
Introduction

Habitat fragmentation modifies the strength of biotic in-

teractions through changes in species richness and abun-

dance (Fahrig 2003). In temperate forests, an increase of in-

sectivorous birds in forest fragments translates into higher

insectivory rates in forest remnants compared to continuous

forest (González-Gómez et al. 2006). However, since frag-

mentation, through the modification of landscape structure,

increases the temporal variability in species richness and

abundance of forest birds (Boulinier et al. 1998, Laurence

2002), changes in ecological interactions in which birds are

engaged might be transient. Despite documented changes of

ecological interactions in fragmented forests, the persistence

of the changes of the intensity of ecological interactions in

forest remnants compared to the original continuous forest

has been scarcely analyzed at best (see Fahrig 2003). Within

this framework, we explore whether difference in the inten-

sity of bird predation upon insects is a permanent phenome-

non in fragmented forests.

In the coastal Maulino forest, a fragmented landscape in

central Chile, fragmentation increases species richness and

abundance of insectivorous birds in forest fragments with re-

gard to the original continuous forest (Estades and Temple

1999, Vergara and Simonetti 2004, González-Gómez et al.

2006). Coupled to this increase, insectivory is more than dou-

ble in forest fragments compared to continuous forest (Gon-

zález-Gómez et al. 2006). Higher insect mortality – particu-

larly herbivorous ones – might have cascading effects, such

as reduced herbivory in plants thriving in forest remnants (Si-

monetti et al. 2007). Long-term consequences of this change

in insectivory depend on whether it remains strengthened

through the time. In this study, we experimentally assessed

the persistency of changes in strengthened insectivory in for-

est fragments, comparing the intensity of insectivory upon

artificial insect larvae at three different years at a single site

in central Chile. If changes in ecological interactions are per-

manent at the Maulino forest, we expect that insectivory

ought to be higher in forest fragments regardless of time.

Methods

Field work was performed at Los Queules National Re-

serve, a protected area of 145 ha embedded in a large tract of

600 ha of continuous forest located in the coastal Maulino

forest in central Chile (35°59’19’’S, 72°41’15’’W), and in

four adjacent forest fragments. Dominant tree species are

Nothofagus glauca, N. obliqua, Cryptocarya alba, Aris-

totelia chilensis, Gevuina avellana and Persea lingue (Bus-

tamante et al. 2005). Field work was conducted on October

of 2007 and October 2008, the same period at which similar

experiments were performed in 2003 (González-Gómez et al.

2006). This season corresponds to the spring season, which

matches reproductive season of most birds of the area and a

high abundance of herbivorous insects (Jaña-Prado and Grez

2004). Among insectivorous birds in this area are Thorn-

tailed rayadito (Aphrastrura spinicauda), Des Mur’s wiretail

(Sylviorthorhynchus desmursii) and House wren (Troglo-
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dytes musculus). Frugivorous birds such as White-crested

Elaenia (Elaenia albiceps), and Austral thrush (Turdus fal-

ckandii) also consume insects (Estades 1997). Species rich-

ness of insectivorous birds is 8.1 ± 0.2 species plot
��

5 min
��

in

forest fragments compared to 4.9 ± 0.1 species plot
��

5 min
��

in

the continuous forest. The abundance of insectivorous birds

reaches 6.5 ± 0.1 birds plot
��

5 min
��

in the forest fragments

but only 2.8 ± 0.1 birds plot
��

5 min
��

in the continuous forest

(González-Gómez et al. 2006; see also Vergara and Simon-

etti 2004).

The intensity of insectivory upon larvae was experimen-

tally assessed as the frequency of bird attacks upon insect lar-

vae. Briefly, larvae were plasticine models mimicking Or-

miscodes cinnamomea (Lepidoptera) larvae naturally

occurring in the study area (see details González-Gómez et

al. 2006). Such models have been effectively used to assess

relative measures of predation across habitats, especially

avian predation, since birds are visually oriented (Loiselle

and Farji-Brener 2002, González-Gomez et al. 2006). In

2007, groups of artificial caterpillars were placed in 43 ran-

domly selected A. chilensis trees per habitat type (n = 21 trees

at continuous forest, n = 22 trees dispersed among four forest

fragments). In 2008 we followed the same methodology

placing caterpillars in forest fragments (n=10) and continu-

ous forest (n=10). At each tree we set a group of 15 artificial

caterpillars on adult trees (approximately 2 m above ground),

attaching them to a branch using coiled wire. After 24 h we

recorded the proportion of artificial caterpillars attacked by

birds. A larva was considered attacked when bill marks were

clearly discernible on its body (Loiselle and Farji-Brenner

2002).

Differences between insectivory levels across habitats

were assessed through a two-way analysis of variance

(model III) as data meet normality and homoscedasticity re-

quirements. Tukey multiple comparisons (Honest Signifi-

cant Differences) for unequal sample size were used as post

hoc comparisons.

Results

During 2003, artificial caterpillars were preyed upon

largely by birds and scarcely by rodents. During 2007 and

2008 larvae were attacked only by birds. At any year there

was evidence of larvae being attacked by arthropods or liz-

ards. The proportion of caterpillars preyed upon by birds was

2.5, 4.4 and 3.0 times greater in forest fragments than in con-

tinuous forest during 2003, 2007 and 2008, respectively (Fig.

1, Table 1). The predation rates did not differ significantly

between years (Fig. 1, Table 1).

Discussion

Insectivorous birds are sensitive to forest fragmentation,

either decreasing or increasing in richness and abundance at

forest remnants (e.g. Sekercioglu et al. 2002, Estades and

Temple 1999). In costal Maulino forest, although the inten-

sity of insectivory varies between years, this interaction is

persistently higher in forest fragments compared to continu-

ous forest (Fig. 1). This change in insectivory is associated to

an increase abundance of insectivorous birds in forest frag-

ments (González-Gómez et al. 2006). Since such fragments

are over 40 yr old, the increased abundance and conse-

quently, strengthened insectivory might be occurring for

some decades at these fragments (Vergara and Simonetti

2004).

Compared to tropical forests, insectivory rates are five

times lower in the Maulino forest. Based on a similar experi-

mental approach, at a tropical lowland wet forest of Perú, at

least 50% of larvae are preyed upon, largely by ants (Loiselle

and Farji-Brenner 2002). Higher insectivory rates in the trop-

ics might support the contention that top-down forces might

be more prevalent with increasing primary productivity

(Price et al. 1980). However, despite of this difference,

strengthened insectivory do affect forest regeneration in for-

est fragments.

An increase in insectivory might affect the regeneration

dynamics of the vegetation through modifications on plant

fitness (Marquis and Whelan 1994, Van Bael et al. 2003). At

the Maulino forest, herbivory is 4.9 times lower at forest

fragments, which might be a consequence of increased insec-

tivory, which might reduce the abundance or activity of her-

bivorous insects (Simonetti et al. 2007, Vásquez et al. 2007).

A reduction in herbivory translate into higher growth rates in

seedlings at forest fragments, a factor that is changing forest

dynamics (Simonetti et al. 2006, 2007), underlying the im-

portance of changes in bird insectivory. Whether changes in

insectivory occur and its potential consequences in frag-

mented tropical forests are yet to be assessed. Regarding tem-

perate forests, our study suggests that the variation of bird

insectivory in fragmented forest is a permanent phenomenon,
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which might have profound implication for the dynamics of

the forest remnants.
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