
Effect of stress and diazepam treatment during
infancy on the corticosterone regulation and an-
drogenic activity in adult male rats. Experimentia
31:62-63.

Ginsburg, B. E. 1958. Genetics as a tool in the study of
behavior. Perspect. Biol. Med. 1:397-424.

Ginsburg, B. E. 1971. Developmental genetics of
behavioral capacities: The nature-nurture problem
re-evaluated. Merrill-Palmer Quarterly 17:187-
202.

Gottlieb, G. 1961. The following response and im-
printing in wild and domestic ducklings of the same
species {Anas platyrhynchos). Behaviour 18:205-228.

Granich, M. and P. S. Timiras. 1971. Mechanism of
action of cortisol in maturation of brain lipid pat-
terns in embryonal and young chicks. In M. Ham-
burgh and E. J. W. Barrington (eds.). Hormones in
development, pp. 213-218. Appleton-Cemury-
Crofts, New York.

Graves, H. B. 1973. Early social responses in Callus:
A functional analysis. Science 182:937-939.

Hall, B. K. and R. Kalliecharan.1975. The effects of
exogenous cortisone acetate on development (espe-
cially skeletal development) and on circulating
levels of corticosteroids in chick embryos. Teratol-
ogy 12:111-120.

Harris, G. W. 1964. Sex hormones, brain develop-
ment and brain function. Endocrinology 75:627-
648.

Hess, E. H. 1959. Imprinting. Science 130:133-141.
Hess, E. H. 1973. Imprinting: Early experience and the

developmental psychobiology of attachment. Van Nos-
trand Rheinhold, New York.

Hohn, E. O., A. K. Sarkar, and A. Dzubin. 1965.
Adrenal weight in wild mallard and domestic ducks
and seasonal adrenal weight changes in the mal-
lard. Can. J. Zool. 43:475-487.

Howard, E. 1965. Effects of corticosterone and food
restriction on growth and on DNA, RNA, and
cholesterol contents of the brain and liver of infant
mice.J. Neurochem. 12:181-191.

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/18/3/489/2037977 by guest on 16 M

ay 2023



498 JAMES T. MARTIN

Howard, E. and J. A. Benjamins. 1975. DNA,
ganglioside and sulfaiide in brains of rats given
corticosterone in infancy, with an estimate of cell
loss during development. Brain Res. 92:73-87.

Jakoubek, B., M. Kraus, R. Erdosova, J. Lat, and A.
Dedicova. 1974. The effect of ACTH and
diazepam, administered to infant rats on the
body-growth curve and some endocrine paramet-
ers measured in adult age. Activ. Nerv. Sup.
16:246-247.

Kalliecharan, R. and B. K. Hall. 1974. A developmen-
tal s[/idy of the levels of progesterone, corticos-
terone, cortisol and cortisone circulating in plasma
of chick embryos. Gen. Comp. Endocrinol.
24:364-372.

Kastin, A. J., C. A. Sandman, L. O. Straiton, A. V.
Schally, and L. H. Miller. 1975. Behavioral and
electrographic changes in rat and man after MSH.
In W. H. Gispen, Tj. B. van Wimersma Greidanus
B. Bohus, and D. DeWied (eds.), Hormones homeo-
stasis and the brain, Progress in brain research. Vol. 42,
pp. 143-150. Elsevier, Amsterdam.

Koranyi, L., E. Endroczi, and V. Tamasy. 1969.
Influence of pituitary hormones (ACTH and
ACTH analogues) and corticosteroid on the central
nervous system in rats and chicks. Acta Physiol.
Acad. Scien. Hung. 36:73-82.

Krieger, D. T. 1972. Circadian corticosteroid
periodicity: Critical period for abolition by neonatal
injection of corticosteroid. Science 178:1205-1207.

Landsberg, J. W. and J. Weiss. 1977. Stress and
increase of the corticosterone level prevent imprint-
ing in ducklings. Behaviour 57:173-189.

Laschet, U. and W. Hohlweg. 1962. Wirksamkeit und
Wirkungsdauer von ACTH-praparaten. Anz-
neimittel Forsch. 12:501-503.

Lat, J. and B. Jakoubek. 1974. Permanent effects of
repeated administration of ACTH and diazepam in
early postnatal period upon the dynamics of excita-
tion and inhibition during habituation. Activ. Nerv.
Sup. 16:249-250.

Levine, S. and R. Mullins. 1966. Hormonal influences
on brain organization in infant rats. Science
152:1585-1592.

Lisk, R. D. 1971. The physiology of hormone recep-
tors. Amer. Zool. 11:755-767.

Lorenz, K. 1935. Der Kumpan in der Umwelt des
Vogels.J. Ornithol. 83:137-214, 289-413.

Lorenz, R. J., B. J. Branch, and A. N. Taylor. 1974.
Ontogenesis of circadian pituitary-adrenal
periodicity in rats affected by neonatal treatment
with ACTH. Proc. Soc. Exp. Biol. Med. 145:528-
532.

McLaughlin.J. J., J. P. Marliac, M. J. Verretl, M. K.
Mutchler, and O. Fitzhugh. 1963. The injection of
chemicals into the yolk sac of fertile eggs prior to
incubation as a toxicity test. Tox. Appl. Pharmacol.
5:760-771.

Martin, J. T. 1971. A laboratory study of wildness in
the duck, Anas platyrhynchos. Masters Thesis, Uni-
versity of Connecticut, Storrs.

Martin. J. T. 1973. The role of the hypothalamic-
pituilary-adrenal system in the development of
imprinting and fear behavior in wild and domesti-

cated ducks. Ph.D. Diss., University of Munich,
Munich.

Martin, J. T. 1975. Hormonal influences in the evolu-
tion and ontogeny of imprinting behavior in the
duck, hi W. H. Gispen, Tj. B. van Wimersma
Greidanus, B. Bohus and D. DeWied (eds.), Hor-
mones, homeostasis and the brain, Progress in brain
research, Vol. 42, pp. 357-366. Elsevier, Amsterdam.

Martin, J. T. 1978. Imprinting behavior: Pituitary-
adrenocortical modulation of the approach re-
sponse. Science. (In press)

Martin, J. T. and F. Schutz. 1975. Arousal and
temporal factors in imprinting in mallards. Dev.
Psychobiol. 8:69-78.

Miller, L. H., A. J. Kastin, C. A. Sandman, M. Fink,
and W. J. Van Veen. 1974. Polypeptide influences
on attention, memory and anxiety in man. Pharm.
Biochem. Behav. 2:663-668.

Mosier, D. H. 1957. Comparative histological study of
the adrenal cortex of the wild and domesticated
Norway rat. Endocrinology 60:460-469.

Myles, A. B. and J. R. Daly. 1974. Corticosteroid and
ACTH treatment. Williams & Wilkins, Baltimore.

Parvez, H. and S. Parvez. 1973. The rate limiting
control of enzymes monoamine oxidase and
catechol-O-methyl transferase in the foetus and the
adult by adrenocortical hormones. Experimentia
29:1259-1262.

Phillipson, O. T. and M. Sandier. 1975. The effect of
hydrocortisone and adrenocorticotrophic hormone
on monoamine oxidase and tyrosine hydroxylase in
explant cultures of embryonic chick sympathetic
ganglia. Brain Res. 90:283-296.

Richter, C. P. 1954. The effects of domestication and
selection on the behavior of the Norway rat. J. Nat.
Cancer Insi. 15:727-738.

Romanoff, A. L. 1960. The avian embryo. Macmillian
Co., New York.

Schaller, G. B. and J. T. Emlen. 1962. The ontogeny
of avoidance behavior in some precocial birds.
Anim. Behav. 10:370-381.

Schwartz, R. J. 1972. Gene expression—steroid con-
trol in embryonic chick retina. Nature New Biol.
237:121-125.

Schapiro, S. and K. R. Vukovich. 1970. Early experi-
ence effects upon cortical dendrites: A proposed
model for development. Science 167: 292-294.

Sparbcr, S. B., F. F.. Shidrman. 1968. Prenatal ad-
ministration reserpine: Effect upon hatching, be-
havior, and brainstem catecholamines of the young
chick. Dev. Psychobiol. 1:236-244.

Swanson, H. H. and A. M. McKeag. 1969. Effects of
neonatal administration of cortisol to hamsters on
their adult behavior in the open field. Horm. Be-
hav. 1:1-5.

Treiman, D. M. and S. Levine. 1969. Plasma corticos-
terone response to stress in four species of wild
mice. Endocrinology 84:676-680.

Van der Helm-Hylkema, H. 1973. Effecten van vroeg
neonataal toegediend ACTH en aan ACTH ver-
wante peptiden op de somalische en gedrag-
sontwikkeling van de rat. Ph.D. Diss., University of
Utrecht, Utrecht.

Vernadakis, A. 1971. Hormonal dependence of em-

D
ow

nloaded from
 https://academ

ic.oup.com
/icb/article/18/3/489/2037977 by guest on 16 M

ay 2023



HORMONES, BEHAVIOR AND DOMESTICATION 499

bryonic neural tissue in culture. In M. Hamburgh
and E. J. \V. Barrington (eds.), Hormones in develop-
ment, pp. 67-74. Appleton-Century-Crofts. New
York.

Versteeg, D. H. G. 1973. Effects of two ACTH-
analogs on noradrenaline metabolism in rat brain.
Brain Res. 49:483-485.

Versteeg, D. H. G. and R. J. Wurtman. 1975. Effect
of ACTH.,-,0 on the rate of synthesis of (3H)
catecholamines in the brains of intact, hypophysec-
tomized and adrenalectomized rats. Brain Res.
93:552-557.

Weiss, J. M., B. S. McEwen, M. T. Silva, and M.

Kalukt. 1970. Pituitary adrenal alterations and fear
responding. Am. J. Physiol. 218:864-868.

Weiss, J., W. Kohler, and J. W. Landsberg. 1977.
Increase of the corticosterone level in ducklings
during the sensitive period of the following re-
sponse. Dev. Psychobiol. 10:59-64.

Wiggert, B. O. and G. J. Chader. 1975. A glucocor-
ticoid and progesterone receptor in the chick optic
tectum. J. Neurochem. 24:585-586.

Young, W. C. 1961. The hormones and mating
behavior. In W. C. Young (ed.), Sex and internal
secretions, 3rd Ed., pp. 1173-1239. Williams & Wil-
kins, Baltimore. D

ow
nloaded from

 https://academ
ic.oup.com

/icb/article/18/3/489/2037977 by guest on 16 M
ay 2023


