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ABsTRACT.—Therisk of breeding failure often varies strongly over the breeding season. If birds optimize production of offspring
accordingly, investment in reproduction should be lowest when food for young is scarce or nest predation risk is highest. Evidence for
this hypothesis is mixed and stems mainly from studies on northern temperate birds, and it is unclear whether these patterns apply to
southern temperate birds with “slow” life histories that resemble those of tropical birds. We studied seasonal variation in reproductive
investment and nesting success in a Neotropical temperate suboscine, the Firewood-gatherer (Anumbius annumbi). Pairs produced an
average of 2.8 clutches over the very long (August—April) breeding season. Clutch size (mean = 5.1 eggs, range: 3—8) was very variable
between and within pairs and showed an initial increase followed by a decline, the typical pattern of variation for multibrooded
temperate species. The main determinant of breeding success was predation. Although the probability of nest failure increased over the
season from 70% to >90%, clutch size was not correlated with failure risk. Egg volume did not show consistent seasonal patterns. Our
results suggest that reproductive investment is not optimally adjusted to the seasonal variation in nest predation risk, and more research
is needed to assess the influence of food availability. Received 27 February 2009, accepted 20 August 2009.
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Variacién Estacional en el Exito Reproductivo de un Suboscino Neotropical de Areas Templadas,
Anumbius annumbi

ResuMEN.—El riesgo de fracaso reproductivo a menudo varia fuertemente a lo largo de la temporada de cria. Si las aves optimizan
la produccion de descendencia en funcion de este riesgo, la inversion reproductiva deberia ser minima cuando la disponibilidad de
alimento para los pichones es baja o el riesgo de depredacidn es alto. Existe evidencia a favor y en contra de esta hip6tesis, que proviene
en su mayor parte de estudios realizados sobre aves de zonas templadas del hemisferio norte. Por lo tanto, no existe certeza de que los
patrones hallados sean aplicables a especies de zonas templadas del hemisferio sur, que presentan historias de vida similares a las de
las aves tropicales (alta supervivencia, baja tasa reproductiva). Estudiamos la variacién estacional en inversién y éxito reproductivo
en Anumbius annumbi, una especie de suboscino neotropical de dreas templadas. Cada pareja de Anumbius annumbi realizé en
promedio 2.8 posturas durante la muy larga (agosto — abril) temporada de cria. El tamano de postura (promedio = 5.1 huevos, rango =
3 — 8) vari6 considerablemente entre y dentro de las parejas y mostré un aumento inicial seguido por una disminucién, un patrén de
variacidn tipico para especies de la zona templada que realizan multiples posturas por temporada. El factor determinante del éxito
reproductivo fue la tasa de depredacién. Si bien la probabilidad de fracaso reproductivo se incrementé a lo largo de la temporada de un
70% a mas del 90%, el tamafo de postura no se correlacioné con la probabilidad de fracaso. El volumen de los huevos no presenté un
patrén de variacion estacional consistente. Nuestros resultados sugieren que la inversién reproductiva no se ajusta estrechamente a
la variacién estacional en la tasa de depredacion y que son necesarios mds estudios para determinar la influencia de la disponibilidad
de alimento.
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REPRODUCTIVE SUCCESS USUALLY varies seasonally in birds,
and early broods within a breeding season are generally more
likely to succeed than later ones (Perrins 1970, Price et al. 1988).
This seasonal variation in success is usually mirrored by seasonal
variation in reproductive investment. For example, early broods
typically contain more eggs than later ones (Klomp 1970, Crick et
al. 1993), and this is to be expected if birds are selected to invest
optimally in reproduction to maximize the number of surviving
offspring (Lack 1947). Several environmental factors that affect
breeding success can vary strongly as the breeding season pro-
gresses, causing changes in reproductive success and reproductive
investment (e.g., clutch size, egg size, etc.). Two of the most impor-
tant environmental factors that determine the number of surviv-
ing offspring are food available to raise the offspring (Lack 1947,
Martin 1987) and nest predation (Martin 1995), and these may de-
termine when, and how much, birds invest in reproduction.

Food availability, which typically shows predictable seasonal
variation, is believed to have strong effects on breeding success
(Martin 1987), and females are expected to fine-tune laying date
and clutch size to match food requirements of the brood with the
expected timing and availability of resources (Lack 1947). How-
ever, although food availability has been the classic explanation
for variation in optimal clutch sizes, recent studies suggest an
equal or possibly more important role for nest predation (Martin
1995). Small clutches should be favored when predation rates are
high, because they allow for rapid renesting (Slagsvold 1982, Farn-
sworth and Simons 2001) and because fewer nestlings means less
activity at the nest to attract predators (Skutch 1949, Martin et al.
2000). Within species, differences in predation rates can explain
variation in clutch size between populations (Ferretti et al. 2005)
and between breeding seasons in the same population (Julliard et
al. 1997, Doligez and Clobert 2003). Even within a season, tempo-
ral variation in predation rate has been hypothesized to explain
seasonal variation in clutch size (Slagsvold 1982). In this case, op-
timal clutch size should track temporal variation in predation risk
and should be negatively correlated with the likelihood of nest
failure over the season.

Seasonal variation in reproductive investment has been
widely studied in temperate passerine birds of the Northern Hemi-
sphere (e.g., Murphy 1978, Perrins and McCleery 1989, Hochachka
1990), but it is unclear whether the patterns found are applicable to
temperate birds of the Southern Hemisphere. Southern temperate
birds, such as South American species, are more similar to tropical
birds in that they have a “slow” pace of life (Martin 1996, Russell et
al. 2004) characterized by low adult mortality and reduced fecun-
dity. This difference in life-history patterns is even more notice-
able among endemic taxa such as suboscine passerines in South
America that evolved and diversified during the Tertiary when the
subcontinent was isolated (Yom-Tov et al. 1994, Ricklefs 2002).
Presumably, reduced seasonality and extremely high rates of nest
predation in South America have contributed to the differences in
life history (Martin 1996). Whether these profound differences in
life histories between northern and southern temperate species
also affect seasonal patterns of reproductive investment and suc-
cess within species remains to be seen. For instance, it could be
argued that smaller clutch sizes and less seasonal environments in
southern temperate regions would provide less scope for seasonal
variation in reproductive investment (Evans et al. 2005). However,

detailed studies on the breeding biology of these species are scarce,
and the generality of patterns found in northern temperate model
species remains to be established (e.g., Moreno et al. 2005, Mas-
soni et al. 2007). Here, we attempt to help fill this gap by reporting
a detailed study of the breeding biology of a widespread Neotropi-
cal suboscine, the Firewood-gatherer (Furnariidae: Anumbius an-
numbi). Our main aims were to document seasonal variation in
reproductive investment and success and to test the hypothesis
that seasonal patterns of reproductive investment (clutch and egg
size variation) should be correlated with predation risk (the main
determinant of breeding failure), as predicted by current optimal-
ity models derived from northern temperate species.

METHODS

Study species.—The Firewood-gatherer belongs to the family Fur-
nariidae, one of the most widely distributed families in the Neo-
tropical region. Found in almost every habitat type from coastal
deserts to tropical rainforests (Remsen 2003), the Furnariidae
are known for their nesting behavior because many species in the
family build large and complex enclosed nests whose diversity in
form rivals that found in the rest of the passerines (Collias 1997).
The Firewood-gatherer is a common medium-sized (18-20 cm,
27-45 g) insectivore that is distributed over large parts of central-
eastern South America (southeastern Brazil, Uruguay, eastern
Paraguay, and eastern Argentina to northern Patagonia), where it
inhabits forest edges, savannas, and grasslands with shrubs (Rem-
sen 2003). It is a year-round resident and breeds during spring and
summer in bulky domed stick nests that are profusely “decorated”
with carnivore scat, bones, fur, hair, feathers, and so on (Zyskowski
and Prum 1999, K. Delhey et al. pers. obs.). The species is socially
monogamous, and males and females share nest-building, incu-
bation, and chick-feeding activities. Males and females are cryp-
tically colored (brown) and are largely sexually monomorphic in
size and coloration (Remsen 2003).

Study site.—Between 2006 and 2008, we studied a partially
color-banded population (20-25 breeding pairs) of Firewood-
gatherers near the city of Bahia Blanca, southwest Buenos Aires
province, Argentina, in the southeast of the geographic range of
the species. The 170-ha field site is on the slopes of the Napost4
stream valley (38°35’S, 62°04’W) at ~100 m above sea level. The
yearly rainfall averaged 636 mm in 2006 and 2007, with peaks in
autumn (March—May) and spring (September—November). Mean
monthly temperatures varied between 5.5°C in winter (July) and
24°C in summer (January). Precipitation and temperature data
were obtained from a weather station 16 km from the study site
through a website (see Acknowledgments). Vegetation consisted
of grasslands interspersed with low shrubs (<3 m) dominated
by Manca-caballo (Prosopidastrum angusticarpum), Piquillin
(Condalia microphylla), Cina-cina (Parkinsonia aculeata), and
Piquillin de Vibora (Lycium gilliesianum) and a few scattered Cal-
dén trees (Prosopis caldenia). Shrubs were found mainly near the
rocky outcrops at the top of the valley sides and were surrounded
by grasslands. The study site was subject to low levels of cattle
grazing.

Field methods.—Birds were caught under license using mist
nets around their nests. Each unbanded bird was fitted with a
numbered metal ring and a unique combination of three plastic
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color bands. The field site was visited regularly from August 2006
until May 2008. The frequency of visits was higher during the
breeding season (August—April, ~3 visits per week) than during
the non-breeding season (May-July, ~1 visit per week). During vis-
its we searched for new active nests and examined the contents of
known active nests. If a nest was suspected of being active, we cut
a small (about 10 X 10 cm) hole in the brood chamber to inspect
nest contents. This hole was then plugged with an oversized piece
of brownish-beige polyurethane foam following the procedures of
Mason (1985) and Nores and Nores (1994). Active nests were vis-
ited, on average, every 4 days until fledging or nest failure. Eggs
were measured at the start of incubation using calipers (+0.1 mm),
and egg volume was computed using Hoyt’s (1979) formula. These
procedures did not cause discernible disturbance to the birds, in
that no active nest was abandoned after being treated this way.
Visual predators can easily detect the very large and unconcealed
nests, so it is unlikely that the foam plugs increased their detect-
ability, given that most empty nests were opened and sealed simi-
larly. Additionally, our data suggest that the holes plugged with
foam did not provide predators with a point of easy access to the
brood chamber, because the foam had been removed in only 4
cases of predation (6%). Moreover, in 3 of these cases, the predator
had made additional holes in the nest.

Data analysis.—Nest initiation dates (laying date of the first
egg) were back-calculated for nests that were not found on the day
the first egg was laid. If a nest was found during laying, initiation
date was computed as (initiation date = date found — number of
eggs when found X 2), assuming that eggs are laid on alternate days
(de la Pefia 2005, K. Delhey et al. pers. obs.). For eggs found dur-
ing the incubation or nestling stage, we computed nest initiation
date as (initiation date = hatching date — clutch size X 2 — average
incubation period). Hatching date was determined either by di-
rect observation (most of the nests) or by estimating chick age
using logistic regressions of chick growth and other cues of
chick development (K. Delhey et al. unpubl. data). Because this
method of estimating hatching date—and, therefore, nest initia-
tion date—was not very accurate and the breeding season was
very long, we grouped nest initiation dates in half-month periods
(Fig. 1). These dates were subsequently used as the nest initiation
dates (hereafter “lay date”) instead of the actual or estimated day
of first egg laying. Nest predation was assumed when all eggs (or
all but 1 or 2, which were subsequently abandoned) disappeared
from the nest, when all nestlings disappeared from the nest be-
fore their expected fledging date, or when nestlings were found
dead and injured outside the empty nest. Hatching success was
computed as the proportion of laid eggs that hatched, exclud-
ing nests that were depredated during the egg phase. Eggs that
disappeared during laying and incubation were included as un-
hatched eggs. These eggs were most likely thrown out of the nest
by the parents after being punctured by Shiny Cowbirds (Molo-
thrus bonariensis; hereafter “cowbirds”; see below), although we
acknowledge that partial predation could also be responsible for
some of these losses.

Because a large proportion of our data consisted of repeated
breeding attempts by the same pairs, we used mixed models in-
cluding pair identity as a random variable to avoid pseudoreplica-
tion when assessing the effects of date and season on reproductive
success and investment. Pairs were identified when at least one

member was marked (94 of 130 nesting attempts). The rest of the
nesting attempts were treated as independent observations (even
though in a few cases this may not have been the case). This is
unlikely to have biased our analyses, because results were quali-
tatively unchanged if all nesting attempts were treated as indepen-
dent data points. Clutch size and egg volume were analyzed using
mixed models with normal error distribution and identity link.
Hatching success and likelihood of partial nestling mortality were
analyzed using binomial error distribution and logit link. Explan-
atory variables were the factor season (2006-2007 or 2007-2008)
and the covariates lay date and lay date? to account for possible
curvilinear patterns. We also tested for interactions between lay
date and season and between lay date? and season. Models were
reduced by excluding the variables (starting with the interaction
terms) in order of decreasing P values until only significant terms
(P <0.05) remained in the model.

To examine within-pair consistency in reproductive suc-
cess and reproductive investment, we computed repeatability fol-
lowing Lessells and Boag (1987) for continuous variables (clutch
size, egg volume, and hatching success) for pairs for which we had
information on >2 breeding attempts. Given that in many of the
pairs only 1 member was marked, our estimates of repeatability
should be treated as conservative, because unbanded birds could
disappear and be replaced by another unbanded bird over the sea-
son. For dichotomous variables (likelihood of success; i.e., fledged
yes—no) we computed logistic regressions incorporating pair iden-
tity as a factor. We cannot compute a directly comparable value
of repeatability in these cases, but at least we can assess whether
there is within-pair consistency. Statistical support is given by the
significance of the factor “pair identity,” and the magnitude of the
repeatability is estimated by how successful that factor is in clas-
sifying breeding events as successful or not.

Nest survival was analyzed using the program MARK (White
and Burnham 1999), for which we had all the necessary data from
86 nesting attempts. We built models based on a priori biological
hypotheses that included the following covariates and factors. (1)
Variation within breeding seasons: Nest failure rates have been
shown to vary over the season because of differences in predator
activity, environmental changes, and other factors. We included
the covariate “lay date” as well as “lay date?” in the model to ac-
count for possible curvilinear patterns of variation. (2) Variation
between breeding seasons: We accounted for this by including the
factor “season” in the models. (3) Variation between nest stages:
It has been hypothesized that different stages in the nesting pe-
riod (incubation, nestlings) may experience different predation
pressures. Increased activity at the nest during the nestling period
should increase nest detectability by predators and raise preda-
tion rates (Skutch 1949), but predation rates may be higher dur-
ing egg stages because the most exposed nests are easily found by
predators (Martin et al. 2000). We thus included the factor “nest
stage” (egg stage, which includes laying and incubation, and nest-
ling stage) in the models. (4) Cowbird activity: These brood para-
sites occasionally lay their eggs in nests of Firewood-gatherers and
puncture their eggs (K. Delhey et al. unpubl. data), and broken eggs
are subsequently thrown out of the nest, presumably by the host
(Reboreda et al. 2003). Broken eggs inside or near the nest may
attract predators (Arcese et al. 1996), and we modeled this pos-
sibility by including the factor “cowbird activity” in the models,
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FiG. 1. Seasonal variation in (A, B) number of initiated clutches, (C, D) clutch size, and (E, F) egg volume in Firewood-gatherers in southwest Buenos
Aires province, Argentina, grouped by half-month intervals. Left panels (A, C, E) depict breeding season 2006-2007, and right panels (B, D, F) breed-
ing season 2007-2008. In C and D, large symbols with inset numbers represent overlapping data points.

whereby we coded a nest as showing presumed cowbird activity if
it presented cowbird eggs, punctured eggs, eggs outside the nest,
or eggs that disappeared during laying or incubation. The nega-
tive effects of cowbirds on breeding success were restricted to egg
losses, because no cowbird chicks survived (K. Delhey et al. un-
publ. data). (5) Investigator disturbance: Frequent visits to assess
nest contents may attract or deter predators and affect predation
rates (e.g., Sockman 1997). We tested this possibility by includ-
ing the covariate “investigator disturbance,” which is the average
number of days between nest visits in the models.

Nest survival models were built in two steps: first we looked
for the best model that included only temporal parameters (sea-
son, lay date, and lay date?), and later we added the remaining co-
variates or factors to that best model to find the best overall model.
This approach yielded the same best model as constructing and
comparing all possible models. Models were compared on the ba-
sis of Akaike’s information criterion corrected for small sample
size (AIC ), with lower AIC_ values indicating better fit (Rotella
2009). If models differed by <2 AIC_ units, they were considered
equally supported and preference was given to the model with the
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sample (r=-0.01, P=0.91, n="72) and in 2006-2007 (r = -0.005,
P=0.97,n=42)and 2007-2008 (r=-0.05, P=0.80, n=30).

Breeding success and causes of failure.—Apparent breeding
success was low (25%; 24 of 95 nests with known fate), and preda-
tion accounted for 87% of all complete failures (62 of 71 cases). The
remaining complete failures were attributable to abandonment (4
nests), nests falling to the ground after a storm (2), and egg punc-
turing by cowbirds (3). For the subsample of nests of known fate
found before or during egg laying (n = 56), the pattern was sim-
ilar: 16 (28%) were successful, 33 (59%) were depredated, 2 (4%)
failed because the nest fell, 2 (4%) had eggs punctured by cow-
birds, and 3 (5%) were abandoned. Twenty-one nests were depre-
dated during the egg stage (laying and incubation) and 12 during
the chick stage. For this subsample of nests found before or dur-
ing egg laying, there seemed to be low within-pair consistency in
the likelihood of success (i.e., fledging young: ¥ = 23.6, df = 15,
P=0.07;100% of failed nests were correctly classified by including
pair identity in the logistic regression, but only 41.7% of success-
ful nests were; n = 16 pairs, 1 with 4, 2 with 3, and the rest with 2
breeding attempts).

The contents of 47 of 62 depredated nests (76%) disappeared
without damage to the nest (33 and 28 during the egg and nest-
ling stages, respectively, and 1 at an unknown stage). We assume
that these disappearances are attributable mainly to snakes because
we witnessed 2 predation attempts by Patagonia Green Racers
(Philodryas patagoniensis) and in both cases the nest showed no
structural damage. In another 6 cases the nest was intact but the en-
trance was slightly widened, and in the remaining 9 cases the nests
presented clear signs of having been broken into. Guira Cuckoos
(Guira guira) were observed depredating 1 Bay-winged Cowbird
(Agelaioides badius) nest located inside an old Firewood-gatherer
nest (M. Carrizo pers. obs.), which resulted in a widened entrance.
Thus, we presume that predation events in which the nest was vis-
ibly damaged are attributable to larger predators such as birds (e.g.,
Guira Cuckoos, Chimango Caracaras [Milvago chimango], and
Southern Crested Carcaras [Caracara plancus]) or mammals (e.g.,
White-eared Opossums [Didelphis albiventer] and Little Grisons
[Galictis cujal), although we never witnessed mammals depredat-
ing Firewood-gatherer nests. The likelihood that a depredated nest
had been forced open was higher at the start and at the end of the

breeding season (logistic regression, date: B=-0.78, 95% CI: -1.45
to-0.12, x2=5.8,df=1, P=0.016; date*: B=0.047,95% CI: 0.0078—
0.086, x> =6.03, df =1, P = 0.014, n = 59). Taken together, in the
first and last 2 months of the breeding season, 40% of the predation
events involved nest breakage, whereas in the middle of the season,
only 15% of depredated nests had enlarged openings.

Hatching success averaged 84.6% (n = 49), and all eggs
hatched in 23 of 49 cases (47%). Hatching success in the remaining
nests varied between 20% and 86%. Hatching failure was partly
attributable to egg puncturing by cowbirds, which was recorded
in 27 nests (23% of all nests found during egg stages, n =118). This
accounted for 31% of all unhatched eggs (based on the subsample
of nests with known hatching success that were found during lay-
ing or incubation; n=26). Hatching success did not differ between
seasons, but a weak, marginally nonsignificant trend suggests
that the likelihood of hatching failure increased in the middle of
the season (Table 1). Hatching success was not repeatable within
pairs (r=0.01, F=1.02, df =12 and 14, P = 0.48). Overall, hatching
success was negatively correlated with clutch size (Spearman’s
rank correlation, r, = -0.33, P=0.02, n = 49), but this was the case
only in the 2006-2007 season (r,= -0.56, P=0.002, n = 29; 2007
2008:7,=0.01, P=0.95, n=20). Partial mortality (i.e., largely unex-
plained loss) of nestlings, which occurred in 7 of 49 nests of known
fate, did not vary between or within seasons (Table 1).

To summarize, of all laid eggs of known fate (n = 369 from
77 nests), 186 hatched (50.4%), 107 were depredated (29%), 35
were lost to cowbirds (9.5%), 28 failed to hatch for other reasons
(7.6%), and 13 were abandoned or the nest fell (3.5%). Of all chicks
of known fate (n = 206 from 49 nests), 85 fledged (41.2%), 101
were depredated (49%), 13 disappeared singly from the nest or were
found dead in the nest (i.e., partial mortality, 6.3%), and 7 were
abandoned or died because the nest fell (3.4%).

Daily survival rates.—The DSR of nests in our study was a
function of nest stage and date (Table 2). Models that included
season as a factor performed less well (AAIC_ = 1.8) than the
intercept-only model. Including lay date, on the other hand,
substantially improved the fit of the model compared with the
intercept-only model (AAIC_ = -3.19). Including lay date? as
well did not lead to a better fit of the model (AAIC_ = 1), and
we did not consider this covariate further. Adding nest stage

TaBLE 2. Summary of models describing variation in daily survival rates of nests of Firewood-gatherers in southwest Buenos Aires province,

Argentina.

Model AlC? AAICP Weight K4 ADeviance® df P
Intercept + date + nest stage 251.313 0 0.34 3 — — —
Intercept + date + nest stage + investigator disturbance 251.711 0.4 0.28 4 1.61 1 0.2
Intercept + date + nest stage + cowbird activity 252.166 0.85 0.22 4 1.15 1 0.28
Intercept + date 254.088 2.78 0.08 2 4.78 1 0.028
Intercept + date + date? 255.147 3.83 0.05 3 — — —
Intercept 257.287 5.97 0.02 1 9.98 2 0.007
Intercept + season 259.088 7.77 0.007 2 — — —

2 Akaike’s information criterion corrected for small sample sizes.

b Difference in AIC_between this and the best model (in bold).

¢ Akaike weight, which represents the relative support for the model.
4 Number of parameters in the model.

¢ Change in deviance between this and the best model (can be calculated only if models are nested, thus not given in all cases), which follows a chi-square distribution;

degrees of freedom and P values are given.
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FIG. 2. Seasonal variation in daily survival rate (DSR) of nests during egg
stages (laying and incubation) and nestling period in Firewood-gatherers
in southwest Buenos Aires province, Argentina, as computed by the best
model in Table 2. Means and 95% confidence intervals are shown.

as a factor again improved the fit of the model (AAIC_ = -2.77),
and this constituted the best model with the lowest AIC_
value. The DSR values decreased as the season progressed (B =
-0.0044, 95% CI: -0.009 to 0.0001; Fig. 2), and DSR was higher
during the egg stage (laying and incubation) than during the
nestling stage (B = -0.71, 95% CI: -1.34 to —-0.09; Fig. 2). The
next-best model (AAIC_ = 0.39) included investigator distur-
bance as an additional variable. Longer intervals (in days) be-
tween nest visits tended to be associated with higher DSR, but
the 95% CI of effect size clearly included zero (B = 0.127, 95%
CI: -0.078 to 0.333). Cowbird activity at the nest also seemed
to reduce DSR, but the 95% CI was very large (B = -0.35, 95%
CI: -0.99 to 0.28) and likewise included zero. The parame-
ters from the best model allowed us to calculate the probabil-
ity of fledging young at different points during the season as
DSRe S(laying days + incubation days) X DSRnestlingS(nestling days). Thus’ for
a modal clutch size of 5 eggs, the probability of success was 30%
(95% CI:12—51%) for a nest initiated in September and 7% (95% CIL:
0.7-25%) for a nest initiated in March.

DiscussioON

Variation in reproductive effort in our study population was attrib-
utable to a combination of multiple breeding attempts and variable
clutch sizes, and the main determinant of breeding success was nest
predation. The very long breeding season (8 months) provided am-
ple time for pairs to make multiple breeding attempts and, thus, for
seasonal changes in reproductive success and reproductive invest-
ment. Seasonal changes were evident for most variables describ-
ing reproductive success (hatching success and fledging success)
and reproductive investment (clutch size and egg volume).

Clutch size is one of the most extensively studied compo-
nents of avian reproductive investment (e.g., Klomp 1970, Rick-
lefs 1980, Slagsvold 1982). Clutch size in our study population

is unusual for a Neotropical suboscine, in that it is large (aver-
age clutch size in Furnariidae is 3.09 eggs; Yom-Tov et al. 1994)
and highly variable. Variation in clutch size over the season was
driven, at least in part, by differences in clutch size between re-
peated breeding attempts by the same pairs, despite consistent
differences in clutch size among pairs (i.e., the marginally signif-
icant repeatability of clutch size) that may be related to female
quality or age. This variation followed a curvilinear pattern with
a peak clutch size in the middle of the season (Fig. 1), which is
similar to patterns described for multibrooded temperate species
in the Northern Hemisphere (Crick et al. 1993). Northern tem-
perate species with more breeding attempts per season show a
higher ratio between initial and maximum clutch size, a steeper
slope for the increase in clutch size at the start of the season, and
later timing of maximal clutch size in relation to the length of the
breedingseason (Crick etal. 1993). These parameters for Firewood-
gatherers in our study were within the range found in multi-
brooded (>2 breeding attempts per season; # = 13) British spe-
cies (clutch size increase, the ratio between maximum and initial
clutch size = 1.2 in A. annumbi, British species average = 1.26
[range: 1.0-1.6]; initial slope of clutch size increase = 0.019 in A.
annumbi, British species average =0.022 [range: -0.012 to 0.046];
timing of maximal clutch size in relation to length of breeding sea-
son = 0.53 in A. annumbi, British species average = 0.45 [range:
0.0001-1]; British species data are from appendix in Crick et al.
1993). The curvilinear pattern of variation in clutch size that we
observed has, in temperate-breeding passerines, been ascribed to
the combination of low food availability for laying females in the
early breeding season and a midseason peak in food for feeding
young (e.g., Murphy 1978, Crick et al. 1993). We found little evi-
dence to suggest that food limitation influenced breeding success
in this species, given that partial nestling mortality was rare and
distributed evenly over the season (Table 1) and was apparently
not attributable to starvation. However, we did not monitor food
availability and cannot address this possibility.

The complete failure of a breeding attempt because of pre-
dation was the main determinant of reproductive success in this
population. Predation accounted for nearly 90% of complete losses
over the season, and the likelihood of predation increased over
the season from ~70% to >90% at the end of the season (Fig. 2).
This high level of nest predation is similar to that found in an-
other population of Firewood-gatherers (Mason 1985) and com-
parable with failure rates of shrubland birds in Argentina, where
predation risk also increases as the season progresses (Mezquida
and Marone 2001). Increases in nest failure rates because of pre-
dation have been attributed to increases in predator activity with
season (Sperry et al. 2008). In our case, we presume that the most
important predators of Firewood-gatherer nests in the area were
snakes because they were the only predators that we observed in
nests and most (76%) of the depredated nests were intact. Snakes
are common in the area and are often found in old Firewood-
gatherer nests or depredating nest contents of other bird species
that reuse Firewood-gatherer nests (de la Pefia 1990, K. Delhey
et al. pers. obs.). Snake activity is dependent on temperature
(Sperry et al. 2008), which varies over the breeding season. How-
ever, because temperature peaked in January in both seasons,
temperature alone cannot fully explain the steady increase in pre-
dation rates with time (Fig. 2). Alternatively, other predators could
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be responsible for late predation events, as suggested by the in-
creased likelihood that depredated nests showed signs that they
were broken into at the start and end of the breeding season.

Regardless of predator identity, if predation risk was the sole
determinant of clutch size, we would have expected a monotonic
decline of clutch size with laying date because of the steady sea-
sonal increase in the probability of nest predation (Skutch 1949,
Slagsvold 1982). That we found a seasonal peak in clutch size is
inconsistent with this expectation, but it does not necessarily lead
to a rejection of the hypothesis that nest predators have no role in
the evolution of clutch size in Firewood-gatherers. For instance,
feeding nestlings was associated with a lower DSR (Fig. 2), pos-
sibly because of greater parental activity that may have attracted
the attention of nest predators. Thus, there is ample reason to sus-
pect that nest predation is a potentially strong selective force on
clutch size in this species (Skutch 1949, Martin et al. 2000). How-
ever, that the smallest clutches were found at the start of the sea-
son, when predation risk was lowest, indicates that other factors
are at play, and we suggest as one possibility that food resources
for laying females may have been limited at the start of the season
(e.g., Murphy 1978).

Alternatively, females may be able to more finely adjust their
reproductive investment in response to predation risks through
modification of egg size (e.g., Fontaine and Martin 2006, Boulton
and Powlesland 2008). But as with clutch size, this would predict a
seasonal decline in egg size, and we instead observed an increase
in 2006-2007 and no relationship with date in the next year (Fig. 1
and Table 1). The discrepancy between seasons is not surprising.
Data for several species likewise show strong differences in the re-
lationship with laying date among years (reviewed by Christians
2002). Although none of the studies in Christians’s (2002) review
were of Neotropical species, egg size did not vary with laying date
in most, and if it did, declines in egg size were more common than
increases. That we detected an increase in egg size with date in at
least 1 of the years is consistent with the possibility that resources
for laying females are limited at the start of the breeding season.

To conclude, seasonal variation in reproductive effort (mainly
clutch size) followed the pattern expected for similar northern
temperate multibrooded species, but our data suggest that this
variation is not related in an optimal way to the seasonal variation
in nest predation risk, the main determinant of breeding success.
To the best of our knowledge, curvilinear patterns of clutch-size
variation have not been reported for other Neotropical species.
However, similar studies are scarce, and within-season variation
in reproductive investment is often not mentioned. In most cases
where seasonal variation was examined, no significant changes
were detected (Mezquida and Marone 2000, 2003; Robinson et
al. 2000; Mezquida 2001a, b, 2002; Moreno et al. 2005; Carvalho
et al. 2007; Llambias and Ferndndez 2009). This may be partly
attributable to the fact that some species show relatively invari-
ant clutch sizes (Mezquida 2001b, 2002; Carvalho et al. 2007) or
because authors did not test for curvilinear patterns of variation
(all the above cited studies). In 4 mainly single-brooded species—
Monk Parakeet (Myiopsitta monachus; Navarro et al. 1995), Social
Flycatcher (Myiozetetes similis; Dyrcz 2002), Burrowing Para-
keet (Cyanoliseus patagonus; Masello and Quillfeldt 2004, 2008),
and White-rumped Swallow (Tachycineta leucorrhoa; Massoni
et al. 2007)—clutch size declined with laying date, whereas in 1

multibrooded species, the Chucao Tapaculo (Scelorchilus rubec-
ula; De Santo et al. 2002), late clutches were larger. Whether this
variation is adaptive is an open question, because few firm con-
clusions can be drawn from such a small sample of species. This
dearth of information clearly indicates the need for more study
of this topic, to establish whether reproductive effort varies with
season in Neotropical birds and to assess the presumed causes and
adaptive value of seasonal changes in reproductive investment.
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