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Abstract Several hypotheses have been suggested to
explain the evolution and maintenance of helping be-
havior in cooperatively breeding birds, one of which we
investigated in the red-cockaded woodpecker (Picoides
borealis). Helping may provide a learning experience
that improves reproductive success once the helper be-
comes a breeder. We used data collected from a popu-
lation of red-cockaded woodpeckers in the Sandhills of
North Carolina to compare the reproductive success of
2-year-old breeders that were helpers at age 1 (helping
experience) to those that were ¯oaters or solitary males
at age 1 (no helping experience). Reproductive success of
the two groups was similar, indicating that helping
provides no experience useful in reproduction. We reject
the learning experience hypothesis as an explanation for
the maintenance of helping behavior in red-cockaded
woodpeckers.
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Introduction

Cooperative breeding is a social system in which some
individuals assist in rearing young produced by other
conspeci®cs (Brown 1978, 1987; Emlen and Vehrencamp
1983; Emlen 1991). Cooperative breeding occurs in over
150 avian species, in several di�erent taxonomic groups,
suggesting that it has evolved independently several
times (Emlen 1991; Ligon 1993). The evolution of co-
operative breeding is considered to involve: (1) the re-
tention of young on their natal territory and (2) the

expression of helping behavior by those retained young
(Brown 1974, 1987; Emlen 1982). A substantial amount
of evidence indicates that retention of young can be
explained by habitat quality or resource availability
(Koenig and Pitelka 1981; Emlen 1991; Stacey and
Ligon 1987, 1991; Koenig et al. 1992; Komdeur et al.
1995). The evolution of delayed dispersal in the red-
cockaded woodpecker (Picoides borealis) is related to
variation in habitat quality resulting from availability of
cavities for roosting and nesting (Walters 1991; Walters
et al. 1992a). Cavities are an especially valuable resource
for this species because red-cockaded woodpeckers ex-
cavate cavities in live pine, a process that requires years
to complete (Conner and Rudolph 1995).

In this paper we address the second evolutionary
question of why helpers help, within the framework of
the cooperative breeding system of the red-cockaded
woodpecker. Helping may be favored evolutionarily by
indirect bene®ts, current bene®ts or future direct bene-
®ts. A nonreproducing individual could indirectly ben-
e®t by raising non-descendent kin (Hamilton 1963,
1964). Additionally, helpers may accrue current or fu-
ture direct bene®ts via aid received from former recipi-
ents of help, improved survival due to bene®ts of group
living or enhanced reproductive success as a result of
helping experience (Emlen and Wrege 1989).

We tested the skills hypothesis which states that o�-
spring remain in association with their parents until they
have gained the behavioural skills necessary for suc-
cessful dispersal and independent reproduction (Skutch
1961; Lack 1968; Brown 1987). If helping serves to learn
skills necessary for reproduction we expect ®rst-time
breeders with helping experience to enjoy higher repro-
ductive success than ®rst-time breeders without such
experience. Direct evidence of enhanced reproductive
success of breeders with previous experience is scant, is
often confounded by age because birds with helping
experience tend to be older than those without, and
samples are typically small (Woolfenden and Fitzpatrick
1984; Rowley and Russell 1990). A comparison in which
these confounding factors were controlled in the white-
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fronted bee-eater (Merops albicollis) revealed no e�ect of
helping experience on breeding success of novice
breeders (Emlen and Wrege 1989). However, Komdeur
(1996) provides compelling evidence that helping confers
future direct bene®ts among Seychelles warblers (Acro-
cephalus sechellensis).

One method to assess helping as a learning experience
is to compare novice breeders of the same age with and
without helping experience. In most species, the dy-
namics of the breeding system preclude such a com-
parison. Red-cockaded woodpeckers are unusual among
cooperative breeders in that many individuals disperse
after ¯edging and thus never gain experience as a helper,
and many of these individuals spend a year or more as
¯oaters or solitary males (Walters et al. 1988; Walters
1990). Thus we were able to compare novice breeders of
age 2 that had gained helping experience at age 1,
against those that had been solitary males or ¯oaters at
age 1, and therefore had no such experience. By limiting
the comparison to birds that become breeders at age 2,
we avoid including perennial helpers who may be infe-
rior individuals (Fitzpatrick and Woolfenden 1989) in
the analysis.

Methods

Study area and study population

The Sandhills study area, located in south-central North Carolina,
is dominated by second-growth longleaf pine (Pinus palustris) with
scattered old-growth trees, a midstory of oaks (Quercus spp.) in
some places, and a diverse ground cover dominated by wire grass
(Aristida stricta). Wet areas are characterized by a dense understory
of deciduous and evergreen shrubs. Loblolly pine (P. taeda) occurs
as second growth on some old ®eld sites. The total sample area is
approximately 110,000 ha, and is described in detail in Walters
et al. (1988).

We used data collected from a population of red-cockaded
woodpeckers in the Sandhills over 15 years. Each year, within the
study area, which includes about half the Sandhills population, all
nestlings and immigrant adults were marked with unique color band
combinations, members of all groups were identi®ed from these
bands, and the status (e.g., helper, breeder, ¯oater) of each group
member was ascertained. All nests were monitored, and the number
of young ¯edged by each group determined. The result is a complete
census and determination of reproductive success for an essentially
completely marked subpopulation. A complete description of
monitoring methods can be found in Walters et al. (1988).

Red-cockaded woodpeckers occur in groups that consist of a
pair of breeders and none to four non-breeding male helpers (Ligon
1970; Lennartz et al. 1987; Walters et al. 1988; Walters 1990; Haig
et al. 1994). Helpers are usually previous o�spring of either the
breeding male or both breeders, or sometimes they help older sib-
lings or other male relatives that have inherited the territory. Oc-
casionally, helpers are unrelated to those they help. Helpers
participate in territory defense, construction and maintenance of
nest cavities, incubation, brooding, feeding nestlings, and feeding
and tending ¯edglings (Lennartz and Harlow 1979).

Helping experience

We analyzed data from 1980±1995 to see if helping experience in-
creased the number of ¯edglings produced by a helper once he

attained breeding status. Only males with known histories were
used in the analysis. In order to control for possible age e�ects, we
limited our comparisons to novice breeders of age 2. Males that at
age 1 were solitary males or ¯oaters were categorized as inexperi-
enced. Experienced birds were males that at age 1 were helpers in
groups that successfully ¯edged young. Helpers in groups with
failed nests or groups that did not attempt to breed were excluded
from the analysis. Two measures of reproductive success, number
of ¯edglings produced (RS1) and number of ¯edglings that sur-
vived to 1 year (RS2) were used to examine the reproductive con-
sequences of helping experience.

Previous analyses showed that there is no systematic di�erence
in quality of territories acquired or reproductive success as breeders
between males that disperse after ¯edging and those that remain as
helpers initially (Table 2 in Walters et al. 1992b). However, re-
productive success varies with group size due to both e�ects of
helpers and a correlation between group size and territory quality
(Walters 1990). Therefore, we analyzed reproductive success using
experience and group size as factors. The distributions of the de-
pendent variables (RS1, RS2) were not normal (KSRS1=3.88,
P < 0.01; KSRS2 = 6.03, P < 0.01). We used a general linear
model in SAS (SAS 1996) using group size, helping experience and
their interaction as factors. This procedure was used because it is
robust to violation of assumptions and nonparametric methods for
unbalanced data including interaction e�ects are not readily
available.

Sample sizes at larger group sizes were small, precluding de-
tailed analysis of the interaction between group size and helping
experience. This is because group sizes greater than three are un-
common in this species (Walters et al. 1988), and the social dy-
namics are such that breeders of age two rarely have helpers. As a
nonparametric alternative for assessing the commonest context in
which the skills hypothesis is relevant, we used Mann-Whitney U-
tests to compare the median reproductive success of inexperienced
and experienced novice breeders at a group size of two. Finally, we
used a chi-square test to compare the distributions of numbers of
¯edglings produced (0, 1, 2, 3 or 4 ¯edglings) for inexperienced and
experienced novice breeders at a group size of two.

Results

Previous helping experience had no in¯uence on the re-
productive success of novice 2-year-old breeders mea-
sured either as the number of ¯edglings produced
(F3,195 = 1.47, P = 0.22) or number of yearlings pro-
duced (F3,168 = 1.17, P = 0.32). Statistically, there was
no interaction between e�ects of group size and helping
experience on reproductive success [F(RS1)1,195 = 0.36,
P = 0.55; F(RS2)1,168 = 0.62, P = 0.43]. However, in
only a few instances did novice 2-year-old breeders
without helping experience occur in groups of three
adults (Fig. 1), and they never occurred in larger groups.
The trend was for groups of three novice breeders with
helping experience to do better (Fig. 1), but we conclude
that we could not adequately assess e�ects of helping
experience except in groups of two. In pairs, for both
measures of reproductive success, experienced novice
breeders had slightly lower success than their inexpe-
rienced counterparts (Fig. 1), but this di�erence was
insigni®cant (Mann-WhitneyRS1 = 7063, P > 0.05;
Mann-WhitneyRS2 = 5002, P > 0.05). Finally, the
distributions of the number of ¯edglings produced by
experienced and inexperienced novice breeders in pairs
were not di�erent (Fig. 2; v2 = 1.43, P = 0.70), nor
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were the distributions of the number of yearlings pro-
duced (Fig. 2; v2 = 0.97, P = 0.62).

Discussion

Our analysis shows that helping experience has no e�ect
on reproductive success of novice breeders within un-
assisted pairs in red-cockaded woodpeckers. These re-
sults are consistent with a previous study that showed
that life-time reproductive success of birds that chose to
remain on their natal territory as helpers initially and of
those that dispersed in their ®rst year was similar
(Walters et al. 1992b). Lack of e�ort can not account for
our results. In red-cockaded woodpeckers helpers con-
tribute substantially to both feeding young and incuba-
tion, and it is rare for individuals to shirk their duties
(Lennartz et al. 1987; DeLotelle and Epting 1992;
M.Z. Khan and J.R. Walters, unpublished work). If

helping experience matters, it must be at older ages or in
larger groups. The trend for individuals with helping
experience to do better in groups of three is consistent
with this possibility, but is open to other explanations.
First, birds with a history of helping are assisted by
auxiliaries in their ®rst year of breeding at a higher
frequency than breeders who did not remain on their
natal territory. This is because a male that inherits the
natal territory will often ``inherit'' younger helpers as
well. In contrast, the presence of other resident males
usually precludes dispersing males from acquiring
breeding positions. Second, it is quite likely that the
observed trend is an artifact of small sample sizes for
novice breeders in the inexperienced category. Third, the
observed increase in reproductive success at larger group
sizes among novice breeders with helping experience
may be attributable to the breeding experience of their
mate. A novice breeding male who inherits the breeding
position may acquire a mate with breeding experience.
Females appear to practice incest avoidance but a female

Fig. 1 Mean reproductive suc-
cess measured as the number of
¯edglings (RS1) and number of
yearlings (RS2) produced by 2-
year-old novice breeders with or
without 1 year of helping expe-
rience. Sample sizes are shown
over each standard error bar

Fig. 2 Distribution of the
number of ¯edglings produced
(RS1) and number of yearlings
produced (RS2) by 2-year-old
novice breeders in pairs cate-
gorized by previous helping
experience. Each bar represents
the percentage of breeders in
each helping experience cate-
gory that produced 0, 1, 2, or 3
¯edglings/yearlings
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breeder will remain on a territory after her mate dies if
she is unrelated to the male helper who inherits the
breeding position. In contrast, females usually depart if
their mate is replaced by a young immigrant male
(Walters et al. 1988).

It is possible that the direct bene®t of helping expe-
rience, if it exists, is cumulative and that birds of com-
parable age with di�erent amounts of helping experience
might show di�erences in reproductive success. This
seems unlikely, as one would expect the ®rst year of
helping experience to have a larger e�ect then subse-
quent years of helping, and our data provide no indi-
cation of even a small e�ect of helping experience during
the ®rst year. In contrast to what the helping experience
hypothesis predicts, Florida scrub-jays (Aphelocoma
coerulescens) with additional years of helping experience
have lower reproductive success than individuals with
only 1 year of helping experience, suggesting that pe-
rennial helpers are inferior (Fitzpatrick and Woolfenden
1989). We conclude that the skills hypothesis can be
rejected for red-cockaded woodpeckers.

To demonstrate an e�ect of helping experience
clearly, one must separate helping experience from
breeding experience and e�ects of age independent of
experience. Only two previous studies have adequately
tested the skills hypothesis as an explanation for helping
behavior in cooperatively breeding birds. Among white-
fronted bee-eaters, helping experience had no e�ects on
subsequent reproductive success when those individuals
became breeders (Emlen and Wrege 1989). However,
helping experience has strong e�ects on reproductive
success in the Seychelles warbler (Komdeur 1996).

Although few studies have tested for e�ects of helping
experience on future reproductive success, many studies
have shown that helpers acquire important skills during
the time they remain on their natal territory. Helpers
among brown jays (Psilorhinus morio) (Lawton and
Guindon 1981), bell miners (Manorina melanophrys)
(Poiani 1993), white-winged choughs (Corcorax me-
lanorhampos) (Heinsohn et al. 1987; Heinsohn 1991) and
white-throated magpie jays (Calocitta formosa) (Langen
1996) exhibit improved foraging e�ciency as they grow
older. Although skill improvement with age is predicted
by the skills hypothesis, ful®lment of this condition
alone is not su�cient evidence that skill acquisition
operates to maintain helping behavior in a population.
Foraging e�ciency in these species may have improved
with age independent of their performing helping be-
havior. For example, nest attendance by white-throated
magpie jays is independent of their ability to procure
food for themselves (Langen 1996).

Bene®ts of helping experience may be restricted to
those species in which helpers but not non-helpers gain
experience with a few particular skills. Nest-building
may be one such skill. Female Seychelles warblers who
help gain experience building nests that non-helpers do
not (Komdeur 1996) whereas in red-cockaded wood-
peckers both helpers and non-helpers excavate cavities.
Incubation and feeding young apparently are skills that

require little practice, whereas foraging is a skill critical
to reproductive success that improves markedly with age
in many species but is not linked to helping.

Alloparental behavior may bene®t retained young in
several additive ways through indirect, current direct
and future direct ®tness bene®ts (Emlen 1991). The
current challenge for students of cooperative breeding is
to determine the relative importance of these bene®ts for
explaining the evolution and maintenance of helping
behavior. Here we have shown one possible direct
bene®t, helping experience, does not have favorable
reproductive consequences. However, four viable ex-
planations of helping remain for the red-cockaded
woodpecker. First, helpers increase the number of
¯edglings produced per year (Heppell et al. 1994), and
since these young are highly related to them on average
(Walters et al. 1992b), they derive indirect bene®ts from
helping.

Second, helpers may gain future direct bene®ts from
pseudoreciprocity in which the original recipients of help
assist the helper once he has attained breeding status on
the natal territory (Connor 1986). The mechanism of
territory inheritance in red-cockaded woodpeckers (see
above) results in pseudoreciprocity, although its fre-
quency has yet to be measured. Third, helping may be a
``payment'' to breeders in return for a breeder's toler-
ance of helpers on their territory. This hypothesis as-
sumes that helpers receive bene®ts from remaining on
their natal territory (Gaston 1978) and that parents
manipulate their o�spring. This hypothesis is little ex-
plored and its applicability to red-cockaded woodpeck-
ers is unclear. Finally, alloparental behavior that results
in larger group sizes through the production of ¯edglings
may increase the helper's annual survival through ben-
e®ts of group living. Reed and Walters (1996) and Le-
nnartz et al. (1987) found survival of male and female
breeders to be lower in the presence of helpers. However,
the survival bene®ts of living in large groups may vary
among group members (Koenig and Mumme 1987).
Therefore group size e�ects on helper survival speci®-
cally must be analyzed before this hypothesis can be
rejected.

In conclusion, we have tested for and eliminated one
possible direct bene®t of helping behavior in the red-
cockaded woodpecker, acquisition of skills important to
breeding. The most promising explanations of helping in
the red-cockaded woodpecker are indirect bene®ts de-
rived from raising kin, and future direct bene®ts result-
ing from pseudoreciprocation of helping by previous
bene®ciaries when the helper becomes a breeder.
Whether these bene®ts are su�cient to explain helping
remains to be determined.
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