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Food limitation is one explanation for differences in life-history traits, such as clutch size

or nestling mortality, between tropical and temperate birds. Also predation has been con-

sidered one of the major factors shaping life-histories. We found mixed support for the

food-limitation hypothesis when we experimentally manipulated food abundance and

evaluated subsequent effects on breeding and behavioural parameters of the Blue-black

Grassquit (Volatinia jacarina). Food-provisioned males increased territorial disputes and

received more female visits, and a higher proportion of supplemented pairs produced

more eggs and had faster growth rates in their broods compared to non-provisioned pairs.

However, egg laying was delayed in the fed group. Unexpectedly, predation in the food-

provisioned group was twice that of the control group. We presume that nest detection by

predators increased due to higher nest attentiveness in food-provisioned nests. Food

availability constitutes a proximate mechanism resulting in changes in behaviours and

breeding parameters, but nest predation may be the prevailing selective pressure.

1. Introduction

Quality and quantity of food shape avian life-his-

tories (Martin 1987) and have been considered

critical elements limiting reproduction (Lack

1954). Studies have often suggested a positive cor-

relation between food supply and fitness (Boutin

1990, Przybylo et al. 2001, Searcy et al. 2004).

Food availability can influence laying date (Smith

et al. 1980), clutch size (Soler & Soler 1996), off-

spring growth rate (Blancher & Robertson 1987),

interval between breeding attempts (Arcese &

Smith 1988), predation rate (Dewey & Kennedy

2001), nest attentiveness during incubation (Chal-

foun & Martin 2007) and occurrence of extra-pair

young (Westneat 1994, Václav et al. 2003). Addi-

tionally, food resources may influence aggressive

behaviour (Pierottu 1981), display rate (Tamm

1985), and migration patterns (Fransson 1998). In

a few manipulation studies, however, increased

food had no detectable effect on offspring growth

rate (Lepczyk & Karasov 2000, Massemin et al.

2002) or on clutch size (Yom-Tov 1974).

Food availability may also have a negative as-

sociation with territory size (Adams 2001), al-

though exceptions to this pattern have also been

found (Arvidsson et al. 1997, Brown & Long

2006). Birds may respond to increased food by
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modifying their display rate and style (Boutin

1990) because when food is abundant, more time

may be allocated to other activities, such as singing

and displaying (Searcy 1979). Reduction in terri-

tory size may also be associated with higher food

availability due to an increased intrusion rate

(Ewald & Rohwer 1982).

Variation in life-history traits of birds in gen-

eral, and more specifically the contrast between

tropical and temperate birds, has been debated but

still remain largely unresolved (Martin 1996,

Ricklefs 2000, Ferretti et al. 2005). The connec-

tion between food supply and reproduction in tem-

perate birds has been reasonably established, and

extra food generally leads to higher fitness (Svens-

son & Nilsson 1995). The food limitation hypothe-

sis (Lack 1947, reviewed in Martin 1987) suggests

that tropical birds are limited in food availability,

and predicts that energetically restricted parents

will delay clutch initiation, produce smaller

clutches, and have decreased nestling growth and

survival. Food has been frequently suggested as a

limiting factor for tropical birds and could explain

life-history contrasts with temperate species (Lack

1947, Klomp 1970, Murray 1985). A comparison

between a tropical and a temperate guild of insec-

tivorous birds showed that the foraging attack rate

of tropical species is 4–6 times lower than that of

temperate counterparts (Thiollay 1988), which

suggests that food may be a constraint for repro-

ductive output (e.g., clutch size) at least for insec-

tivorous birds. Following the same line, a study on

the American Redstart (Setophaga ruticilla) in

both temperate and tropical regions demonstrated

that, despite the fact that the species uses similar

foraging techniques in both regions, individuals

have lower foraging attack rates and higher forag-

ing movements in the tropics, suggesting a lower

abundance of prey availability in that region

(Lovette & Holmes 1995). However, experiments

using food supplementation that would allow

comparisons to temperate birds are rare for tropi-

cal regions, precluding broad interpretations of

latitudinal patterns concerning the link between

food and reproduction.

Despite the great emphasis on the effects of

food limitation, several studies suggest that nest

predation may be a more important selective force

than food limitation in determining life-history

traits of birds (Martin 1995, Owens & Bennett

1995, reviewed in Martin 2004). This may be es-

pecially true for tropical birds: both early and more

recent studies suggest that tropical birds lose 80%

or more of their nests due to predation, in contrast

to about 40–60% for temperate-zone species (re-

viewed in Stutchbury & Morton 2001). Skutch

(1949) suggested that greater nest visitation by

parents could lead to a higher rate of nest preda-

tion. Thus, there may well be an interaction be-

tween food abundance and nest predation, if

higher resource abundance leads to more frequent

feeding trips to the nest by parents. Alternatively,

higher predation risk incurred by parents in areas

with high density of predators may reduce nest-

feeding rates even when resources are abundant

(Eggers et al. 2008). Recent studies have con-

firmed this pattern, revealing that parents are flexi-

ble in their reproductive strategies, being able to

modify their behaviour in relation to predation risk

(Eggers et al. 2005; Fontaine & Martin 2006). De-

spite the many hypotheses, few empirical studies

have documented food limitation and its effects

upon breeding or provided detailed data for nest

predation rates of tropical species (Stutchbury &

Morton 2001).

To study the effects of food resources on multi-

ple life-history traits of a Neotropical passerine,

we manipulated food abundance, by provisioning

seed, on breeding territories of the Blue-black

Grassquit (Volatinia jacarina). We predicted that,

similar to their temperate counterparts and in ac-

cordance with the food-limitation hypothesis,

food-provisioned pairs would exhibit earlier lay-

ing dates, produce larger clutches, and have accel-

erated nestling growth and higher survival due to

increased parental investment in feeding. Apart

from the predictions of this hypothesis, we also ex-

pected that food provisioning would generate

more intensive territorial defence, more successful

attraction of females, decreased territory sizes, and

higher nest predation because of changes in paren-

tal behaviour.

2. Material and methods

2.1. Study species

and general field procedures

The Blue-black Grassquit is a small, primarily gra-

nivorous bird with an extensive distribution
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throughout Latin America (Sick 1997). The spe-

cies breeds in central Brazil during the rainy sea-

son, i.e., from mid-November to April, with peak

nest initiation from February to March. Although

socially monogamous (Almeida & Macedo 2001),

the species has a very high rate of extra-pair fertil-

ization (Carvalho et al. 2006). Both males and fe-

males build nests and care for offspring (Almeida

& Macedo 2001), but our and Marcondes-

Machado’s (1988) observations suggest that fe-

males perform more direct parental care than do

males. Parents feed nestlings with seeds (we have

observed seeds through the transparent skin over

the oesophagus and crop of nestlings several

times), insects and other small invertebrates (Al-

derton 1963). Daily nest mortality for Blue-black

Grassquits varies seasonally, but as for many tropi-

cal grassland species, nest mortality is very high;

for example, a previous study found 95.3% overall

nest failure (Carvalho et al. 2007).

We conducted the study within the Campus of

the University of Brasilia (15°46’ S, 47°52’ W) in

central Brazil from November 2005 to March

2006. The study area was a disturbed tropical sa-

vannah consisting mainly of grasses and shrubs

with sparse trees. Human-induced changes in the

vegetation of the area have resulted mostly from

more frequent fires and increasing fragmentation

due to the urbanization process, but there is no

source of supplementary water or food for ani-

mals. On the other hand, Blue-black Grassquits are

known to be found almost exclusively on modified

areas composed of open habitats with high abun-

dance of grasses.

Therefore, the study area should not have in-

fluenced differentially the reproduction of the po-

pulation under study in comparison to other popu-

lations. Similarly, the nest-predator community in

the study area is not expected to differ from more

natural areas, because the main predators in Bra-

zilian savanna, such as Anis and Jays, are com-

monly found in both types of habitat. We mist-net-

ted and marked birds at least two months before

the beginning of the experiment with unique com-

binations of coloured plastic rings, weighed them,

and measured the length of their right tarsus and

wing, tail and beak (0.05 mm precision). The blue-

black plumage and the white underwing patch may

represent secondary sexual traits important for in-

tra-sexual competition and/or mate choice, and

were evaluated as likely cues of male quality. The

percentage of breeding plumage cover for the en-

tire body was estimated visually. To determine the

size of the white underwing patch relative to the

wing, we gently flattened the wing against an over-

laid acetate sheet and traced the outline of patch

and wing, and calculated areas of both using

ImageJ software (U.S. National Institutes of

Health).

2.2. Food-provisioning experiment

Of birds captured at the site, only 25 males estab-

lished territories and successfully reproduced in

the study area, and we randomly assigned these

males to either the experimental food-provisioned

group (fed) or to the control group (non-fed). All

territories of monitored individuals were at least

30 m apart (nearest edge). For both groups we

placed a feeder on the ground in the approximate

centre of the territory. The feeder consisted of a 20-

cm diameter dish covered by a roof to minimize

conspicuousness to birds flying overhead. Food

(200 g) consisted of equal parts of yellow, green,

and red millet (Panicum miliaceum), canary seed

(Phalaris canariensis), barnyard millet (Echino-

chloa sp.), and niger seed (Guizotia abyssinica),

and was provided to the fed group three times

weekly for the duration of breeding (see below).

The non-fed group was treated similarly, although

without the food. Supplementation started when

males established their territories and lasted until

the end of the breeding season, a period of roughly

two to three months depending on the tenure of

each breeding pair in its territory. In all cases the

supplementary food was available for a minimum

of one week before a clutch was initiated, but usu-

ally for at least 15 days. All feeders of the fed

group were found by territory owners, and only the

territorial pair was ever seen accessing the re-

sources. We never observed other bird species or

any other animals eating the seeds during observa-

tion periods described below.

To estimate natural food availability within ter-

ritories, we determined the proportion of seeding

grasses relative to total grasses at the end of the re-

productive season (defined as the moment after the

last nestling fledged). We counted all grass stalks

and recorded those with seeds or vestiges of pro-
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duction within five 1-m
2

quadrats, one in the

centre of the territory and the other four at dis-

tances of one meter in the cardinal directions. For

each territory we averaged the counts from the five

quadrants as a measure of food availability.

2.3. Male behaviour and territoriality

We conducted behavioural observations from

06:00 to 11:00 hours (BRT) for the 25 males with

territories in the area throughout the breeding sea-

son, of which 12 were in the fed group and 13 in

the non-fed group. Time constraints did not allow

the behaviour of females to be monitored simulta-

neously. We conducted an initial 20-min observa-

tion bout of all focal males before the manipula-

tion, and two additional rounds of focal animal

samplings of 20 min, two and three weeks after

food provisioning started. We recorded display

rate (leaps/min), territorial disputes (chases and

physical contacts), and the number of other male

and female intrusions in the territory. Additionally,

we monitored nests to register the visitation rate of

the territorial male to the nest throughout the

whole nesting cycle (incubation and nestling feed-

ing).

To demarcate territorial boundaries we tagged

perches used by displaying males and places

where we observed territorial disputes. Territories

were measured before and two weeks after the

food or empty feeder was in place for each bree-

ding pair. Due to the small territory size of the

Grassquits (13.0 to 72.5m
2
, Almeida & Macedo

2001) and ease of observing displaying individu-

als, we are confident that the samples truly repre-

sent the territory size of the studied individuals.

Territorial size was calculated by the minimum

polygon convex (MPC) method, by joining the

outermost points of the territory to form a polygon

from which the area was calculated (Odum &

Kuenzler 1955).

2.4. Reproduction and nestling growth

We found nests by searching the vegetation and

using behavioural cues of adults, and these were

monitored every 2–3 days. Laying date was de-

fined as the day the first egg was laid. We weighed

chicks and measured their right tarsus on alternate

days after hatching until they fledged. Nestlings

fledged on average 11–12 days after hatching. To

avoid premature fledging, we stopped measuring

nestlings on the 9th day. Nests were considered

successful if at least one chick fledged, and

depredated if all eggs or nestlings disappeared

(typical of avian predation) or if the nest was de-

stroyed or disappeared (typical of mammalian pre-

dation).

2.5. Statistical analyses

All tests are two-tailed, and data are reported as

means ± SE. We tested all distributions for normal-

ity with Shapiro-Wilk W test, and used non-para-

metric tests when data were non-normally distrib-

uted. There were no significant differences in mor-

phology between males assigned to the two treat-

ment groups: Student’s t test showed t < 0.5 and p >

0.60 for tarsus, tail, bill length, underwing patch

size and proportion relative to wing, and Mann-

Whitney U test had U > 53.0 and p > 0.15 for

weight, wing length, and breeding plumage cover-

age. The amounts of seeding grass in the territories

of fed and non-fed birds were similar (Student’s t

test: t
23

= 0.865, p = 0.396). Thus, the majority of

food variability in terms of seeds was due to exper-

imental manipulation. We used a t test to compare

chick growth rate (body weight and tarsus) on fed

and non-fed territories. We calculated growth rate

for each chick (g or mm/day) and then used the

mean growth rate of each brood in the analyses.

We used t tests also to compare nestling

morphometry at fledging (i.e., 8–9 days) between

the two groups.

We used the nest-survival module in MARK

(White & Burnham 1999, Rotella 2004) to com-

pare nest-survival models and to obtain estimates

of daily survival rate (DSR) as a function of con-

tinuous, categorical and time-varying factors

(Dinsmore et al. 2002). We evaluated the relation-

ship between DSR and the potentially influencing

factors based on a priori hypotheses, and used a hi-

erarchical modelling procedure (Dinsmore &

Dinsmore 2007). Following Dinsmore et al.

(2002) we did not standardize individual co-

variates. We assessed the models using Akaike’s

information criterion for small sample sizes (AIC
c
)



and sorted by AIC
c
, the difference between the

AIC
c

value for a given model and the top model

(Burnham & Anderson 2002). We identified the

most appropriate time-varying factor by fitting

models with constant, linear, and quadratic time

trends. Subsequently, we investigated how the

DSR varied with nest age using a covariate with

the age of the nest on the first day of the nesting

season. We predicted that nests would become

more vulnerable as they aged, because parental ac-

tivity increases during the nestling stage, generat-

ing possible cues for predators. Finally, we investi-

gated the best model by searching for the food-

supplementation treatment effect, and obtained es-

timates by model averaging when the best model

carried less than 90% AIC
c

weight (Burnham &

Anderson 2002).

We compared the absolute territory sizes of fed

and non-fed groups (after square root transforma-

tion) with t test, and used Wilcoxon matched-pairs

signed-ranks test to assess possible changes in be-

havioural parameters and territory size before and

after supplementation for fed and non-fed groups.

We compared clutch size between the two groups

using a one-tailed exact permutation test. Except

for the permutation test, we performed all statisti-

cal analyses using SPSS 13.0 (SPSS 13.0 2004,

Chicago, Illinois, USA).

3. Results

Significant behavioural changes were found only

for the fed birds before and after supplementation

(Table 1). Fed males increased the frequency of

territorial disputes despite not suffering any in-

crease in the rate of other male intrusions. After

food provisioning, they did not change their dis-

play rates but attracted a higher number of fe-

males. For the non-fed males, no differences were

found for any behaviour exhibited before and after

manipulation, including frequency of territorial

disputes, display rate, female intrusion rate and in-

trusion rate of other males.

Before manipulation, there was no significant

difference in the size of territories between fed and

non-fed males (t
23

= 0.83, p = 0.41). Territory size

increased significantly after the manipulation, but

only for non-fed males (Fig. 1). Fed birds main-

tained their territory size after the manipulation,

but there was no significant difference in the area
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Table 1. Behavioural comparison of male Blue-black Grassquits between fed and non-fed treatment groups before and
after food supplementation (Wilcoxon test).

Fed Non-fed

Variable Before After Z p Before After Z p

Territorial disputes 0.83 ± 0.32 1.54 ± 0.42 –1.97 0.05 0.92 ± 0.26 1.57 ± 0.31 –1.75 0.08
Male intrusions 1.41 ± 0.51 1.41 ± 0.31 –0.52 0.61 1.69 ± 0.41 1.50 ± 0.41 –0.54 0.59
Display rate

(leaps/20min) 39.41± 11.87 25.33 ± 8.00 –0.89 0.37 30.92 ± 9.45 20.65 ± 7.28 –0.94 0.35
Female intrusion rate 0.75 ± 0.18 1.30 ± 0.17 –2.36 0.02 1.07 ± 0.31 1.07 ± 0.20 –0.12 0.91

Fig. 1. Territory size (m
2
) for the fed and non-fed

groups of the Blue-black Grassquit before and after
food supplementation. After food provisioning, non-
fed males had a significant increase in territory size
(Z = –3.0, p = 0.003) while no significant changes
in size occurred for fed males (Z = –0.6, P = 0.58).



of fed and non-fed territories (t
23

= 0.4, p = 0.70).

Although there were modifications in territory

boundaries, none of the territorial males left the

territory after the manipulation.

Twenty-five nests were found, ten of which be-

longed to fed males and 15 to non-fed males, but

only 24 nests were included in the analyses be-

cause one nest was not visited by the territorial

male during the study. Individuals in the non-fed

group initiated laying an average of four days ear-

lier than did the fed group, but the fed group pro-

duced larger clutches (2.85 ± 0.14 eggs versus

2.40 ± 0.16; one-tailed exact permutation test, p =

0.04). In the non-fed group, four of the ten nests

(40%) had three-egg clutches, while in the group

of fed pairs six of seven (86%) had three-egg

clutches. There was no significant difference in

male nest visitation rate between groups (Mann-

Whitney U test; U = 76.0, n
1

= 12, n
2

= 13, p =

0.90). Chicks from the fed group had significantly

faster tarsus growth than had chicks from the non-

fed group (t
14

= –2.2, p = 0.04; Fig. 2), but treat-

ment did not significantly affect body-mass

growth rate (t
14

= –0.9, p = 0.38). However, when

chicks approached fledging (i.e., 8–9 days) there

were no significant differences between the two

groups in mass (t
12

= –0.6, p = 0.56) or tarsi (t
12

= –

0.5, p = 0.66).

None of the nestlings died from starvation or

any cause other than predation. Chicks of the non-

fed group had a daily survival rate of 0.989 ±

0.007, while chicks of the fed group had a lower

survival probability with a daily survival rate of

0.957 ± 0.018. Evidence for treatment effects on

nest survival was found (Table 2). The evidence

ratio indicated that the model in Table 2 was 1.62

times more likely to be the best one than the con-

stant model, although the parameter estimate for

the treatment effect based on model averaging

suggested no statistical difference (� = –0.768,

95% CI = –1.981 to 0.446). The models that in-

cluded nest age had weak support (Table 2), sug-

gesting that nest vulnerability was not enhanced

with age.

4. Discussion

Our results do not generally conform to the predic-

tions of the food-limitation hypothesis, especially

as they apply to tropical passerines. However, a

conservative evaluation of the results suggests that

fed pairs produced larger clutches with faster-

growing chicks, and that males of this group ex-

hibited more agonistic behaviour, indicating that

food does generate some constraints and modify

behaviour. Notwithstanding these results, we sug-

gest that nest predation may have more important

implications for the evolution of life-history traits

of tropical birds than does food.

Some expectations concerning behavioural re-

sponses associated with food abundance were met.

For example, Blue-black Grassquit males supple-

mented with food intensified territory defence
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Fig. 2. Comparison of tarsus growth rate (mm/day)
of the nestlings of Blue-black Grassquit between
the fed and non-fed groups.

Table 2. Summary of model selection for daily sur-
vival rates of the nests of Blue-black Grassquits us-
ing Akaike’s Information Criterion adjusted for small
sample sizes (AIC

c
) with associated AIC

c
, AIC

weights (w
i
), and the number of parameters of each

model given by K.

Model K AIC
c

AIC
c

w
i

S
(treatment)

2 60.49 0.00 0.314
S

(.)

a 1 61.45 0.96 0.193
S

(nest age + treatment)
3 62.28 1.79 0.128

S
(T + treatment)

3 62.35 1.85 0.123
S

(T)

b 2 62.83 2.33 0.097
S

(nest age)
2 63.24 2.75 0.079

S
(TT)

c 3 63.67 3.18 0.063

a) Constant daily survival
b) Linear time trend
c) Quadratic time trend



through physical disputes, although there was no

increase in intrusion rate of other males. Aggres-

sion may have occurred as a consequence of in-

creased food availability, because time saved dur-

ing foraging could be allocated to territory de-

fence. Our results are consistent with other studies

that associate male aggression with territory re-

source level (Pierottu 1981, Arvidsson et al.

1997). Food supplementation also generated in-

creased visitation by females that may have been

seeking extra-pair copulations from males exhibit-

ing higher rates of aggression (passive choice) or

searching for direct access to the food.

There was no reduction of territory size in the

fed group, which was surprising given the inverse

relation found in several supplementation studies

(Boutin 1990, Adams 2001). In the experiment,

non-fed territories almost doubled in size between

the two field assessments. In some cases, an in-

crease in food abundance can attract a greater

number of intruders (Ewald & Rohwer 1982),

generating a defensive cost to territory owners. Al-

though the rate of defence by food-provisioned

males increased, the pressure of male intrusion

was probably not the main factor restricting the in-

crease of territory size, as there was no difference

in intrusion rate of neighbouring males after

supplementation. The natural pattern for these

birds may thus be to increase territory size through

the breeding season due to declining seed re-

sources, as verified for the non-fed group. Thus,

food provisioning may have reduced the benefits

of enlarging territories.

The food-limitation hypothesis has been sup-

ported in several studies with temperate birds,

wherein supplemented birds have exhibited earlier

clutch initiation than non-supplemented individu-

als (Yom-Tov 1974, Blancher & Robertson 1987;

but see Hoi-Leitner et al. 1999). Clutch initiation

ranged from 1.8 days earlier in Jackdaws (Corvus

monedula; Soler & Soler 1996) to 25 days earlier

in Song Sparrows (Melospiza melodia; Smith et

al. 1980). In a stark contrast to the food-limitation

hypothesis, however, we found that clutch initia-

tion in the fed Blue-black Grassquits presented a

delay of four days when compared to the non-fed

group. One explanation for this incongruity is that

the delay may be related to the larger investment in

clutches made by females in the supplemented

group. In our study area, clutch size varied from

one to three eggs, but pairs from the fed group had

two times higher frequency of three-egg clutches

than had pairs from the non-fed group. Similar in-

creases in clutch size have been observed in food-

provisioning studies with other species (Blancher

& Robertson 1987, Arcese & Smith 1988) and

may represent an alternative reproductive strategy

to early clutch initiation.

A typical expectation is that increased food

abundance should intensify parental feeding of

chicks for at least two reasons: (1) there is more

food available to invest directly in the nestlings;

and/or (2) parents themselves have better access to

food, which improves their condition and de-

creases the time they have to spend foraging for

self-maintenance, leading to more intensive pa-

rental care. In the case of the Blue-black Grassquit,

because chicks are fed a mixed diet composed of

seeds and insects, we would expect greater food

abundance to enhance parental investment directly

and indirectly. Intensified parental feeding can in-

crease chick growth rate and/or final size at fledg-

ing, as verified for supplemented territories in

some cases (Lozano & Lemon 1995). However,

others have not found such a direct link between

food and chick parameters (Yom-Tov 1974,

Lepczyk & Karasov 2000). In our study the sup-

plemental food for the Blue-black Grassquits did

not lead to increased male visitation to the nest. It

is reasonable to assume that chicks have a fixed re-

quirement for food and hence do not benefit from

additional food over a particular threshold. Alter-

natively, increased food supply could make it un-

necessary that both parents work as intensely to

feed the nestlings, and may have shifted the burden

of feeding toward the female. Although males did

not increase nest visitation, the growth rate of

chicks was higher in the fed group, but the size of

fledgings did not differ between the fed and non-

fed groups. The difference in nestling growth rate

may be due to increased maternal care, which was

not directly evaluated in our study.

Our study showed that the survival probability

in the fed group was half of that found for the non-

fed group when comparing survival for the whole

nestling period. Skutch (1949) hypothesized that

nest predation increases with parental activity,

peaking during the nestling period when parents

most frequently visit the nest (Simons & Martin

1990, Eberhard & Ewald 1994, Martin et al. 2000,
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Muchai & du Plessis 2005). Despite that, and the

fact that we indeed observed an effect of the treat-

ment on nestlings’ condition, we did not find any

effect of nest age on predation probability. There is

little consensus about the effects of high food

availability on nest predation: some studies have

found a reduction in nest predation due to in-

creased antipredatory behaviour (Soler & Soler

1996, Rastogi et al. 2006), whereas others have re-

ported either no or an increased effect of supple-

mentation on rate of nest predation (Ewald &

Rohwer 1982, Arcese & Smith 1988). Studies

conducted on nest predation in the tropics indicate

that predation, at least during incubation, occurs

during daytime hours, implying the role of snakes

and predatory birds (Robinson et al. 2005, Libsch

2008). In our study area, we observed predation by

Guira Cuckoos (Guira guira), Smooth-billed Anis

(Crotophaga ani) and Curl-crested Jays (Cyano-

corax cristatellus). Parental visitations and the

nestlings’ begging calls may be important cues

used by such daytime predators, but different cues

should be relevant in areas with nocturnal preda-

tors. Further experimental studies, using resource

manipulation and camera monitoring of nests to

detect and identify predators would expand the

meagre information available concerning the ef-

fects of food resources and predators upon the

evolution of life-history traits of tropical birds.

A possible source of error of this and many

other studies that have evaluated the influence of

food availability on nest survival is that juvenile

mortality was not accounted for. Recent studies

have revealed that the juvenile survival of the Neo-

tropical Spotted Antbird (Hylophylax naevioides)

is lower in larger than in smaller broods (Styrsky et

al. 2005) due to differences in extended parental

investment (reviewed in Russell 2000). Dispari-

ties in juvenile survival could be an important

source of variation influencing the evolution of

life-history traits in the tropics.

In conclusion, we showed mixed support for a

relationship between food availability and several

behavioural and reproduction measures using an

experimental manipulation of food abundance.

Food supplementation resulted in an increase in

aggressive behaviour by territory owners and

greater intrusion of females, but apparently did not

alter territory size. Compared to non-fed females,

females in supplemented territories did not ad-

vance their laying date, but laid larger clutches

more often, and chicks of fed pairs grew faster.

Chicks of the non-fed group did not die from star-

vation, and they fledged in the same condition as

chicks from the fed group, leading us to conclude

that Blue-black Grassquits under natural condi-

tions in this tropical region are not food-limited.

On the other hand, chicks from the supplemented

group were more likely to die from predation, sug-

gesting an association between parental activity

and the likelihood of predators to detect the nest.

The importance of food limitation in explaining

differences in life-history traits between temperate

and tropical birds may be negligible relative to nest

predation. Our results suggest that the action of

predators as a selective pressure is of greater im-

portance in shaping life-history traits of tropical

birds than has usually been considered in the liter-

ature.
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Pesäsaalistus ja resurssit

neotrooppisella sirkkusella:

ravinnon rajoittavuushypoteesin rajoituksia

Ravinnon rajoittavuus on yksi selitys elinkierto-

muuttujien, kuten pesyekoon ja pesäpoikaskuol-

leisuuden, eroihin trooppisilla ja temperaattisilla

linnuilla. Myös saalistusta pidetään yhtenä tär-

keimmistä elinkiertomuuttujia määräävistä teki-

jöistä. Löysimme varsin vaihtelevaa tukea ravin-

non rajoittavuushypoteesille, kun kokeellisesti

säätelimme ravinnon määrää ja tutkimme sen vai-

kutusta pesintä- ja käyttäytymisparametreihin sa-
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mettisirkkusella (Volatinia jacarina). Verrattuna

lisäravintoa saamattomiin koiraisiin, lisäravintoa

saaneet koiraat lisäsivät reviirikiistoihin osallistu-

mistaan ja useammat naaraat vierailivat niiden re-

viirillä. Lisäravintoa saaneet parit taas tuottivat

enemmän munia ja nopeampikasvuisia poikasia

kuin lisäravintoa saamattomat parit. Muninnan

aloitus kuitenkin viivästyi ruokituilla pareilla.

Yllättäen lisäruokitut linnut joutuivat kaksi

kertaa lisäravintoa saamattomia useammin saalis-

tetuiksi. Oletamme, että petojen kyky havaita pesä

kasvoi lisäravintoa saaneilla pareilla, koska ne

viettivät enemmän aikaa pesän tuntumassa. Ravin-

non saatavuus on mekanismi, joka johtaa käyttäy-

tymisen ja pesimäparametrien muutoksiin, mutta

pesäsaalistus luultavasti on vallitseva evolutiivi-

nen valintatekijä.
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