value of —19.4 per mil (Fig. 2A). Both
values indicate a diet predominantly
composed of plankton; this is consistent
with the site of collection, far from any
significant area of marshes.

In summary, the stable isotopes of
sulfur offer a valuable tool for tracing the
flow of light sulfur produced during sul-
fate reduction in marine sediments. The
sulfur in Spartina is isotopically light
relative to the sulfur in plankton. The
5**S values found in animals vary sys-
tematically in a manner that appears to
reflect diet. The use of multiple isotopes,
813C, 8%8, and 8'°N, allows us to distin-
guish between three or more potential
food resources.

The ribbed mussels in Great Sippewis-
sett Marsh appear to obtain the bulk of
their food from a source that is depleted
in **S and enriched in *C. Spartina is
the most likely source of this food, but it
must be broken down to fine detrital
particles before it is available to the
mussels. Plankton appears to be the sec-
ond major food resource, especially for
the mussels near the main marsh chan-
nels connecting with Buzzards Bay. This
finding supports the concept that marsh
detritus is distributed along a gradient of
maximum availability in the smallest
marsh creeks to lower availability near
the ocean (13), but there may be vertical
gradients as well. As expected, there is
no evidence for an important input of
organic matter from the uplands, since
Sippewissett is a pocket marsh with no
major riverine input.

Where there is a major river input of
organic matter, a combination of carbon,
sulfur, and nitrogen isotopes can be used
to discriminate between organic matter
derived from the plankton, from salt-
marsh plants, and from upland plants.
The 8'*C and 8%*S values of consumer
organisms appear to reflect within about
1 or 2 per mil what they eat. This multi-
ple isotope approach may help resolve
long-standing questions about the role of
salt marshes in the support of coastal
fisheries and, in particular, the role of
Spartina in providing detritus to marsh
and estuarine consumers.

BRUCE J. PETERSON
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Mutual Restraint in Tree Swallows:
A Test of the TIT FOR TAT Model of Reciprocity

Abstract. The TIT FOR TAT model of reciprocity, which is based on a successful
program for the game known as the Prisoner’s Dilemma, was experimentally tested
on a population of tree swallows (Tachycineta bicolor). Parent and nonbreeding tree
swallows have conflicts of interests that resemble those in the Prisoner’s Dilemma.
TIT FOR TAT predicts restraint of conflict before a competitor’s act of defection,
retaliation after defection, and a resumption of restraint following retaliation. After
a simulated act of defection by nonbreeders, parents behaved as predicted by the

model.

Contemporary evolutionary biology
has confronted the challenge of explain-
ing the existence of cooperative behavior
by invoking kinship (/) and reciprocity
(2) theory. Empirical evidence, particu-
larly from avian communal breeding sys-
tems, has generally supported Kinship
theory (3), although some studies (4)
have revealed that the genetic related-
ness of interactants is too low for kin
selection to be the ultimate force main-
taining cooperative behavior.

Until recently (4), reciprocity has re-
ceived little attention in empirical studies
of avian social systems because of the
lack of a formal theory of reciprocity to
adequately explain how it could first
develop among unrelated individuals and
then persist in competition with individ-
vals that cheat in reciprocal arrange-
ments (5). Axelrod and Hamilton (5)
used game theory (6) and the concept of
an evolutionarily stable strategy (ESS)
(7) to develop a model of the evolution of

cooperation based on reciprocity. Their
model is a solution to the familiar game
Prisoner’s Dilemma (8).

Prisoner’s Dilemma is a symmetrical
two-player nonzero sum game in which
each player has the option to cooperate
or defect during any interaction (9).
Regardless of what a competitor does, a
selfish act of defection receives a higher
payoff than an act of cooperation. How-
ever, if both players defect, they do less
well than if they both had cooperated
(10).

When the game is played only once,
the only ESS is to always defect, and
cooperation is not favored (5, 11). Dur-
ing an iterated game the strategy called
TIT FOR TAT becomes an ESS (5). To
employ this strategy an individual initial-
ly cooperates and thereafter does what-
ever its competitor did on the previous
move (12).

Because the TIT FOR TAT model can
explain the evolution of cooperation
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from an asocial state, it is especially
appropriate to test the model on a social
system in which cooperation is not fully
developed but where antagonists fre-
quently show restraint. I tested the mod-
el by examining the interactions between
parent and nonbreeding tree swallows
(Tachycineta bicolor) (13). Nonbreeding
birds frequently visit the nests of breed-
ers.

Tree swallows fulfill the three require-
ments necessary to play TIT FOR TAT
(5); (i) they prefer to breed in aggrega-
tions, ensuring repeated interactions be-
tween the same individuals (14), (ii) they
can recognize one another as individuals
(15), and (iii) they display intraspecific
aggression (/3), including intraspecific
killing (16).

Observations made from 1980 through
1983 revealed that nonbreeders were not
cooperating with parents in the rearing of
young (I7). The banding of 519 birds
showed that nonbreeders were never
known close genetic relatives of breed-
ers. It was hypothesized that non-
breeders were individuals in search of
potential future nest sites (/3). Thus,
nonbreeders present several potential
threats to parental reproductive success,
including nest usurpation, disrupted
feeding of young, stealing of food, and
attraction of diurnal predators.

Given the conflict of interest between
parents and nonbreeders, parents might
be expected to display considerable hos-
tility toward nonbreeders at their nests

(6). However, parental chase rates of
nonbreeders were low (0.57 chase per
hour) and 66.9 percent of 1175 parent-
nonbreeder encounters were nonaggres-
sive (17), suggesting that restraint is em-
ployed in this conflict of interests. A
necessary precursor to the evolution of
cooperation is restraint in conflict. TIT
FOR TAT models restraint as well as
fully developed cooperation (5).

An examination of the conflict be-
tween parent and nonbreeder genetic in-
terests revealed a close resemblance to
the Prisoner’s Dilemma. Parents that in-
crease their reproductive success by
fledging as many young as possible and
nonbreeders that learn the characteris-
tics of suitable nest sites have a selective
advantage over their competitors that do
not. Parents showing restraint would al-
low nonbreeders to visit their nest boxes
unhindered; an act of defection would
prevent nonbreeders’ visits by vigorous
nest defense. For nonbreeders an act of
restraint would be a benign visit or one in
which they joined in the mobbing of a
predator; an act of defection would be to
behave in such a way as to lower paren-
tal reproductive success.

Parental defection (7) coupled with
nonbreeder restraint (§) would reduce
the probability of these nonbreeders be-
ing effective competitors with parents, or
their offspring, for sites in the future by
preventing nonbreeders from learning
the characteristics of suitable nest sites
(18). During mutual restraint (R), parents

Table 1. Sum of hover, dive, and contact responses by both tree swallow parents in the TIT
FOR TAT experiment. In the control sequence, the young were banded between the two series
of observations, and in the experimental sequence, two live nestlings were replaced by two
dead ones. The sign test indicates that parental responses to nonbreeding birds before and after
manipulation of young in the control sequence do not show statistically significant differences
(n=28, x =1, P =0.0703), whereas those before and after replacement of the nestlings do

(n=13,x =12, P = 0.0034).

Control

Experiment

Nest

box Number of responses

Before After

Sign of
differ-
ence

Sign of
differ-
ence

Number of responses

Before After

242
126
129
127
30
133
23
257
34
26
117
245
243
265
31
14
29
122
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*Trials in which parents did: not return to the boxes and enter within 60 minutes after manipulation.
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gain potential nest site defenders and
unthreatened reproductive effort; non-
breeders gain a knowledge of the loca-
tion and characteristics of suitable nest
sites, making them effective competitors
for these sites in the future. Nonbreeder
defection (7) coupled with parental re-
straint (§) results in the lowering of pa-
rental reproductive success and possible
nest usurpation by nonbreeders (I6).
Thus, for both parents and nonbreeders
T>R.

During mutual defection (P), non-
breeder actions lower parental reproduc-
tive success, and parents waste valuable
time chasing nonbreeders. Nonbreeders
can gain by reducing the number of po-
tential competitors. For both parents and
nonbreeders the payoff for this is greater
than showing restraint when the other
defects (P > §). But, with the assump-
tion that decisions are generally based on
the average of past outcomes (19), if
nonbreeders commonly defected, par-
ents would be more apt to be aggressive
toward them (20). This would reduce the
probability of nonbreeders being able to
familiarize themselves with nest sites.
Consequently, parents and nonbreeders
can do less well when they both defect
than when there is mutual restraint
(R > P), thus satisfying the inequalities
that define the Prisoner’s Dilemma ma-
trix (6, 10).

To test the TIT FOR TAT model, I
cast parents and nonbreeders in the parts
of players and simulated an act of defec-
tion by nonbreeders by making it appear
as though nonbreeders had killed nest-
lings (16). On nestling day 16 (21), 1
presented breeding pairs with two
stuffed model nonbreeders simulta-
neously (22). When the parents returned
to their nest box, I recorded their re-
sponses (23) to the models for 5 minutes.
I then replaced two live nestlings with
two dead 16-day-old nestlings. The dead
nestlings were placed on their backs on
the nest cup rim. After parents returned,
and entered and exited their boxes, I
recorded their responses to the models
for another 5 minutes. As a control, I
repeated the same procedure on nestling
day 12, but instead of replacing live
nestlings with dead ones, I merely band-
ed the young present (24).

A sign test (Table 1) showed that dur-
ing the control portion there was no
statistically significant difference in pa-
rental responses to the models before
and after the banding of nestlings. These
results indicate that I, as the nestling
manipulator, did not elicit responses
from the parents that were redirected at
the models.

After the placement of dead nestlings,
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12 of 17 pairs gave results consistent
with the prediction of retaliation follow-
ing defection (5). One pair gave results in
contradiction to this prediction, but their
response was a brief nonaggressive hov-
er above a model. A sign test showed
statistically significant differences in re-
sponses before and after replacement of
the nestlings (Table 1). Parents that re-
sponded to the models after the place-
ment of dead nestlings did not redirect
their aggression at their mates or at
neighboring breeding pairs. Parents also
chased live nonbreeders during the ex-
periment. But, live nonbreeders were
ignored if their time of appearance at the
nest box precluded the possibility of
their committing the defection.

Parent tree swallows displayed the
characteristics of the TIT FOR TAT
strategy by (i) acting ‘‘nice’’ to the model
nonbreeders until after the simulated de-
fection, (ii) being provoked into defect-
ing, and (iii) appearing ‘‘forgiving’’
significantly larger proportion of encoun-
ters (27 of 82) ended in parental chases of
nonbreeders before the simulated defec-
tion (z = 2.58, P < 0.01) than did en-
counters after the simulated defection
(18 of 110) at those boxes where parents
responded to the models after the simu-
lated defection (25). This result indicates
a return to normal behavior by the birds
in the experiment because parental ag-
gression toward both model and live
nonbreeders decreased as the breeding
season progressed at boxes outside the
experiment (/3).

These results suggest that the TIT
FOR TAT strategy adequately models
the restraint shown in the conflict of
interest between parent and nonbreeder
tree swallows, and that TIT FOR TAT
may be fruitfully applied in the analysis
of other phenomena in which the genetic
relatedness of interactants is inadequate
to explain the restraint of conflict dem-
onstrated by the interactants.

MicHAEL P. LOMBARDO
Department of Biological Sciences,
Rutgers University,
New Brunswick, New Jersey 08903
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Response to Ethanol Reduced by Past Thiamine Deficiency

Abstract. Ethanol-induced intoxication and hypothermia were studied in rats
approximately 7 months after severe thiamine deficiency, when treated rats ap-
peared to have recovered their physical health. Previously induced thiamine defi-
ciency without prior ethanol exposure significantly decreased the area under the
curve plotted for the concentration of ethanol in blood and also decreased behavioral
impairment and hypothermia due to ethanol exposure. Pathophysiologic changes
resulting from thiamine deficiency may contribute to both the pharmacodynamic and
pharmacokinetic tolerance to ethanol in chronic alcoholics.

Alcoholism is characterized by pro-
gressive increases in consumption of al-
coholic beverages with concomitant al-
terations in the metabolism of ethanol
and its effects on the central nervous
system (tolerance) (/). Long-term expo-
sure to ethanol can also result in physical
dependence (/) and chronic pathologic
changes in many organ systems (2). Al-
coholism is frequently associated with
thiamine (vitamin B,;) deficiency result-
ing from inadequate nutritional intake,
decreased absorption, or impaired utili-
zation (3). The contribution of thiamine
deficiency to ethanol toxicity and the
resultant dysfunction in organ systems
remains controversial (4).

Wernicke’s encephalopathy is an
acute neuropsychiatric syndrome caused
by thiamine deficiency most often found

‘in the nutritionally compromised chronic

alcoholic (5). Treatment with thiamine
reverses most of the acute manifesta-
tions (5), but clinical abnormalities such
as memory loss, apathy and social indif-
ference, superficial and labile emotions,
and lack of goal-oriented spontaneous
activity (Korsakoff’s psychosis) may
persist together with neurochemical dis-
turbances (5, 6). Characteristic neuro-
pathologic findings at autopsy include
bilaterally symmetrical periventricular
lesions of the brainstem and diencepha-
lon (5, 6).
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