
Abstract We examine the frequency of reciprocal ex-
changes of helping behavior in three red-cockaded
woodpecker populations to determine if such exchanges
might constitute a significant fitness benefit of helping.
Specifically, we determine how often helpers, once they
become breeders, are assisted by young they previously
helped raise. The estimated frequencies of reciprocal ex-
change of helping based on survival and status transition
probabilities are low (2%). Observed frequencies of reci-
procity are significantly higher than estimated frequen-
cies in two of the three populations studied, suggesting
that male fledglings more often remain on their natal ter-
ritory as helpers if another helper is already present.
High rates of retention of young males as helpers on
high-quality territories or preferential helping of kin, as
well as preferential helping of former care-givers, might
explain this result. When the analysis is restricted to
helpers unrelated to the young they help raise, which
controls for preferential helping of kin and largely elimi-
nates effects of territory quality, empirical estimates of
the frequency of reciprocity do not differ from estimates
calculated from population demography. We conclude
that young males do not preferentially help former care-
givers and that reciprocal exchange of help is not an im-
portant factor in the evolution of helping behavior in the
red-cockaded woodpecker. In this species, all known
benefits of helping behavior are indirect (i.e., derived
through kin selection ) rather than direct. We discuss the
occurrence of unrelated helpers in this context.
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Introduction

Cooperative breeding is a social system in which adult
birds help raise offspring that are not their own. This so-
cial system occurs in many families and has evolved in-
dependently many times (Brown 1987). In the most
common variant of this system, as occurs in the red-
cockaded woodpecker (Picoides borealis), most helpers
are nonbreeding individuals that have remained on their
natal territory. In these systems, the evolution of cooper-
ative breeding involves two distinct adaptive traits: (1)
young remain on their natal territory, rather than dispers-
ing, and (2) young help breeders on the natal territory
raise offspring (Brown 1987; Emlen 1982a, 1982b). The
evolution of delayed dispersal is well studied in many
species (Komdeur et al. 1995; Stacey and Ligon 1987;
Walters et al. 1992a), whereas the evolution of helping
behavior is poorly understood.

One difficulty in resolving the issue of the evolution
of helping behavior is that individuals of different spe-
cies may help for different reasons. As a consequence,
generalities have been elusive. For example, helping be-
havior has probably evolved in the white-fronted bee-
eater (Merops bullockoides) because helpers gain sub-
stantial indirect inclusive fitness benefits by increasing
the production of nondescendant kin by their groups
(Emlen 1992). In contrast, helping behavior by males un-
related to the breeders in the pied kingfisher (Ceryle ru-
dis) has probably evolved because these helpers gain di-
rect fitness benefits by increasing the probability of fu-
ture mating with the female they helped (Reyer 1984).

Current research on the evolution and maintenance of
helping behavior strives to determine the relative impor-
tance of the various possible fitness benefits of helping
in a variety of species (Brown 1987; Cockburn 1998;
Emlen 1991). Direct benefits accrue when the helper’s
survival or eventual production of descendant kin is en-
hanced. Indirect benefits accrue when helping behavior
results in increased production of nondescendant kin.
Both immediate and delayed benefits of each type have
been proposed (Koenig and Mumme 1990).
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We are examining a variety of possible benefits of
helping behavior by male red-cockaded woodpeckers.
Previous work showed that helpers gain indirect benefits
by increasing the reproductive output of relatives (Heppell
et al. 1994). In this analysis, Heppell et al. (1994) con-
trolled for territory quality and breeder experience by ex-
amining experienced pairs over many years on the same
territory. For each pair, they calculated the change in pro-
ductivity when assisted by a helper compared to when not
assisted, and averaged these values across pairs. Helpers
also accrue future indirect benefits by promoting the sur-
vival of related breeders (M.Z. Khan and J.R. Walters, un-
published data). Here, we examine the possibility that
helpers gain a future direct benefit by enhancing the pro-
duction of young that will eventually assist the helper
once he becomes a breeder (reciprocity hypothesis; Ligon
and Ligon 1978; Wiley and Rabenold 1984).

The nature of the interaction between a helper and a
previous recipient of help as well as its influence on the
evolution of helping is of theoretical interest. Exchanges
of help may represent byproduct mutualism (both helper
and recipient benefit from their interaction; Vehrencamp
1979) or reciprocal altruism (the recipient benefits and
the helper suffers a cost from their interaction; Trivers
1971) depending on whether the helper bears a fitness
cost for helping (Brown and Brown 1981; Koenig 1988).
The distinction between byproduct mutualism and recip-
rocal altruism is important for understanding the evolu-
tionary basis of behavior. However, the initial step in ex-
amining the reciprocity hypothesis, which we undertake
here, is to determine if reciprocal exchanges occur at
sufficient frequencies to potentially constitute an impor-
tant direct benefit. We examine reciprocal exchanges of
helping in three red-cockaded woodpecker populations
located in North Carolina.

The red-cockaded woodpecker is endemic to the pine
forests of the southeastern United States. They typically
live in groups that consist of one monogamously breeding
pair and zero to four helpers (Lennartz and Harlow 1979),
the majority of which are male offspring from previous
breeding seasons (Walters et al. 1988). Helpers unrelated
to the breeders occur occasionally. Males are sufficiently
long-lived to provide ample opportunity for reciprocal in-
teractions. In the North Carolina Sandhills, male breeders
have lived to age 17 (J.R. Walters, P.D. Doerr, J.H. Carter
III, unpublished data). On the other hand, not all fledgling
males remain as helpers and not all helpers become
breeders on their natal territory. Some fledgling males
disperse in their 1st year to search for a breeding vacancy,
and some helpers disperse to neighboring territories to fill
breeding vacancies (Walters et al. 1988). Thus, the likely
frequency of reciprocal exchanges of helping behavior in
the red-cockaded woodpecker is not obvious.

Methods

The Sandhills (SH) study area is located in southcentral North
Carolina, and contains approximately 250 groups of marked red-

cockaded woodpeckers. This study area encompasses approxi-
mately 110,000 ha and is described in detail in Carter et al. (1983)
and Walters et al. (1988). The other two populations are located
along the southeastern coast of North Carolina. The population on
Camp LeJeune Marine Base (CL) inhabits 34,425 ha, and that on
Croatan National Forest (CNF) 63,907 ha. Combined, these two
populations contain approximately 100 groups of marked red-
cockaded woodpeckers. Complete descriptions of the habitats as-
sociated with coastal plain populations are in Zwicker (1995).

All three populations inhabit longleaf pine (Pinus palustris)
communities of various types, with diverse groundcover and
sparse hardwood midstory. Demographic data were collected for
16 years (1980–1996) from the Sandhills population, and for 9
(1987–1996) and 11 (1985–1996) years from Camp LeJeune and
Croatan National Forest, respectively. A complete description of
monitoring methods is in Walters et al. (1988). Most individuals
were marked with color bands as nestlings and their life histories
were followed thereafter. During annual breeding season censuses,
we determined the identity and status (e.g., breeder, helper) of
each member of each group. We also determined the number and
identity of all fledglings produced by each group. From these data
we calculated annual survival rates, status transition probabilities
(e.g., fledgling to helper, helper to breeder) and the coefficient of
relatedness between helpers and the offspring they helped raise.

We examined reciprocal exchanges of helping between males
because males are more often helpers, more often become breed-
ers on their natal territories, and have lower mortality rates than
females (Daniels 1997; Walters et al. 1988). Therefore, exchanges
between males will be much more common than exchanges in-
volving females. We used the observed transition probabilities be-
tween male life stages (Table 1) to estimate the frequency of reci-
procity in each of the three populations. For a male’s help to be re-
ciprocated, the following must occur: (1) a helper must raise a
male fledgling, (2) the helper must inherit the breeding position on
the territory on which he helped, and (3) the male fledgling must
stay and help the new breeder. A male fledgling has three possible
fates other than remaining as a helper: he may (1) die, (2) dis-
perse, or (3) inherit the natal territory and become a breeder in his
1st year as an adult (Walters et al. 1988). Similarly, a helper may
(1) die, (2) disperse, or (3) remain for another year as a helper
rather than inherit the breeding position (Walters et al. 1988). We
assume there is no possibility of reciprocation for helpers that dis-
perse because nonnatal helpers are rare (Walters 1990).

If the helper does not inherit the natal territory after 1 year of
helping, but instead stays and helps again in the following year, he
may raise yet another male helper. To determine the overall proba-
bility of reciprocation, all the possible permutations by which re-
ciprocation may occur must be summed. For example, a fledgling
male raised when the helper is age 1 might assist the helper when
he becomes a breeder at age 2, or one raised when the helper is
age 3 might assist him when he becomes a breeder at age 6. We
calculated all possible permutations for helpers through age 8: we
have observed no males that helped beyond age 8 (J.R. Walters,
P.D. Doerr, J.H. Carter III, unpublished data). To estimate the

Table 1 Annual transition probabilities used to calculate the prob-
ability of reciprocation in three populations of red-cockaded
woodpecker: Sandhills (SH), Camp LeJeune (CL), and Croatan
National Forest (CNF)

Symbol SH CL CNF

Fledgling stays and helpsa B 0.31 0.39 0.29
Helper stays and helps again H 0.50 0.51 0.60
Helper inherits natal territory I 0.14 0.08 0.11

a The probability that a fledglings stays on the natal territory and
helps at age 1 is multiplied by the increase in reproductive success
attributable to a helper (0.39 fledglings; Heppell et al. 1994) and
the nestling sex ratio (0.5; Walters 1990) to determine B in the ex-
pression used to calculate the probability of reciprocation
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probability of reciprocation (R) based on population-specific tran-
sition probabilities, we employed the following expression:

where I is the annual probability that a helper inherits breeding
status, H is the annual probability that a helper will remain a help-
er for an additional year, and B is the annual probability that the
helper will raise a male fledgling that will stay and help in the fol-
lowing year. B is calculated as the product of the increase in repro-
ductive success attributable to a helper (0.39 fledglings; Heppell et
al. 1994), the nestling sex ratio (0.5; Walters 1990), and the proba-
bility that a male fledgling will stay on the natal territory and help
at age 1 (Table 1).

The calculated value represents the estimated probability of re-
ciprocation based on observed population dynamics in each popu-
lation. When we calculate this estimate we assume that the events
(B, H, and I) are independent. If these probabilities (B, H, and I)
are not independent, or are conditional on some other variable,
this estimate may not be accurate. Therefore, we calculated an em-
pirical estimate as the number of reciprocity events divided by the
number of helpers in the population over the time period of the
study. To examine the possibility that individuals preferentially as-
sist those who helped raise them, we used a one-tailed binomial
test based on a Poisson distribution to compare the calculated esti-
mate of the probability of reciprocation to the empirical estimate
in each of the three study populations (Zar 1984).

If the calculated estimate and the empirical estimate are not
equivalent, then our assumption of independence between the
variables, B, H, and I is incorrect. Some of the possible violations
of this assumption have significant implications for the evolution
of reciprocity. For example, a male fledgling staying (B) might be
conditional on (1) a helper assisting in raising it, (2) its kin rela-
tionship to the helper that raised it, (3) the helper inheriting 
the territory (I) so the fledgling can assist him, or (4) the quality of
the territory. To examine the effects of kinship, we divided helper-
offspring pairs into four relatedness categories depending on the
value of the coefficient of relatedness between them (r): closely
related (r≥0.5), moderately related (0.49≥r≥0.25), distantly related
(0.24≥r≥0.01), and unrelated (r=0). We used only Sandhills data
for the analysis of kin effects on observed levels of reciprocity, be-
cause only for this population were sample sizes in each related-
ness category sufficient. We used a χ2-test to determine if reci-
procity occurs independently of relatedness. To determine if off-
spring preferentially assist former care-givers in the absence of the
confounding variable of kinship, we compared the calculated esti-
mate for the frequency of reciprocal exchange of helping to the
empirical estimate of reciprocity among unrelated helper-offspring
pairs using a binomial test based on a Poisson distribution.

Results

The calculated probability of reciprocation was approxi-
mately 2% for Camp LeJeune, Croatan National Forest,
and the Sandhills (Table 2). The observed incidence of re-
ciprocity was significantly higher than the estimate based
on population demography at Camp LeJeune (n=196, re-
ciprocal exchanges=9, P=0.005) and the Sandhills
(n=1,251, reciprocal exchanges=73, P<0.0001; Fig. 1).
For Croatan National Forest, the calculated and empirical
estimates of the frequency of reciprocity were not differ-
ent (n=103, observed reciprocal exchanges=1, P=0.906).

If reciprocity is an important factor contributing to the
decision of young male fledglings to help, we expect re-
ciprocity to occur equally among relatedness classes.
However, the frequency of reciprocity was found to de-
pend on the degree of relatedness between the helpers

and the male offspring they helped raise (χ2=8.31, df=3,
P=0.04). Reciprocity was more common among the most
closely related males (Table 3). The strongest test of
preferential assistance to former care-givers is to com-
pare the calculated and empirical estimates of the inci-
dence of reciprocated assistance by males unrelated to
helpers who helped raise them: these two estimates do
not differ (n=60, P(x≥2)=0.387).

Discussion

Our results indicate that reciprocal exchanges of helping
behavior do not occur sufficiently often to constitute an
important benefit of helping behavior. Nevertheless, in
the Camp LeJeune and Sandhills populations, the ob-

Table 2 Estimated probabilities of reciprocation based on survival
and status transition probabilities for three populations of red-
cockaded woodpecker: Sandhills (SH), Camp LeJeune (CL), and
Croatan National Forest (CNF). Values represent the probability
that a helper will inherit breeding status at the age indicated and
subsequently be assisted by a male he helped raise. The summed
values represent the overall probability that a helper will be assist-
ed as a breeder by a male he helped raise

Age (years) SH CL CNF

2 0.0088 0.0061 0.0062
3 0.0063 0.0047 0.0059
4 0.0036 0.0028 0.0043
5 0.0018 0.0015 0.0028
6 0.0009 0.0008 0.0018
7 0.0005 0.0004 0.0011
8 0.0002 0.0002 0.0007
9 0.0001 0.0001 0.0004
Sum 0.0222 0.0166 0.0232

Fig. 1 Calculated estimates (open bars) and empirical estimates
(hatched bars) of the probability of reciprocation of helping
among male helpers in three red-cockaded woodpecker popula-
tions in North Carolina: Sandhills (SH), Camp LeJeune (CL), and
Croatan National Forest (CNF). The number of observed inci-
dences of reciprocal exchange of helping are indicated above the
hatched bars
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melanorhampos), but definitive results remain to be pub-
lished. In this species, helpers are a necessity for suc-
cessful reproduction and, occasionally, young are kid-
napped from other groups. Heinsohn (1991) speculated
that older helpers form relationships with kidnapped
young to increase the chances of future help.

In two studies, reciprocity was rejected as an explana-
tion of helping despite a high incidence of reciprocity
compared to our paper. Stripe-backed wren (Campylo-
rhynchus nuchalis) breeders receive aid from 17% of the
young they helped raise while helpers. Rabenold (1985)
nevertheless rejected the reciprocity hypothesis because
breeders reliably received aid from younger nonbreeders
whether or not that particular breeder helped raise the
younger nonbreeder. Galapagos mockingbirds (Nesomi-
mus parvulus) are flexible helpers, meaning that an indi-
vidual can simultaneously be a breeder in one group and
a helper in another during the same breeding season. If
reciprocity was an important direct benefit in this spe-
cies, one would expect to observe an exchange of help-
ing between helpers and adult breeders as well as be-
tween helpers and offspring they had helped raise. Curry
and Grant (1990) concluded that reciprocity was not an
important benefit of helping because it never occurred
between helpers and adult breeders and because the 15%
probability of reciprocity observed between helpers and
offspring they helped raise was confounded by related-
ness.

The hypothesis that helpers gain benefits from future
assistance by the young they help raise has been rejected
for most cooperatively breeding birds in which it has been
studied because of a low incidence of reciprocity. For ex-
ample, pinyon jays (Gymnorhinus cyanocephalus) receive
aid from those they help raise only 1.1% of the time
(Marzluff and Balda 1990). White-fronted bee-eater breed-
ers (M. bullockoides) who had been helpers for at least 1
year had no higher probability of being aided than breeders
who had never helped (Emlen and Wrege 1989). This 
hypothesis has also been rejected for Arabian babblers 
(Turdoides squamiceps; Zahavi 1990), hoatzin (Opistho-
comus hoazin; Strahl and Schmitz 1990), and gray-breast-
ed jays (Aphelocoma ultramarina; Brown 1987).

Cumulative evidence suggests that red-cockaded
woodpeckers may derive no direct fitness benefits from
helping behavior. Helpers do not gain reproductive bene-
fits through improved reproductive skills (Khan and
Walters 1997), or future reproductive benefits through
increased access to mates (Haig et al. 1994). Helpers do,
however, gain indirect fitness benefits from helping
(Heppell et al. 1994; M.Z. Khan and J.R. Walters, un-
published data).

If helpers gain only indirect benefits from helping be-
havior, what explains the occurrence of unrelated helpers
in red-cockaded woodpecker populations? Perhaps help-
ing unrelated breeders is a byproduct of natural selection
favoring helping behavior between kin. Unrelated help-
ers likely join groups as a means to obtain a high-quality
territory. Subsequent helping behavior by unrelated
males in this context may represent a mistake. Given se-
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served frequency of reciprocation was significantly high-
er than the frequency with which we estimated it would
occur based on survival and status transition probabili-
ties. Does this mean that males preferentially assisted
those who had raised them? We think it is more likely
that reciprocity is an incidental byproduct of other pro-
cesses governing helping behavior. Males may preferen-
tially assist relatives due to the indirect fitness benefits
derived from helping kin (Heppell et al. 1994; Walters et
al. 1992b), and those who helped raise them usually are
kin (Walters 1990). The lack of reciprocity in unrelated
helper male-offspring pairs supports this assertion.

Territory quality may also be a confounding factor.
Fledglings may be more likely to stay and help, and
helpers to remain to inherit breeding status, on high-
quality territories, regardless of aid received as nestlings.
If helping is concentrated in a subset of territories, rather
than being distributed randomly among territories, then
reciprocal exchanges will occur more often than estimat-
ed from populationwide status transition probabilities.
Confounding by territory quality might explain why the
empirical estimate of the frequency of reciprocity was
higher than the calculated estimate for the Sandhills and
Camp LeJeune populations, but not the Croatan National
Forest population. Croatan National Forest contains rela-
tively little high-quality habitat. Much of it is comprised
of high and low pocosin wetlands that are not used as
nesting habitat (Walters et al. 1995) and, unlike in the
other two areas, management has focused on timber pro-
duction rather than maintaining high-quality longleaf
habitat.

We conclude that reciprocal exchanges of helping
provide no selective advantage to promote helping be-
havior in red-cockaded woodpeckers. Is this benefit im-
portant in other species? Benefits resulting from aid by
previous recipients of help have been demonstrated only
in the green woodhoopoe (Phoeniculus purpureus). In
this species, nonbreeding adults become helpers whether
or not they are related to nestlings, suggesting that indi-
rect benefits are not a sufficient explanation for helping
behavior. Green woodhoopoe breeders receive aid in ac-
quiring territories and raising young from subordinate
birds with whom they formed alliances when they were
helpers (Ligon and Ligon 1978, 1983). Reciprocity may
also be important in the white-winged chough (Corcorax

Table 3 Kinship effects on reciprocity in the Sandhills population.
Values are the frequencies of helper male-offspring pairs in which
male offspring reared by the helper did (Reciprocated) or did not
(Unreciprocated) assist the helper when the helper became a
breeder. The proportion of unreciprocated and reciprocated help-
ers in each relatedness category is shown in parentheses

Coefficient Unreciprocated Reciprocated 
of relatedness helpers helpers

r≥0.50 537 (92%) 45 (8%)
0.49≥r≥0.25 384 (96%) 14 (4%)
0.24≥r≥0.01 135 (94%) 9 (6%)
r=0 58 (97%) 2 (3%)
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lection for helping relatives, and perhaps an initial predi-
lection toward parental behavior (Jamieson and Craig
1987), the frequency of unrelated helpers and the costs
of helping may be insufficient to produce discrimination
among potential recipients of help based on kinship.

Although we observe patterns of helping among close
relatives in the red-cockaded woodpecker, this pattern is
not determined by discriminatory aid toward kin as has
been demonstrated in the white-fronted bee-eater (Emlen
and Wrege 1988). Rather, helping among close relatives
is best explained by the process by which male fledg-
lings become helpers and by the dynamics of territory
acquisition. The probability of male offspring from sub-
sequent breeding seasons aiding either a father, a brother,
or a half-brother is high because (1) male offspring be-
come helpers by remaining on their natal territory, and
(2) helpers often become breeders on their natal territory
by inheriting it from their father. Thus, a male’s holding
of breeding status on the natal territory is a reliable indi-
cator that he is a relative, and we see no evidence of
more sophisticated mechanisms of kin discrimination be-
yond this predictable context cue.

One adaptive explanation for helping behavior by un-
related birds is the pay-to-stay hypothesis (Gaston 1978).
This hypothesis assumes that breeders bear a cost of
sharing their territory with additional adults, and helpers
assist with reproduction to defray this cost. The pay-
to-stay hypothesis predicts that breeders will evict any
adult that does not help. This hypothesis is difficult to
test in the absence of adults that do not help.

One factor correlated with the presence of unrelated
helpers is the age of the male breeder. Unrelated helpers
occur at higher proportions in groups with 1-and 2-year-
old breeders (Table 4; χ2=38.89, df=4, P<0.05). Perhaps
young breeders are more likely to have unrelated helpers
because they do not have any offspring that could assist
in excluding immigrant males, or are less able to exclude
them themselves. That unrelated helpers join groups with
young male breeders because young breeders are vulner-
able to cuckoldry is ruled out by the finding that helpers,
whether related to the breeders or not, do not sire off-
spring (Haig et al. 1994). We suggest that the existence
of unrelated helpers in these populations may be ex-
plained by either the adaptive pay-to-stay hypothesis or a
nonadaptive hypothesis, but further work is necessary to
discriminate between these possibilities.
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