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Siblicidal Aggression and Resource Monopolization in Birds

Abstract. In Texas, great egret Casmerodius albus chicks attack younger nest-
mates, often fatally (siblicide). By contrast, the young of neighboring great blue
herons Ardea herodias seldom strike or kill siblings. These interspecific differences
seem related to prey size: only fish provided by egret parents are small enough for
chicks to monopolize (a process facilitated by aggression). Experimentally cross-
fostered heron chicks raised on small prey by egret parents became siblicidal, but the
reverse procedure of cross-fostering egret chicks did not reduce aggression or

siblicide.

Siblicide, fatal aggression among sib-
lings (I, 2), is a taxonomically wide-
spread phenomenon that can occur pre-
natally (3) or postnatally (4). Because it
involves the killing of close kin, inclusive
fitness theory predicts that siblicide
would evolve only when the principal’s
own survival is seriously jeopardized.
Although such risk could be expected
when critical resources are currently or
prospectively inadequate for all brood-
mates to survive (5), little is known
about the way in which such resources
affect sibling aggression. I have pro-
posed that the degree to which small
food (6) can be monopolized profitably is
an important ecological determinant of
sibling aggression and, therefore, of sib-
licide (7). I now partially confirm this
prey size hypothesis by a cross-fostering
experiment involving two species of co-
lonial Ardeidae (Aves, Ciconiiformes).

I studied great egrets (Casmerodius
albus) and great blue herons (Ardea he-

rodias) on three islands in Lavaca Bay,
Texas (30°39'N, 96°34'W) during the
summers of 1979, 1980, 1981, and 1982.
Both species are piscivorous and monog-
amous, with males and females sharing
all aspects of parental care. Incubation
typically begins after the first egg is laid,
so the 1- to 2-day interval between the
laying of successive eggs produces com-
parable hatching intervals. Both species
frequently experience brood reduction,
but the demise of the youngest chick is
effected differently between species.
Whereas siblicide is the apparent cause
of death in many, perhaps most, egret
brood reductions, it was significantly
rarer in heron nests (8).

During the first month, aggression in
egret broods is on the average 18 times
higher than aggression in heron broods,
most of which do not fight at all (Table
1). Egret nestmates quickly form stable,
age-dependent dominance hierarchies
that confer distinct feeding advantages to

Table 1. Fighting rates of broods (three and four chicks) of great egrets and great blue herons in
Texas. All data are from the first 25 days after the completion of hatching and are expressed as

means * | standard deviation.

Natural broods

Foster broods*

Brood size Broods Fighting Broods Fighting
(No.) ratest (No.) ratest

Great egrets

Three chicks 9 1.46 = 1.32 1.09 = 1.11

Four chicks 2 1.42 = 0.16 1 0.69

Pooled 11 1.45 = 1.22 10 1.05 = 1.05
Great blue herons

Three chicks 4 0.08 = 0.17 7 1.51 £ 0.75

Four chicks 9 0.08 = 0.14 2 0.38 = 0.29

Pooled 13 0.08 = 0.14 9 1.26 = 0.83

*Egret chicks raised by heron adults and heron chicks raised by egret adults (see text).

tFighting rates

were standardized across brood sizes by F\//N4/N,, where F, is the total fights, Ny is the number of possible
dyads, and N, is the number of days recorded. The number of possible dyads varies with brood size: three-
chick broods have three possible dyads, and four-chick broods have six. Fighting rates between species show
significant differences [P < 0.001, analysis of variance (ANOVA) with Scheff¢ test]. Rates between brood
sizes within each species were not significantly different (/7).
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Table 2. Effects of cross-fostering on the relative frequency of siblicidal mortality, presented as
a comparison of the 1981-1982 foster broods with the 1979-1981 observed broods of three or
four chicks (natural parents). The fates presented are for the youngest sibling in each brood.

Great egret chicks* (No.)

Great blue heron chickst (No.)

Parents Alive Sibli-

Alive Sibli-

. Other - Other
by day cidal by day cidal
25 deathst deaths 25 deaths deaths
Natural S 8 4 8 1 10
Foster 4 6 0 1 6 2

*No significant differences in frequency of siblicide between treatments for great egret chicks (P = 0.16;

Fisher’s exact test).
wounding [see (7)].

the senior siblings; this fighting effective-
ly intimidates junior siblings (7). After
approximately 1 week of indirect feeding
(fish regurgitated by parents onto the
nest floor), older siblings begin direct
feeding, by which they can monopolize
the whole regurgitated bolus by gripping
the parent’s bill and catching the discrete
mass of fish directly. By contrast, the
typical single fish regurgitated by heron
parents is so large that it is impossible to
catch and, therefore, cannot be monopo-
lized (7, 9).

I propose that prey size plays a major
indirect role in the evolution of siblicidal
aggression (as compared to less violent
alternative forms of brood reduction),
simply by influencing the economic de-
fendability (10) of a key limiting resource
(7). In this egret population, sibling ag-
gression appears to be automatic [even
broods experimentally provided with
freely accessible food continue fighting
(7)] and remains consistently profitable
to the older or dominant chicks. Because
Texas heron prey are never defendable,
even when the chicks are several weeks
old, the potential profit for fighting re-
mains lower in those broods. According
to this hypothesis, siblicidal aggression
may be facultative, with prey size (spe-
cifically, its monopolizability) serving as
a key proximate cause (7).

To test this hypothesis, a fostering
experiment was conducted in which ten
heron broods were raised by egret par-
ents and ten egret broods were raised by
heron parents (/7). If siblicidal aggres-
sion is facultative, then normally pacifist
heron chicks raised on small fish by egret
parents should show the combination of
direct feeding and fighting that charac-
terize natural egret broods. Conversely,
egret chicks fed fish too large for them to
monopolize should show reduced fight-
ing if their siblicidal aggression is similar-
ly facultative.

Complete broods were exchanged be-
tween species as eggs or recently
hatched chicks (maximum age, 3 days
posthatch) (12). These nests were kept
under continuous daylight observation
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TP = 0.006, Fisher’s exact test.

iObserved beatings to the point of visible

from a blind less than 30 m away for at
least 25 days. Parents appeared to adopt
the new broods readily. To compensate
for the possibility that egret parents
might not supply sufficient quantities of
food to the larger heron chicks, half of
the foster heron broods were given daily
food supplements (12).

As predicted, heron chicks raised by
egret parents fought at significantly high-
er frequencies during the first month
than when raised by their natural par-
ents (Table 1) (Mann-Whitney U test:
U = 114, P < 0.001), showing an aver-
age increase of more than 15-fold. The
foster broods that received extra food
did not show reduced fighting relative to
the unprovisioned broods (/3). Heron
chicks in egret nests also made an abrupt
transition to direct feeding (/4) and per-
formed siblicidal brood reduction at a
significantly higher rate (Table 2).

However, the results for egrets in fos-
ter heron nests are difficult to interpret.
Though fighting rates showed a slight
decline, they were not significantly low-
er than in natural egret broods (Table 1).
The egret chicks persistently scissored
the foster parent’s bill, although the large
prey could not be intercepted directly
(14). The resulting frequency of siblicidal
deaths was not reduced relative to the
observed natural broods (Table 2).

These experimental results indicate
that prey size and monopolizability may
elicit preemptive sibling aggression in
heron nestlings. Because the associated
changes in feeding behavior accompa-
nied the increase in sibling fighting, and
because great blue herons take a wide
variety of prey types and sizes across
that species’ broad range, such a system
of facultative siblicidal brood reduction
may be an adaptive behavioral complex
whose flexibility is matched to the eco-
logical diversity encountered.

The lesser behavioral flexibility found
in the fostered egret chicks is puzzling
and may be due to several factors: (i) less
variance in prey sizes (that is, if prey are
always small enough for chicks to mo-
nopolize) across the species’ cosmopoli-

tan range, such that sibling aggression is
essentially obligate in all populations; (ii)
a population-by-population pattern of
obligate as opposed to facultative sibling
aggression that matches the size ranges
of local prey types; or (iii) additional
factors not controlled by this cross-fos-
tering procedure.

Although not previously advanced as
an influence on sibling aggression (or
brood reduction generally), the apparent
relation between prey size and siblicidal
aggression reported may be widespread
in other predatory birds. Among avian
taxa known to practice siblicide, most (if
not all) feed offspring by presenting them
with units of food small enough to mo-
nopolize that could be subject to control
through various degrees of sibling intimi-
dation. Some of these species (for exam-
ple, certain boobies, cranes, kittiwakes,
and three more species of egrets) capture
small prey (2, 4, 7, 15), while others (for
example, some eagles, hawks, owls, pel-
icans, and skuas) capture larger prey that
the parents tear (or digest) into small
pieces before presenting to the offspring
(2, 4, 16). The possible influence of food
size on sibling aggression in these spe-
cies remains to be examined.

DouGLas W. Mock
Department of Zoology, University of
Oklahoma, Norman 73019
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Abstract. Most of the effort directed at understanding the problems of allergy has
focused on the interacting components of the immune system. The possibility that
histamine may be released as a learned response has now been tested. In a classical
conditioning procedure in which an immunologic challenge was paired with the
presentation of an odor, guinea pigs showed a plasma histamine increase when
presented with the odor alone. This suggests that the immune response can be
enhanced through activity of the central nervous system.

Although there is evidence that learn-
ing may modify immunosuppression (/-
3), its effect in activating the immune
system has not been demonstrated.
There have, however, been many anec-
dotal reports of associative learning in
allergic reactions. Suggestions of this
phenomenon existed in the 19th century;
for example, an asthmatic patient who
had an allergic reaction to roses experi-
enced an attack when exposed to an
artificial rose (4). However, the lack of
data on the mechanisms of such a re-
sponse has hindered the acceptance of
associative learning as a factor in im-
mune responses. Histamine is a mediat-
ing factor in the immune system (5, 6)
and has been found in most tissues (7). It

Table 1. Experimental sequence. During
training, CS+ was given with the antigen, and
CS— was given without the antigen. During
test trials no antigen was present.

Trial No. Stimulus

Training trials
CS+
CS-
CS—
CS+
CS+
CS—
CS—
CS+
CS—
CS+

[==IaNalo RN N Y R e

—

Test trials
CS+
CS—
CS+

W ==
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is released in a variety of pathological
conditions thought to be stress related,
such as duodenal ulcers (8), asthma (9),
cluster headaches (/0), and premenstrual
stress (/7). This suggested to us that
histamine may be released as a learned
response to the pairing of a neutral stim-
ulus with an immunologic challenge. We
showed that guinea pigs (Cavia cobaya)
had increased plasma histamine levels in
response to a neutral stimulus (an odor)
in a classical conditioning procedure in
which an immunologic challenge was
paired with presentation of the odor.
Four weeks before training was begun,
eight adult male guinea pigs (Hartley
strain) were immunologically sensitized
to bovine serum albumin (BSA) by in-
jecting into a footpad 2.5 mg of BSA ina
0.1-ml mixture of equal volumes of
Freund’s adjuvant and normal saline. A
S percent solution of BSA subsequently
served as the unconditioned stimulus for
histamine release. All animals were han-
dled and gentled three times weekly
while they were weighed and their cages
were cleaned. This also served to reduce
stress to the animal caused by being
handled during the testing procedures.
A classical discrimination conditioning
design was used to train the animals,
with each animal acting as its own con-
trol. In this design, one odor (CS+) was
always paired with the unconditioned
stimulus (BSA), and the other (CS—)
was paired with saline. One percent solu-
tions of dimethylsulfide (sulfur smelling)

and triethylamine (fishy smelling) were
used as the conditioned stimuli. For half
the animals, CS+ was dimethylsulfide
and CS— was triethylamine and for the
other half, CS+ was triethylamine and
CS— was dimethylsulfide. Each animal
was given ten presentations, five trials
with the CS+ and five trials with the
CS~—. Training trials were given 1 week
apart to allow the animal to recover from
any allergic reaction. The order of the
presentation of the CS+ and the CS—
was randomized (Table 1).

At the start of each training trial the
animal was placed in a glass-walled con-
tainer and a cotton-tipped swab soaked
in either the CS+ and BSA or in the CS—
and saline was placed on the animal’s
nose for 3 seconds. Ten minutes after
exposure to the stimulus, the animal was
anesthetized with ether, and 2 to 4 ml of
blood were drawn from the retro-orbital
sinus (/2). The blood was immediately
centrifuged and the plasma was tested
for histamine by a radioenzymatic assay
(13). Test trials began 2 weeks after the
training. In the first trial the CS+ odor
was presented without BSA. Two weeks
later the CS— odor was presented. After
another 2 weeks the CS+ was presented
again. All other procedures were identi-
cal to those during training. The experi-
menter, in all phases of the study, was
unaware of the order and pairing of the
stimuli.

Plasma histamine levels during the test
trials (extinction) were analyzed with a
repeated measures analysis of variance,
which achieved an overall F value of
45.57 (P < 0.0005). One-tailed planned
comparisons between specific test condi-
tions revealed significant differences be-
tween the CS— and the first CS+
(P < 0.001). All eight animals had great-
er histamine release in response to the
CS+ (mean = S.E.M. = 147.5 * 28.7
ng/ml) than to the CS— (49 = 7.7 ng/ml)
(Table 2). A smaller difference was found
between the CS— and the second CS+
(54.2 £ 17.0 ng/ml) (P < 0.055). Only
one animal had a lower histamine level in
response to the second CS+ than to the
CS—. No significant difference was
found between the CS— trial and the

Table 2. Results of test trials with the condi-
tioned stimuli in the absence of antigen. Re-
sults are given as means = S.E.M.

Trial Plasma histamine

(ng/ml)
Baseline 183+ 49
Test trials
CS+ 147.5 + 28.7
CS—- 49+ 7.7
CS+ 542 = 17.0






