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Summary. Thirty groups of red-cockaded wood
peckers (Picoides borea/is) were studied from 
1976-1982 to (1) determine the demographic struc
ture of groups, (2) identify the role helpers play 
in reproductive activities, and (3) investigate the 
selective pressures promoting sociality and helping 
behavior. Groups had only 1 mated pair and 
0-2 helpers. Approximately half of all groups had 
helpers and a given group had helpers some years 
but not others. Helpers, with rare exception, were 
males 1 or 2 years old and progeny of 1 or both 
members of the breeding pair. As a result of higher 
nestling survival, groups with helpers fledged sig
nificant~ more young per year than unassisted 
pairs (X=2.05, SD=0.97, n=43 vs .. X=1.40, 
SD=t.01, n=50). Nesting success was also asso
ciated with size and quality of nesting period home 
range, but evidence suggested that the increased 
number of young fledged resulted directly from 
the action of helpers. There was a significant posi
tive correlation between reproductive success and 
experience of breeding females among unassisted 
pairs but a significant negative correlation among 
pairs with helpers. In groups with experienced fe
males, helpers were assisting both their mothers 
and fathers and, therefore, were related to the off
spring on the average by 0.50. In groups with inex
perienced females, helpers were assisting their fa
thers and unrelated females and were related to 
the offspring by 0.25. The red-cockaded wood
pecker's unique habit of excavating nest and roost 
cavities in living pines and the extended period of 
time required for excavation may be an important 
ecological constraint that promotes the retention 
of helpers. Because helpers are related to the off
spring they help rear. kin selection and gains in 
indirect fitness may provide a partial explanation 
of why red-cockaded woodpecker helpers help. 

However, the negative correlation between the effi
cacy of helping behavior and the helpers' related
ness to the offspring they help rear implies that 
helpers are least effective in producing offspring 
which would represent greatest gains to indirect 
fitness. This raises questions about the relative im
portance of kin selection and indirect fitness in 
the evolution of helping behavior among red-cock
aded woodpeckers. 

Introduction 

Avian cooperative breeding systems, especially 
those in which some individuals (helpers) seem
ingly delay or forgo reproduction while assisting 
others, have been the subject of much research. 
Avian helpers have proven to be convenient sub
jects for exploring the selection pressures that pro
mote seemingly altruistic behavior (Brown 1974; 
Ricklefs 1975; Stacey 1979; Koenig and Pitelka 
1981), specifically for evaluating the concept of in
clusive fitness as an explanatory principle of why 
helpers aid in the rearing of offspring not their 
own (Brown 1978; Emlen 1978; Vehrencamp 
1979; Brown and Brown 1981; Woolfenden 1981; 
Emlen and Vehrencamp 1983; Woolfenden and . 
Fitzpatrick 1984). 

Cooperative breeding has been reported in 
more than 150 species of birds (Fry 1972; Grimes 
1976; Rowley 1976; Woolfenden 1976; Zahavi 
1976; Emlen 1982a), and several species have been 
studied in detail (see Emlen 1978 and Koenig 1981 
for reviews). The attention paid to such species 
has generated some common thinking among in
vestigators: the many species that share coopera
tive breeding as a common trait are quite diverse 
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in terms of taxonomy, life history, and habitat as
sociation (Brown 1978); given the diversity among 
birds exhibiting cooperative breeding, it is likely 
that the selective backgrounds and evolutionary 
mechanisms are diverse as well (Ricklefs 197 5; 
Brown 1978: Emlen 1982 a; Emlen and Vehren
camp 1983): and the applicability of selected hy
potheses for explaining the adaptive significance 
of cooperative breeding can only be evaluated with 
additional and more thorough long-term .field stu
dies (Bertram 1981; Emlen 1981; Fitzpatrick and 
Woolfenden 1981). 

The purpose of this study was to examine the 
structure and social interactions of groups of red
cockaded woodpeckers (Picoides borealis), a coop
erative breeding picid endemic to pine forests of 
the southern United States. Specific objectives 
were: (1) to determine the demographic structure 
of red-cockaded woodpecker groups, (2) identify 
the roles and influences of helpers in reproductive 
activities, and (3) identify or hypothesize the selec
tion pressures which might promote sociality and 
helping behavior in this species. 

Red-cockaded woodpeckers are nonmigratory 
and maintain large, all-purpose territories through
out the year (Ligon 1970; Hooper et al. 1982). 
During the nesting season, individual groups may 
consist of only a breeding pair or of a breeding 
pair plus 1 to 3 helpers (Ligon 1970; Baker 1971; 
Beckett 1971; Lay et al. 1971; Lennartz and Har
low 1979). Outside of the nesting season, a group 
may consist of only the breeding pair, but typically 
it also includes offspring of both sexes and fre
quently helper males. At the nest, helpers assist 
with incubating the clutch and feeding and brood
ing nestlings (Lennartz and Harlow 1979). After 
the young are fledged, helpers - along with the 
parents - continue to feed the young, and through
out the year they assist in territorial defense and 
cavity excavation (Ligon 1970; Hooper et al. 
1982). 

Methods 

We studied group structure and reproductive success in 30 red
cockaded woodpecker groups on the Francis Marion National 
Forest in Charleston and Berkeley Counties. South Carolina, 
from 1976-1982. The Francis Marion was selected as a study 
site because it supports one of the largest and densest popula
tions of red-cockaded woodpeckers. with approximately 
400 groups (Lennartz et al. 1983) on 64,751 ha ofloblolly (Pin
us taeda) and longleaf (P. palustris) pine stands (USDA Forest 
Service 1977). the principal nesting and foraging habitat of the 
bird. 

All birds that roosted within cavities and therefore could 
be trapped were marked with colored plastic leg bands. Adults 
were trapped by placing mist netting on a wire frame over 

. \ 

the entrance of the woodpeckers' roost cavities early in the 
morning before they left the roost. Nestlings were captured 
with the aid of nylon monofilament nooses at age 5 to 7 days. 

Reproductive success was monitored most intensively and 
systematically during 1977-1981. Additional observations made 
in 1976 and 1982 were used to augment the 5-year data set. 
Reproductive success was monitored for 5 years in 3 groups, 
4 years in 17 groups, 3 years in 7 groups, 2 years in 2 groups, 
and 1 year in 1 group for a total of 109 group-years. To monitor 
reproductive success, we inspected nest cavities at 2- to 3-day 
intervals beginning approximately 1 week before anticipated 
egg laying and continuing until young had fledged. 

Group size and composition were determined by trapping, 
banding, and observing the nest trees with spotting scopes while 
adults incubated and fed nestlings. Exact ages could be deter
mined only for those group members that were banded as nes
tlings and for juvenile males that retain a distinctive patch of 
red crown feathers for approximately 6 months after fledging. 
We know of no reliable method for determining the age of 
adult red-cockadeds. 

In addition to monitoring reproductive success, home
range size and the use and availability of foraging habitat were 
determined for 18 groups. The detailed methodology used to 
determine home ranges and to study foraging behavior has 
been described by Hooper and Lennartz (1981) and Hooper 
et al. (1982). For these 18 groups, followed for 1 year from one 
nesting season to the next, we also derived estimates of juvenile 
survivorship through 3, 6, and 12 months after fledging. 

Results 

Composition of red-cockaded woodpecker clans 

Although a given red-cockaded group may contain 
as many as 4 males during the nesting season, the 
species is presumed to be monogamous (Woolf en
den 1976). There is little direct evidence in the liter
ature to support this presumption other than the 
high frequency of solitary pairs as a breeding unit. 
Our observations indicate that the species is, in
deed, monogamous. In the course of determining 
home ranges, monitoring nest attentiveness, and 
verifying group composition, we observed copula
tions and mountings involving marked birds in 
12 different groups, 7 of which had male helpers. 
In no instance did we observe more than a single 
male to copulate with the group's resident female. 

We monitored a total of 109 group nesting sea
sons for 30 individual woodpecker groups. For 
93 of the nesting seasons, we were certain of group 
size and composition. The number of group nest
ing seasons with accurate information on group 
composition monitored per year ranged from a low 
of 14 groups to a high of 24. Among years, the 
proportion of groups with helpers ranged from 38 
to 57%, averaging 46% over the 5 years. Of the 
30 groups observed, 20 had helpers during at least 
one nesting season. The range in the number of 
helpers per group was quite narrow; 74% of the 
group nesting seasons attended by helpers had 



only 1, and the remaining 26% had 2. Only 
1 group had 3 helpers. 

All helpers. with the exception of one, assisted 
with feeding nestlings. The one helper that did not 
feed nestlings was repeatedly observed with an in
truding female. unrelated to resident group 
members. As will be noted later, intraspecific com
petitors may disrupt nesting efforts. Consequently, 
although this one helper was not observed attend
ing the nest, it may well have contributed to the 
success of the nesting effort by occupying a poten
tial competitor. 

The 43 group nesting seasons attended by help
ers involved 41 individual birds. Of the 41 individ
uals, 38 were male, 2 were female, and 1 was unde
termined. The 2 females were both associated with 
the same pair of breeders but in 2 successive years. 
Thus, of 20 different groups that had helpers 
in 1 or more nesting seasons, only 1 group ever had 
female helpers. Ligon (1970) reported 1 female 
among the 4 helpers he observed at 2 nests, but 
female helpers were rare in our study area. 

For 19 of the 43 group nesting seasons that 
involved helpers, we were able to calculate related
ness from banding histories of 19 individual help
ers to both breeders and to nestlings. Twelve of 
the 19 helpers were progeny of the breeding pair 
and full siblings of the nestlings they cared for. 
Five helpers were genetically related to only 1 of 
the breeders, in four instances to the male and in 
one to the female, and half-sibs of the nestlings. 
We encountered two instances where helpers at
.tended nests of breeders to which they were unre
lated. Both cases involved the same group but in 
2 successive years. In both years, the resident 
group consisted of the same mated pair plus a year
ling female offspring. In addition to the 3 family 
members, a fourth bird was observed regularly 
feeding the group's nestlings. Banding and repro
duction records indicate that this latter helper 
could not have been genetically related to the resi
dent group members. In the first year the unrelated 
helper was unhanded and of undetermined sex and 
origin, whereas in the second year the unrelated 
helper was a male that had been banded just before 
the nesting season in an adjacent territory. It is 
possible that the same bird was involved both 
years. Because both events were associated with 
the presence of female helpers, possibly the unre
lated helper(s) was attempting to consort with the 
auxiliary female. Also. because 2 males and 2 fe
males were associated with the same nest, the actu
al parentage of the brood remains uncertain. 
Whatever the explanation, both behaviors - the 
presence of female helpers and helpers unrelated 
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to the breeding pair - are unique. In 93 nestings 
involving 30 groups over 5 years, this behavior was 
observed only twice and only within a single group. 

Group dynamics 

We did not find red-cockaded groups to be stable 
social units. Of the 30 groups studied, 7 had a turn
over of 1 breeder and 11 had a turnover of both 
breeders. The average (±SD) annual turnover rate 
for breeders was 21 % (± 10%) for males and 23% 
(± 12%) for females. Also, 14 of the 30 groups had 
helpers some years but not others. Of the 16 groups 
that were consistently pairs or consistently pairs 
plus helpers, only 3 had the same breeding pair 
all years they were under observation. Generally 
an individual's tenure as a breeder was limited to 
a single group. Among 17 breeding females that 
disappeared from their original groups, only 1 was 
discovered functioning as a breeder in another 
group. The others were not found. We observed 
the disappearance or expulsion of 14 breeding 
males, none of which was subsequently encoun
tered in other groups. Because our study groups 
represented an extremely small portion of the total 
red-cockaded population in our study area, it is 
possible the birds that disappeared from study 
groups could have become affiliated with other 
groups without our detecting them. 

Birds that served as helpers also limited their 
association to a single group, their natal group 
as noted previously. Turnover in helpers was rapid, 
and few birds spent more than 1 or 2 years in help
er status. We have precise data on the time spent 
in helper status for only 9 of the 41 individuals we 
observed as helpers. These are birds whose tenure 
as helper~ began and ended within the time frame 
reported here. Of the 9, 7 remained with their natal 
groups as helpers for 1 nesting season, and 2 for 
2 seasons. For the remaining 32 helpers, we lack 
information either on when they first became help
ers or on when their tenure might end. Of these 
32 individuals, 2 served as helpers for at least 
3 years, 7 for. at least 2 years, and 23 for at least 
1 year. We observed no instances of birds leaving · 
their natal territory and returning in subsequent 
years to serve as a helper. Consequently, most 
helpers were birds 1 to 2 years old. 

Of 9 marked males that were observed to ac
quire breeding status, 4 became breeders in the ter
ritories where they had served as helpers following 
the disappearance of the breeding males. For 3 of 
the 4, the eventual breeding territory is known to 
have been the natal territory. At the time they be
came breeders, 2 of the males were 2 years old, 
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1 was 3 years old, and 1 was· at least 4 years old. 
All had served as helpers the years prior to becom
ing breeders. In two cases, the new breeders re
placed their fathers. attracted new females, and 
their mothers either left or were ejected from the 
territory. In a third case, the sequence of territory 
inheritance was from father to son to brother. Fol
lowing loss of the original breeder, a 3-year-old 
son that had helped for 2 years attracted a new 
female and became the new breeder. When he dis
appeared a year later, his 2-year-old brother whom 
he had helped rear, and who in turn had assisted 
him as a helper for 1 year, became the breeder. 
The second breeding female, unfortunately, was 
unbanded, so we do not know if the last male at
tracted a new female or merely mated with the 
same female that had been paired with his brother. 
In the fourth case, a bird that had helped for at 
least the 3 previous years mated with the resident 
female when the breeding male disappeared. Be
cause this bird had not been banded until in helper 
status, its relatedness to the original breeding male 
and female was not known. 

In the cases noted above, when a breeding male 
disappeared and the breeding female and helper 
remained, it was the helper male that retained the 
territory. We observed one instance, however, in 
which a female and her male progeny both re
mained in their territory following disappearance 
of the original breeding male. The female mated 
with a new male, and her male offspring, which 
was not yet 1 year old at the time of turnover in 
breeding males, remained in the territory and sub
sequently functioned as a helper. Possibly this in
stance of both a male off spring and its mother 
remaining in their territory following loss of the 
breeding male was a function of the youth and 
inexperience of the male and its inability to com
pete successfully with older males for cavity trees, 
territory, and a mate. 

The other 5 marked males that were observed 
to acquire breeding status replaced or overthrew 
breeding males in territories bordering their natal 
territories. All had served as helpers in their natal 
territories, and at the time of acquiring breeding 
status. 2 were 2 years old, 1 was 3 years old, 1 was 
at least 3 years old, and 1 was at least 4 years old. 
We do not know how these birds achieved breeding 
status. However, we saw two cases where resident 
breeding males were physically evicted from their 
territories and replaced by alien males. We suspect 
at least some of the 5 males obtained breeding sta
tus via contest with the resident male. 

Our information on marked females acquiring 
breeding status is limited to data for 3 birds. This 
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paucity of information is related to the different 
dispersal patterns of males and females and to our 
inability to intensively monitor long-range move
ments. One female was originally banded in 1978 
when roosting in the territory of a group with 
which she did not forage. Her group affiliation 
at that time, if any, was unknown. In 1979 she 
was recaptured in a second territory, approximate
ly 0.9 km from the first, and again she was not 
part of the resident group. In 1980, she was recap
tured in a third territory but was not yet a breeder 
as no nest was found that year. Finally, in 1981, 
she was observed as the resident breeder in this 
last territory. Consequently, at the time of becom
ing a breeder, she was at least 4 years old and had 
spent at least 3 years moving from one territory 
to another, presumably searching for an opportu
nity to mate and reproduce. A second female, 
banded as a nestling, was recaptured the year after 
fledging while roosting in a territory adjacent to 
her natal territory, but she was not a member of 
the resident group. In her second year, she was 
recaptured from another territory adjacent to her 
natal territory where she was observed as the resi
dent breeder. The third female, whose age and ori
gin were unknown, was captured from two differ
ent territories in 1981 before settling as a breeder 
in a third territory in 1982. The sketchy picture 
that emerges from the behavior of these 3 birds 
is that females apparently disperse more widely 
than males and wander from territory to territory 
searching for opportunities to breed. In contrast, 
males often remain in their natal territories and 
later become breeders either there or in adjacent 
territories. 

We did not observe birds of either sex to be
come breeders as yearlings. However, subsequent 
to our studies in coastal South Carolina, we began 
studying a smaller population of red-cockadeds in 
the Piedmont of Georgia. The smaller population 
has allowed us to color-mark and monitor behav
ior of a much larger proportion of the birds. In 
the Georgia population, we have observed year
lings of both sexes as breeders. 

Roles and influence of helpers 
in reproduction 

Every year, groups with helpers consistently 
fledged more young than unaided pairs (Table 1). 
The difference in any given year, however, was not 
statistically significant. The lack of statistical sig
nificance is not surprising, considering the small 
sample sizes and relatively small differences in 
number fledged (0.25-0.80 per year). Five-year av-
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Table 1. Comparison of reproductive success between red-cockaded woodpecker groups with (H) and without (P) helpers, 
1977-1981, Francis Marion National Forest, South Carolina. Numbers in parentheses indicate number of groups included in 
analyses 

1977 1978 1979 1980 1981 Five-year average 

Proportion of groups nesting p 1.00 (9) 0.82 (11) 0.93 (15) 0.89 (9) 0.83 (6) 0.90 (50) 
H 0.89 (9) 1.00 (9) 1.00 (9) 1.00 (8) 1.00 (8) 0.98 (43) 

Clutch size p 3.11 (9) 2.89 (9)* 3.20 (14) 3.12 (8) 3.20 (5) 3.10 (45) 
H 3.50 (8) 3.56 (9) 3.11 (9) 3.00 (8) 3.25 (8) 3.28 (42) 

Hatching success p 0.75 (9) 0.65 (9) 0.78 (14) 0.68 (8) 0.75 (5) 0.73 (45) 
H 0.75 (8) 0.66 (9) 0.78 (9) 0.79 (8) 0.81 (8) 0.75 (42) 

Initial brood size p 2.33 (9) 2.83 (6) 2.50 (14) 2.12 (8) 2.40 (5) 2.43 (42) 
H 2.62 (8) 2.62 (8) 2.75 (8) 2.38 (8) 2.62 (8) 2.60 (40) 

Nestling survival p 0.71 (9) 0.71 (6) 0.66 (14)* 0.82 (8) 0.50 (5) 0.69 (42) .. 
H 0.90 (8) 0.81 (8) 0.91 (8) 0.84 (8) 0.76 (8) 0.85 (40) 

Young fledged (all groups) p 1.67 (9) 1.09 (11) 1.53 (15) 1.56 (9) 1.00 (6) 1.40 (50)** 
H 2.11 (9) 1.89 (9) 2.22 (9) 2.00 (8) 2.00 (8) 2.05 (43) 

Young fledged p 1.67 (9) 1.33 (9) 1.64 (14) 1.75 (8) 1.20 (5) 1.56 (45) .. 
(groups that nested) H 2.38 (8) 1.89 (9) 2.22 (9) 2.00 (8) 2.00 (8) 2.10 (42) 

• Means significantly different, P::.0.05, •• P::.0.01, 1-tailed, Mann-Whitney U-test (Siegel 1956) 

Table 2. Correlations between number of red-cockaded woodpeckers fledged and stages of clutch and brood development, Francis 
Marion National Forest. South Carolina. Spearman's (r,) and Pearson's (r) correlation coefficients 

Clutch and brood 1977 1978 1979 
development (r,) (r.) (r,) 

Pairs 

Clutch size -0.34 0.60 0.02 
Hatching success 0.24 0.87•• 0.43 
Initial brood size 0.10 0.55 0.29 
Nestling survival 0.65 0.98** 0.39 

Helpers 

Clutch size 0.84•• -0.50 0.16 
Hatching success 0.91 ** 0.79* 0.89** 
Initial brood size 0.95** 0.49 0.77* 
Nestling survival -0.55 0.64 0.14 

• Probability of coefficient ¢0, PS 0.05, •• P::.0.01 

erages, however, confirm the yearly trend. Over 
all years, groups with helpers produced significant
ly (P~0.01, 1-tailed test) more fledglings than did 
pairs. 

Examining each stage in the nesting process 
(Table 1) indicates that the larger number of young 
fledged by groups with helpers is probably the re
sult of the helpers' influence on nestling survival. 
This is the only stage in the nesting process prior 
to fledging where groups with helpers had signifi
cantly higher productivity or success than unass
isted pairs. This inference is strengthened when we 
examine how productivity or success at various 
stages in the nesting process correlates with 

1980 1981 Five years 
(r.) (r.) cumulative 

(r) 

0.09 0.41 0.15 
0.81 * 0.30 0.52* 
0.82* -0.17 0.24 
0.44 0.91 * 0.74** 

0.61 0.80* 0.29 
0.65 0.82* 0.80•• 
0.80* 0.96* 0.74** 
0.00 -0.41 0.27 

number of young fledged (Table 2). Because of 
small sample sizes, the data for each year were 
tested for correlations with Spearrnan's rank corre
lation coefficient (Siegel 1956). The cumulative 
data for 5 years were tested with Pearson's correla
tion coefficient (Zar 1974). For unassisted pairs, 
among years, the number of young fledged was 
most highly correlated with nestling survival and 
hatching success. Over all years combined, the 
number of young fledged by pairs was most highly 
associated with nestling survival. In contrast, for 
pairs assisted by helpers, nestling survival was not 
correlated with fledging success in any year or for 
the 5 years combined. These distinctly different 
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Table 3. Forms of nestling mortality among broods of red-cock-
aded woodpeckers reared by parents with (H) and without (P) 
helpers. 1977-1981. Francis Marion National Forest, South 
Carolina 

Year Group Proportion of Proportion of total 
type chicks that died chick mortality from 

loss of entire brood 

ll % I! % 

1981 p 6/12 50 5/6 83 
H 5/21 23 0/5 0 

1980 p 3/17 18 1/3 33 
H 3/19 16 0/3 0 

1979 p 12/35 34 4/12 33 
H 2/22 9 0/2 0 

1978 p 5/17 29 0/5 0 
H 4/21 19 3/4 75 

1977 p 6/21 28 4/6 67 
H 2/21 10 0/2 0 

Total p 32/102 31 14/32 44 
H 16/104 15 3/16 19 

patterns of factors correlated with fledging success 
indicate that helpers not only increase nestling sur
vival (Table 1), but also decrease variability in nes
tling survival to the extent that the number of 
young fledged is not strongly associated with sur
vival of nestlings. This is, in fact, the case. Both 
unassisted pairs and pairs with helpers had similar 
brood size (2.43 and 2.60, respectively) and similar 
variability in brood size (CV= 0.34 and 0.36, re
spectively). Nestling survival, however, was both 
significantly lower (0.69 vs 0.85) and much higher 
in variability (CV =0.47 vs 0.23) for pairs than for 
pairs with helpers. 

Helpers could increase nestling survival by a 
variety of mechanisms. Patterns of nestling mortal
ity suggest one particular mechanism. Red-cock
aded woodpecker broods hatch asynchronously 
(Ligon 1970 and personal observation), and some 
nestling mortality from starvation is to be antici
pated. If starvation were the primary cause of nes
tling mortality, one would expect to observe partial 
brood reduction more frequently than total brood 
loss (Lack 19 54 ). Partial brood reduction is the 
pattern of nestling mortality exhibited in most 
years by red-cockaded broods attended by helpers 
(Table 3). In groups with helpers, 81 % of the total 
nestling mortality was in the form of partial brood 
reduction. Over 5 years, 16 chicks were lost from 
14 broods. In 13 broods, the loss was always a sin
gle chick (1 of 3 or 1 of 4). Only 1 of 14 broods 
was lost entirely. 

We observed a distinctly different pattern of 
nestling mortality in broods attended by only a 
pair of adults. In 4 of 5 years, a significant propor
tion of nestling mortality was associated with loss 
of entire broods, and total nestling mortality over 
5 years was almost equally divided between partial 
brood reduction (56%) and total brood 
loss (44%). A total of 32 chicks was lost from 
20 broods. Five broods (25%) were total losses. 
Of the other 15 broods, 12 lost single chicks and 
3 lost 2 chicks. If total brood losses were deleted 
from our calculations of nestling mortality, the dif
ference in nestling survival between pairs with and 
without helpers would have been much smaller 
(7% difference vs 16% difference shown in Ta
ble 1). 

The higher incidence of total brood loss among 
unassisted pairs indicates that unassisted pairs are 
subject to additional forms of nestling mortality 
than pairs with helpers. Total brood loss could 
be the result of nest predation, nest abandonment, 
infanticide (Vehrencamp 1978; Trail et al. 1981 ; 
Emlen 1982 b ), or some form of disturbance or dis
traction to the adults causing them to disrupt feed
ing activities long enough for the total brood to 
starve. In 2 of the 5 brood losses, the chicks were 
observed dead within the nest cavity; we assume 
they would have been devoured had a predator 
been responsible for their demise. The chicks could 
possibly have been destroyed by a southern flying 
squirrel (Glaucomys volans) attempting to usurp 
the cavity, but we did not find squirrels using the 
cavities immediately following disappearance of 
the broods. 

The other 3 brood losses were associated with 
loss of 1 of the breeders and with intraspecific in
truders, suggesting that helpers may play a role 
either in provisioning the brood when 1 of the 
breeders is lost, and/or protecting the territory, the 
brood, and the parents against intraspecific in
truders. Evidence suggests that helpers can at least 
compensate for a lost parent in feeding nestlings. 
We observed three instances where 1 of the 
breeders disappeared from groups with helpers 
while nestlings were being fed. In two instances, 
the remaining parent was assisted by 1 helper and 
in one instance by 2 helpers. In all 3 groups all 
chicks survived to fledging. This is in contrast to 
the 3 unassisted pairs that lost breeders, and none 
of the chicks survived. The fact that the loss of 
3 broods was associated with the loss of breeders, 
and the loss of these breeders was in turn asso
ciated with the persistent presence of intraspecific 
intruders, leads us to hypothesize that intraspecific 



competitors may be involved not only in breeder 
turnover but also, indirectly or directly, in brood 
mortality. 

Post~fledging swTirorship 

In addition to examining differences in fledging 
success be.tween pairs and pairs assisted by helpers, 
we attempted to determine if there were any differ
ences in post-fledging survivorship. Survivorship 
is much more difficult to monitor because it is of
ten impossible to determine whether the young 
died or dispersed from their groups. The problem 
is compounded in a communal species such as the 
red-cockaded woodpecker where only one sex is 
retained as helpers and where the different sexes 
have different dispersal patterns and, quite possi
bly, different mortality patterns. Given these prob-' 
lems, we approximated survivorship in a number 
of different ways. 

Eighteen groups were followed throughout 
1 year to determine home-range size and foraging 
habitat selection. Of the 18 groups, 15 fledged 
young the year that home-range work began; 
for 14, we were able to reliably monitor group 
composition throughout the year. For these 
14 groups, we calculated the proportion of juve
niles known to be alive at the end of September, 
the end of December, and the following breeding 
season. These dates represent survivorship to ap
proximately 3 months, 6 months, and 1 year. Be
cause females are usually not retained as helpers 
and, therefore, are not found in their natal groups 
the breeding season after fledging, we calculated 
1-year survivorship only for males. In addition to 
calculating periodic and annual survivorship for 
the 14 groups that were followed throughout 
1 year, we also calculated annual survivorship for 
males for all groups for each year and for all years 
combined over the period 1978-1981. The esti
mates for males probably provide the best approxi
mation of survivorship, but these estimates are also 
confounded by our inability to identify disappear
ances as mortality or dispersion. The fact that 
males can remain in their natal group as helpers 
does not mean that all necessarily do. 

Juvenile survivorship within the groups fol
lowed throughout the course of 1 year is given in 
Table 4. The proportions were tested with Fisher's 
Exact Test (Zar 1974) to determine whether survi
vorship differed significantly between groups with 
and without helpers and between males and fe
males. Survivorship of both sexes to 3 months and 
to 6 months and of males to 1 year did not differ 
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Table_4. Proportion of red-cockaded woodpecker juveniles ob
served alive within their natal home ranges throughout the year 
following fledging, Francis Marion National Forest, South Car
olina 

Parental group Time since fledging 
size 

3 months 6 months 12 months 

Pairs 

Males (n=8) 0.88 0.88 0.38 
Females (n=6) 0.33 0.17 0.00 
Both sexes (n=14) 0.64 0.57 0.21 

Pairs with helpers 

Males (n=8) 1.00 0.88 0.50 
Females (n = 8) 0.75 0.50 0.00 
Both sexes (n= 16) 0.88 0.69 0.25 

All groups 

Males(n=16) 0.94 0.88 
Females (n= 14) 0.57 0.36 
Both sexes (n = 30) 0.77 0.63 

significantly between groups of different group 
size. Also cumulative male survivorship (n = 61) 
calculated over 4 years did not differ between 
pairs (0.33) and groups with helpers (0.35). Conse
quently, it would appear that the influence of help
ers on group fitness, at least in terms of production 
and survival of young, is exerted most strongly 
on nestling survivorship. 

More rapid disappearance, and perhaps higher 
mortality, of females is apparent from the figures 
in Table 4. For all groups, combining pairs and 
pairs with helpers, survivorship or retention of fe
males at 3 months and at 6 months is significantly 
lower than for males (P=0.0506 and P=0.0094, 
respectively). This pattern seems to be more pro
nounced among pairs than among groups with 
helpers. Clans with helpers had lower survivorship 
of juvenile females than of juvenile males, though 
this difference was not significant. In contrast, 
among pairs without helpers, survivorship of juve
nile females relative to that of juvenile males was 
almost significantly lower at 3 months (P=0.0629, 
1-tailed) and definitely lower at 6 months (P= 
0.0326, 2-tailed). This suggests that groups with 
helpers are somewhat more hospitable to juvenile 
females than pairs. 

lntercorrelations among group size, 
territory quality, and reproductive success 

Positive correlations between group size and repro
ductive success have been reported for many coop-
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erative breeders (Brown 1978; Emlen 1978; Koenig 
1981). But as Brown (1978) emphasized, these cor
relations do not necessarily imply a cause and ef
fect relationship. Reproductive success has also 
been shown to be correlated with territory quality 
(Gaston 1978; Brown and Brown 1981; Koenig 
1981), and group size to be correlated with territo
ry size (Ridpath 1972; Parry 1973; MacRoberts 
and MacRoberts 1976; Woolfenden and Fitzpa
trick 1978) and territory quality (Brown and Balda 
1977). Consequently, simple correlations between 
the presence or number of helpers and reproduc
tive success are generally confounded by these in
tercorrelations of both reproductive success and 
group size with territory size and quality. Through
out the course of 1 year, for 15 of the 18 groups 
for which we measured home range, we examined 
correlations between reproductive success and 
home-range size and quality, and compared repro
ductive success and quantity and quality for forag
ing habitat between groups witli and without help
ers. Three groups were excluded from analyses be
cause group composition was uncertain during the 
nesting season. 

Reproductive success was measured as the 
number of young fledged during the nesting period 
when home-range monitoring began. Three mea
sures of habitat quality (Table 5) were included in 
our analyses based on studies of foraging habitat 
preference (Hooper and Lennartz 1981; Hooper 
and Harlow, in press). These statistics were calcu
lated from measurements of tree number and di
ameter taken from 1,540 point samples systemati
cally distributed among 163 stands within the de
lineated nesting period home ranges which cumula
tively totaled 415 ha. 

The number of young fledged was associated 
with quality of home ranges and also probably 
with group size and size of nesting period home 
ranges (Table 5). Although fledging success was 
higher for groups with helpers than for unassisted 
pairs (Table 5), the difference was not significant. 
However, considering the sma,l sample size and 
the consistently and significantly higher fledgling 
production of groups with helpers over five years 
(Table 1), we feel the observed difference in 
number of young fledged is real, and the lack of 
statistical significance is due to the small sample 
size. Groups with helpers also had significantly 
larger nesting season home ranges (P:s;0.03, 2-
tailed t test) and significantly more preferred forag
ing substrate (number of pine stems ~ 25 cm dbh, 
P::;; 0.02, 2-tailed t test). There was a positive curvi
linear correlation (Pearson's correlation coeffi
cient, r=0.52, P::;0.05) between the number of 

Table 5. Number of young fledged per group and habitat char-
acteristics of red-cockaded woodpecker nesting season home 
ranges; Francis Marion National Forest, South Carolina 

Group Num- Home Area Number Number 
size and ber range of pine of pine of pine 
group of size foraging stems stems 
iden- young (ha) habitat ~13cm ~25cm 
tifier fledged ~20 yi: dbh dbh 

(ha) 

Pairs 

1 3 23.4 22.3 5,514 1,645 
3 2 17.9 16.4 2,287 1,366 
5 3 12.5 11.8 4,813 1,880 
8 2 24.6 23.6 9,524 3,219 

13 2 20.7 15.9 8,893 2,014 
15 1 15.4 15.4 4,725 2,909 
16A 2 36.7 26.8 8,132 3,208 
17 1 27.6 8.8 7,357 688 

Mean 2.0 22.4 17.6 6,406 2,116 

Standard 0.76 7.6 6.1 2,476 920 
deviation 

Pairs with helpers 

9 1 20.0 15.3 5,668 2,657 
11A 3 47.9 43.9 6,770 4,283 
12 3 39.0 39.0 16,579 3,249 
16B 4 25.5 22.2 5,362 3,047 
18 2 39.0 24.4 5,453 2,564 
19 3 38.1 31.7 7,783 5,174 
20 3 26.4 13.8 6,226 3,273 

Mean 2.7 33.7 27.2 7,692 3,464 

Standard 0.95 9.9 11.5 4,011 941 
deviation 

young fledged and the area of pine foraging habitat 
~ 30 years old, but area of pine foraging habitat 
was also curvilinearly correlated with home-range 
size (r=0.77, P:s;0.0007), and number of pine 
stems ~25 cm dbh (r=0.72, P:s;0.002). Conse
quently, it appears that fledging success is related 
to group size, home-range size, and home-range 
quality. However, because independent variables 
are intercorrelated, determining the relative impor
tance of each variable cannot be done with avail
able data and correlation procedures. 

Additional comparisons suggest that it is in
deed the efforts of helpers, over and above nesting 
period home-range size and quality, that improves 
reproductive success. First, although nesting peri
od home-range size and quality were greater for 
groups with helpers than for pairs, the year-round 
home range was not (75.7 vs 74.4 ha, respectively, 
P>0.9, 2-tailed t test). On the average, groups 
with helpers used 45% of their year-round home 
range during the nesting period compared with 



30% for pairs. Clearly, both pairs and pairs with 
helpers had possession of more resources than they 
used to feed nestlings. Except for logistics, it is 
difficult to hypothesize constraints on breeding pe
riod home ranges within the boundaries of year
round home ranges. Thus, the larger breeding peri
od home range for groups with helpers was most 
likely due to the presence of helpers and not vice 
versa. Therefore, the higher reproductive attain
ment appears to be the direct result of helpers. 

Second, comparisons of reproductive success of 
the same pairs with and without helpers provide 
an indication of the influence of helpers less con
founded with the influences of home-range size and 
quality. We have data for four such comparisons, 
2 groups which were pairs the first year but were 
assisted by helpers the second, and 2 groups that 
had helpers the first year but not the second. In 
all instances, groups with helpers produced 1 more 
cliick per group than those without, for a cumula
tive increase of 67% in number of young fledged. 
This increase would seem attributable to helpers 
whether we assume constancy of home range from 
1 year to the next or consider that helpers might 
have effected changes in home-range size and qual
ity. 

Intercorrelations among group size, 
breeder experience, and reproductive success 

Other studies of cooperatively breeding birds (Rid
path 1972; Woolfenden 1975; Koenig 1981) have 
shown that reproductive success can also be asso
ciated with age or experience of breeders. We could 
not determine the age of our red-cockaded 
breeders with any certainty, but from 1978 we 
could classify most breeders as having had zero 
or 1 or more years' prior breeding experience in 
the group they were associated with. Individuals 
were categorized as O (no prior experience) or 1 
(prior experience), and pairs were categorized as 0, 
1, or 2 according to the cumulative experience of 
the individual breeders. Using Spearman's rank 
correlation, we tested for associations between 
number of young fledged and the relative experi
ence of males, females, and the pair together, with 
data from the 4 years combined. Differences in the 
relative experience of breeders associated with 
pairs and the breeders in groups with helpers were 
compared with the Wilcoxon-Mann-Whitney 2-
sample ranked-signs test (Hollander and Wolfe 
1973). 

Among all groups the number of young fledged 
was not found to be correlated with any measure 
of breeder experience (Table 6). Considering the 
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Table 6. Correlations between breeder experience and number 
of young red-cockaded woodpeckers fledged, Francis Marion 
National Forest, South Carolina, 1978-1981. (Spearman's rank 
correlation coefficients) 

Male Female Pair 
experience experience experience 

Pairs 0.12 (n=27) 0.52 ** (n = 24) 0.40 (n=23) 

Pairs with -0.22 (n = 29) -0.40* (n=24) -0.43* (n=24) 
helpers 

All groups 0.06 (n=56) 0.14 (n=48) 0.09 (n=47) 

* P:S:0.05, •• probability of coefficient ;o!,0, P:S:0.01 

2 group sizes separately, however, fledging success 
was significantly correlated with relative experi
ence of females, positively among pairs and nega
tively among pairs with helpers. The mean rank 
of relative female experience was somewhat higher 
for groups with helpers than for pairs, but the dif
ference was not statistically significant. Our con
clusion is that because fledging success is not posi
tively correlated with breeder experience among 
groups with helpers, and because groups with help
ers were not found to have more experienced 
breeders than pairs, then the difference in fledging 
success between groups with and without helpers 
(Table 1) cannot be attributed to any association 
between group size and breeder experience. 

The most intriguing aspect of these analyses, 
however, was the negative correlation between 
fledging success and relative experience of female 
breeders among groups with helpers. In an attempt 
to resolve this apparent enigma, we first examined 
the group of clans with inexperienced breeders (n = 
5) to determine if they shared some unique demo
graphic parameter which might account for their 
higher reproductive success. Two of the groups had 
older helpers (3 and 4 years old) and 1 of these 
had 2 helpers instead of the customary 1. However, 
using Spearman's rank correlation procedure we 
found no relationship between number of young 
fledged and number of helpers and helper age (r= 
0.21, P>0.10 and r=0.13, P>0.10, respectively). 

The relationship between group size and female 
experience and reproductive success is diagrammed 
in Table 7. Among groups with inexperienced fe
males, those assisted by helpers produced three 
times as many fledglings as those without (X = 
2.80, SD=0.44, n=5 vs X=0.89, SD=0.93, n=9, 
P < 0.02). In contrast, in groups with experienced 
females fledging success was virtually identical 
with or without helpers (X=2.00, SD=0.88, n= 
19 vs X = 1.93, SD=0.80, n= 15, P>0.10). These 
data suggest that helpers have a dramatic positive 
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Table 7. Relationship between number of young fledged per 
group and experience of breeding females in red-cockaded 
woodpecker groups with and without helpers. Francis Marion 
National Forest. South Carolina. 1978-1981. Comparisons be
tween columns were made using two-tailed Mann-Whitney U
tests. Sample sizes are given in parentheses 

Female breeding Number of young fledged 
experience 

None 
Prior 

Pairs 

0.89 (9) P<0.02 
1.93 (15) P>0.10 

Pairs with helpers 

2.80 (5) 
2.00 (19) 

influence on fledging success in groups with inex
perienced females but do not enhance, and in fact 
may have a negative influence upon, reproductive 
success in groups with experienced females. Our 
sample size, however, especially for inexperienced 
females, is small, and the relationships need to be 
examined with a larger data set. 

Discussion 

Inquiries into the adaptive significance of coopera
tive breeding and helping behavior have empha
sized two distinct, yet related, topics: (1) the envi
ronmental factors or pressures that promote the 
retention of juveniles and the aggregation of more 
than 2 adults into social units, and (2) the relative 
gains or losses in individual fitness among group 
members that explain how and why members of 
a group cooperate. Both topics have been explored 
by using cost-benefit analyses to assess the advan
tages and disadvantages of observed behaviors rel
ative to the advantages and disadvantages of alter
native behaviors. The major conclusions that have 
emerged from these analyses have been summa
rized by Emlen (1982a, 1982b). Among many co
operative breeding birds, social groups are ex
tended family units formed by the retention of 
young in their natal territories. The social groups 
develop because the young are "ecologically con
strained,. (Emlen 1982 a) from dispersing and 
breeding independently because of a shortage of 
resources required for reproduction (Brown 1974; 
Emlen 1978: Gaston 1978; Koenig and Pitelka 
1981 : Emlen 1982 a). Once extended family units 
are formed, kin selection and gains in inclusive 
fitness to both breeders and helpers provide a par
simonious explanation for why helpers help 
(Brown 1978; Emlen 1978, 1982a). 

Jui-enile retention and group formation 

The social system, behavior, and life history of red
cockaded woodpeckers seem to fit the models or 

patterns summarized by Emlen (1982a) to explain 
wheri family social units will form. Red-cockadeds 
have the unique habit of excavating their nest and 
roost cavities only in mature, living pines. Cavity 
excavation takes from several months to years to 
complete (Baker 1971; Jackson 1977; Jackson 
et al. 1979). Once completed, cavities are used for 
several years. In contrast, most other woodpeckers 
excavate cavities in dead trees; new nest cavities 
are excavated each year and take only a couple 
of weeks to complete (Jackson 1977). 

We suggest that the use of living pines for cavi
ties and the associated lengthy period of time re
quired to excavate a cavity provide the ecological 
constraints that inhibit most male red-cockadeds 
from dispersing and attempting to breed indepen
dently their first year. As noted earli~r, we have 
observed yearling red-cockadeds to acquire breed
ing status, but in all instances they moved into 
territories with completed cavities and replaced or 
displaced resident breeders. 

Kin selection 

Once the extended family unit has become estab
lished, the demographic environment is formed for 
the operation of kin selection. Because red-cock
aded helpers have been observed assisting primar
ily 1 or both parents and in one instance a brother, 
they are related to the young they help rear on 
the average by 0.25--0.50. Consequently, kin selec
tion and gains in indirect fitness may provide a 
partial explanation of why helpers help. Table 6, 
however, would indicate that kin selection may not 
provide the entire answer. 

The negative correlation between fledging suc
cess and female experience among groups with 
helpers is also a negative correlation between the 
efficacy of helping behavior and the relatedness 
between helpers and the chicks they help rear. In 
groups with helpers and inexperienced females, the 
female and the helper are, by definition, not re
lated; he being a yearling or older in his natal 
territory, she making her first breeding effort in 
that territory. In contrast, in groups with experi
enced females, the breeding fem ale and the helper 
are generally mother and son. The only exception 
to this was the one instance we observed of a fe
male breeding in 2 different groups, and the second 
group she moved to had 2 helpers, offspring of 
the breeding male and his previous mate. In all 
instances, except one, in which relatedness between 
helpers and breeders was known, helpers have been 
either sons or, rarely, brothers of the breeding 
male. Consequently, in groups with experienced fe
males, helpers were helping father and mother, and 
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were related to the young they helped rear on the 
average of 0.50. In contrast, in groups with inex
perienced females. helpers were not helping father 
and mother. but rather father and a prospective 
mate. Should the father die. the helper is not inhib
ited by inbreeding from mating with the female. 
Helping under these conditions could conceivably 
have the multiple benefits of aiding in the produc
tion of half-sibs, establishing a bond with a pro
spective mate, and facilitating inheritance of a ter
ritory and cavity trees. 
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