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ABSTRACT. Some understory insectivorous birds manage to persist in tropical forest fragments despite
significant habitat loss and forest fragmentation. Their persistence has been related to arthropod biomass. In
addition, forest structure has been used as a proxy to estimate prey availability for understory birds and for
calculating prey abundance. We used arthropod biomass and forest structural variables (leaf area index [LAI] and
aerial leaf litter biomass) to explain the abundance of White-breasted Wood-Wrens (Henicorhina leucosticta), tropical
understory insectivorous birds, in six forests in the Caribbean lowlands of Costa Rica. To estimate bird abundance,
we performed point counts (100-m radius) in two old-growth forests, two second-growth forests, and two selectively
logged forests. Arthropod abundance was the best predictor of wood-wren abundance (wi = 0.75). Wood-wren
abundance increased as the number of arthropods increased, and the estimated range of bird abundance obtained
from the model varied from 0.51 (0.28 – 0.93 [95%CI]) to 3.70 (1.68 – 5.20 [95%CI]) within sites. LAI was
positively correlated to prey abundance (P = 0.01), and explained part of the variation in wood-wren abundance. In
forests with high LAI, arthropods have more aerial leaf litter as potential habitat so more potential prey are available
for wood-wrens. Forests with a greater abundance of aerial leaf litter arthropods were more likely to sustain higher
densities of wood-wrens in a fragmented tropical landscape.

RESUMEN. Efecto de la disponibilidad de presas sobre la abundancia de Henicorhina
leucosticta, un ave insectı́vora de los bosques tropicales de tierras bajas

Algunas aves insect́ıvoras de sotobosque tienen la capacidad de persistir en fragmentos de bosques tropicales
a pesar de la perdida significativa de hábitat y fragmentación del bosque. Su persistencia se ha relacionado con
la biomasa de artrópodos. Adicionalmente, la estructura del bosque se ha utilizado como una variable para estimar
la abundancia de presas disponibles para las aves del sotobosque y para calcular la abundancia de presas. Usamos
la biomasa de artrópodos y variables de la estructura del bosque (Índice del Área Foliar [IAF] y biomasa de la
hojarasca aérea) para explicar la abundancia de un ave tropical insect́ıvora de sotobosque, Henicorhina leucosticta,
en seis bosques en la región de tierras bajas del caribe de Costa Rica. Para estimar la abundancia de aves, realizamos
puntos de conteo (radio de 100-m) en dos bosques maduros, dos de crecimiento secundario y dos con tala selectiva.
La abundancia de artrópodos fue el mejor predictor de la abundancia de H. leucosticta (wi = 0.75). La abundancia
de H. leucosticta incremento a medida que incrementaba el numero de artrópodos, el rango de estimación de la
abundancia de aves obtenido a partir del modelo varió entre 0.51 (0.28 – 0.93 [95%CI]) y 3.70 (1.68 – 5.20
[95%CI]) dentro de los sitios. IAF se correlacionó positivamente con la abundancia de presas (P = 0.01), y explicó
parte de la variación en la abundancia de H. leucosticta. En bosques con alto IAF, los artrópodos tienen más hojarasca
aérea como hábitat potencial, lo cual se traduce en mayores presas potenciales disponibles para H. leucosticta. Bosques
con mayor abundancia de artrópodos de hojarasca aérea tuvieron una probabilidad mas alta de sostener una mayor
densidad de H. leucosticta en un paisaje tropical fragmentado.
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Many tropical forests in the Neotropics have
been fragmented, others have been selected
logged and, in some previously logged areas,
secondary forests are now present. The char-
acteristics of these altered forests can differ
from those of continuous old growth tropical
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forests, and these differences may influence the
composition of their bird communities. For
example, several species of insectivorous birds
found in the understories of tropical forests
have been found to decline in numbers or
disappear when forests are fragmented (Stouffer
and Bierregaard 1995, Stratford and Stouffer
1999, Sigel et al. 2010). The low population
densities and large home ranges of many insec-
tivorous birds (Greenberg and Gradwohl 1986,
Terborgh et al. 1990, Robinson et al. 2000)
likely contribute to their decline in numbers
in, or disappearance from, forest fragments.
However, the presence and abundance of insec-
tivorous birds in fragmented, selectively logged,
and secondary tropical forests can also be in-
fluenced by the microhabitat features of those
forests.

Stratford and Stouffer (2013) found that leaf
litter depth and tree density were important
factors in foraging habitat selection by ter-
restrial insectivorous birds in tropical forests
in Brazil. In addition, Cintra and Cancelli
(2008) found that leaf litter depth influenced
the abundance of an understory insectivore
(Scale-backed Antbirds, Hylophylax poecilinotus)
in the Amazon forest. Such results suggest that
the presence of suitable foraging habitat can
influence the species composition and abun-
dance of insectivorous birds in fragmented or
otherwise altered tropical forests. However, ad-
ditional studies are needed, including studies
of insectivorous birds with different preferred
foraging microhabitats, to further examine the
possible relationship between foraging habitat
and the presence and abundance of insectivorous
birds.

White-breasted Wood-Wrens (Henicorhina
leucosticta) are common insectivorous birds
found in the understory of lowland tropical
forests. These wood-wrens often forage in above-
ground leaf litter caught in palms, ferns, and
other understory plants, and the size of their ter-
ritories is influenced by forest structure (leaf area
index, or LAI; Vargas et al. 2011). Our objective,
therefore, was to examine possible relationships
between availability of above-ground leaf litter,
LAI, arthropod abundance, and the abundance
of White-breasted Wood-Wrens in old-growth,
managed (selective logging), and second-growth
forests in Costa Rica.

METHODS

Study site. Our study was conducted from
February to August 2010 at six sites located in
Sarapiquı́, Heredia, Costa Rica (10°26′02′′N,
84°02′36′′W). The Sarapiquı́ region receives
an average annual rainfall of 4000 mm and
the mean annual temperature is 26°C (Sanford
et al. 1994). The first wet season is from May to
July and the second from November to January
(Bawa et al. 2003). The elevation of the study
sites ranged between 50 and 150 m asl, and the
area is classified as a tropical rainforest (McDade
and Hartshorn 1994).

Our study sites included two old-growth
forests, two managed forests (selective logging),
and two second-growth forests. One old-growth
forest and one second-growth forest (20 years
old) were located at La Selva Biological Sta-
tion (LSBS). LSBS is �1600 ha in size and
70% of the area is old-growth forest that is
part of a continuous corridor with Braulio
Carrillo National Park (47,571 ha, McDade
and Hartshorn 1994). The second old-growth
forest was Selva Verde (127.4 ha), which has
not been disturbed since 1980 (Holbrook, pers.
comm.). The second second-growth forest was
located in the Nogal Wildlife Refuge, a 37-ha
fragment surrounded by banana plantations that
is regenerating after the establishment of the
banana industry in the early 1990s (Barquero,
pers. comm.). The remaining two sites were
managed forest fragments (Ladrillera3 [38.1 ha]
and Kay-Rica [53.6 ha]). These are privately
owned forests where selective logging took place
in 2003 and 2006 (FUNDECOR 2003, 2006).
Areas in these forests with steep slopes or around
rivers and streams were excluded from selective
extraction (Obando-Vargas and Louman 2001).

Study species. White-breasted Wood-
Wrens are socially monogamous understory in-
sectivores that maintain year-round territories
(Morton 1987, Russell et al. 2004, Stutchbury
et al. 2005) in the lowlands and foothills of
the Pacific and Caribbean slopes in Costa Rica
(Stiles and Skutch 1989). Their breeding season
is from February to June (Skutch 1960, Stiles
and Skutch 1989).

White-breasted Wood-Wrens are distributed
from central Mexico to northern South America
(Clements and Shany 2001), inhabiting the
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understory of old growth forests, forest edges,
and old second growth (Stiles and Skutch 1989).
These wrens forage in leaf litter caught in palms,
ferns, and other understory plants, as well as
on the ground (NVS, pers. obs.). They feed
on beetles, cockroaches and their eggs, spiders,
crickets, centipedes, and caterpillars (Stiles and
Skutch 1989).

Abundance estimates. From February to
June 2010, we conducted fixed-radius (100
m) point counts to estimate the abundance of
White-breasted Wood-Wrens at each study site,
coinciding with their breeding season. Points
were 200 m apart to avoid counting the same
individuals more than once and to ensure in-
dependence between bird censuses (Ralph et al.
1996). The number of point counts at each site
was proportional to site area, with four point
counts at Nogal, four at Ladrillera3, six at Kay-
Rica, six at La Selva secondary forest, 15 at Selva
Verde, and 15 at La Selva old growth forest.

We conducted the censuses at each site during
three consecutive days, from 05:30 until 10:30.
At each site, all point counts were conducted
on the same day, reversing the order of points
each day. Each count point was surveyed for
10 min during each visit, and White-breasted
Wood-Wrens were detected by call and visual
observation by NVS and LEV who were fa-
miliar with their behavior and calls. During
each survey, all vocalizations were recorded with
a digital audio recorder (Olympus LS-10) to
obtain a permanent record and check species
presence by call if needed. We did not record
wood-wrens as pairs unless we heard them
performing a duet (Jankowski and Rabenold
2007). This estimation of species abundance
follows the repeated-counts model (Royle and
Nichols 2003, Royle 2004). Sampling during
the breeding season increases the chances of
including territorial species like White-breasted
Wood-Wrens, reducing variability in the esti-
mate (Ruiz-Gutierrez et al. 2010).

Forest structure variables. To examine
the possible relationship between wood-wren
abundance and forest structure, we measured
LAI at each point count location. LAI is a
measure of canopy foliage content and is de-
fined as the total one-side leaf area per unit
ground surface area (Asner et al. 2003, Bréda
2003). LAI estimation through hemispherical
photography is widely used as a nondestructive
method, with LAI determined from gap fraction

measurements by inverting a light interception
model (Bréda 2003).

A mean value of LAI was obtained from four
hemispherical photographs. We took one photo
in the center of each point count and three
photos 10 m away from the center, resulting
in an angle of view of �60° from the vertical
(120° total) by each photo. All photographs
were taken with a digital camera (Nikon Coolpix
5000) equipped with an 8-mm fisheye lens
(Nikon). The camera was placed 1.5 m above the
ground, and photos were taken under overcast
conditions to prevent the incidence of direct
light beams that could have affected the contrast
between canopy branches and forest clearings
(Rich 1990). The top of the camera coincided
with magnetic north. The photos were analyzed
using Gap Light Analyzer version 2.0 (Frazer
et al. 1999).

All leaf litter caught in the understory veg-
etation between 0.5 and 1.5 m above ground
(leaf litter biomass) was consider a prey reservoir.
Leaf litter within this height range represents
the foraging substrate of White-breasted Wood-
Wrens (Stiles and Skutch 1989). We established
cylindrical plots (2-m radius × 1 m height)
at each point count location to evaluate the
relationship between LAI and leaf litter biomass.
Gradwohl and Greenberg (1982) used a com-
parable volume of space to study arthropod
consumption by an ecologically similar species
(Checker-throated Antwrens, Epinecrophylla ful-
viventris). We collected all aerial leaf litter in
each plot and dried it in an oven at 60°C for one
week. Leaf litter dry weight was then determined
(±0.1 g) using a balance (Ohaus, Parsippany,
NJ).

Arthropod sampling. Arthropod abun-
dance was determined by placing each leaf litter
sample in a Berlese-Tullgren funnel (Krell et al.
2005). Each arthropod found in a sample was
counted and classified to order or class (Borror
et al. 1989, Krantz and Walter 2009). Insect
larvae and wormlike invertebrates were classified
as soft-bodied prey. Arthropods were collected
from March to May 2010, coinciding with the
peak season of arthropod abundance in the leaf
litter at La Selva (Lieberman and Dock 1982).

Potential prey included soft-bodied arthro-
pods and insects >3 mm in length. Sekercioglu
et al. (2002) considered invertebrates longer
than 5 mm as potential prey for understory
insectivores, but reported that White-breasted
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Wood-Wrens consumed the smallest arthropods
(based on stomach contents). Thus, we con-
sidered insects >3 mm long as potential prey.
We considered the most common arthropods
in the diet of wood-wrens in Costa Rica (Sek-
ercioglu et al. 2002) as potential prey, includ-
ing those in the orders Coleoptera, Blattaria,
Isopoda, Opilionida, Orthoptera, and Collem-
bola, plus centipedes (class Chilopoda), spiders
(Araneae), and any other soft-bodied arthro-
pod. Hereafter, we will refer to these arthro-
pods that constitute potential prey simply as
prey.

Statistical analyses. We used PRES-
ENCE 6.0 (Hines 2006, USGS-Patuxent
Wildlife Research Center, Laurel, MD) to
estimate wood-wren abundance and applied
the repeated-counts model (Royle 2004). The
repeated-count model assumed consecutive vis-
its to the same point count during the sample
period. Forest structure variables (LAI, leaf lit-
ter biomass, and prey abundance) were mod-
eled as explanatory variables predicting bird
abundance.

The best model was determined using the
Akaike Information Criterion for small sam-
ples size (AICc, Burnham and Anderson 2002).
The best model was the one with the highest
AICc weight (wi) and the lowest �AICc value
(Burnham and Anderson 2004, Richards 2005).
If the �AICc value between the best model
and the next best model was less than two
units, we averaged the two models for param-
eter estimation (Symonds and Moussalli 2011).
Detection probability (p(.)) was held constant
for estimation of wood-wren abundance because
the forest structure of our study sites was similar
(see Results), conducting point counts during a
short period (three consecutive days) at each site
allow us to assumed closed populations during
the sampling period, and sampling during the
breeding season increased detectability of terri-
torial species.

The relationship between leaf litter biomass
and LAI was evaluated using a linear regression
model. All variables were log 10 transformed to
correct for lack of normality. The relationship
of prey abundance with LAI and leaf litter
biomass was evaluated using linear regression
models. The best model describing the relation-
ship between these variables was chosen based on
the �AICc difference of two units as described
above. All statistical analyses were conducted

using R 2.14.0 (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

The number of wood-wrens detected at each
point count ranged from 0 to 3. We observed 12
and 14 individuals at La Selva and Selva Verde
(47.1 ha), nine and six at La Selva and Kay-Rica
(18.8 ha), and seven individuals plus a single
individual at Ladrillera3 and Nogal (12.56 ha),
respectively. These values represent the sum of
the highest number of individuals observed at
each point count location over three consecutive
days.

We counted 1492 arthropods from 16 orders
in the aerial leaf litter. We classified 838 of
these arthropods as potential prey, including
the taxa Isopoda (N = 204), Coleoptera (N =
123), Chilopoda (N = 110), Blattaria (N =
106), Araneae (N = 71), Collembola (N = 18),
Opilionida (N = 16), and Orthoptera (N = 11).

The best model to explain variation in White-
breasted Wood-Wren abundance included only
prey abundance, and prey abundance explained
75% of the variation in wood-wren abundance
(Table 1). Estimated abundance of wood-wrens
increased as the number of arthropods increased
(Fig. 1). The estimated range of abundance ob-
tained from the model varied from 0.51 (0.28–
0.93 [95% CI]) to 3.70 (1.68–5.20 [95% CI];
Fig. 2). This model was more precise for estimat-
ing wood-wren abundance when we detected
one or two birds, and less precise when three
birds were detected (Fig. 2). The structural vari-
able LAI was the second best predictor of White-
breasted Wood-Wren abundance, as observed in
the second explanatory model (Table 1).

The model including sites as a categorical
variable was not a good predictor of wood-wren
abundance. Before analysis, we tested for pos-
sible differences in LAI among sites, but found
no differences (one-way Analysis of Variance,
F1,46 = 1.9, P = 0.13, N = 50).

The model that best explained prey abun-
dance included only LAI, and LAI explained
63% of the variation in prey abundance
(Table 2). LAI was positively related to prey
abundance (F1,46 = 7.0, P = 0.01, Fig. 3). Aerial
leaf litter biomass was included as the second
best predictor of prey abundance (Table 2).
However, aerial leaf litter biomass was not
related to LAI (F1,46 = 0.3, P = 0.62, N = 50).



Vol. 85, No. 4 Prey Availability and Abundance of White-breasted Wood-Wrens 351

Table 1. Models of estimated White-breasted Wood-Wren abundance (y) according to habitat variables in
the lowland forests of Sarapiquı́, Costa Rica, February–June 2010. Models are ranked from the lowest to the
highest AICc value.

Modela AICc �AICc wi No. parb

y(arthropod)p(.) 181.28 0.00 0.7478 2
y(arthropod+LAI)p(.) 183.79 2.51 0.2128 3
y(arthropod+LAI+leaf )p(.) 188.45 7.17 0.0207 4
y(LAI)p(.) 190.76 9.48 0.0065 2
y(leaf )p(.) 191.29 10.01 0.0050 2
y(1) Null 191.98 10.70 0.0033 1
y(LAI+leaf )p(.) 192.43 11.15 0.0028 3
y(sites+LAI)p(.) 195.95 14.67 0.0005 8
y(sites+leaf )p(.) 196.09 14.81 0.0005 8
y(sites+arthropod)p(.) 198.59 17.31 0.0001 8
y(sites)p(.) 203.14 21.86 0.0000 7

aArthropod = number of arthropods, LAI = leaf area index, leaf = aerial leaf litter biomass.
bNo. par = Number of parameters.

Fig. 1. Relationship between the estimated numbers
of White-breasted Wood-Wrens (using the repeated-
count model of Royle and Nichols 2003) and the
number of arthropods in the aerial leaf litter at
Sarapiquı́, Heredia, Costa Rica.

DISCUSSION

We found that the number of White-breasted
Wood-Wrens at point count locations increased
as prey abundance increased. Moorman et al.
(2012) found a similar pattern in temperate
forests, with the number of foliage-gleaning
birds positively related to the abundance of
foliage-dwelling arthropods during the breeding
and post-breeding periods.

We also found that LAI was positively asso-
ciated with prey abundance and was the second

Fig. 2. Fitted values (line) showing the relationship
between the estimated numbers of White-
breasted Wood-Wrens (using the repeated count
model by Royle and Nichols 2003) and the
number of arthropods. Shaded area = 95%
CI. X axis shows standardized number of
arthropods (each observation-mean/standard
deviation).

best predictor of White-breasted Wood-Wren
abundance. We used LAI as an indirect measure-
ment of leaf area in the forest canopy (Asner et al.
2003). Canopy leaves fall and accumulate on the
understory vegetation, which is key habitat for
a variety of arthropods (Gradwohl and Green-
berg 1982) and the main foraging substrate
for White-breasted Wood-Wrens. Although
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Table 2. Linear models describing the relationship
between number of arthropods conforming potential
prey (y) and the forests structure variables in six forests
of Sarapiquı́, Costa Rica, April–May 2010. Models
are ranked from the lowest to the highest AICc value.
LAI = leaf area index, leaf = aerial leaf litter biomass,
No. par = number of parameters.

Model AICc �AICc wi No. par

y(LAI) 71.77 0.00 0.63 2
y(LAI+leaf ) 74.08 2.31 0.20 3
y(LAI*leaf ) 76.06 4.28 0.07 3
y(1) Null 76.28 4.51 0.06 1
y(leaf ) 78.34 6.57 0.02 2

Fig. 3. Relationship between number of arthropods
(potential prey) at point-count locations and the
forest structural variable LAI (leaf area index) in
Sarapiquı́, Heredia, Costa Rica, April-May 2010.

indirect, our results suggest a positive association
between LAI and abundance of White-breasted
Wood-Wrens.

The observed relationship between LAI and
prey abundance may be influenced by factors
such as humidity (Silveira et al. 2010) and
temperature (Richards and Windsor 2007).
In denser canopies, with high and low val-
ues of LAI and canopy openness, respectively,
temperatures are lower and humidity higher,
microclimatic conditions that favor arthropod
abundance (Smith and Shugart 1987, Silveira
et al. 2010) and, as a result, birds (Poulin
et al. 1992). Additionally, forests with denser
canopies in this region have understory vegeta-
tion dominated by Geonoma spp. or Asterogyne
spp., and these palms accumulate falling leaves

that provide a microhabitat for potential prey
(Woltmann et al. 2010).

Leaf litter has been found to be an impor-
tant foraging microhabitat for some understory
insectivorous birds (Cintra and Cancelli 2008,
Stratford and Stouffer 2013). Nonetheless, few
investigators have measured arthropod abun-
dance in aerial leaf litter in tropical forests
(Gradwohl and Greenberg 1982, Rosenberg
1990, Rosenberg 1993), a substrate that may
be important for the persistence of forest under-
story insectivores. Aerial leaf-litter arthropods,
and leaf litter, are the least seasonal resources
in tropical forests (Greenberg 1987, Rosenberg
1990). Aerial leaf litter biomass was the second
predictor of arthropod abundance, and the third
predictor of White-breasted Wood-Wrens abun-
dance in our study. Other related variables such
as leaf litter depth and leaf species composition
have been found to be important descriptors of
foraging microhabitat selection by insectivorous
birds in Brazil (Stratford and Stouffer 2013). We
speculate that using more variables, in addition
to biomass, to describe different aspects of the
aerial leaf litter (e.g., volume and leaf species
composition) may result in models with more
predictive power.

In conclusion, we found that the abun-
dance of arthropod prey was a good predictor
of the abundance of White-breasted Wood-
Wrens. Forest fragments with denser canopies
and high values of LAI supported a greater
abundance of arthropods and wood-wrens.
Other insectivorous birds that forage in simi-
lar substrates in lowland tropical forests such
as Chestnut-backed Antbirds (Myrmeciza exsul)
and Checker-throated Antwrens (E. fulviventris;
Gradwohl and Greenberg 1982, Woltmann et
al. 2010) may also benefit from denser canopies
with high values of LAI.
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