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“Hay quien cruza el Bosque y
Solo ve lefia para el fuego”

-Leon Tolstoi-



A Juan Francisco

Con la intuicion de que,

en medio de esta existencia
-constantemente fragmentada-

lo nuestro si es un fenomeno permanente.



AGRADECIMIENTOS

A mis padres, Maria Cristina y Pedro Antonio. Por su entrega absoluta y
permanente a este proyecto comin que llamamos familia (y ustedes llaman comunidad).
Por sembrar sus valores y creencias en cada uno de nosotros y cultivarlos firmemente.
Por acompafiarnos siempre, pero siempre respetando nuestras decisiones. Gracias a mi
madre —bidloga marina- a los cinco afios ya sabia sefalar: Drosophila melanogaster
cuando me encontraba con una mosca de la fruta. Gracias a mi padre —ingeniero civil- a
los seis afios ya sabia que debia apagar las luces o la television cuando salia de una
pieza, porque por cada ampolleta que dejaba prendida se morian los bosques por las
represas que obligabamos a construir. Miren a sus hijos: somos el reflejo de esos dias, y
otros.

A mis hermanos, Vera, Pedro, Pablo y Alessandra. Por el carifio, la empatia, la
paciencia extra que han tenido durante este largo proceso. Por las renuncias que cada
uno ha tenido que hacer en algin momento para que esto diera cierto.

A mis tutores, quienes me recibieron con mucho entusiasmo. Gracias por
compartir su experiencia y sus vastos conocimientos conmigo. Por los comentarios
siempre oportunos, por las sugerencias siempre bienvenidas, por la constancia y el
profesionalismo. Por todo aquello que trasciende a lo escrito en esta tesis: el apoyo, la

comprension, la espera, los consejos y hasta los retos. Han sido un aporte en todo

momento.

iii



A mis compafieros de terreno, por compartir tantas cosas (sobre todo las
incontables indicaciones de coémo llegar a los fragmentos). Xaviera, Yuri, Paulina,
Claudia y Carlitos, fue un placer coincidir en Los Queules con cada uno.

A Fernando Campos, quien sacrificé muchos dias libres para quedarse conmigo.
Por el apoyo, la entrega, la invaluable ayuda a la hora de poner cuncunitas. Por tantas
otras cosas.

A mis compafieros de laboratorio, quienes han acompafiado este proyecto desde
su gestacion, aportando con sus opiniones, cuestionamientos y experiencias propias.
Especialmente a Renzo, por todas esas veces que golpeé tu puerta medio perdida y
abriste.

A mis profesores del Programa de Formacién Pedagdgica, por apoyarme y
otorgarme las facilidades necesarias para poder partir a terreno. Especialmente a Cecilia
Ramirez e Inés Contreras, por su constante interés en mi trabajo.

A todos —y no son pocos- quienes ayudaron en la confeccién de las 720.000
cuncunas que fabriqué a lo largo del estudio. Muy especialmente a Tita, mama y Maruja.

A Juan Francisco. Por recargar mi energia cuando todo lo demas me exigia. Por
haber estado presente —activamente- en absolutamente todas las fases de este extenuante
proceso: desde su concepeidn hasta su cierre.

A cada uno de los que he mencionado en este apartado (y a quienes no alcancé a
mencionar pero se sienten identificados): Esta tesis no es mia, es nuestra.

Este estudio ha sido financiado por proyecto Fondecyt 1050745. Agradezco

también a la Corporacion Nacional Forestal y a Forestal Masisa S.A. por permitirnos

trabajar en sus terrenos.

iv




INDICE DE CONTENIDOS

| B I=Ta FToT=1 10 o F- ARSI ii
DAGTEAECATIBTIIOR v cr st s s o b i SRR AR B A 85 iii
INdice de COMLEMIADS ... eeeeeeee e e v
INAICE A TADLAS e eeeeeeee et e vi
I e T v S A S T T vi
R SUIMIEIY v initiiittiei it i ettt ettt e s e et e eattaaaseaaseaasaeanaeeanneennsnsanaenn vii
IRDEIERL s i niriini i S s ol S i RIS S TS A S SRR A AT S B viii
L TrOBOOION uumosnsmns vovmmvmnmns onsssoims s wom oo 5o e s s s T i 55 1
2. Materiales ¥ MELOAOS ...oouniiiiiiiiiii i eiieiitti it eerteesaeanneannrernreenreas 4
o Te TS Lo [ T — <
A LR o AT o N <
L T F
T O U VO T 9
D BIBHOBEHIIN o i i e mmmsms s s s e AN A R AN 13



INDICE DE TABLAS

Tabla 1: ANOVA de dos vias para larvas depredadas por aves

INDICE DE FIGURAS

Figura 1: Grupo de larvas como se encuentran naturalmente y grupo de larvas
A E b L Ty O L T ——— 5

Figura 2: Detalle de dos grupos distintos de larvas exhibiendo marcas dejadas
DOT AIRGTION 0 BVEE «ouosiomimmmmnsinn cvimmman s s winicn maiare ook soniann o b 4Ero N Ko S SR K AR 6

Figura 3: Depredacion de larvas durante 2003 y 2007 en el bosque continuo y en
IrREmenton e DOBIIC « o orverms s oy mom o S sm S e B S R S SR RS e R e 7

vi



RESUMEN

La fragmentacion del habitat modifica las interacciones ecoldgicas a través de cambios
en la riqueza y abundancia de especies. En el bosque Maulino costero, en Chile central,
la abundancia de aves insectivoras aumenta en los fragmentos de bosque respecto al
bosque continuo, lo cual se refleja en un aumento en la insectivoria y la consecuente
disminucion en la herbivoria en ambientes fragmentados. En el presente estudio, a través
de una investigacion de campo, analizamos la depredacion de larvas herbivoras en un
bosque fragmentado, comparando el nivel de insectivoria obtenido con el de un estudio
similar realizado hace cuatro afios.

La cantidad de larvas de insectos depredadas fue significativamente mayor en los
fragmentos de bosque que en el bosque continuo, independientemente del afio en el cual
se evalud la depredacion de larvas. Este resultado sugiere que la variacion en la
insectivoria, producto de la fragmentacion, si es permanente. De este modo —dada la
persistencia del fenomeno- las consiguientes modificaciones de las interacciones
ecologicas efectivamente podrian repercutir en la adecuacion biolégica de los arboles, lo

cual podria a su vez afectar la dindmica de regeneracion del bosque Maulino costero.
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ABSTRACT

Habitat fragmentation modifies ecological interactions through changes in species
richness and abundance. At Maulino forest, on central Chile, the abundance of
insectivorous birds increases on forest fragments as compared to continuous forest,
which reflects on an increase in insectivory and the consequent decrease in herbivory on
fragmented environments. In our study, through a field investigation we analyzed the
predation of herbivores larvae in a fragmented forest, and compared the assessed level of
insectivory with the level recorded on a similar study performed four years ago.

More insect larvae were preyed upon at forest fragments that in continuous forest,
regardless of the year on which larvae predation was assessed. This result suggests that
variation in insectivory level due to fragmentation is a permanent phenomenon. Hence,
the subsequent modifications of ecological interactions could reflect on trees fitness,

which in turn may affect the regeneration dynamic of the coastal Maulino forest.

Key words: avian insectivory, forest fragmentation, persistency of changes.
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INTRODUCTION

Habitat fragmentation is the transformation of an extension of continuous habitat
in a number of fragments of smaller total area, isolated from each other by a matrix of
habitats different from the original (Wilcove et al. 1986). Fragmentation modifies
ecological interactions through changes in species richness and abundance, including
birds (Fahrig 2003). However, the effects of fragmentation on biodiversity are at least as
likely to be positive (such as the increase in species richness and abundance, the increase
in dispersal rate and the increase of overall immigration rate of a population) as negative
(the increase of overall mortality rate, the reduction of overall population size, the
reduction of overall reproductive rate of a population or the increase of predation on
species at forest edges, among them), depending on the taxon (Fahrig 2003, Bustamante
et al. 2005). Usually, habitat fragmentation modifies both species richness and
abundance of insectivorous birds (Clout & Gaze 1984, Sekercioglu et al. 2002, Stouffer
et al. 2006). In turn, changes in the abundance of birds could alter ecological interactions
in which these form part of. For instance, a decrease in frugivore birds may affect
negatively seed dispersal (Restrepo et al. 1999, Sekercioglu et al. 2004); a decrease in
nectarivores has been associated with a decline in pollination (Sekercioglu et al. 2004);
and an increase in insectivorous birds may be translated into higher insectivory
(Gonzalez-Gomez et al. 2006).

The coastal Maulino forest, in central Chile, has undergone an anthropogenic
fragmentation process (Echeverria et al. 2006). Currently, the remaining forest consists

of a series of small fragments immersed in an extensive matrix of pine (Pinus radiata)



plantations, which are periodically harvested (Echeverria et al. 2006). In the coastal
Maulino forest, both the richness and abundance of birds increase in forest fragments as
compared to continuous forest. However, fragmentation can affect birds differentially,
according to their feeding ecology (e.g. causing a relative increase of insectivores
species abundances, while the relative abundance of granivores decreases) (Clout &
Gaze 1984, Estades 1994, Vergara & Simonetti 2004). In this forest, the abundance of
insectivorous birds increases in forest fragments as compared to continuous forest
(Estades 1994, Vergara & Simonetti 2004, Gonzélez-Gomez et al. 2006).

Coupled to an increase of richness and abundance of insectivorous birds (twice
as abundant in forest fragments that in the continuous forest), in the coastal Maulino
forest, insectivory also increases (2.5 times) at forest fragments as compared to
continuous forest (Gonzélez-Gomez et al. 2006). However, since fragmentation —
through the modification of landscape structure- increases the temporal variations in
species richness and abundance of forest birds (Boulinier et al. 1998), the changes in
avian abundance triggered by fragmentation might not be persistent. If they were
persistent, the changes in biological interactions —insectivory among them- might affect
the regeneration process of the coastal Maulino forest (Bustamante et al. 2005), through
modifications on vegetation dynamics (Restrepo et al. 1999, Fahrig 2003, Simonetti et
al. in press).

At Maulino forest, differences have been recorded in both the richness and
abundance of birds, depending on their feeding biology (i.e. what they eat), between the
continuous forest and forest fragments (Estades & Temple 1999, Vergara & Simonetti

2004, Gonzélez-GOmez et al. 2006, Valdivia & Simonetti 2007). Similarly, it has been



recorded that at the coastal Maulino forest visit rates of insectivorous birds to a single
tree is higher in forest fragments than in continuous forest, because there is a higher
number of birds engaged in foraging activities in forest fragments than in the continuous
forest (Gonzalez-Gomez et al. 2006). In this study, we experimentally assessed the
persistence of the changes in insectivory on fragmented environments, through
comparing the current intensity of insectivory upon artificial insect larvae to the
intensity of insectivory recorded on a previous study at the same site (Gonzélez-Gomez

et al. 2006). Consistent variation in insectivory in both periods would be indication of a

persistent effect.



METHODS

Study site and species. We conducted our research in Los Queules National
Reserve, a protected area of 145 ha embedded in a large tract of 600 ha of continuous
forest located in the northernmost zone of the Southern temperate rainforest
(35°59°19°°S, 72°41°15°°0), and in four forest fragments. Here, dominant tree species
are Nothofagus glauca, N. obliqua, Cryptocarya alba, Aristotelia chilensis, Gevuina
avellana and Persea lingue (Bustamante et al. 2005).

Artificial larvae were attached to 4. chilensis. Among the insectivorous birds that
could be feeding on these trees are Thorn-tailed rayadito (Aphrastrura spinicauda), Des
Mur’s wiretail (Sylviorthorhynchus desmursii) and House wren (Troglodytes aedon).
However, as most of the bird species on the study site belong to more than one trophic
category, birds which are primarily frugivores -such as White-crested Elaenia (Elaenia
albiceps) and Austral thrush (Turdus falckandii)- could also be feeding from insects as
well (Vergara & Simonetti 2004).

Insectivory. The intensity of insectivory upon larvae was experimentally
assessed as the frequency of birds attacks upon insect larvae, as previously described by
Gonzalez-Gomez et al. (2006) (see also Loiselle & Farji-Brener 2002). Briefly, larvac
were plasticine models mimicking Ormiscodes cinnamomea (Feisthamel) larvae

naturally occurring in the study area (fig.1).



Fig. 1 Cluster of Q. cinnamomea larvae as it naturally occurs in P. radiata (left) and cluster of
artificial larvae of O. cinnamomea placed on A. chilensis (right).

Such models have been effectively used to estimate relative predation rates in various
taxa, especially avian predation, since birds are visually oriented (Bayne & Hobson
1997, Schneider et al. 1999, Rangen et al. 2000). Groups of artificial caterpillars were
placed in 43 randomly selected locations per habitat type (n = 21 trees at continuous
forest, n = 22 trees at forest fragments). We set a group of 15 artificial caterpillars on
adult trees (approximately 2 m above ground), attaching them to a branch using coiled
wire (fig.1, right). The sampling unit was a group of larvae. Artificial larvae were left for

the action of insectivorous birds during 24 h, after which we recorded the proportion

of artificial caterpillars marked by birds (fig. 2).



Fig. 2 Detail of two different artificial Caterpillar clusters showing marks left by avian attack.

Although these models do not provide a good estimation of natural predation levels, they
serve as relative measures of predation across habitats (Martin 1987). Field work was
conducted on October 2007, a period corresponding to an austral spring, which matches
reproductive season of most birds of the area and a high abundance of herbivorous
insects and foliar development (Jafia-Prado & Grez 2004).

The intensity of insectivory obtained was compared to the level of insectivory
recorded on 2004, when the same methodology was used, but the groups of artificial
caterpillars were placed in 80 randomly selected locations (n = 40 trees at continuous

forest, n = 40 trees at forest fragments) (Gonzalez-Gomez et al. 2006).



RESULTS

Predation of artificial caterpillars was significantly different among habitats. The
proportion of caterpillars preyed upon by birds was 4.4 times greater in forest fragments
than in continuous forest (Fig 3). In contrast, the predation level was not significantly

affected by the year of sampling (Table 1). There is no interaction of year and habitat on

larval predation (Table 1).
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Fig. 3 Bird predation upon larvae in 2003 (black bars) and 2007 (white
bars) on A. chilensis in the continuous forests and forest fragments (Mean
+ SE). Different letters represent significant differences.



Table 1 Two-way ANOVA for caterpillars preyed by birds.

Factor SS

Df MS F P
Habitat 0.238 1 0.238 13.757 0.0003
Year 0.01 1 0.01 0.571 0.451
Interaction 0.011 1 0.011 0.644 0.424
Error 2.061 119 0.017




DISCUSSION

Fragmentation modifies species interactions through changes in the
species richness and abundance. However, most habitat fragmentation studies have
focused on patterns rather than on the functional consequences of the changes in species
abundance (Debinski & Holt 2000). Moreover, only about 10% of the most recent
publications regarding the ecology of fragmented environments address biological
interactions (Fahrig 2003). Even fewer experimental data exist on the long-term
consequences of habitat fragmentation (Debinsky & Holt 2000). This is the first
experimental study that assesses the persistence of the insectivory increase as a
consequence of habitat fragmentation.

Among other effects, habitat fragmentation might modify the relative abundance
of different functional groups, which may in turn be translated into variations of the
intensity of the biological interactions in which the species are involved (Simonetti et al.
2006). In this way, fragmentation might affect birds differentially, according to their
feeding ecology (Clout & Gaze 1984, Estades 1994, Estades and Temple 1999,
Sekercioglu et al. 2002, Vergara & Simonetti 2004). At Maulino forest, the abundance
of insectivorous birds increases in forest fragments as compared to continuous forest
(Estades 1994, Vergara & Simonetti 2004), causing an increase of insectivory at forest
fragments (Gonzalez-Gomez et al. 2006). Since fragmentation increases the temporal
variation in species richness of forest birds, the persistence of the increase in insectivory

previously reported (Gonzalez-Goémez et al. 2006) was assessed in our study.
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After a 4-year analysis we found that insectivory was 4.4 times greater in forest
fragments than in continuous forest and was not significantly affected by the year of
sampling. Apparently, the higher level of insectivory in forest fragments relative to
continuous forest is a persistent phenomenon at Maulino forest, accounted for by a
permanent increase of insectivorous birds (Estades and Temple 1999, Vergara and
Simonetti 2004, Gonzalez-Gomez et al. 2006). As other investigators suggested, the
increase in the number of insectivorous birds in forest fragments is possibly due to an
increase in the number of certain insects groups -such as epigeic beetles- (Grez et al.
2003) in the forest fragments, the higher structural complexity of forests fragments
compared to continuous forest (Vergara and Simonetti 2004), and the effect of the
neighboring coniferous forest which might act as a source of foraging resources
(Gonzalez-Gomez et al. 2006, see also Grez et al. 2003 and Vergara and Simonetti
2004).

Our results suggest that the difference on the intensity of insectivory among
habitats persisted through time, being always significantly stronger in forest fragments
than in continuous forest. There could also be a slight suggestion that the difference on
the intensity of insectivory among habitats appears to increase through time, since
during 2003 the insectivory reported was 2.5 higher on forest fragments than in the
continuous forest, while during 2007 the insectivory assessed was 4.4 times higher on
forest fragments compared to the continuous forest.

The differences on the insectivory reported on Maulino forest is mainly due to
insectivores birds, since here birds are the most abundant insectivores, attacking

experimental larvae almost 8 times more frequently than the other insectivores predator:
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micro mammals (Simonetti et al 2006). The importance of top-down forces can vary
across and also within habitats. The relative importance of birds at Maulino forest is
very strong, since during 2003 the frequency of larvae being attacked by birds was 7.3
times greater than the number of larvae marked by rodents (Gonzalez-Gomez et all
2006), while at the same study site artificial caterpillars were preyed upon only by birds
during the present study (2007). The identity of predators here is very different from a
similar experimental study in a tropical wet forest, were ants were the major predator on
caterpillars (ca 90% of locations), a value 18 times greater than larvae predated by birds.
Predation by birds represents only a 5% of the total larvae predation, while the rodents
larvae attacks accounts by a 20% (Loiselle and Farji-Brenner 2001). The intensity of
insectivory also differs greatly on the recently mentioned studies, since the percentage of
caterpillars preyed upon was 8.8 times greater on a neotropical wet forest (Loiselle and
Farji-Brenner 2001) than the percentage of caterpillars preyed upon on the present study.
However, both studies concluded that an increase on the abundance of the third trophic
level also serves to lower herbivory rates. Finally, both studies found differences on
intensity of insectivory across the compared habitats: on the neotropical wet forest the
predation levels were 1.5 times higher in the canopy than in forest understory (Loiselle
and Farji-Brenner 2001), while on the present study the predation levels were 4.4 times
higher in the forest fragments than in the continuous forests. It is interesting to consider
than where the greater predation levels occurred (forest fragments and forest canopy)
were similar habitats: both present more light for plant growth ((Loiselle and Farji-
Brenner 2001) and generally it is a habitat dryer and with higher thermal oscillations

than continuous forest and forest canopy (Simonetti et al. 2006).
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The increase in insectivory at forest fragments could exert important effects on
the vegetation on fragmented forests. At the individual level, insectivorous birds may
increase the fitness of plants on which they forage through the consumption of leaf-
damaging insects (Marquis & Whelan 1994, Van Bael et al. 2003). At the Maulino
forest, this effect depends on the developmental stage of the plant: the removal of the
plant’s herbivore load increase seedling growth, while on adult trees it only affects
foliage survival of the first cohort of leaves (Vasquez et al. 2007). These changes, added
to the variations on frugivory, pollination and seed dispersal at Maulino forest, could
lead to modifications on the composition and future dynamics of the vegetation on
fragments compared to continuous forest (Bustamante et al. 2005, Simonetti et al. 2006).
This information is essential for the design and implementation of effective management

strategies that allow the biologic conservation of forest remnants.
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