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Abstract Reproductive adults in many bird species are
assisted by non-breeding auxiliary helpers at the nest, yet the
impact of auxiliaries on reproduction is variable and not al-
ways obvious. In this study, we tested Hamilton’s rule and
evaluated the effect of auxiliaries on productivity in the facul-
tative cooperative breeder campo flicker (Colaptes campestris
campestris). Campo flickers have a variable mating system,
with some groups having auxiliaries and others lacking them
(i.e., unassisted pairs). Most auxiliaries are closely related to
the breeding pair (primary auxiliaries), but some auxiliaries
(secondary auxiliaries) are unrelated females that joined
established groups. We found no effect of breeder quality
(body condition) or territory quality (food availability) on
group productivity, but the presence of auxiliaries increased
the number of fledglings produced relative to unassisted pairs.
Nonetheless, the indirect benefit of helping was small and did
not outweigh the costs of delayed breeding and so seemed
insufficient to explain the evolution of cooperative breeding
in campo flickers. We concluded that some ecological con-
straints must limit dispersal or independent breeding, making

staying in the group a Bbest-of-a-bad-job^ situation for
auxiliaries.
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Introduction

The presence and behavior of non-breeding auxiliaries in co-
operative breeding systems have been prevailing topics in
behavioral studies for decades. Among cooperatively breed-
ing insects, fish, birds and mammals, auxiliaries are typically
young from previous years that delay dispersal and remain at
the natal site to help rear their siblings (Ekman et al. 2004).
How these auxiliaries affect group reproduction and why they
help are key questions that still stimulate extensive debate
(Emlen 1991; Dickinson and Hatchwell 2004; Brouwer et al.
2012; Manica andMarini 2012). The presence of auxiliaries is
generally thought to have a positive effect on breeder fitness,
such as enhanced group productivity (Emlen andWrege 1991;
Conner et al. 2004; Brand and Chapuisat 2014), increased
quality of young produced (Hatchwell 1999; Brouwer et al.
2012), or increased breeder survival (Reyer 1984; Russell
et al. 2007; Cockburn et al. 2008). There are even unusual
cases of species that are unable to breed without assistance,
s u c h a s t h e wh i t e -w i ng ed chough (Corco r a x
melanorhamphos, Heinsohn 1992) and the apostlebird
(Struthidea cinerea, Woxvold and Magrath 2005). However,
some studies have found no effect—or even a negative ef-
fect—of the presence of auxiliaries on breeder productivity
(Caffrey 2000; Eguchi et al. 2002; Cockburn et al. 2008).

These contrasting results relative to the effect of auxiliaries
on breeder success (productivity) may be due to the difficulty
of teasing apart this variable from other masking or
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confounding factors, such as territorial or individual quality
(Brown 1987; Emlen 1991; Cockburn 1998; Legge 2000;
Dickinson and Hatchwell 2004). Different approaches have
been used to evaluate the effect of auxiliaries (Dickinson
and Hatchwell 2004), and they can be separated into at least
three different categories: (1) experimental studies with the
removal of auxiliaries (Brown et al. 1978; Mumme 1992;
Hatchwell and Russell 1996, but see Bruintjes et al. 2013),
(2) observational studies that compared the reproductive out-
put of the same breeders in years with and without assistance
(Caffrey 2000; Legge 2000; Eguchi et al. 2002), and (3) stud-
ies that used statistical methods to control the effects of aux-
iliaries, separating their influence on group breeding parame-
ters from other unimportant traits (Hatchwell et al. 2004).

Several studies have also attempted to elucidate the possible
benefits to auxiliaries (Dickinson and Hatchwell 2004). Both
direct and indirect benefits have been proposed as explanations
for the investment made by auxiliaries, although the relative
roles of such benefits in the evolution and maintenance of help-
ing behavior remain unclear (Cockburn 1998; Clutton-Brock
2002; Dickinson and Hatchwell 2004). Some studies have
shown that possible direct benefits to auxiliaries include en-
hanced survival (Gaston 1978; Brown 1987), increased
chances of future breeding (Ligon and Ligon 1978; Carlisle
and Zahavi 1986; Heinsohn et al. 1988), and acquisition of
skills needed for independent breeding (Komdeur 1996, but
see Khan and Walters 1997). Other studies, however, have
not found any direct benefits of helping (e.g., Dickinson et al.
1996), and it is possible that helping behavior may generate no
immediate gain for auxiliaries, but by providing help, they are
allowed to stay on the natal territory in a Bpay to stay^ situation
(Mulder and Langmore 1993; Kokko et al. 2002).

One of the main explanations for the evolution of cooper-
ation requires that auxiliaries be related to the individuals that
they are helping, so they can reap the inclusive fitness benefits
associated with producing relatives (Hamilton 1964). Within
this context, the assumptions are that the auxiliaries and the
assisted individual must be genetically related and that there
should be a measurable benefit to the assisted individual due
to the behavior of the auxiliary (Hamilton 1964; Lucas et al.
1996). In some social and ecological contexts, helping behav-
ior may be maladaptive to auxiliaries or may be only slightly
helpful to breeders (Emlen 1982). However, it is generally
established that auxiliaries accumulate lower fitness by help-
ing than they would by breeding independently (Stacey and
Koenig 1990; Dickinson and Hatchwell 2004), though, in
some cases, it appears that kin-selected benefits may be
enough to favor natal philopatry and helping behavior
(McGowan et al. 2003; Hatchwell 2009). Thus, the compari-
son of systems and species of cooperative breeders exposed to
different selective pressures may provide particularly relevant
data to answer questions about the evolution of helping
behavior.

In this study, we calculate Hamilton’s rule and test two
hypotheses based on the facultative cooperative breeding sys-
tem of the campo flicker (Colaptes campestris campestris), a
woodpecker endemic to savannas of South America. First, we
test whether helping behavior by auxiliaries enhances the pro-
ductivity of breeders. Second, we examine the direct and in-
direct fitness costs of helping to auxiliaries to test the hypoth-
esis that helping behavior is favored by kin selection in this
system. To test these hypotheses, we compare the productivity
(number of fledglings produced) of groups that contained
more than two adults (cooperative breeding) with groups com-
posed of only two adults (i.e., the breeding pair). Due to the
short period of the study, it was not possible to evaluate aux-
iliaries’ effects on breeders’ survival or even their acquisition
of skills for future breeding. In campo flicker groups that
breed cooperatively, auxiliaries occasionally breed within the
group (Dias et al. 2013b). The fitness of male and female
auxiliaries may differ because secondary males usually do
not breed, while it is common to find multiple breeding fe-
males in groups (Dias et al. 2013b). Auxiliaries may be clas-
sified as follows: (a) offspring of both sexes from the previous
breeding season; (b) siblings (male or female) of one of the
breeders; or (c) non-kin, typically females that joined the
group (Dias et al. 2013a, b). We refer to auxiliaries closely
related to the breeding pair as Bprimary auxiliaries^ and non-
related female auxiliaries as Bsecondary auxiliaries.^ To test
whether breeder productivity is enhanced by the presence of
auxiliaries, we use behavioral, ecological, and demographic
data collected over a period of 4 years. Using these results,
combined with estimates of genetic relatedness, we examine
the direct and indirect fitness costs of helping to auxiliaries.
The campo flicker is a particularly interesting species to study
in this regard, because some female auxiliaries are close rela-
tives of the breeding pair whereas others are not, raising the
possibility that different individuals reap varying fitness ben-
efits through helping (see Reyer 1984).

Methods

Study species

Campo flickers are terrestrial, medium-sized woodpeckers
with a subtle sexual dichromatism based on plumage orna-
ments (Short 1972). The species is widely distributed across
South America and comprises two subspecies: C. campestris
campestris and Colaptes campestris campestroides (Short
1972). The subspecies under study, C. campestris campestris,
has a complex social and mating system with facultative co-
operative breeding associated with monogamy or simulta-
neous polygyny (Dias et al. 2013a, b). We studied 27 groups
across 4 years (Oct. 2006–Dec. 2009), encompassing three
breeding seasons, which coincided with the rainy months
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(detailed in Dias et al. 2013a). We monitored 17 of these
groups in only 1 year, six in 2 years, and four in 3 years of
study. Group size ranges from two to five individuals (2.61±
0.94; mean±SD) during breeding and affects levels of provi-
sioning to nestlings. Auxiliaries are of both sexes, most of
which are offspring of one or both of the primary breeders;
however, some auxiliaries are siblings of the breeders or even
unrelated to them (Dias et al. 2013b). Year-round, groups oc-
cupy territories ranging in size from approximately 20 to
80 ha, and during the breeding season, nest in cavities exca-
vated in termite mounds and occasionally in trees (Dias et al.
2013a). Thus, termite mounds are the main substrate used for
nesting (Dias et al. 2013a) and termites are the most frequent
item of the campo flicker diet (Dias et al. unpublished data).

Study area and general procedures

The study was conducted at Fazenda Água Limpa (FAL; 15°
56′ S, 47° 55′ W), an area of 4500 ha in central Brazil within
the Cerrado biome (tropical savanna). The region is character-
ized by a strong seasonality, with a rainy season from October
to March and vegetational landscapes that range from open
grasslands to gallery forests.

We used playbacks and mist nets to capture individuals that
were then banded with a unique combination of three plastic
color bands and a numbered metal band from the Brazilian
environmental regulatory agency (IBAMA). We measured
(nearest 0.02 mm: tarsus, wing, beak, and tail lengths) and
weighed (nearest gram) each captured bird and collected a
blood sample (∼100 μl) from the brachial vein for genetic
analyses. Blood samples were initially stored in lysis buffer
and DNA extracted using Qiagen DNeasy Blood and Tissue
Kit®.

During the study, we searched for nests in new cavities in
both termite mounds and trees, checked the contents of
preexisting cavities, and also used behavioral cues from adults
to identify potential nests. After finding an active nest or one
under construction, we monitored it systematically every 2–
3 days using a flashlight and mirror attached to a pole to check
cavity contents. We recorded all cavity locations with a GPS.
We identified brooders and provisioners that visited each ac-
tive nest to help us interpret results. Parental and alloparental
activities were recorded for approximately 2 h per day at each
nest for 5 days during the nestling period (days 4, 10, 16, 22,
and 28 after hatching). When nestlings approached fledging
(25th day after hatching), we manually removed them from
the nest, measured, banded, and took blood samples similarly
to the protocol for adults. We defined laying date as the day
when the first egg was laid in each nest, relative to a contin-
uous succession of days, starting on June 1, which is prior to
the occurrence of the first breeding activities (e.g., copula-
tions, cavity excavation). We defined productivity as the

number of fledglings produced by a social pair or a coopera-
tive group in a given breeding attempt.

We used the residuals of the regression of body mass on
tarsus length as an index of body condition for the genetic
parents. We used the number of termite mounds as an indica-
tion of territory quality, estimated as the total number of
mounds within a 200-m radius around the nest. During the
breeding season, campo flickers are often found foraging
within this area. In all but one case, there was only a single
male breeder in each of the groups, but several groups
contained multiple breeding females (see Dias et al. 2013b).
We defined primary breeders as those individuals that pro-
duced a higher proportion of nestlings per breeding attempt,
as determined by genetic analyses (below). For the objectives
of this study, we considered two possibilities for the auxil-
iaries: (a) those that did not breed within the group and (b)
those that did breed within the group. In the comparative anal-
yses of group productivity with and without assistance, we
considered that groups with multiple breeding females were
assisted, since in these cases, both primary and secondary
females acted simultaneously as breeders and auxiliaries.
Both female types invested heavily in brooding eggs and feed-
ing nestlings (Dias et al. unpublished data). In addition, sec-
ondary females were, in some cases, identified as a full sibling
of the primary female, allowing a gain in indirect benefits. We
classified as a new group a single observed case of an existing
group that suffered a drastic change in composition due to
both dispersal of previous group members and immigration
of new ones. We also considered as new groups those socially
monogamous pairs in which one of the pair members was
replaced. Groups that we sampled repeatedly over the years
were considered non-independent samples. Nests that were
depredated early in development (e.g., few days after laying)
did not enter the analyses, because in preliminary exploration
of the data, we found no effect of auxiliary presence on occur-
rence of predation.

Calculations of Hamilton’s rule

We used molecular analysis to determine parentage of nes-
tlings and the degree of relatedness among group members,
as detailed elsewhere (Dias et al. 2013b). In brief, we used ten
polymorphic microsatellite markers and generated electrophe-
rograms that were examined using GeneMapper® (version
4.1; Applied Biosystems). For the parentage analysis, we used
the program CERVUS version 3.0.3 (Marshall et al. 1998;
Kalinowski et al. 2007). Pairwise relatedness (r) was estimat-
ed with the software SPAGeDi (Hardy and Vekemans 2002),
based on Queller and Goodnight’s (1989) formula.

We calculated Hamilton’s rule for both primary and sec-
ondary auxiliaries. We defined primary auxiliaries as being
either male or female offspring from previous years, and sec-
ondary auxiliaries were defined as females that joined the
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group and that had a low level of relatedness (r<0.15) to the
breeders (Dias et al. 2013a). Hamilton’s rule defines the likely
spread of altruism (helping behavior) via kin selection only if
rB−C>0, that is, when the indirect fitness gained through the
helping behavior is greater than the loss of direct fitness. The
indirect fitness gained by the auxiliary can be estimated by
multiplying the average coefficient of relatedness between
auxiliaries and breeders (r) by the average number of extra
fledglings produced due to that help (B). The cost of the help-
ing behavior (C) can be calculated by estimating the number
of offspring that the auxiliary would produce if it had bred
independently. Floating could be considered an alternative
strategy for breeding independently, in which case, the indi-
rect fitness benefits of helping probably would outweigh the
costs if the fitness of floating individuals is zero. However, we
did not consider floating as an alternative strategy when esti-
mating the cost because we have never observed any floaters
in the study area. For these estimates, we pooled together all
groups with auxiliaries regardless of number of auxiliaries,
because calculating the estimates separately by group size
would result in parameters based on small sample sizes. As
most groups had only a single auxiliary, we understand that
this is a valuable simplification of a more complex scenario
that can shed some light on the benefits of helping. For this
calculation, we separately estimated the variables for male and
female auxiliaries and also for primary and secondary auxil-
iaries. We only used groups with complete data sets that in-
cluded blood samples (for molecular analysis) for all group
members. Five groups had at least one auxiliary male, and
seven groups had at least one auxiliary female. The level of
relatedness (r) was calculated between the auxiliaries and the
primary breeders of both sexes. The benefit of helping (i.e.,
number of extra fledglings generated by auxiliaries) (B) was
calculated as the difference between the mean fitness of
assisted breeders and the mean fitness of unassisted breeders
(calculated for male and female auxiliaries separately). The
cost of helping (C) for auxiliaries was calculated as the differ-
ence between the mean productivity of unassisted individuals
and the direct fitness of the auxiliaries (i.e., number of own
offspring produced by an auxiliary).

Statistical analysis

We used generalized linear mixed models (GLMM) for bino-
mial and count response variables considering a Binomial and
Poisson error distribution, respectively. Linear mixed models
for continuous response variables with Gaussian error distri-
bution were also used. Models were implemented using the
Bglmer^ function in the Blme4^ package (version 1.1-7 R
Development Core Team 2014). We incorporated the random
term BGroup ID^ to all models to avoid pseudo-replication
because of the repeated sampling of some of the groups over
the years of study. We evaluated the effects of the explanatory

variables, which included presence of auxiliaries (presence/
absence), group size, breeders’ condition, territory quality
and year on the number of fledglings produced, nest success
(determined as the fledging of at least one chick), nestling
body weight (mean body weight for the brood), and laying
date. Preliminary exploratory data analysis revealed that there
were no associations between the explanatory variables. The
models were progressively simplified by removing variables
starting with higher-level interactions. We used likelihood ra-
tio tests (LRT) using the change in deviance as a chi-square
approximation. The model simplification was retained if the
simpler model did not differ in terms of fit. The Tukey post
hoc test (Bglht^ in the R package Bmultcomp^) was used to
evaluate differences between levels of dummy variables. We
visually inspected the presence of outliers in the variables by
plotting the values by the Group ID.We examined residuals of
the models to check for the assumption of normality. All anal-
yses were conducted in the free software R 3.1.2. (R
Development Core Team 2014). Results are shown as mean
±1standard error.

Results

Group size averaged 2.46±0.16 (range 2–5), and successful
groups produced only a single brood per year. Clutch size was,
on average, 4.61±0.03 (range 3–9), and the number of fledged
nestlings was, on average, 2.41 ±0.03 (range 0–6).
Approximately 83 % of the nests were successful, with pre-
dation occurring in almost 10% of the nests and the remaining
7 % failing due to nestling starvation. Around 30 % of the
groups contained at least one auxiliary, but over the study
period, two groups changed status from assisted to unassisted
and two other groups changed in the opposite direction.

Fig. 1 Comparison of the number of fledglings produced by assisted and
unassisted pairs of campo flickers (Colaptes campestris) in the central
savanna region of Brazil. Asterisk represents statistical significance at P=
0.01 level
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The number of fledglings produced per group
(productivity) was positively associated with the presence of
auxiliaries (Fig. 1) but was not associated with other measured
parameters, which included group size, breeders’ condition,
territory quality, or year (Table 1). Groups with auxiliaries
fledged more nestlings (3.14±0.35) than unaided pairs (2.03
±0.27). However, nest success (at least one chick surviving)
was not affected by the presence of auxiliaries, group size,
breeders’ condition, territory quality, or year (Table 1). We
found that nestling body mass (near fledging at 25 days) was
strongly affected by year (Fig. 2), by the presence of auxil-
iaries, and by group size, but not by breeders’ condition or
territory quality (Table 1). More specifically, the main differ-
ence in nestling body mass occurred between 2007 and 2008:

nestlings were much heavier in 2007 (143.33±2.92 g) than in
2008 (132.08±4.78 g; Tukey post hoc test; Z=−3.53;
P<0.01). No other difference was observed among years (all
Z<2.04; P>0.10). Additionally, body mass was slightly
higher for nestlings produced by groups (133.68±13.22 g)
in comparison to that of nestlings produced by pairs (132.43
±10.64 g).

Groups with auxiliaries began breeding earlier than groups
without auxiliaries (Fig. 3), particularly so for the larger
groups. Breeding date was also affected by year: in 2007,
laying date occurred 22.23±6.86 days later when compared
to 2008 (Tukey post hoc test; Z=−2.62; P=0.02) and 2009
(Z=−4.15; P<0.01). There was no significant difference be-
tween 2008 and 2009 (Z=−1.36; P=0.36). On the other hand,

Table 1 GLMM results from the
effects of the presence of
auxiliaries, group size, breeders’
condition, territory quality, and
year on the number of fledglings
produced, nest success, nestling
body weight, and laying date

Predictor Standardized coefficient (SE) χ2 df P value

Number of fledglings produced

Presence of auxiliariesa 1.26 (0.76) 5.90 1 0.01

Group size −0.32 (0.40) 1.15 1 0.28

Breeder’s condition 0.00 (0.03) 0.05 1 0.82

Territory quality −0.00 (0.00) 011 1 0.73

Yearb 0.27 2 0.87

2008 −0.07 (0.35)
2009 0.07 (0.39)

Nest success

Presence of auxiliariesa −0.13 (0.10) 0.50 1 0.48

Group size 0.13 (0.12) 0.50 1 0.48

Breeder’s condition −0.02 (0.02) 0.05 1 0.82

Territory quality 0.05 (0.08) 0.03 1 0.85

Yearb 1.56 2 0.45

2008 −0.01 (0.02)
2009 0.02 (0.01)

Nestling body weight

Presence of auxiliariesa −18.63 (9.42) 4.00 1 0.04

Group size 10.02 (4.30) 4.26 1 0.03

Breeder’s condition 0.52 (0.45) 2.66 1 0.10

Territory quality −0.00 (0.01) 0.10 1 0.75

Yearb 11.23 2 <0.01

2008 −13.52 (4.38)

2009 −7.38 (4.66)
Laying date

Presence of auxiliariesa −1.03 (0.19) 32.29 1 <0.01

Group size 0.39 (0.09) 17.00 1 <0.01

Breeder’s condition −0.00 (0.00) 1.34 1 0.24

Territory quality 0.00 (0.00) 3.14 1 0.07

Yearb 7.50 2 0.02

2008 −0.07 (0.07)
2009 −0.22 (0.08)

a Estimate is relative to the presence of auxiliaries
b The years are 2007, 2008, or 2009. Estimates are relative to 2007
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breeding date was not influenced by breeders’ condition or
territory quality. Despite the effects of year on some breeding
parameters, the number of auxiliaries in groups did not change
among years (chi-square test: χ2

1=0.98; P=0.61).
The calculation of Hamilton’s rule revealed that the ben-

efits of helping do not outweigh the costs to auxiliaries
(Table 2). For male auxiliaries, the benefit (B) generated
was estimated as 1.51 offspring per male and the cost (C)
was equal to 2.29 offspring. Thus, helping appears to be a
costly behavior, leading to an overall net cost (rather than
benefit) of helping estimated as −1.69 offspring per male
auxiliary (from Hamilton’s rule). This scenario was slightly
more complicated for females, in part because there are
some joint nesting groups (N=4) where female auxiliaries
sometimes produce young in the nest (Table 2). Nonetheless,
for primary female auxiliaries, the cost (C) was 0.79

offspring and the benefit (B) was estimated as 0.51 off-
spring, leading to a final weighted net cost of −0.62 off-
spring per female (Table 2). The outcome was similar for
secondary female auxiliaries, but with an even greater net
cost due to the low levels of relatedness between secondary
females and the breeders (Table 2). Thus, the extra produc-
tion of nestlings by breeders would have to be more than
fourfold higher, on average, for the inclusive fitness of aux-
iliaries to outweigh the cost in lost production of offspring
via independent breeding.

Discussion

Our results revealed that the presence of auxiliaries in-
creased the number of fledglings produced by breeders,
compared with unassisted pairs. Other factors, such as
territory or breeder quality, did not seem to have much
impact on group productivity, though our sample sizes
were limited. Similar results pointing toward a positive
effect of auxiliaries on breeder productivity have been
found in other studies encompassing mammals, fish, and
insects (e.g., Powell and Fried 1992; Brouwer et al. 2005;
Doerr and Doerr 2007; Canestrari et al. 2008; Brand and
Chapuisat 2014, but see Dunn et al. 1995). However, in
our study, having more than one auxiliary did not seem to
influence the number of surviving offspring. Among other
things, this means that, similar to most cooperative
breeders (reviewed in Pruett-Jones 2004), unassisted pairs
of campo flickers are able to produce nestlings success-
fully, although at a lower rate when compared with
assisted pairs.

The positive effect of auxiliaries on the number of
fledglings extended to improved nestling condition at
fledging. Nestlings produced by groups were heavier at
fledging, a factor that was also positively related to group
size. Auxiliaries in other species have been found to have
both a positive effect on fledgling condition (e.g., white-
fronted bee eaters Merops bullockoides: Emlen and Wrege
1991) as well as no effect (e.g., American crow Corvus
brachyrhynchos: Caffrey 2000). Our data for the campo
flicker suggest that the additional offspring produced by
assisted pairs may in fact be of superior quality relative to
the fewer offspring produced by unassisted pairs, which
could be interpreted as a positive effect overall. However,
we need to acknowledge the limitations of the observa-
tional approach used here. Future experimental studies
may be needed to demonstrate possible cause and effect
relationships between evaluated variables.

In addition to the effect of the presence of helpers on nes-
tling condition, we found that the variable year also had a
strong effect on nestling body mass. Interestingly, 2007 was
a harsh year, with a very long dry season (Dias et al. 2013a),

Fig. 2 Comparison of nestling body mass of campo flickers (Colaptes
campestris) among the study years in the central savanna region of Brazil.
Asterisk represents statistical significance at P<0.01 level

Fig. 3 Comparison of the laying date for assisted and unassisted groups
of campo flickers (Colaptes campestris) in the central savanna region of
Brazil. Asterisk represents statistical significance at P<0.01 level
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but nonetheless, nestlings produced in 2007 were, on aver-
age, 11 g heavier than those of 2008, thus apparently in
better condition. Moreover, when evaluating laying patterns,
we observed that the presence and number of auxiliaries and
the year affected the date that females started laying eggs.
Assisted groups started laying earlier than unassisted groups,
and laying started later in 2007 when compared to other
years. Laying date in campo flickers is influenced by rainfall
(Dias et al. 2013a), a link that has been also established for
other birds dependent upon invertebrate prey in regions of
strong seasonality in rainfall. A study in the Brazilian savan-
na revealed that termite abundance usually peaks in the first
half of the wet season (Pinheiro et al. 2002), a pattern that
could have been disrupted by the long dry season in 2007,
resulting in a later laying date and, possibly, lower food
availability for the offspring. Despite considering 2007 a
poor year due to the extended dry period (Dias et al.
2013a), the delay in the rains may have postponed the be-
ginning of laying so that offspring production coincided
with a higher abundance of insects later in the season, pos-
itively affecting nestling body condition. Regardless of that
year’s effect, we did not observe differences in the number
of assisted groups between years, differently from the study
of azure-winged magpies, which had more assisted nests in
the poorer years (Canário et al. 2004).

Despite the fact that auxiliaries increased productivity in
campo flickers, the calculation of Hamilton’s rule revealed
that the net cost of helping was still very high for auxiliaries
of both sexes and types (primary and secondary), compared
to the indirect fitness benefit of helping, despite the fact that
female auxiliaries sometimes contributed young directly to
the brood (Table 2). This indicates that kin selection alone is
not sufficient to account for helping behavior in this species
and suggests that cooperative breeding must occur in campo
flickers in cases when independent breeding is not possible
(see Emlen 1982, 1991; Du-Plessis et al. 1995). Due to
ecological constraints, such as lack of territories or breeding
positions, some campo flicker fledglings may be forced to
stay in their natal territory and act as auxiliaries, thus being
trapped in a Bbest-of-a-bad-job^ situation (Dickinson et al.

1996). Indeed, some female auxiliaries (i.e., secondary aux-
iliaries) are completely unrelated to the breeding pair (Dias
et al. 2013b) and thus cannot be reaping any kin selected
benefits at all. It is possible that there are direct benefits of
being an auxiliary that we did not measure in this study,
such as increased survival while waiting in the natal site
(Kokko et al. 2001), higher chances of dispersal (Clutton-
Brock 2002), acquisition of other skills necessary for inde-
pendent survival or breeding (Komdeur 1996), or signaling
suitability as future breeders (Carlisle and Zahavi 1986).
Indeed, auxiliaries may be helping breeders as a form of
Bpayment of rent^ so that they are allowed to remain
(Gaston 1978). Since auxiliaries are often young from pre-
vious years, one possibility is that auxiliary males may be
constrained from breeding independently due to female mat-
ing preferences for more experienced males. Additionally,
other variables associated to successful production of off-
spring were not evaluated in this study and we may have
underestimated the benefits of indirect fitness. For instance,
it was found that when the number of auxiliaries increased
in the long-tailed tit (Aegithalos caudatus), there was an
elevated recruitment of offspring as breeders (Hatchwell
et al. 2004). A further consideration is the potential bias that
could be introduced if there is an effect of age or breeding
experience on the probability of a breeder receiving help. A
first-time breeder may have low fitness compared with more
experienced birds and, additionally, is likely to have no as-
sistance, thereby inflating the apparent cost of helping. Thus,
future comparisons of fitness of helped and non-helped birds
in cooperative species could be improved if analyses control
for the effects of breeding experience, something we could
not do in our study of this long-lived bird.

In conclusion, we have shown that the presence of auxil-
iaries increased breeding productivity in campo flickers,
resulting in indirect fitness benefits for auxiliaries genetically
related to the breeding pair. However, this indirect fitness gain
did not compensate the direct fitness costs of not breeding.
Consequently, we suggest that helping behavior in campo
flickers must result from ecological constraints that restrict
independent breeding.

Table 2 Calculation of Hamilton’s rule, rB−C>0, for campo flickers in central Brazil

Auxiliary type

Variable Description No aux Male aux Primary female aux Secondary female aux

r Coefficient of relatedness between helper and primary breeder 0.40 0.33 0.13

Fledglings produced by breeding pair 2.29 3.80 2.80 3.00

Fledglings produced by auxiliary 0.00 1.50 0.50

B Benefit to primary breeder 1.51 0.51 0.71

C Cost to helper 2.29 0.79 1.79

Net rB−C −1.69 −0.62 −1.70
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