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ABSTRACT

I examined local population dynamics and regional distribution of the threatened
Catharus

frantzii (Ruddy-capped Nightingale Thrush) in the Central Highlands of Chiapas,

Mexico. Pair density, nesting success and daily nest survival were higher in the moist forest
habitat with more understory vegetation than in the dry-disturbed forest habitat. Nest-site
selection and daily nest survival were associated with concealment attributes at the nest-site and
patch levels. Parental visitation rates to nests did not differ across habitats, but were lower for
successful than failed nests. Female nest attentiveness was higher in the moist forest and for
successful nests than in the dry-disturbed forest and failed nests. Despite a higher carrying
capacity for breeding pairs and captured individuals in the moist forest than the dry-disturbed
forest, I found no variation in productivity (female offspring/breeding female/year) or adult survival
(cp = 0.79) across habitats. Both survival ( r = 0.93) and productivity (r- -0.33) correlated
significantly with population growth (A). Overall, both moist and dry forest types supported stable
populations of C. frantzii (A = 1.09), and thus I found no evidence for habitat-specific demography.
In occupied forest habitats in the region around the Huitepec Reserve, C. frantzii showed a high
probability of detection with repeated sampling. Abundance of singing males tended to be lower
in younger and disturbed forest than in old-growth broadleaf forest. Habitat attributes such as
elevation, slope, tree height, and shrub and herb densities varied across sites, but showed no
consistent relationship to abundance. Although moist forests with more understory vegetation
may favour better breeding success, adjacent dry-disturbed forests also supported stable, albeit
lower, densities of C. frantzii in the Huitepec reserve. Both habitat types also supported nonterritorial individuals that may be important contributors to stable populations. Thus, old growth
and second-growth broadleaf forests with low to moderate vegetation harvesting can provide
suitable habitats for C. frantzii in montane forests of the Central Highlands of Chiapas, Mexico.
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CHAPTER 1:
GENERAL INTRODUCTION

Understanding the effects of habitat loss and fragmentation on demographic processes is
critical for conserving bird populations. A third of the global avian biodiversity (36% of the species)
occurs in the Neotropics (Stotz et al. 1996), and montane forest habitats are key elements because
they maintain most of this biodiversity. However, habitat loss and fragmentation have altered the
distribution and abundance of avian species from tropical montane forest ecosystems (Watson
2003, Martinez-Morales 2005). Human-induced disturbance in forest ecosystems likely affects
demographic rates of birds by reducing habitat quality at different spatial scales (Hanski and
Gaggiotti 2004). Thus, the persistence of populations may relate to its response to external threats
(Githiru and Lens 2006) and to habitat-based variation in population vital rates (Murphy 2 0 0 1 ,
Chase et al. 2005). However, information is lacking on population size, survival and productivity for
most bird species restricted to tropical montane forests. Catharus

frantzii

(Ruddy-capped

Nightingale Thrush), is a species restricted to montane forests of Mesoamerica (Clement et al.
2000). The aim of my study was to examine how population dynamics of C. frantzii at the local level
and abundance across suitable habitats varies with vegetation disturbance in the Central Highlands
of Chiapas, Mexico.

THE CONSERVATION OF AVIAN DIVERSITY FROM NEOTROPICAL MONTANE FORESTS

Abiotic and biotic factors characterizing montane forest ecosystems in the Neotropics
promote a rich but threatened avian diversity. First, the accumulation of new species throughout
adjacent habitats (i.e., Fj-beta- species richness) is extremely high and contrasts with the relatively
low degree of species overlap among locations (i.e., 5-gamma- species richness; Watson and
Peterson 1999, Weir 2006). Second, there are more plant-bird species interactions, resulting in
potentially greater speciation and endemism compared to lowland forests (Rejinfo et al. 1997).
Many understory plant species depend on birds for pollination and seed dispersal (Hamilton et al.
1995). For instance, the montane forests of Mesoamerica (i.e., tropical Mexico and Central

1

America) contain more endemic bird species than the lowland forests (Peterson et al. 1998,
Watson and Peterson 1999). Furthermore, forest loss across the Neotropics is greater in areas
containing a high ratio of endemism and a number of habitat-restricted species than outside those
areas (Manne and Pimm 2001). Finally, the presence of wind-driven cloud moisture is a unique
hydrologic process among terrestrial ecosystems (Still et al. 1999). Increased moisture levels in
tropical systems are associated with high species richness (Newton 2003).
The primary causes of global species declines are loss and fragmentation of habitats. The
montane forests in Mesoamerica have been subjected to these processes for more than ten
centuries, and currently are considered among the world's most threatened ecosystems (Myers et
al. 2000, Kappelle and Brown 2001). In the Central Highlands of Chiapas, forest cover has been
reduced gradually to the extent that original, old growth forest tracts occur on relatively remote
mountains. Even in these inaccessible sites, local people selectively harvest the forest in their daily
search for firewood, timber and food (Gonzalez-Espinosa et al. 1995, Ramfrez-Marcial et al. 2001).
Here, cloud and humid pine-oak forests have been reduced to less than 25 percent of their original
area, and plant species richness has declined from 50 to 75 percent (Gonzalez-Espinosa et al.
1995, Quintana-Ascencio et al. 2004). Selective logging has changed tree species composition by
increasing Pinus spp. throughout the region. In these modified stands, most understory trees from
old-growth broadleaf forests are absent (Camacho-Cruz et al. 2000, Ochoa-Gaona et al. 2004).
With the simplification of forest composition and structure, formerly shaded forest interiors become
drier, brighter, and warmer, with resultant micro-environmental changes.
The effects of habitat disturbance on wildlife species in the Central Highlands of Chiapas
are poorly known. Current land-use patterns in the region may affect the availability of resources
used by birds from old-growth forests, particularly for those species depending on understory
plants (Gonzalez-Espinosa et al. 1995). Reduction in understory plant cover may result in
decreased food resources, nest substrates and concealment from predators (Martin 1996, Martin et
al. 2000). These negative effects of reduced understory foliage may persist for decades.
Conservation guidelines for birds cannot be effective unless we identify the attributes determining
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habitat suitability, which in turn influence life-history traits and population vital rates. This
information is much needed for the conservation of tropical montane forest birds.

VITAL RATES AND LIFE-HISTORY TRAITS OF TROPICAL MONTANE FOREST BIRDS
Life-history theory predicts that breeding birds at low latitud and high elevations are
characterised by lower reproductive rates, compensated by higher longevity, compared with
breeding birds from highe latitud and lower elevations (Badyaev and Ghalambor 2001, Martin
2001). Thus, for tropical montane forest birds we might expect a low number of offspring and high
adult survival. Conversely, high productivity (number of female offspring per breeding adult female
per year) has been hypothesized for bird populations from isolated ecosystems, through rapid renesting attempts as a mechanism for increasing reproductive success (Sieving and Karr 1997,
Grzybowski and Pease 2005). Hence, increasing reproductive success through re-nesting after a
failed nest attempt may be a crucial life-history trait characterizing birds from tropical montane
forests.
Population fluctuations are caused by changes in vital rates (i.e. inputs by birth and
immigrants, and outputs by death and emigrants; Hastings 1997, Sibly et al. 2003). Most research
on the breeding performance in birds relies on estimates of nesting success (i.e., the probability a
nest survives the nesting period and produces at least one fledgling), as a surrogate of the
breeding season productivity (Farnsworth et al. 2000). Productivity, the number of female offspring
surviving per reproductive female, varies in space and time (Sherry and Holmes 1995, Holmes et
al. 1996, Martin 1996). However, estimation of productivity is often obscured by the difficulties of
following individual female productivity for the breeding season (Nagy and Holmes 2004,
Grzybowski and Pease 2005), or by offspring dispersal (Newton 1998, Sibbly et al. 2003, Kawecki
2004).
Nesting success of tropical forest birds varies from 9 percent in lowland forests to more
than 60 percent in montane cloud forests (Willis 1974, Skutch 1985, Morton and Stutchbury 2000,
Robinson et al. 2000). This inter-specific variation may not support the hypothesis that low nesting
success selects for small clutch sizes in tropical species (Martin 1996, Martin et al. 1997).
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The nesting success of forest birds may be further reduced by habitat disturbance, because
disturbance may reduce food and nest sites, and increases the risk of predation (Burke and Nol
2000, Zanette and Jenkins 2000, Easton and Martin 2002). Food is considered to be an important
limiting factor for bird populations during both breeding and non-breeding periods (Martin 1987,
Newton 2004). Nest type, location, and concealment may influence nest predation rates (Gotmark
et al. 1995, Martin 1995). Nest predation may strongly interact with food limitation to influence bird
populations (Badyaev and Ghalambor2001, Martin et al. 2006). Skutch (1949) suggested that
parents might alter nest visitation to reduce predation. Nest predation may be reduced
experimentally when food is added and the number of neighbours reduced (Rodenhouse et al.
2003, Sillett et al. 2004). Hence, food, nest predation and nest-site attributes may interact to
determine avian productivity (Martin 2004). Data on these interactions do not exist for tropical
montane forest birds.
Annual survival is also a key trait for the evaluation of population persistence. However,
few analyses of survival rates of bird species from the Neotropics have been conducted to evaluate
latitudinal variation in survival (Ricklefs 1997). Estimates of survivorship for passerine forest birds
from Panama and the eastern United States showed little difference in the median local survival
(Karr e t a l . 1990). The local survival of the Green-rumped Parrotlet (Fropus passerinus) in
Venezuela was comparable to local survival of small cavity nesters in temperate forests
(Sandercock et al. 2000). However, in comparative studies of robins and thrushes, estimated
annual survival rates increased from <>
| - 0.56 in temperate populations to <> = 0.68 in the subtropics
to <> = 0.85 in montane cloud forest populations (Johnston et al. 1997, Ricklefs 1997). Thus, high
annual survival rates for bird populations in tropical montane forests may represent a high survival
life-history strategy (Saether and Bakke 2000).
Populations of some species are particularly sensitive to demographic stochasticity (i.e.,
variation in population growth rate arising from individual productivity and survival) and/or
environmental stochasticity. These populations are more likely to be locally extirpated (Simberloff
1994, Ovaskainen and Hanski 2003). Below a certain population size, stochastic factors can be
important to persistence (Holsinger 2000). The relative contributions of these factors to variation in
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population growth can only be indirectly measured by understanding the environmental effects on
the finite rate of population growth (X; i.e., birth, death, immigration and emigration; Sibly et al.
2003, Anders and Marshall 2005). Generally population persistence may be more related to its
responses to habitat-specific vital rates, environmental stochasticity, and external threats such as
habitat loss and degradation, than the population size (Stacey and Taper 1992, Murphy 2001).

POPULATION DYNAMICS AND HABITAT QUALITY
Population dynamics can be evaluated by measuring the per capita productivity and
survival of individuals occupying a particular habitat (Martin 1998, Martin and Joron 2003).
Assessments of habitat quality, often defined by the density of individuals, have been described for
many species, but models predicting abundance of target species for other areas often perform
poorly (Hanski and Ovaskainen 2003). Environmental factors that may determine habitat quality
(e.g., microclimate, abundance of conspecifics, food cover and predators) interact with
morphological, behavioural and life-history traits to influence vital rates of populations (Badyaev
and Ghalambor 2001, Martin 2001, Carrete et al. 2005, Ferretti et al. 2005). Source-sink models
have been developed to evaluate differences in population's vital rates from habitats differing in
quality (Dias 1996, Anders and Marshall 2005).
The source-sink metapopulation model (Murphy 2001, Kawecki 2004, Jonzen et al. 2005)
applies to heterogeneous environments where the finite rate of population growth of targeted
species is stable or increasing (X > 1) in source habitats, but decreasing (X < 1) in sink habitats
(Wiens and Rotemberry 1981, Pulliam 1988). Populations from sink habitats are unable to persist
in the absence of immigration (Pulliam 1996). Determining that a population exist in a source
habitat may be difficult because these habitats may be less common compared to sink habitats
(Jonzen et al. 2005), and dispersal of individuals into source populations might produce densitydependent reductions in vital rates that characterize "relative-s/'n/c" populations (Watkinson and
Sutherland 1995, Kawecki 2004). Although Source-sink population structure results from
differences in habitat quality and dispersing individuals are assumed generally to move from source
to sink, reverse dispersal may be possible. Temporal variation in habitat quality may invert the
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source-sink dynamics, and reverse dispersal may result in lower quality habitats becoming
temporally sources, whereas higher quality habitats may act at the same time as sinks (Kawecki
2004).
Competition has been suggested as an ecological mechanism that generates source-sink
dynamics (Opdam and Wiens 2002). If social status interferes with habitat choice by either idealdespotic (Fretwell and Lucas 1970) or pre-emptive habitat selection (Pulliam and Danielson 1991,
Rosenzwig 1991, Greene and Stamps 2001), sink habitats are occupied because individuals in
source habitats control access to resources and thus force less dominant individuals into sink
habitats. Critical predictions of the source-sink model are that individual fitness varies among
habitats differing in quality, and those individuals from source habitats will perform better than
individuals from sink habitats (Jonzen et al. 2005). Habitat-specific vital rates and dispersal may
strongly influence persistence of populations with source-sink structure and dynamics (With and
King 2001, Kawecki 2004). Hence, data on habitat-specific vital rates may provide a clear index of
habitat quality, and may allow identification of good and poor habitats.

THREATS TO TROPICAL MONTANE FOREST BIRDS
Loss and fragmentation of forest habitats, a primary cause of bird species declines in the
tropics, can lead to several consequences, such as increased edge effects, decreased connectivity
and reduced habitat heterogeneity (Opdam and Wiens 2002). Modifying habitats can alter the
distribution and abundance of plant and animal species, including predators and invasive species.
Changes in environmental factors resulting from habitat alteration can decrease reproductive
success and increase mortality rates in birds (Newton 1998), leading to population declines, and
extinction (Sieving and Karr 1997, Saether and Engen 2003).
Habitat suitability and nest predation are important factors that can drive fluctuations in bird
population growth rates. Predation accounts for the largest share of nest failure resulting in low and
variable reproductive success in most temperate (Nagy and Holmes 2004, Chase et al. 2005) and
tropical forest birds in North America (Arango-Velez and Kattan 1997, Morton and Stutchbury 2000,
Robinson et al. 2000). Distinct types or different abundances of predators may account for variable
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predation rates among different habitat types (Remes 2005, Mahon and Martin 2006, Schmidt et al.
2006). It is important to identify conditions under which predation is of critical concern for tropical
montane forest birds. Avian populations of habitat-restricted species may be particularly
susceptible to changes in habitat suitability.

THE STUDY SPECIES - CATHARUS FRANTZII (RUDDY-CAPPED NIGHTINGALE THRUSH)
Catharus

frantzii

the family Emberizidae

(Ruddy-Capped Nightingale Thrush or "Zorzalito de Montana") belongs to

and Sub-family Turninae

(American Ornithologists' Union 1998). C. frantzii

is a sedentary, discontinuously distributed, and secretive inhabitant of the understory and dense
undergrowth of tropical montane forests from Western Mexico to Panama (Howell and Webb 1995,
Clement et al. 2000). The species has been listed as endangered on the Mexican Red List due to
the loss and conversion of tropical montane forests over its geographic range in Mexico. However,
there has not been an evaluation of the population status and there is no understanding how
habitat variation affects population dynamics (Rangel-Salazar et al. 2006). Variation in abundance
of C. frantzii over its range has been reported. Density estimation by point counts of C. frantzii in
cloud forests of Central Mexico was 1.3 individuals per square km, with the species reported only in
cloud forest remnants over 50 square km (Martinez-Morales 2001). In the cloud forests of Western
Costa Rica, C. frantzii is reported to be fairly common (Young and MacDonald 2000). Abundance
of C. frantzii may be correlated with habitat remaining and degree of coexistence with other
Nightingale Catharus

species (Raitt and Hardy 1970, Watson 2003, Tejeda-Cruz and Sutherland

2004).

THESIS OBJECTIVES

In this study, I examined the demographic rates of Catharus

frantzii (Ruddy-capped

Nightingale Thrush) in the Central Highlands of Chiapas, Southern Mexico, a threatened listed
species restricted to montane forests.
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My objectives were:
1) To examine the reproductive ecology, including nest-site selection, nesting success, nest
survival and parental care, and correlate habitat attributes at three spatial levels: nest, nest-site and
nest-patch;
2) To estimate productivity and survival, and correlate those to the finite rate of population growth
rate and population stability;
3) To determine whether the Cerro Huitepec Biological Reserve supports a persistent populations
of C. frantzii;

4) To evaluate habitat attributes associated with the distribution and abundance by estimating
occupancy and detection probabilities at the Huitepec Biological Reserve and several nearby sites;
I conducted this study from 2000 to 2003 in the Central Highlands of Chiapas, Southern
Mexico (Figure 1). Most of my research was conducted in the Cerro Huitepec Ecological Reserve
("Estacion Biologica Cerro Huitepec", hereafter Huitepec Reserve) and in four additional sites
around the City of San Cristobal de las Casas, Chiapas. The area is located in the humid pine-oak
forests of Mesoamerica, which are dominated by Pinus,

Quercus,

Liquidambar,

Alnus and other

tree genera of Nearctic affinities (Gonzalez-Espinosa et al. 2004). The vegetation in the area is
typically associated with high rainfall (>1000 mm annually) and cool-temperate climates (10-17 °C).
I selected the Huitepec reserve because it supports a population of C. frantzii in habitats differing in
vegetation composition and structure. Variation in vegetation allowed me to explore the habitatspecific demography of C. frantzii at the local and regional levels.

STUDY AREA
The Huitepec reserve is a semi-isolated forest in the Central Highlands of Chiapas, 4.5 km
west of San Cristobal de las Casas, Chiapas (Figure 1.1). It is located on the east, north and west
sides of the Huitepec Volcano (16°44'38"N; 92°40'15"W). This reserve was designated as private
land in 1987 (owned and managed by PRONATURA, an environmental non-governmental
organization in Mexico). The reserve is 137 ha in size and maintains a variety of natural and
disturbed habitats ranging in elevation from 2230 m to 2710 m. I included also 10 ha of disturbed
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dry-oak forest adjacent to the east side of the reserve, and, thus, increased the study area to 147
ha. The mean annual temperature is 14.5°C and the mean annual precipitation is 1300 mm. The
Huitepec reserve contains 315 vascular plant species in six plant communities: grassland, shrubland, second growth forest, dry oak forest, moist oak forest and evergreen cloud forest (RamfrezMarcial et al. 1998). The reserve includes 3 2 % of the regional plant species richness above 2000
m, but many plant species occur in low densities and many of them may have suffered local
extirpation. Firewood gathering occurs frequently in the reserve, particularly in the second growth
and dry oak forests. This practice generates openings in both the canopy and the understory. The
land surrounding the reserve is used for housing, agriculture and cultivation of exotic pine stands;
thus, unsuitable secondary habitats around the reserve have increased. A detailed description of
the vegetation across forest habitat types within the reserve is presented in Chapter 2.

OVERVIEW OF THE THESIS
In this Chapter, I introduce patterns of avian diversity of tropical montane forests and the
potential effects of habitat loss and disturbance on avian populations. I then present the theoretical
context relating habitat-specific demography and the source-sink
the biology of Catharus

population model. Also, I describe

frantzii (Ruddy-capped Nightingale Thrush) and discuss my selection of

this species in a semi-isolated reserve in the Central Highlands of Chiapas as a good model for
understanding the variation in factors driving population stability.
In Chapter 2,1 examine the influence of habitat, nest-site selection and parental behaviour
in nesting success and daily nest survival of C. frantzii in both moist and dry-disturbed forests. I
present data on breeding pair-density, nesting fate and daily nest survival, and identify habitat
attributes at three spatial scales (i.e., nest, nest-site and nest-patch). I also present data on
parental visitation rates and female nest attentiveness during the incubating and brooding periods.
In Chapter 3, I explore variation in density, productivity and survival between habitat types
by combining data from the reproductive success presented in Chapter 2, with survival estimates to
evaluate how these parameters influence the finite rate of population growth (A) in C. frantzii. I
evaluated whether survival varied across sex, age and habitat type. I also explore if variation in
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population parameters is correlated with habitat-specific population growth, and whether
populations of C. frantzii a\ the Huitepec reserve were stable.
In Chapter 4,1 measure variation in abundance and habitat attributes at Huitepec and at
several nearby sites where C. frantzii were present. I model occupancy [UJ] and detection
probability (p), and correlated these parameters with site, year, and number of visits. Then, I
assessed whether abundance varied with habitat attributes and forest types (from old-growth
humid forest to coniferous-broadleaf disturbed forest).
In Chapter 5,1 summarize my conclusions and discuss implications for the population
stability and persistence of C. frantzii in the Central Highlands of Chiapas. I also comment on the
strengths and weaknesses of my research findings and suggest future research for the
management and conservation of bird populations, as well as make specific recommendations for
the status of C. frantzii in Mexico.
I present Chapters 2, 3 and 4 as stand-alone papers.
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94°00'

92°45'

91°20'

92°40'

92°35'

Figure 1.1. The Cerro Huitepec Biological Reserve (CHBR) in the Central Highlands of Chiapas,
southern Mexico. Chiapas state is shown in the upper left corner. Map modified from RamirezMarcial et al. (1998).
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F i g u r e 1.2. Moist and dry-disturbed forests and open habitats in the Cerro Huitepec Biological
Reserve, Central Highlands of Chiapas. Map obtained from Ramirez-Marcial et al. (1998). Habitats:
GRS-grassland, SHR-brush, SGF-second growth (disturbed) forest, DOF-dry-oak (disturbed)
forest, OF-oak-wet forest, and ECF-evergreen cloud forest. Note that no riparian forest habitat is
shown on the map. Contour lines represent altitude in meters.
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CHAPTER 2:
INFLUENCES OF HABITAT VARIATION, NEST-SITE SELECTION AND PARENTAL BEHAVIOUR ON
THE BREEDING SUCCESS OF CATHARUS

FRANTZII (RUDDY-CAPPED NIGHTINGALE THRUSH) IN

CHIAPAS, MEXICO

INTRODUCTION
Breeding success is an important component for understanding fluctuations in avian
populations. The influence of factors on the breeding performance of birds has gained increasing
attention because of the effects of habitat loss (Laurance and Bierregaard 1997, Opdam and Wiens
2002) and global climate change (Still et al. 1999, Martin 2001). Currently, the loss of tropical
forests is considered the most important force of modern extinctions (Simberloff 1994, Harris and
Pimm 2004). At the same time, the proximate causes driving population fluctuations and life history
characteristics of tropical forest birds are poorly understood. Accordingly, identifying the effects of
factors influencing the breeding performance of tropical forest birds represents a main concern in
avian ecology and conservation.
Habitats vary in quality across heterogeneous landscapes. Although, birds may breed in
these habitats, they may not be reproducing at sustainable levels in all of them (Robinson et al.
1995, Burke and Nol 2000, Donovan and Lamberson 2001). Consequently, given the influence of
habitat quality on the breeding performance of birds, individuals benefit by recognizing and settling
accordingly in those habitats that represent high breeding performance. The ideal-despotic model
(Fretwell and Lucas 1970, Wiens 1976), predicts that best quality individuals (older or dominant)
select the best territories and sites for nesting, and through territorial behaviour, relegate lower
quality individuals (younger or subordinate) to less suitable territories and nesting sites. Due to
habitat heterogeneity, the progressive occupation of low quality territories as breeding density
increases may cause a decline of the mean individual fecundity (i.e., density-dependent fecundity).
This process has been shown to regulate populations of territorial species (Sinclair 1989, Arcese et
al. 1992, Newton 2004). However, this mechanism of population regulation in avian population is
still in debate (Rodenhouse et al. 2003). The combination of habitat heterogeneity, despotic
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settlement, and density-dependence fecundity has been called site-dependent population
regulation (Rodenhouse et al. 1997). Density-dependence and site-dependent population
regulation predict that the progressive occupation of low quality territories as breeding density
increases causes a decline in the mean per capita fecundity of a population (Murphy 2 0 0 1 , Sergio
and Newton 2003, Chase et al. 2005).
In habitats with high risk of nest predation, parental behaviour can facilitate understanding
of the process of nest-site selection (Badyaev and Ghalambor 2001, Martin 2004, Weidinger 2004).
The nest predation and parental visitation hypothesis (Skutch 1949) predicts that nesting success
will decrease with increasing parental visitation because it increases the likelihood of detection by
predators. Nest predation has been identified as the most important proximate cause of nest failure
in forest birds (Martin et al. 2000, Martin 2004, Weidinger 2004). Nonetheless, birds may adopt
anti-predation strategies to reduce the likelihood of a nest being found by predators, such as
placing nests in sites not accessible to predators, constructing cryptic nests in thick vegetation, and
maintaining cryptic behaviour and coloration (Gotmark et al. 1995, Rodriguez et al. 2006, Schmidt
et al. 2006). One of the most important determinants of nesting success is concealment correlated
to specific vegetative characteristics, such as plant density (Howlett and Stutchbury 1996, Boulton
et al. 2003). Dense forest vegetation may confer protection by creating visual barriers, increasing
the number of available nesting sites, and hindering movement of avian and mammalian predators
(Martin 1995). Hence, an individual's decision regarding nest site selection can be critical for
breeding performance, and have consequences for population fitness.
The breeding ecology of most Neotropical forest birds is poorly known. Specifically,
information on components of reproductive success, such as nesting success (i.e., the probability a
nest survives the nesting period to produce at least one fledgling) and daily nest survival (i.e., the
probability a nest survives a day during the nesting period), have shown a broad spatial and
temporal variation within and across forest bird species (Morton and Stutchbury 2000, Robinson et
al. 2000b, Willson 2004). For instance, nesting success ranged from 8 percent in lowland tropical
forests to more than 60 percent in montane cloud forests (Skutch 1985, Robinson et al. 2000a).
Such variation may result from a combination of proximate factors favouring a diverse suite of life
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history and behavioural traits (Martin 1996, Ricklefs 2000, Badyaev and Ghalambor 2001, Saether
and Engen 2002).
Northern Neotropical montane forests contain high levels of avian diversity and endemism
(Watson and Peterson 1999), as well as several threatened bird species (Long 1995, Peterson et
al. 1998). In addition to the overall loss and fragmentation of montane forests in the central
highlands of Chiapas (Ochoa-Gaona et al. 2004), forest harvesting for firewood and construction
may have altered avian breeding habitats. Continually removing understory vegetation reduces
potential nest sites and may lower reproductive success of forest songbirds by decreasing cover
and concealment for both offspring and parents (Martin et al. 2000, Ghalambor and Martin 2001),
as well as alter food supply (Sherry and Holmes 1995, Chase et al. 2005).
In this chapter, I examine the effects of habitat variation, nest-site selection and parental
behaviour on the breeding performance of C. frantzii in a montane cloud forest reserve of Chiapas,
Mexico. Particularly, I estimate breeding pair and nest densities of C. frantzii; examine nest-site
choice by comparing habitat attributes between nest-sites and random sites; estimate daily nest
survival; and evaluate the importance of parental behaviour on nest fate by examining parental
visitation rates and female nest attentiveness.

SPECIES AND STUDY AREA

The Ruddy-Capped Nightingale Thrush (Catharus frantzii) is a species listed as threatened
in Mexico (Diario Oficial de la Federacion 2002). Little is known about the breeding ecology and the
factors that influence population fluctuations of the C. frantzii in Mexico. C. frantzii \s a forest
dwelling, cup nesting bird that breeds in the interior of montane cloud forests during the rainy
season (March to August) in the northern Neotropics (Clement et al. 2000). The female usually
constructs mossy cup-nests in bushes or small understory trees (Raitt and Hardy 1970). Two lightblue eggs with brown spots are laid in a single clutch per breeding season (Skutch 1960).
Incubation is solely by the female and lasts 1 5 - 1 6 days, while the brooding period lasts 1 5 - 1 7
days (Clement et al. 2000).
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This study was conducted at the Cerro Huitepec Biological Reserve (16°44'38"N;
92°40'15"W), a semi-isolated, private forest island in the Central Highlands of Chiapas, Mexico
from April to August of 2000-2003. t h e reserve is 137 ha and contains a variety of natural and
disturbed forest habitats ranging in elevation from 2230 m to 2710 m. The mean annual
precipitation and temperature are 1300 mm and 14.5°C, respectively. The reserve contains a total
of 83 vascular plant families, including 186 genera and 315 species in six plant communities:
grassland, shrub-land, second growth forest, dry oak forest, oak humid forest and evergreen
montane cloud forest (Ramirez-Marcial et al. 1998). The reserve includes 3 2 % of the regional plant
species richness above 2000 m, but many plant species occur in low densities or have locally been
extirpated (Gonzalez-Espinosa et al. 1995). Selective forest harvesting for construction and
firewood gathering was frequent before the reserve was established in 1987. These processes
were more evident in the drier, flat parts of the reserve where understory vegetation had been
partially removed. The land surrounding the reserve is used for agriculture, housing and cultivation
of exotic pine stands. Open and secondary habitats around the reserve have increased in the
previous decade.
Habitat types at Huitepec have been classified into five forest types differing in plant
species composition, structure, topography and aspect (Ramirez-Marcial et al. 1998). 1) Montane
cloud forest (~ 35 ha) is found from 2400 to 2700 m altitude in the western and northwestern parts
of the reserve. The canopy is 30-35 m high, and dominated by Quercus laurina and Q. crassifolia.
Other tree species at a lower height (20-25 m) are Clethra macrophylla, Cleyera theaeoides,
Persea americana and Styrax argenteus. The understory contains Drimys spp., Miconia spp.,
Microtropis spp., Oreopanax spp., Ostrya spp., Prunus spp., Rapanea spp., Rhamnus spp.,
Saurauia spp. and Ternstroemia spp. 2) Wet-oak forest (-32 ha) is located in the eastern and
southeastern part of the Reserve, from 2450 to 2620 m altitude. Quercus and Arbutus xalapensis
and Alnus acuminata (30-35 m) dominate the canopy. A sub canopy stratum includes Garrya
laurifolia, Oreopanax spp., Prunus serotina, Rapanea juergensenii and Viburnum juncundum. The
understory includes Cestrum, Fuchsia, Gaultheria, Litsea, Senecio and Xylosma, and Adiantum,
Asplenium and Polypodium. 3) Riparian forest (~ 10 ha) is distributed along two small streams on
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the east side of the reserve. This habitat is present from 2100 to 2300 m altitude. The canopy
varies and there is limited vegetation information for this habitat. However, many plant species from
adjacent moist and dry forests are present in this habitat. 4) Dry-disturbed oak forest (~ 40 ha) is
located in the northeast part of the reserve.
For this study I also included 10 ha of this forest type adjacent to the reserve. This habitat
was located between 2200 and 2350 m altitude and the canopy is dominated by oak trees (25-30

high) such as Quercus crassifolia, Q. rugosa, Q. laurina, O. candicans, Q. skutchii, Q. acutifolia,
and Q. crispipilis. Understory plants are Oreopanax, Rapanea, Styrax, Viburnum, Adiantum, Bidens
and Chimaphila. 5) Second-growth (disturbed) forest (~ 30 ha) is located in the lower, northnortheast part of the reserve and contains 119 plant species. This forest was harvested for
construction material and firewood before Huitepec became a reserve. The canopy is
discontinuous and mostly dominated by Quercus trees with heights of 8-10 m. The understory

contains Eupatorium, Rubus, Viburnum and seedlings of Alnus, Arbutus, Buddleia, Crataegus,
Garrya, Prunus, Oreopanax, Rhamnus and Viburnum. Based on the variation in moisture, plant
species composition and structure, and management history among forest types, I combined
montane cloud, wet oak and riparian forests as moist forest (~ 77 ha) and dry-oak and second
growth (disturbed) as dry-disturbed forest (~ 70 ha) habitat types.

METHODS
During the early breeding season (April-May), I used spot-mapping to identify territories
and estimate pair densities. Visual observations, songs and calls were recorded and individual
locations were used to identify territories (Ralph et al. 1993). Simultaneous calls of different
individuals were considered to distinguish territories (Brawn and Robinson 1996). Mapping
territories involved =13 days per habitat/season during the early breeding seasons of 2000 to 2003.
I assumed that C. frantzii: 1) established territories during the breeding season, 2) a pair occupied
each territory, and 3) maps of territories accurately reflected the spatial distribution of pairs. By
using the singing male method I assumed no effect by young males that may sing sporadically and
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influence areas used by breeding males in different habitat conditions (Mazerolle and Hobson
2004).
Nest searching was conducted during the breeding season, with a consistent yearly
sampling effort of =127 person hours per habitat-type. Nests were located by following territorial
individuals that showed breeding behaviour and by searching within territories for potential nestsites (Robinson et al. 2000b). Once a nest was located, it was marked with flags placed
approximately 10 m from the nest. Nest-sites were GPS-located on a map. I monitored each active
nest every 3-4 days by observing nests from a distance of >10 m until either the young fledged or
the nest failed. During appropriate conditions and times (e.g. absence of rain and potential
predators), the content of the nest was checked with a mirror. A nest was considered to have
survived the interval between visits if at least one egg or nestling was present or if a least one
young had fledged before the final visit. Nest visits were more often within 2-3 days of predicted
fledging to increase certainty in assigning fate. Nests that fledged at least one young were
considered successful. Observation of fledglings or parents feeding fledglings near the nest was
used as evidence for nesting success. A nest was considered a failure if all eggs or nestlings
disappeared before any fledgling could have left the nest.
To explore if parental behaviour influenced nest predation risk, I recorded the parental
visitation rates (i.e., the number of times the female left the nest) and calculated female nest
attentiveness (i.e. percent of time sitting on the nest or on-bouts per hour) during the incubation
and brooding stages from 33 nests (18 nests in the moist forest and 15 nests in the dry-disturbed
forests). To record parental behaviour during nesting, observers with binoculars (10x50) or a
telescope (15x20x60) sat at a distance of 10-15 m from nests. Observers selected sites that
allowed visibility of the nests, but were also well camouflaged by vegetation. Observations were
made during the incubation stage after confirmed clutch completion and during the brooding stage
when chicks were at least 5 days old. Each nest was monitored two hours a day between 07:00
and 12:00 for four days at both the incubation and brooding stages.
Habitat attributes.- After a nest failed or the young fledged, I collected data on habitat
attributes that might influence nest-site selection, nesting success and daily nest survival. I
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measured habitat attributes at three spatial levels: nest, nest-site and nest-patch. For each nest, I
identified the plant species used as breeding substrata, and measured nest height, plant height and
basal diameter. At the nest-site level, I measured the distance to the nearest tree > 5 cm diameter
at breast height (DBH), and vertical distance in cm to the nearest plant structure covering the nest.
Each nest was observed at 1 and 6 m from the four cardinal directions (N, S, E, and W), and the
mean percent of horizontal visibility was estimated with a densitometer (Gbtmark et al. 1995). The
mean canopy cover at 1 and 6 m distance were also estimated with a densitometer. Additional
measurements at the nest-site included shrub density, tree density > 5 cm DBH, and slope and
aspect in degrees.
Vegetation structure was quantified at the nest-patch level by using a 12.5 m-radius
circular plot centred on the nest (0.049 ha). Within the plot, I considered trees with a DBH > 5 cm
and measured DBH, tree height, and tree density. Four rectangular subplots of 2 m width were
established in each cardinal direction for measuring the density of shrubs, seedlings, herbaceous
plants, ferns, Adiantum, epiphytes on trees and ground, mushroom breeding bodies, Licopodium,
snags, woody debris, canopy cover, ground cover, and air temperature and humidity. A random
point was selected by choosing one of eight compass directions, and a distance from the nest
between five to 30 meters in intervals of five meters. A plant and a specific point in the plant were
arbitrarily selected as a potential site for nesting substrata. For random sites, I measured the
variables recorded for the nest-sites, but plant species.
Statistical analysis. - Territory and nest density between habitat types and years were
compared using general linear models one-way analysis of variance (GLM-ANOVA; Gotelli and
Ellison 2004). To examine nest-site selection and identify habitat attributes that account for
selected sites, I pooled fate-known (monitored nests, n = 78) and fate-inferred (i.e., non-monitored
but able to infer fate, n = 98; see Easton and Martin 2002) nests. I tested the proportion of
successful and depredated nests across plant species used as substrata for nest placement with a
Wilcoxon's rank-sum tests (Gotelli and Ellison 2004). I compared the breeding performance as the
proportion of successful nests over the total number of recorded nests per habitat type (N= 193).

25

For univariate comparisons of all habitat variables, I performed Mests or Wilcoxon's ranksum tests to identify those variables differing between nest-sites and random sites. Then, a
correlation matrix from Principal Component Analysis (PCA) was used to estimate the degree of
association and interdependence between pairs of variables. Highly correlated variables (r > 0.7, P
< 0.05) were evaluated and the selected variable included in subsequent analyses had the higher
univariate value and lower P value. After standardizing selected variables, I used discriminant
function analysis (DA) to test the null hypotheses that C. frantzii did not discriminate nest-sites from
random sites. Predictive models for the dependent, binary response variables, defined as nest-site
and random site, were developed to identify those habitat attributes associated with nest-site
selection. Candidate independent variables were selected for inclusion in the final model using a
forward-stepwise selection procedure with a P < 0.1 to enter in the model. Mahalonobis distances
(minimum D ) between group centroids were used for maximizing separation of nest-sites from
2

random sites (McGarigal et al. 2000). Structured coefficients were obtained to determine correlative
variables with discriminant functions (McGarigal et al. 2000, Gotelli and Ellison 2004). Positive
parameter coefficients in the discriminant function indicated that an increase in the value of a
variable increases the probability of a nest-site being selected. Conversely, a negative coefficient
indicated that as the variable value increases, the probability of a nest-site being selected
decreases (Neter et al. 1996). The parametric assumptions on 4 of 10 variables for DA were
relaxed because my objectives were to identify a linear composite of covariates, detect significant
differences between group centroids and determine individual contribution of attributes to the
overall discrimination function (McGarigal et al. 2000).
Daily nest survival rates over the nesting cycle (Mayfield 1975, Stanley 2000) were
estimated with calculated standard errors (Johnson 1979, Hensler and Nichols 1981). Daily nest
failure rate (r) for fate-known nests (n = 78) were estimated as the total number of failed nests
divided by the total number of observer days pooled across all nests per habitat type. Daily survival
rates (S) were then calculated as 1 - r (Hazier 2004). Daily nest survival probabilities among forest
habitats were compared using CONTRAST (Hines and Sauer 1989). Because of potential seasonal
variation in daily nest survival, I estimated the probabilities of a nest surviving through the
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incubating, brooding, and nesting periods in days (a) per habitat type with

(Hazier 2004, Rotella

et al. 2004). I did not attempt to correct for the time prior to the nest being first observed (Grant et
al. 2005).
Because of a limited data set for fate-known nests which were found in different stages
through the nesting cycle, I used the events/trials syntax (i.e., where events were either success, 0,
or failure, 1, over the observation interval, and trials were the number of exposure days), and I
used the Mayfield logistic regression to determine the combination of habitat attributes that best
explained daily nest survival rates (Hazier 2004). For a successful nest, I assumed that the last
active date was the last exposure day, while for a failed nest I used the midpoint between the last
check and the last active day (rounded up to the nearest day). Previous to applying the Mayfield
logistic regression, I tested each habitat variable in turn, using univariate logistic regression. All
variables that were significantly different at P < 0.1 were then tested for independence before being
entered into the final model. Also, when Pearson

correlations between any two variables were

significant at P < 0.05,1 selected the one with higher univariate value and lower probability to be
included in the Mayfield logistic regression model.
To perform the Mayfield logistic regression, I used PROC LOGISTIC in SAS (SAS 2004),
and the events/trials syntax. Thus, the total sample size was N = 1180 (moist forest = 705, and drydisturbed forest = 475). Because the Mayfield logistic regression estimates nest mortality (i.e.,
failure), and my interest was to evaluate effects on daily nest survival rates, signs of all coefficients
and the intercept were reversed (Hazier 2004). The Mayfield logistic regression has five
assumptions: (1) the number of exposure days is known, (2) nests with unknown fates are
censored observations, (3) there was a constant survival rate over time, (4) there was a common
daily survival pattern for all nests, and (5) each nest represents an independent sample unit.
Assumptions (1) and (2), were either estimated or satisfied. However, nest survival may have
varied between the incubation and the brooding stages, and linear trends in survival across and
within stages may not be consistent (Grant et al. 2005). All measured variables were considered to
constrain the common daily nest survival. Over dispersion of data was diagnosed with a goodnessof-fit test (Farnsworth et al. 2000, Hazier 2004).
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Parental visitation rates and female nest attentiveness were analysed with GLM two- and
three-way ANOVA (Zar 1999). The original models containing all two- and three-way interactions
among habitat*fate*stage were reduced by sequential elimination of non-significant interaction
terms (P> 0.05). When a significant interaction of categorical predictors with parental visitation
rates and female nest attentiveness occurred, the analysis was partitioned for the sign interaction.
If parental visitation rates and female nest attentiveness differed among nesting stages (Grant et al
2005), I separated them into incubation and brooding.
Prior to statistical analysis, variables were checked for normality with a Shapiro-Wilks W
test and equal variance with Bartllet's test (Gotelli and Ellison 2004). When required, data were
square root-transformed (distances) or arcsine-transformed (percentages) as appropriate to meet
parametric assumptions. When the data differed from parametric assumptions, non-parametric
Wilcoxon/Kruskal-Wallis rank tests were used. When factor interactions were significant,
independent univariate analyses were performed to evaluate the role of each factor independently.
Statistical analyses were performed with SAS-JMP 5.1 (Sail et al. 2005) and SAS 9.1 (SAS 2004).
All means are presented ±1 SE, and considered significant at a = 0.05.

RESULTS

A total of 270 territories of C. frantzii were recorded over four years (2000-2003; Fig. 2.1a).
The mean pair density was higher in the moist forest than in the dry-disturbed forest (0.57 pairs ha
1

± 0 . 0 7 SE vs. 0.34 + 0.08; GLM-ANOVA, hf= 0.9, F

1|6

= 11.9 P < 0.05), and this relationship was

consistent among years (Fig. 2.1.b). Conversely, the mean nest density (nests/ha) did not differ
between the moist forest and the dry-disturbed forests (0.34 ± 0.09 vs. 0.23 ± 0.09; F = 0.3, P =
1 6

0.79), though with higher densities in 2001 in both habitats (Fig. 2.1 .c). Pair density was positively
correlated to nest density across habitat types (r= 0.77, F

1i6

= 20.5, P < 0.01).

A total of 193 nests of C. frantzii were found. Seventy-eight nests were fate-known, 98 fate
inferred and 17 unknown. The estimated date of starting incubation for the nest found active
extended from mid April to early August, and did not vary between moist and dry-disturbed forest
when year was fixed (x - 2.68, df - 77, P- 0.1; Fig. 2.2). Combining fate-known and fate-inferred
2
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nests (n = 176), 50 fledged at least one young (nesting success = 28.4%; Fig. 2.3). Predation was
the major cause of nest failure (94%); and only seven nests (4%) were found abandoned, and
other 2 % were unknown.
Nests were found in 18 plant species, and two unidentified plant substrata, with six species
being the most frequently used (Table 2.1). The ratio of successful nests across plant species did
not differed between moist and dry-disturbed forest habitats (Likelihood ratio test x - 1.9, df- 191,
2

P = 0.16). The same pattern of nesting success was found when considering only the six most
used plant species as nest substrata between moist and dry-disturbed forest habitats (Likelihood
ratio test x*= 5 . 1 , df= 143, P = 0.4).
Nest-sites selected by C. frantzii significantly differed from random sites in 10 of the 31
habitat attributes measured at the nest, site and patch levels (Table 2.2). Discriminant analysis
revealed clear differences among nest-sites from random sites (Wilk's X, u = 0.65, F ,3 o = 18.42,
10

4

P < 0.001), and correctly classified 82.4% of the selected sites and 76.7% of the random sites. The
canonical discriminant function with an eigenvalue of 0.54 included canopy cover at 6 m, shrub
density, horizontal visibility at 6 m, canopy cover at 1 m, and horizontal visibility at 1 m (0.69 > r>
0.33) as habitat attributes strongly correlated with the selection of nest-sites by C. frantzii.
In the moist forest, canopy cover at 6 m, horizontal visibility at 1 m and shrub density (0.89
> r > 0.46) were the habitat attributes selected by the discriminant analysisi (Wilk's X, u = 0.66,
F

8 1 9 8

= 12.7, P < 0.001). The canonical discriminant function, with an eigenvalue of 0.51, implied a

concealment gradient influencing selected sites for nesting by C. frantzii in this habitat type (Fig.
2.4.a). In the dry-disturbed forest, shrub density, canopy cover at 6 m and mean canopy cover at
patch level (1.07 > r> 0.61) were the habitat attributes selected by the DA (Wilk's X, u - 0.52,
F,137 = 20.9, P < 0.001). The first canonical discriminant function, with an eigenvalue of 0.92, also
6

implied a concealment gradient and reflected a difference of concealment at site level, and canopy
cover at the patch level between nest-sites and random sites (Fig. 2.4.b). More habitat attributes
explained separation between nest-sites from random sites in the moist forest than in the drydisturbed forest (Fig. 4a,b). The canonical distances separating point relationships from the grand
centroid was shorter for the moist forest than the dry-disturbed forest for nest sites (F
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1t35

o = 4.19, P

< 0.05) and random sites ( F

1i35

o = 6.97, P < 0.01), implying stronger selection for habitat attributes

in the later habitat.
Mayfield estimates of daily nest survival rates (S) for fate-known nests were higher in moist
than dry-disturbed forests when year was fixed (0.96 ± 0.007 vs. 0.93 ± 0.013; x = 4.08, df = 76, P
2

< 0.05; Fig. 2.5). When habitat was fixed, pair density positively correlated with nesting success (r
= 0.84, F

1 6

= 9.32, P < 0.05), while nest density did not correlated with nesting success (r= 0.52,

Fi, = 3.42, P = 0.12). Neither pair density nor nest density was associated with daily nest survival
6

( r < 0.09, F

1 i 6

< 2.63, P > 0.16).

Daily nest survival rates were positively correlated to effects of the distance to the structure
covering the nest, horizontal visibility at 6 m and the density of epiphytes on the ground (Table 2.3).
Estimated nest survival probabilities for the incubation and brooding stages, and the entire
breeding cycle were higher in the moist forest than in the dry-disturbed forest (Si bation- 0.55 ± 0.1
ncU

vs. 0.36 ± 0.09, x = 8.0, df= 76, P < 0.05; S odmg- 0.53± 0.1 vs. 0.38 ± 0.09; x = 8.4, df= 76, P <
2

2

Br0

0.05; S

0.29 ± 0.1 vs. 0.13 ± 0.06; X = 18.04, df= 76, P < 0.01).

g.

2

Breedin

Parental behaviour.- Parental visitation rates across habitats and nest fate were
significantly lower during the incubation stage than during the brooding stage (2.9 trips h' ± 0.7 vs.
1

4.7 ± 0 . 5 ; Welch paired f-test = 12.2, d f = 3 1 , P < 0.001). The GLM-ANOVA model for parent
visitation rates revealed a significant habitat x nest fate interaction (F,,i 8 = 19.4, P < 0.001),
2

indicating that parent visitation rates of C. frantzii differed according to the habitat, but these
differences were dependent on the nest fate. Hence, separate analyses for habitat and nest fate
were performed. Parental visitation rates (number of trips per h) during incubation and brooding
stages did not vary between the moist forest and the dry-disturbed forest (3.97 trips h' ± 0.18 SE
1

vs. 3.24 ± 0 . 1 9 ; paired f-test = 1.3, df - 3 1 , P = 0.19). As well, parental visitation rates during
incubation and brooding did not vary between successful and failed nests (3.56 trips h" ± 0.19 vs.
1

4.05 ± 0.18; paired f-test = 1.9, df= 3 1 , P = 0.07). However, controlling.for stage and habitat,
parental visitation rates during incubation were significantly lower for successful than failed nests
(3.15 trips h" ± 0 . 2 9 vs. 4.04 ± 0.28; paired f-test = 2.18, o Y = 3 1 , P < 0.05; Fig. 2.6a).
1
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Female nest attentiveness (proportion of time on-bouts per h) was significantly higher
during the incubation than the brooding stage when habitat and nest fate were fixed (0.78 ± 0 . 0 5
vs. 0.64 ± 0.04; paired f-test = 12.06, df, = 1, P < 0.001). The variation in female nest attentiveness
was independently explained by habitat and nest fate (GLM, P?=0.M, F

3 6 2

= 4.21, P < 0 . 0 1 ) .

Female nest attentiveness was higher in the moist forest than in the dry-disturbed forest (0.73 ratio
time ±0.012 vs. 0.69 ±0.013; F , = 5.9, P < 0. 05), and higher for successful than failed nests
6 2

(0.73 ± 0 . 0 1 3 vs. 0.69 ±0.013; F

1>62

= 6 . 1 2 , P < 0 . 0 5 ; Fig. 2.6b).

DISCUSSION

The breeding performance of C. frantzii in the central highlands of Chiapas varied across
contiguous, but distinct habitat types, and it was correlated with habitat attributes and parental
behaviour. Important differences across habitats were that breeding pair density and nest density
were higher in the moist forest, suggesting that moist habitats are more likely to be preferred for
reproduction. Both pair and nest densities were markedly higher in the most humid sites in the
reserve, such as small creeks. These sites contained dense vegetation that may have been more
suitable for breeding. Other authors have found that moist sites, particularly streams and creeks,
are preferred by nightingale thrushes for reproduction, with higher breeding performance indicators,
than more dry, open habitats (Beltran and Kattan 2003, Londoho 2005).
Breeding performance was consistently better in the moist forest with more understory
vegetation than in the dry-disturbed forest, where understory vegetation was partially removed.
Removal of vegetation may reduce quantity and quality of both breeding sites and patches for C.
frantzii. These findings are consistent with the implication that safe-nesting sites may be more
limited in disturbed habitats, particularly those habitats modified by human activities. The reduction
of safe nesting-sites may result in hyper-dispersion of breeding sites with a combination of
decreasing food availability and increasing risks of nest predation (Martin 1995, Sherry and Holmes
1995). Sites with less understory vegetation may make nests more conspicuous to predators
(Howlett and Stutchbury 1996, Weidinger 2002), and thus less suitable sites for C. frantzii. Less
understory vegetation could also increase detectability and predation risk for adult birds, reduce
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thermal cover and limit observational perches for vigilance (Gotmark et al. 1995). Habitat alteration
also may result in differences in the predator community, food abundance, and quality of
individuals in each habitat, contributing to the different observed patterns.
Over one quarter (28%) of C. frantzii breeding pairs at Huitepec fledged at least one
young. This level of nesting success was consistent with data reported for passerine forest birds in
tropical forests of Costa Rica, Ecuador and Panama (Ricklefs and Bloom 1977, Sieving and Karr
1997, Robinson et al. 2000b). Among thrush species in temperate forests, approximately 2 7 % of
Wood Thrush (Hylochycla mustelina) nests were successful in southern Ohio (Artman and
Downhower 2003). Nest predation was the main cause of nest failure at Huitepec and was lower in
the moist forest (67%) than in the dry-disturbed forest (78%). The level recorded in moist forest
was similar to nest predation rates reported for Wood Thrush in Ohio (66%; (Artman and
Downhower 2003). However, nest predation rates for C. franttzii were high relative to those
reported for other North American passerines. For instance, nest predation rates were 50% for
Hooded Warblers {Wilsonia citrina) from north-eastern North America (Howlett and Stutchbury
1996) and for shrub-nesting birds (Martin 1995, Badyaev and Ghalambor 2001). Thus, nest
predation was the main factor determining breeding performance of C. frantzii in the study site.
C. frantzii used a variety of plant species as substratum to place their nests. Although, six
of 18 plant species were more frequently used as nest-substrata for breeding, nest fate was not
correlated with any particular plant species. C. frantzii used a variety of plant species in the moist
forest (e.g., Cornus excelsa, Styrax argentus, and Querqus rugosa). While in the dry-disturbed
forest, Q. rugosa and Oreopanax xalapensis were more used as substrata for nesting.
Differences in the use of plant species may result from vegetation removal. Vegetation
removal impacts the density and the structure of vegetation (Easton and Martin 2002). Periodically
removing vegetation and decreasing the density and structure of vegetation reduces potential
substrata for nesting, as well as modifies concealment for the nest (Martin et al. 2000, Ghalambor
and Martin 2001), and reduces food availability (Gonzalez-Espinosa et al. 1995). My data suggest
that nest concealment and cover were the most important determinants of nest placement by C.
frantzii at Huitepec Reserve, and that daily nest survival was positively correlated to concealment.
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Sites selected by C. frantzii \ox building nests differed from random sites principally in the structure
at the nest-site and patch levels. The discriminant model showed that selected sites for nesting had
lower horizontal visibility at 6 m, higher canopy cover at 1 and 6 m, and higher shrub density
compared to random sites in both the moist and the dry-disturbed forests. Thus, habitat structure
attributes relating to concealment have an important influence in nest-site selection. Additional
covariates such as lower horizontal visibility at 1 m and tree density at the nest-site level were also
important nest-site features in the moist forest. Fern density and canopy cover at the patch level
influenced nest-site selection in the dry-disturbed forest. Characteristics at the patch-level rather
than at nest-site may determine the nest-site choice in dry-disturbed forest. The rugged topography
of the study site promoted variation in selective harvesting intensity in the dry-disturbed forest
because selective harvesting was less severe along moist drainages and cooler slopes than on
flatter and north-facing slopes. In the dry-disturbed forest, small patches of habitat remained
relatively undisturbed. Such variation in selective harvesting intensity is important for maintaining
availability of suitable sites and conditions for breeding, at least on a limited basis, within disturbed
areas. Additionally, increasing canopy cover at the patch level may increase shade and reduce
visibility of eggs, chicks or parents during incubating or brooding (Gbtmark et al. 1995).
One of my objectives was to identify which habitat attributes influenced nesting success
and also when understory removal alters these attributes. Because nest predation is a dominant
factor affecting nesting success, there should be selective pressure for birds to choose less
vulnerable nest sites (Martin and Li 1992). Placement of nests within a suite of features such as
high vegetation density helps to reduce accessibility and search efficiency of predators (Martin and
Joron 2003). The daily nest survival estimates were consistently high in the moist forest through
the years compared to the dry-disturbed forest. Mean daily nest survival estimates varied from 0.96
to 0.94 in moist forest and dry-disturbed forest, respectively. These estimates were slightly higher
or comparable to the values reported for a variety of passerine open-cup nesting birds such as the
Western Slaty Antshrikes [Thamnophilus
Wrens (Cyphorhinus

phaeocephalus;

atrinucha;

0.91; Roper 1996), the enclosed nester Song .

0.97; Robinson et al. 2000a), and for 10 open-cup nesting

species (0.95; Robinson et al. 2000b) in the lowland forests of Panama. Also, these values were
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similar to those reported for passerines in North America: 0.94 reported for the Wood Thrush in
Ohio (Artman and Downhower 2003) and 0.96 reported for the Acadian Flycatcher (Empidonax
virescens; Hazier et al. 2006). Notwithstanding slight differences in daily survival rates between the
previous studies and my own, the longer nesting period of C. frantzii may increase the overall
exposure time of the nest, resulting in lower nest survival. For the Acadian Flycatcher, the
probability of a nest surviving the nesting period was 0.54 with its breeding duration of 29 days
(Hazier 2004). For C. frantzii this probability may reach 0.39 in the moist forest and 0.19 in the drydisturbed forest as it has a nesting duration of 33 days (incubation: 16, and brooding: 17 days).
The effects of pair density and nest density on the breeding performance of C. frantzii were
unclear. Only pair density positively and significantly determined nesting success when habitat was
not considered. Coefficients of variation (CV) for the two components of breeding performance
measured indicated lower levels of variation in the moist forest than in the dry-disturbed forest
(nesting success: 16.8 vs. 43.9; daily nest survival: 1.3 vs. 1.9, respectively). Thus, as both
breeding pair density decreased and variation in the components of breeding performance
increased, there was a decline in the breeding performance of C. frantzii. This was the case in the
dry-disturbed forest. However, different population regulation mechanisms, such as densitydependence and site-dependence, may act simultaneously at different scales, influencing the
breeding performance of C. frantzii in the reserve. The simultaneous effect of diverse regulatory
mechanisms on avian breeding performance has been demonstrated for several species
(Rodenhouse et al. 2003, Chase et al. 2005, Carrete et al. 2006).
The combined effects of canopy cover, nest concealment and the density of epiphytes on
the ground significantly influenced nest fate. Canopy cover and nest concealment may offer
overhead protection to reduce the likelihood of visual detection from avian predators because
predatory birds, such as jays, rely primarily on visual cues for detection of nests (Martin 1995,
Weidinger 2002). Vegetation that provides high concealment may also reduce the likelihood of nest
detection by mammalian predators by affording visual and olfactory protection and hindering
search efficiency by impeding predator movements (Martin and Li 1992, Martin 1995). A rich
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community of mammal predators resides in the Huitepec Reserve, including 17 species of rodents
(Naranjo and Espinoza-Medinilla 2001).
Parental behaviour varied across breeding stages and habitats. The parental visitation
rates increased significantly from the incubation stage to the brooding stage, while female nest
attentiveness declined from the incubation stage to the brooding stage. Skutch (1949)
hypothesized that increased parental activity increased nest predation. However, Martin et al.
(2000) found that nest predation was generally higher during incubation than during brooding.
When controlling for nest-site variation, an increase in parental visitation rates increased nest
predation risk (Martin 2004, Muchai and du Plessis 2005, Remes 2005). Parental visitation rates for
C. frantzii may influence nest fate during the incubation stage. Thus, increasing parental visitation
rates during this stage could result in an increase in the risk of clutch predation. Female nest
attentiveness was higher in the moist forest where most successful nests were found than the drydisturbed forest. Female condition may influence both nest attentiveness and extend the incubation
period. For instance, nesting success of females in poor body condition may be compromised
because decreased nest attentiveness increases the length of nest exposure, resulting in slower
embryo development and higher predation rates (Weidinger 2002). Female survival could decline
during the breeding season because they are exposed to predation pressure for longer periods.
Moreover, later hatching could reduce fledgling survival. Fledglings in these conditions may
confront unpredictable, adverse events coupled with intense predation, a seasonal decreased of
food resources and decreased parental care (Brown and Roth 2002, Styrsky et al. 2005). Female
nest attentiveness probably represents an important strategy of passive nest defence for C. frantzii,
which combines a vigilant behaviour with cryptic coloration. Thus, both nest concealment by
vegetation and cryptic plumage in C. frantzii are probably important to the breeding performance
(Gotmark et al. 1995). Variation in the behaviour of C. frantzii, such as parental provisioning and
nest attentiveness, in concert with other proximate factors such as habitat attributes, food
availability and female body condition, may play an important role in the interaction between
ecological pressures and breeding performance (Badyaev and Ghalambor 2001, Ghalambor and
Martin 2001).
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CONCLUSION

The breeding performance of C. frantzii varied across habitats differing in forest type and
density of understory vegetation. Removing understory vegetation in the Central Highlands of
Chiapas appeared to reduce breeding pair density, nesting success and daily nest survival.
Increasing pair density appeared to affect nesting success, particularly in the dry-disturbed forest
where density-dependence was apparent. Habitat attributes associated with overall concealment at
the patch level correlated with nest-site selection and nest survival. Parental behaviour in concert
with these attributes influenced the risk of nest predation. Because long-term habitat changes may
alter the breeding habitat and lead to low breeding performance in birds, I suggest that long term
studies should continue to be used to assess the consequences of vegetation removal and other
forest management practices in the region on population demography for C. frantzii, and other
forest nesting passerines.
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Table 2.1. Frequencies of main plant species (6 of 18) used as nest-substrata by Catharus

frantzii (Ruddy-capped Nightingale Thrush) in moist

and dry-disturbed forest habitat types at the Huitepec Biological Reserve, Central Highlands of Chiapas, from 2000 to 2003. Frequencies included
all nests found (N=193), and percent of successful and depredated nests was restricted to fate-known and fate-inferred nests.

Habitat type
Plant species

Moist forest

Frequency

Cornus

excelsa

Dry-disturbed forest

Successful

Predated

(%)

(%)

25

4.15

7.25

Frequency

Overall study site

Successful

Predated

(%)

(%)

3

0.00

0.00

Frequency

Successful

Predated

(%)

(%)

28

4.15

7.25

Crataegus

pubescens

13

2.07

3.63

8

1.04

3.11

21

3.11

6.74

Oreopanax

xalapensis

10

1.04

3.63

14

0.52

. 6.22

24

1.55

9.84

16

2.59

5.70

22

1.55

7.77

38

4.15

13.47

7

1.55

2.07

3

0.52

1.04

10

2.07

3.11

18

3.11

5.18

5

1.04

1.55

23

4.15

6.74

116

17.62

35.23

77

8.29

26.42

193

25.91

61.66

Quercus
Rapanea
Styrax

Total

rugosa
juergensenii
argentus

Table 2.2. Habitat attributes at nest-site and nest-patch levels of Catharus

frantzii (Ruddy-capped Nightingale Thrush) nest and random sites

found in moist and dry-disturbed forest types at the Huitepec Biological Reserve, Central Highlands of Chiapas. Selected variables were used for
the final discriminant analysis (DA) model for nest-site selection in the overall study site (a), moist forest (b), dry-disturbed forest (c), and for the
Mayfield logistic regression model (d).

Habitat type
Moist forest
Nest

Dry-disturbed forest

Random

Nest

Random

Average

SE

Average

SE

Average

SE

Average

SE

Selected

Nest height (NEHE, m)

1.97

0.93

2.01

1.21

1.99

1.17

1.84

1.15

a, b, d

Plant height (m)

5.46

3.49

5.64

4.05

4.46

3.47

4.99

4.57

Basal diameter (cm)

12.72

13.96

12.78

15.32

15.00

14.27

15.53

15.79

Distance nearest Tree (m)

0.58

0.84

0.60

0.94

0.94

1.43

0.84

1.11

Distance to structure covering the nest (cm)

0.41

0.33

0.42

0.41

0.30

0.19

0.28

0.19

d

Canopy cover at 6 m (CC6M, %)

79.83

19.83

65.31

20.53

78.92

10.82

66.39

18.72

a, b, c

Horizontal visibility at 6 m (HV1M, %)

48.89

26.75

35.91

0.25

42.43

26.76

29.76

21.73

a, b, c, d

Canopy cover at 1 m (CC1M, %)

80.93

7.73

68.44

0.25

82.11

9.64

69.42

24.88

a, b, c

Horizontal visibility at 1 m (HV1M, %)

19.47

16.41

0.16

0.16

27.50

22.21

23.47

22.50

a, b, c

Shrub density (SHRD, individuals per m )

1.69

0.74

1.28

0.79

1.59

0.58

1.18

0.56

a, b, c

Tree density (individuals per m )

0.19

0.13

0.18

0.15

0.18

0.09

0.17

0.1

a

Slope (<°)

34.08

12.61

32.42

15.49

20.28

7.67

19.23

8.85

Aspect (<°)

248.5

79.3

201.2

95.4

152.1

76.6

169.4

87.5

Variable (units)
Nest

Nest-site (6 m radius)

2

2

Nest-patch (12.5 m radius)
DBH of trees >5 cm (cm)

35.25

6.38

34.02

7.77

23.75

4.98

23.76

5.08

Tree height (m)

15.70

4.16

16.03

4.82

11.60

3.46

11.94

3.75

Tree density (TRED, individuals/ha)

0.18

0.08

0.18

0.07

0.19

0.02

0.19

0.02

32.94

7.99

32.73

9.03

19.51

10.19

19.68

9.17

3.48

1.5

3.32

0.13

2.97

0.11

3.28

0.14

Seedling density (SEED, individuals/m )

1.53

0.46

1.53

0.43

1.92

0.54

1.99

0.51

Herbs density (individuals/m )

4.39

1.42

4.41

1.54

2.51

1.02

2.52

1.22

Fern density (FERD, individuals/m )

2.47

1.18

2.16

1.16

2.60

1.25

2.09

1.17

Adiantum

1.48

0.88

1.46

0.94

2.93

1.59

2.85

1.41

1.97

1.02

2.14

1.07

1.75

1.57

1.72

1.53

0.72

0.38

0.72

0.40

0.13

0.08

0.12

0.07

0.57

0.32

0.55

0.29

0.98

0.45

1.08

0.51

0.05

0.03

0.05

0.03

1.99

1.49

2.36

1.51

Number of snags (individuals/ha)

9.24

5.37

7.62

5.03

5.56

4.43

5.50

4.36

Number of woody debris (individuals/ha)

3.70

2.01

3.57

1.91

1.75

1.86

1.62

1.84

Air temperature (°C)

15.69

2.51

15.90

3.01

17.63

3.59

17.87

4.01

Air humidity (%)

73.28

8.78

0.74

0.08

0.68

0.12

0.67

0.12

Mean canopy cover (CCPA, %)

84.62

19.59

62.59

19.68

63.83

10.92

65.58

10.38

8.15

1.03

0.08

0.01

0.08

0.01

0.08

0.01

Slope (<°)
Shrub density (individuals/m )
2

2

2

2

density (individuals/m )
2

Number of epiphytes on Trees

a, b

a, b

a, c

Density of ground epiphytes
(individuals/m )
2

Mushroom density (individuals/m )
2

d

Licopodium density
(individuals/m )
2

Mean ground cover (%)

a, c

Table 2.3.

P a r a m e t e r e s t i m a t e s for s e l e c t e d habitat attributes t h a t reflect the m a x i m u m effect o n

daily nest survival rates f r o m a M a y f i e l d logistic r e g r e s s i o n m o d e l for Catharus

frantzii

(Ruddy-

c a p p e d N i g h t i n g a l e T h r u s h ) in t h e H u i t e p e c B i o l o g i c a l R e s e r v e , C e n t r a l H i g h l a n d s of C h i a p a s ,
d u r i n g 2 0 0 0 - 2 0 0 3 . E s t i m a t e s a r e f r o m a single g l o b a l m o d e l t h a t i n c l u d e d f a t e - k n o w n n e s t s (n =
7 8 ) . Positive e s t i m a t e s indicate h i g h e r nest s u r v i v a l .

Parameters

Estimate

S.E.

Wald Chi-Square

Intercept

1.95

0.52

14.24

0.001

D i s t a n c e to s t r u c t u r e c o v e r i n g t h e nest ( c m )

0.81

0.39

4.16

0.042

H o r i z o n t a l visibility at 6 m (%)

1.84

0.79

5.45

0.019

0.91

0.42

0.42

0.029

D e n s i t y of g r o u n d e p i p h y t e s ( i n d i v i d u a l s / m )
2

40

P-value

dl

J J

Figure 2 . 1 . (a) Number of territories, (b) pair density (pair per ha), and (c) nest density (nests per
ha) from 2000 to 2003 of Catharus

frantzii (Ruddy-capped Nightingale Thrush) in moist forest (77

ha, white bars) and dry-disturbed forest (70 ha, black bars) habitat types at the Huitepec Biological
Reserve, Central Highlands of Chiapas.
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Figure 2.2. Estimated onset of incuation from fate-known nests in (a) moist forest (n - 42 nests)
and (b) dry-disturbed forest

(n =

36 nests) of

Catharus

frantzii

(Ruddy-capped Nightingale Thrush)

at the Cerro Huitepec Ecological Reserve, Central Highlands of Chiapas, from 2000 to 2003. The
vertical lines within the quantile boxes represent the sample median and boxes encompass the 25
to the 75 percentile.
th
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m

Moist forest

27
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| Dry-disturbed forest

Moist forest

Known fate

Figure 2.3. Fate of 176 nests of Catharus

| Dry-disturbed forest

Fate inferred

frantzii (Ruddy-capped Nightingale Thrush) in the

Huitepec Biological Reserve, Central Highlands of Chiapas, from 2000 to 2003. Fates were
unknown for 12 nests in the moist forest and 5 in the dry-disturbed forest habitat types.
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(a) Moist forest

Figure 2.4.

Biplot of canonical discriminant functions for the habitat attributes at nest-sites and

random sites of Catharus

frantzii (Ruddy-capped Nightingale Thrush) in the Central Highlands of

Chiapas, from 2000 to 2003. Selected variables for both models are listed in Table 2.2. (a) Moist
forest (Wilk's X, u = 0.72, F ,2oi = 15.5, P< 0.001), and (b) Dry-disturbed forest (Wilk's X, u = 0.68,
5

F ,i4o= 21.8, P < 0.001). Internal circles correspond to 95% confidence limits for the group mean,
3

and the external circles contain 5 0 % of the normal contours. Biplot arrows from the grand mean
(centroid) show those significant attributes selected by forward-stepwise procedure with P < 0 . 1 .
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Figure 2.5. Daily nest survival rates (± Johnson's SE) for 78 fate-known nests from moist forest
(white bars) and dry-disturbed forest (black bars) habitat types for Catharus frantzii (Ruddy-capped
Nightingale Thrush) in the Central Highlands of Chiapas, from 2000 to 2003.
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(b) Female nest attentiveness

I

Incubating

Nestling
Breeding stage

Figure 2.6.

Parental activity (a, mean number of trips to the nest per hour ± 1SE) and parental nest

attentiveness (b, ratio time per hour on-bouts ± 1SE) during incubating and nestling stages of
successful (Moist forest - successful) and failed (Moist forest - failed) nests in the moist forest, and
successful (Dry-disturbed forests - successful) and failed (Dry-disturbed forest - failed) nests in the
dry-disturbed forest in the Central Highlands of Chiapas, for Catharus

frantzii (Ruddy-capped

Nightingale Thrush). Nest observations: 18 nests for moist forest and 15 for dry-disturbed forest
habitat types.
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CHAPTER 3:
POPULATION DYNAMICS OF THE MEXICAN ENDANGERED CATHARUS FRANTZII (RUDDY-CAPPED
NIGHTINGALE THRUSH): HABITAT-SPECIFIC DENSITY, PRODUCTIVITY AND SURVIVAL

INTRODUCTION

Understanding changes in habitat heterogeneity and their influence on demographic
parameters determining population dynamics (i.e., finite rate of population growth, X) is a key issue
in conservation ecology. This is particularly important in ecosystems supporting high levels of
biodiversity, and where human activities have extensively changed the environment (Myers et al.
2000, Manne and Pimm 2001). More than a third of the global avian biodiversity (36% of the total
species) occurs in the Neotropics (Stotz et al. 1996), and montane habitats are key elements of this
biodiversity as they contain numerous endemic species (Long 1995, Rejinfo et al. 1997, Young and
MacDonald 2000). However, loss of forest habitats is modifying the distribution and abundance of
many montane species (Watson 2003, Martinez-Morales 2005b, Tejeda-Cruz and Sutherland
2005). It is important to determine the current status of montane forest birds and to predict their
response to habitat changes induced by human activities.
The theoretical foundation for considering the relationship between habitat quality and
demographic rates (i.e., per capita birth, death, emigration and immigration) is well developed for
source-sink population dynamics (Pulliam 1988, Donovan and Thompson III 2 0 0 1 , Kawecki 2004).
This approach has been applied to an increasing number of species living in landscapes with
habitats that differ in quality and connected by dispersal (Norris and Pain 2002, Smith and Hellman
2002, Hanski and Gaggiotti 2004). The source-sink model distinguishes the capacity of habitat
patchs to sustain stable or growing sub-populations in high-quality source patches (population
growth, X > 1), or their dependency on immigrants, from source patches, to maintain patch
occupancy in low-quality sink patches (X < 1; Pulliam 1996, Thomas and Kunin 1999). However,
source-sink dynamics may be masked if patch quality and carrying capacity vary through time
(Watkinson and Sutherland 1995, Kawecki 2004, Jonzen et al. 2005). Hence, estimating
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demographic parameters to identify whether habitat patches act as either sources or sinks for
target species is key for understanding the influence of human activities on the availability and
suitability of habitats (With and King 2001, Smith and Hellman 2002). Populations that appear to be
regulated by traditional density-dependent mechanisms may be the result of site-specific (i.e.,
territory) differences in demographic parameters (Rodenhouse et al. 1997). Both source-sink and
site-dependent models of populations dynamics assume either ideal-despotic (Fretwell and Lucas
1970) or pre-emptive (Pulliam and Danielson 1991) models of individual settlement in which
individuals will increase their fitness if they select the best sites. Individuals in a population differ in
their capacity to acquire and hold high-quality sites, and many of them are forced to survive and
breed in low-quality sites. Since natural habitats become modified through anthropogenic change,
low-quality habitats become more prevalent in the landscape for many species (Donovan and
Thompson III 2001). Studying variation of the population growth (X) in response to changes in
demographic parameters will help us to better understand the consequences of reduction of habitat
quality to population persistence (Donovan and Thompson III 2001, Holtet al. 2003).
Little information exists on the demographic parameters of tropical forest birds (Ricklefs
1997, Morton and Stutchbury 2000, Willson 2004). Reports on nesting success varied from 8 to 57
percent for bird species in the lowland forests in Panama (Robinson et al. 2000, Styrsky et al.
2005), and to more than 60 percent in montane cloud forests (Skutch 1985). Estimates of survival
rates of tropical forest birds also showed variation from lowland «>=0.52) to highland (cj)=0.85) forest
habitats (Karr et al. 1990, Johnston et al. 1997, Ricklefs 1997, Sandercock et al. 2000). Such
variation in nesting success and survival highlights the need to obtain more complete demographic
data than nesting success and survival estimates (Saether and Engen 2003).
In the Central Highlands of Chiapas, birds are exposed to highly seasonal rainfall patterns,
cold temperatures, highly variable topography and vegetation composition and structure. Lifehistory theory predicts that birds breeding at high elevations are characterised by low reproductive
rates and high longevity (Badyaev and Ghalambor 2001, Martin 2001a). A longer lifespan at the
expense of low reproductive rates may represent a survivor life-history strategy (Saether and Bakke
2000, Norris 2004), but high reproductive rates have been hypothesized for bird populations in
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isolated ecosystems, through re-nesting attempts after failure (Sieving and Karr 1997, Grzybowski
and Pease 2005). For tropical montane forest birds, re-nesting to increase reproductive success
may be a determinant of the finite rate of population growth (X).
The breeding performance of Catharus

frantzii (Ruddy-capped Nightingale Thrush) in the

Cerro Huitepec Biological Reserve was better in the moist forest habitat type with more understory
vegetation (Chapter 2). Higher levels of nesting success and daily nest survival in the moist forest
may suggest higher habitat-quality there than in the dry-disturbed forest. Human alterations likely
affect population demographic rates by reducing habitat quality from local (Martin 1998, 2001b) to
regional scales (Robinson etal. 1995, Brawn and Robinson 1996). Alteration in habitat quality may
occur through changes in vegetation structure and composition (Brawn et al. 2001, Martin and
Martin 2001, Seether and Engen 2003). However, information on the variation in demographic
parameters determining population persistence of passerine, open-cup nesting species from
montane cloud forests is limited.
I studied C. frantzii in the Cerro Huitepec Biological Reserve, a montane cloud forest
reserve in the Central Highlands of Chiapas, to evaluate habitat-specific variation in demographic
parameters in two contiguous forest habitats (moist forest and dry-disturbed forest). I assessed the
effects of population density, offspring production and adult annual survival on the finite rate of
population growth (X) and persistence. Because of the long-term effects of selective vegetation
harvesting in the region (Quintana-Ascencio et al. 2004), I predicted that the reduction of
understory vegetation negatively affects bird productivity and survival. Under this prediction, the
moist forest habitat type with more understory vegetation would support higher demographic rates
than the dry-disturbed forest habitat type. Reducing understory vegetation may differentially affect
demographic parameters, and these may result in different effects on the population growth rate

(X).

METHODS

Study site. - The study site was the Cerro Huitepec Biological Reserve, a semi-isolated
forest reserve in the Central Highlands of Chiapas, 4.5 km northwest of San Cristobal de las

55

Casas, Chiapas, Mexico (16°44'38"N; 92°40'15"W). The Huitepec reserve is 147 ha in size and
contains a variety of natural and disturbed habitats ranging in elevation from 2230 m to 2710 m.
The reserve includes six plant communities: grassland, shrub-land, second growth forest, dry oak
forest, oak humid forest and evergreen cloud forest. For a more detailed description of the
vegetation see (Ramfrez-Marcial et al. 1998). The mean annual temperature is 14.5°C and mean
annual precipitation is 1300 mm. Rainfall is highly variable throughout the year, with a dry season
(December - March), two transitional months (November and April) and a wet season (May October). Firewood gathering was prevalent in the Huitepec Reserve, and the surrounding land is
used for housing, agriculture and plantations of exotic pine. Open and secondary habitats around
the reserve have recently increased. Fieldwork was conducted mainly from March to midSeptember during 2000 to 2003, though annual survival and encounter rate data have been
collected since 1995.
C. frantzii, is a small (15-18 cm) forest dwelling passerine, monomorphic in size and colour,
discontinuously distributed, highly sedentary and an inhabitant of the understory and dense edge
undergrowth of humid montane forests from Central Mexico to Panama (Rowley and Orr 1964,
Howell and Webb 1995, American Ornithologists' Union 1998, Clement et al. 2000). The species
was listed as endangered on the Mexican Red List (Diario Oficial de la Federacion 2002) due to the
loss of tropical montane forests in Mexico. Variation in abundance of C. frantzii throughout its range
has been attributed to the distribution of remaining forest habitat and interactions with other
Catharus

species may limit its distribution to moist forest habitats (Raitt and Hardy 1970, Young et

al. 1998, Watson 2003, Tejeda-Cruz and Sutherland 2004, Martinez-Morales 2005a). There is little
information on the population structure and dynamics of C. frantzii. In the Northern and Central
Highlands of Chiapas, C. frantzii occurs in a wide range of forest habitats (Raitt and Hardy 1970),
and coexists with the migratory C. ustulatus

(Swainson's Thrush) during autumn and spring

migration (Chavez-Zichinelli 2002, Hiron 2005). The lack of year-round interactions with other
nightingale Catharus

thrushes may allow C. frantziiXo

Central Highlands of Chiapas.
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exploit a variety of habitat types in the

I studied C. frantzii during two intervals: i) spring, summer, fall and winter of 1995-1999 at
three main vegetation plots within the reserve; and ii) spring, summer and fall (mid March to early
September) of 2000-2003 at the same sites plus two additional plots within the reserve. Moist
forest included montane cloud forest (= 35 ha), wet-oak forest (~ 32 ha) and riparian forest (~ 10
ha), while dry-disturbed forest included dry-disturbed oak forest (= 40 ha) and second-growth
(disturbed) forest (= 30 ha). These forest types varied in composition and structure, and show
gradients in humidity, productivity, and disturbance history (Chapter 2).
Intensive spot-mapping of singing males was used during mid-March to late May to
establish territories and estimate the number of breeding pairs within the reserve (Ralph et al.
1993, Brawn and Robinson 1996). This method incorporates visual observations and songs to
determine male territory boundaries (Brawn and Robinson 1996). I also broadcasted songs to
verify territory ownership and reduce the chances of overestimating densities by including songs of
unpaired males.
Seasonal fecundity (i.e., female offspring per pair per breeding season) was estimated
from the number of fledglings produced by known-fate nests (Chapter 2), and assuming a 1:1 sex
ratio. The offspring fledged from a successful nest was the number of chicks recorded during the
last visit before fledging. In most cases, I confirmed this number by observing them or their parents
feeding them near the nest. However, reproductive output is also influenced by the number of
nesting attempts within a breeding season (Anders and Marshall 2005). Thus, I combined data of
female offspring per nest with an assumption of 1.5 nesting attempts per season to estimate
seasonal productivity per habitat:

# = (H)(l-[l-mr)
where (3 was the female offspring produced per female within a breeding season in /' habitat, n was
the number of female offspring fledged per successful nest, m was the Mayfield estimate of overall
daily nest survival (Chapter 2), and a was the mean number of nesting attempts per female during
a breeding season (Anders and Marshall 2005). The number of nesting attempts (1.5) for C. frantzii
at Huitepec was estimated considering the length of the breeding season (April 18 - August 18, =
110 d), the length of the nesting period (~ 33 d) and the period between nest-loss and re-nesting (~
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29 d), which suggested a limited number of re-nesting attempts (i.e., 0.5) after nest failures. Also, I
assumed that individuals only had the potential to produce one successful brood per season.
Capture-recapture-and-re-sight data collected over nine years were used to estimate the
overall return rate. This rate is separated into apparent or local survival (())) and encounter (p) rates
(Marshall et al. 1999, White and Burnham 1999). Individual birds were captured by a combination
of passive and targeted mist netting. Three of the five passive mist-netting plots were the same
through the nine-year study and an additional plot was added to the moist and dry-disturbed forests
in 2000, respectively. Mist-netting plots were 500 - 900 m apart from each other. Birds were
passively caught in a two-week period during spring, summer, fall and winter of 1995-1999, and
spring and late summer of 2000-2003. In each plot, 10 to 12 mist-nets (2.5 x 12.5 m, 36-mm mesh)
were placed in groups of one to three along trails and cut mist-netting lines. Mist-net lines were
opened just before sunrise (06:15 - 06:30) and checked every 30-40 min for a five-hour period.
Birds were weighed, colour banded and released at the site of capture.
Apparent (local) survival probability (<)), hereafter survival, i.e. probability that a marked
individual is still alive in the sampling area after a given unit of time) and encounter probability (p,
i.e., percent chance that a marked individual is encountered, conditional of being alive within the
study plot) were estimated using the Cormack-Jolly-Seber (CJS) mark-recapture-resighting models
(Minta and Mengel 1989, Lebreton et al. 1992, Hastings 1997). Survival and encounter rate models
included constant (<|)., p.) and time-dependent habitat- and sex- effects (§ - - p - *<) (Sandercock ef
h

s

u

h s

al. 2000, Willson 2004). Estimates of sex and habitat interaction terms were based on models
including only those individuals identified as either male or female (84 males and 48 females),
while the model of overall adult survival and encounter probabilities included individuals captured
as second year (SY) and after second year (ASY) (n = 196). Juvenile survival and encounter rates
were calculated separately with a constant survival model (n = 25).
Models for survival and encounter rates were selected for fit on the basis of the number of
parameters and deviance, and the maximum likelihood approach with the lowest value for Aikaike's
Information Criterion (Turchin 1998, Burnham and Anderson 2002). Over-dispersion of data (i.e.,
lack of independence) was evaluated with a goodness-of-fit test (GOF) for the completely
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parameterized, time dependent model (ty - - , p - - ) using the program RELEASE (Version 3.0,
h s t

h s t

(Burnham etal. 1987). Encounter histories of individuals were analyzed using program MARK
(White and Burnham 1999), following the approach outlined by (Lebreton et al. 1992). Normalized
Akaike weights (Wj) were used to evaluate the relative support for different models in the candidate
model set. These weights can be interpreted as the evidence that a particular model is most
appropriate given the data and the set of models considered (Burnham and Anderson 2002). I
considered model averaging when estimating time variation in survival and encounter rates (19952003) from the different models listed in Table 3 . 1 . I assumed that models with AIC units differing
by < 2 units similarly fit the data (Doncaster etal. 1997).
Demographic parameters were related using Pulliam's model (Pulliam 1988, Pulliam and
Danielson 1991, Pulliam 1996) to estimate population growth (X):

where $ ,

duK

represents the estimated adult survival rate,

$ veniie
U

was the estimated juvenile survival

rate and p represents seasonal fecundity.
I used general linear models (GLM) two-way analysis of variance ANOVA: Type III sum of
squares with a complete randomised design to test the effects of habitat (moist vs. dry-disturbed),
year (2000-2003) and their interactions (Underwood 1997, Zar 1999) on breeding population
density, seasonal fecundity and adult survival. Multiple regression analysis was performed to
examine the relative effects of pair density, seasonal fecundity and adult survival on the population
growth (X) across years. The original models containing two- and three-way interaction terms
among pair density*seasonal fecundity*adult survival on X were reduced by sequentially discarding
non-significant interaction terms ( P > 0.05). Prior to statistical analyses, variables were checked for
statistical normality with Shapiro-Wilks W test and for equality of variance with Bartlet's test (Gotelli
and Ellison 2004). When required, data were square root-transformed (distances) or arcsinetransformed (ratios) as appropriate to meet parametric assumptions. When factor interactions were
significant, the role of each factor was evaluated independently with an univariate analysis.
Statistical analyses were performed with SAS-JMP (Sail etal. 2005). All means are presented ± 1
SE, and considered significant at a = 0.05.
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RESULTS

The pair density (pairs/ha) of C. frantzii varied across habitats at Huitepec, being
significantly higher in the moist forest than in the dry-disturbed forest (0.57 ± 0 . 0 8 SE vs. 0.39 ±
0.07, ANOVA, F

1 i 6

= 12.2, P < 0.05). The mean number of fledglings was higher in the moist forest

than the dry-disturbed forest (8.0 ± 1.37 vs. 3.25 ± 1.37; F

1 i 6

= 6 . 1 , P < 0.05). However, the mean

productivity (female offspring per pair per breeding season) did not differ between the moist forest
and the dry-disturbed forest (0.13 ± 0.03 vs. 0.11 ± 0.03; F

1 6

= 0.2, P = 0.7). The pair density was

not significantly associated with productivity in either the moist forest {r= 0.3, P= 0.5), or the drydisturbed forest (r= -1.02, P-0.1),

or both habitats combined (r =-0.02, P = 0 . 7 ) . The negative

association between pair density and productivity in the dry-disturbed forest may indicate possible
density-dependent productivity in the dry-disturbed forest.
The sampling effort (net/hours/season) was significantly lower during the first interval than
the second interval (1995-1999 vs. 2000-2003; mean = 330 ± 22.7 SE vs. 575 ± 25.35), and higher
in the moist habitat than in the dry-disturbed habitat (511 ± 24.05 vs. 367 ± 24.05; GLM-ANOVA,

R = 0.84, F
2

3 i l 4

= 23.38, P< 0.001). Between 1995-2003, 221 individual thrushes were permanently

banded with uniquely numbered metal leg bands: 93 males, 53 females and 75 unknown (Fig.
3.1 .a). Twenty-five birds of unknown sex were either haching year (HY) or second year (SY: Fig.
3.1 .b). A combination of three coloured-plastic bands was added to individuals captured or
recaptured from 2000 to 2003. The study population had a male-biased sex ratio and 35 % of the
individuals showed no evidence of being breeders. Most banded birds were captured in the moist
forest, particularly from 1995-1998 and 2002-2003. During 2000-2001 I captured more individuals
in the dry-disturbed forest than in the moist forest (Fig. 3.1 .c).
A high proportion of the individuals in the sampled population (66%), were captured once
and never re-observed. The mean ratio of once-captured individuals (potentially non-breeders,
floaters or transients) over the total captures did not vary annually between intervals (1995-1999
vs. 2000-2003; 0.34 ± 0.06 vs. 0.45 ± 0.07; F

1 | 1 6

= 1.36, P = 0.27), or between the moist forest and

the dry-disturbed forest (0.45 ± 0.06 vs. 0.33 ± 0.06; F
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1 i 1 6

= 1.9, P = 0.18). No interaction between

habitat and intervals was detected for the mean ratio of once-captured individuals (GLM, R = 0.19,
2

F

3 i 1 4

= 0.01, P= 0.9).
Of the re-captured or re-sighted individuals, 67 showed high levels of philopatry (usually re-

captured in the same net line within plots), with just 9 individuals (13% of recaptures) recaptured in
a different plot from where it was originally banded. Four of these latter individuals moved or
dispersed within the same habitat type, and five moved to a different habitat. One individual that
moved across habitats was originally banded in the moist forest and recaptured or sighted in the
dry-disturbed forest (~ 700 m), while the remaining 4 birds moved in the opposite direction (400 700 m). Variation in the sampling effort may have influenced the probabilities of inter habitat
recapture, with higher probably of re-capturing individuals from the moist forest in the dry-disturbed
forest, than vice versa.
All completely parameterized models to estimate survival and encounter rates met the
assumptions of mark-recapture methods based on goodness of fit tests (x s 1.64, P > 0.19). The
2

best models for adult survival had constant- and time-dependent survival and encounter rates
(Table 3.1). Variation in adult survival and encounter rates suggested possible stability through
time in both parameters, except for a large number of individuals captured in 2001 (Fig. 3.2.a). The
adult survival in the reserve was (j> = 0.79. Neither adult survival, nor encounter rate varied from the
moist forest to the dry disturbed forest (Table 3.2). Moreover, males and females exhibited similar
survival across moist forest

= 0.8 males and § = 0.77 females) and dry-disturbed forest

= 0.83

males and <>
] = 0.79 females; Fig. 3.2.b). Encounter rates did also not differ between sexes in the
moist forest (p = 0.42 males and p = 0.35 females) and in the dry-disturbed forest (p = 0.31 males
and p = 0.25 females). The survival for juvenile birds was

= 0.67 and the encounter rate was p =

0.39, with model of constant survival and encounter rate.
The breeding population at Huitepec averaged 71 pairs over the 4-year study period (Table
3.3), with a minimum value of 66 pairs in 2001, and a maximum value of 78 pairs in 2003. The
estimated seasonal productivity varied from 0.74 to 0.99 (females offspring produced per
successful pair) in the moist forest and from 0.82 to 0.99 in the dry-disturbed forests (Table 3.3).
These numbers were low in 2001 and reached maximum values in 2000 in both habitats.
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Estimation of the population growth indicated a stable population for C. frantzii at Huitepec
(X = 1.09), when considering survival of <>| = 0.79 and a total productivity of 0.91 female offspring
per successful pair per breeding season. The population growth showed slight annual variation
within and across habitats (Table 3.4), with a range of 0.88 to 1.21 in the moist forests and 0.91 to
1.23 in the dry-disturbed forest. The mean population growth in the moist forest did not vary from
the dry-disturbed forest (1.08 ± 0 . 0 7 vs. 1.1 ± 0.07, F = 0.04, P= 0.85).
1i6

By performing multiple correlation analysis, I evaluated if annual variation in the population
growth (X) was associated with pair density, seasonal fecundity and survival for the overall
population at Huitepec (GLM ANOVA, Ft = 0.98, F , = 103.6, P < 0.001). Pair density was not
2

3

correlated with X (r- -0.05, F

1 4

4

= 0.79, P< 0.42, Fig. 3.3.a). Seasonal fecundity showed a

significant negative correlation with X (r- -0.33, F

1 4

= 7.91, P = 0.04, Fig. 3.3.b). In contrast,

survival had a positive and strong correlation with X (r= 0.93, F

1 4

= 310.7, P < 0.001, Fig. 3.3.c).

Neither two- or three-way interaction terms were found among density, seasonal fecundity and
survival in their association with X ( F

1 4

< 0.06, P s 0.82).

DISCUSSION

The parameters determining the population growth of C. frantzii m a montane cloud forest
reserve were likely similar across habitat types differing in understory vegetation. Although the
moist forest supported higher pair densities than the dry-disturbed forest, productivity (female
offspring/pair/year) and apparent adult survival did not vary between these habitat types, indicating
similar habitat-quality for the C. frantzii at the Cerro Huitepec Ecological Reserve. Disturbance did
not appear to affect negatively the processes determining the population dynamics of the C.
frantzii. These results agree with previous reports on the unclear effects of habitat variation in
demographic rates in bird populations of temperate forests (Holmes etal. 1996, Murphy 2001) and
tropical lowland forests (Morton and Stutchbury 2000, Willson 2004).
Despite higher nest success and daily nest survival rates in the moist forest compared to
the dry-disturbed forest (Chapter 2), demographic rates such as productivity and adult survival did
not differ between habitats. Pair density and the number of fledglings of C. frantzii varied across
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habitats at Huitepec, being higher in the moist forest than the dry-disturbed forest. C. frantzii may
select moist forest over the dry-disturbed forest because higher vegetation density provides more
breeding opportunities and food (Gonzalez-Espinosa et al. 1995, Moron-Rios 2005). Differences in
nest survival, nesting success and number of fledglings appeared to be important determinants of
habitat selection for C. frantzii(Chapter 2). However, these components of reproductive success do
not necessarily represent high-quality of habitats (Donovan and Thompson III 2001), since
selection of moist forest habitats did not significantly increase per capita productivity and survival
(i.e., individual fitness). A recent study has shown none significant association between nesting
success and seasonal productivity in a Wood Thrush (Hylocychla mustelina) population from mixed
deciduous upland forest in eastern North America (Underwood and Roth 2002).
An alternative interpretation is that nests of C. frantzii in the moist forest are more difficult
to find by observers (and potential predators) than in the dry-disturbed forest. This could influence
productivity since species with cryptic nests in dense habitats, such as nightingale thrushes
inhabiting montane cloud forests (Beltran and Kattan 2003), may be underestimated (Anders and
Marshall 2005). Although, more total fledglings were produced in the moist forest, seasonal
productivity did not indicate variation in breeding success between habitat types. One potential
explanation is that some proportion of the pairs in the reserve may not breed. Indeed, pair density
was not correlated with nest density (r = 0.09, F

1 6

= 0.05, P = 0.84). Pair density and nest density

may result in over- and under-estimation of productivity, respectively. Thus, an intermediate value
resulting from pair density and nest density that reflects a more feasible breeding population may
increase the accuracy of productivity estimates (Anders and Marshall 2005). Since more females
produced at least one fledgling in the moist forest than in the dry-disturbed forest, none significant
differences in female fledglings per capita across habitats may suggest a negative densitydependent feedback on female productivity (Newton 1998).
Adult survival and encounter rates did not vary across habitats and sexes, and were stable
through the study period, except in 2001 (Fig. 3.1). In 2001, a high proportion of individuals were
captured only once (66%), influencing survival estimates (Figure 3.2a). These may have been nonterritorial individuals, floaters from the local population, or transient floaters being present in the
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reserve only for short periods of time (Newton 1998). The presence of floaters may ensure
recruitment, particularly of males, to the breeding population. Most recaptured individuals showed
high levels of philopatry (88%) and were recaptured or re-sighted in the same site across the study.
Movements or dispersal between habitats were infrequent (6% of recaptured individuals),
with the primary direction of habitat shifts from dry-disturbed to moist forest (4/5 individuals). These
individuals moved in this direction possibly in search of a better breeding opportunity (Chapter 2),
when many bird species prospect for different or better places to breed after a nesting failure and
they may explore sites that have an apparent higher quality (Murphy 2001). Also, because the
shape of the study area and proximity of habitats, individuals may occasionally venture into
neighbouring habitats. Thus, recorded movements may not necessarily represent dispersal at the
observed spatial level (Holt et al. 2003, Schaefer 2006).
Additional proximate factors and mechanisms explaining variation in adult survival across
habitats may include conspecific and intraspecific competition in the moist forest that increases
with increasing densities of competitors (Holmes et al. 1996). The moist forest appeared to support
a richer predator community that may signify a higher risk of predation and compensate for
seasonal productivity and adult survival. Other factors and mechanisms that may influence the
estimated seasonal productivity and adult survival between habitats include chick development
rates, juvenile survival and recruitment rates (Styrsky et al. 2005).
My data suggest that individual fitness does not appear to vary from the moist forest to the
dry-disturbed forest, when the former habitat is relatively undisturbed. My findings on the
relationships between productivity and survival suggest that both habitat types are source habitats;
thus, the entire reserve functions as a source. Individuals occur in source habitats due to
environmental conditions for dispersal, knowledge, pre-emptive habitat selection, occupancy of
better habitats, and stable population dynamics (Kruger and Lindstrom 2001, Holt et al. 2003,
Jonzen et al. 2005). Variability in habitat conditions induced by changes in vegetation did not
appear to affect population stability of C. frantzii in the Huitepec reserve (Opdam and Wiens 2002),
despite the fact that declines in insect abundance have been recorded for the dry season (ChavezZichinelli 2002, Hiron 2005), and from moist to dry habitats (Moron-Rios 2005). Reduction in insect
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abundance may force individuals to move further in search of better feeding areas. Thus, local
movements by a portion of individuals within the population are likely.
Productivity and apparent survival were important demographic parameters that explained
fluctuations in population growth (X) of C. frantzii at Huitepec during the study period. However, this
conclusion should be considered cautiously given the limited years of data for estimating
productivity relative to adult survival. Adult survival showed a strong positive effect on X. Thus,
habitat changes that negatively affect adult survival in the C. frantzii population at the Huitepec
reserve will depress population densities. My results, that changes in X are explained more by
changes in adult survival rather than productivity, support the findings from several other studies of
tropical forest birds (Keast and Morton 1980, Stiles 1992, Morton and Stutchbury 2000, Willson
2004).

CONCLUSION

Declines in montane cloud forest habitats in the Central Highlands of Chiapas have been
shown to affect the distribution, abundance and habitat selection of resident and migratory birds
(Gonzalez-Espinosa et al. 1995, Rappole et al. 2000). Basic demographic information needed for
species conservation in the region is lacking for most resident species. I provided evidence that
adult survival is the primary demographic trait driving X for the population of C. frantzii at the
Huitepec reserve. Knowledge of the effects of factors determining population stability in the
reserve, particularly the influence of dispersing or floater individuals, may provide better insights to
understanding the relationships among demographic traits and their effects on population growth
(X). It is important to note that the relationships between habitat quality and demographic traits that
I presented here come from an apparent source population, breeding in a relatively heterogeneous,
high quality habitat.
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Table 3.1. Model selection results from program MARK for adult apparent survival (<\>) and
encounter rates (p) for Catharus frantzii (Ruddy-capped Nightingale Thrush) in the Cerro Huitepec
Ecological Reserve, Central Highlands of Chiapas, between 1995 and 2003. Only the five best
models and the fully parameterized model are presented (f = year, n = habitat, s = sex, AlCc =
Aikaike's Information Criterion, Deviance = model fit). Sample size = 196 individuals.

Parameters
Model

AlCc

AAIC

, p.

473.386

(B) <>. , p,

AIC Weight

in Model

Deviance

0.00

0.559

7

231.571

474.179

1.79

0.223

7

228.010

(C) <|>. , p.

475.965

2.58

0.154

2

244.66

(D) <|> ,p,

476.442

3.06

0.121

14

218.985

(E) h,

478.024

4.64

0.055

3

244.658

16.16

0.001

"•3

234.391

(A)

f

p.

489.543
(F) §h+s+t i Ph+s

C

c
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Table 3.2. Estimates of apparent adult apparent survival (<|>) and encounter rates (p) for Catharus
frantzii (Ruddy-capped Nightingale Thrush) in the Cerro Huitepec Ecological Reserve, Central
Highlands of Chiapas, from 1995 to 2003. Sample sizes are shown in parentheses.

A. Adult survival in Moist forest (n = 132)
Parameter

Estimate

SE

Lower

Upper

1:ct)

0.79

0.04

0.69

0.86

2:p

0.38

0.05

0.28

0.49

B. Adult survival in Dry-disturbed forest (n = 64)
Parameter

Estimate

SE

Lower CI

Upper CI

1:<|.

0.79

0.06

0.65

0.88

2:p

0.32

0.07

0.20

0.46

C. Overall adult survival at Huitepec (n = 196)
Parameter

Estimate

SE

Lower CI

Upper CI

1:<|>

0.79

0.04

0.71

0.86

2:p

0.36

0.04

0.28

0.44
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Table 3.3. Demographic parameter estimates over a four-year period (2000-2003) for Catharus
frantzii (Ruddy-capped Nightingale Thrush) in two forest-habitat types (moist forest and drydisturbed forest) at the Cerro Huitepec Ecological Reserve, Central Highlands of Chiapas.
Seasonal fecundity represents the number of female offspring produced per breeding female within
a breeding season. Seasonal productivity (p) represents the number of female offspring produced
per successful female by the end of the breeding season. The intrinsic population growth rate (X) £
1 may indicate a source population, while < 1 may indicate a sink population.

Intrinsic
Seasonal

Year

rate of

Apparent

Breeding

Pair

fecundity

Seasonal

survival

pairs

density

(female

productivity

growth

(<|))

(number)

(pairs*ha)

offspring*female)

(P)

(X)

populatic

A. Moist forest
2000

0.748

38

0.49

0.05

0.99

1.081

2001

0.918

46

0.59

0.16

0.74

1.167

2002

0.574

40

0.52

0.17

0.91

0.879

2003

0.902

51

0.66

0.15

0.91

1.207

B. Dry-disturbed forest
2000

0.748

31

0.44

0.03

0.99

1.080

2001

0.918

20

0.29

0.23

0.82

1.195

2002

0.574

30

0.43

0.12

0.99

0.907

2003

0.830

27

0.39

0.07

0.98

1.234

C. Total Population
2000

0.736

69

0.47

0.04

0.99

1.069

2001

0.928

66

0.45

0.18

0.78

1.189

2002

0.565

70

0.48

0.15

0.93

0.877

2003

0.901

78

0.53

0.12

0.92

1.210
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Figure 3 . 1 . Total number of individuals (N = 221) of Catharus frantzii (Ruddy-capped Nightingale
Thrush) banded in the Cerro Huitepec Ecological Reserve, Central Highlands of Chiapas each year
from 1995 to 2003, by (a) sex, (b) age, and (c) habitat.
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Figure 3.2. Estimates for Catharus frantzii (Ruddy-capped Nightingale Thrush) of (a) adult
apparent survival (<(>) and (b) encounter rates (p) of birds initially banded as adults (males = 93,
females = 53, and unknown = 75) at the Cerro Huitepec Ecological Reserve, Central Highlands of
Chiapas, from 1995 to 2003. Point estimates were derived from the fully time-dependent CormackJolly-Seber (CJS) Model (<t) abitaft,Phabitat*t)h
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Figure 3.3. Finite rate of population growth

(X) vs. (a) pair density, (b) seasonal productivity

(female offspring per pair per season), and (c) apparent survival of Catharus frantzii (Ruddycapped Nightingale Thrush) at the Cerro Huitepec Ecological Reserve, Central Highlands of
Chiapas, from 2000 to 2003. Finite rate of population growth (!) is plotted as a residual where the
effect of one of the three independent variables in the overall model was removed through
regression. Pair density: r= -0.05, F

1|4

P = 0.05; apparent survival: r= 0.93, F

= 0.79, P = 0.42; seasonal productivity: r= -0.33, F , = 7.91,
4

= 310.7, P < 0.001; Model R = 0.98, F
2

1 4

0.001.
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3 4

= 103.6, P <
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CHAPTER 4:
OCCUPANCY AND DETECTABILITY RATES OF CATHARUS FRANTZII (RUDDY-CAPPED
NIGHTINGALE THRUSH) IN THE CENTRAL HIGHLANDS OF CHIAPAS, MEXICO

INTRODUCTION

Catharus

frantzii (Ruddy-capped Nightingale Thrush) is a species restricted to cloud and

humid pine-oak montane forests of the northern Neotropics. The species is listed as threatened by
the Mexican Government because of the alarming decline of its habitat throughout its range (Diario
Oficial de la Federacion 2002, Rangel-Salazar et al. In press). The species is fairly common to
uncommon across montane forests in Mexico, (Howell and Webb 1995, Clement et al. 2000), and
reported to prefer large patches of forest (> 3 000 ha) with large, tall trees and dense understory
vegetation (Martinez-Morales 2001, Watson 2003, Tejeda-Cruz and Sutherland 2004). It has been
reported to be sensitive and less detectable after a hurricane disturbance in the montane forests of
western Chiapas (Tejeda-Cruz and Sutherland 2005). However, little is known about the causes of
its patchy distribution and abundance (Watson 2003). The mountains of the Central Highlands of
Chiapas may contain an important population for C. frantzii in the northern Neotropics, where the
primary threats for the species are loss and fragmentation of montane forests (Rangel-Salazar et
al. 2005).
Recognition of the occupancy and abundance of species across suitable habitats is
important for conservation (Krebs 2001, Newton 2003). Suitable habitat provides the environmental
characteristics within the range of tolerance for organisms to survive or reproduce, or both
(MacKenzie and Royle 2005). The loss and fragmentation of habitats caused by direct or indirect
human actions is a major factor affecting distribution and abundance of species in many countries.
In the Central Highlands of Chiapas, vegetation removal, which can alter the composition and
configuration of habitat, is a current potential risk for understory songbirds. The alteration may be
negative for species that depend on old-growth forest as habitat (Harris and Pimm 2004).
Nonetheless, the importance of habitat in a region may depend on its availability and configuration
(Fahrig and Nuttle 2005, Fortin and Dale 2005).
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Anthropogenic disturbance in the Central Highlands of Chiapas has been suggested to
influence the composition of old-growth forest in the region by reducing plant diversity (GonzalezEspinosa et al. 2004, Ochoa-Gaona et al. 2004), and potentially depleting resources for forestdwelling songbirds (Gonzalez-Espinosa et al. 1995, Moron-Rfos 2005). Old-growth broadleaf
forests have declined at a rate of 3.3% per year, resulting in degradation and loss of forested
habitats (Ochoa-Gaona and Gonzalez-Espinosa 2000, Ochoa-Gaona 2001). Post-harvesting
activities, including agriculture, grazing and housing, also reduce habitat supply for forest
songbirds. A long period of time is required to regenerate these highly degraded forest sites
(Galindo-Jaimes et al. 2002, Quintana-Ascencio et al. 2004). Some disturbed forests in the region
may support stable lower density populations of C. frantzii (Chapter 3, Donovan and Thompson III
2001).
Research is needed to identify the variation in distribution and abundance of bird
populations in relation to the characteristics of habitat to evaluate the responses of individuals and
populations to land management activities (Opdam and Wiens 2002). Currently, there are no
published studies documenting the occupancy and detection probabilities of forest-dwelling
songbirds in the Central Highlands of Chiapas as forest habitats are lost and fragmented in the
region (Vidal et al. 1994, Rappole et al. 2000). It is possible that severe negative effects on
populations of forest interior species have already occurred.
Montane cloud forests in Chiapas host bird species of high conservation concern in the
northern Neotropics (Watson and Peterson 1999, Watson 2003, Rangel-Salazar et al. 2005). The
montane forest in the Central Highlands of Chiapas can be described as a mainland-archipelago
system, with few large and numerous small patches of montane forests connected by various
corridors in a predominantly agricultural and urban matrix. Because of the intensive land-use, most
small patches of forest have been subjected to further habitat loss (Gonzalez-Espinosa et al. 1997,
Alvarez-Moctezuma et al. 1999, Ochoa-Gaona and Gonzalez-Espinosa 2000).
I selected C. frantzii as species to study because it is a typical inhabitant of cloud and pineoak forests. It has also been identified as sensitive to the composition and configuration of montane
forests (Tejeda-Cruz and Sutherland 2005). The species may be an indicator of processes if the

79

patch size is smaller than their daily movement distances, but shorter than the maximum dispersal
range. Here, I report the results of a 2-year study at 5 montane forest sites in the Central Highlands
of Chiapas, southern Mexico, including: (1) a description of occupancy and detection probabilities
of C. frantzii; (2) a comparison of variation in abundance; and (3) a correlation of abundance with
the critical habitat attributes identified in Chapter 2.

METHODS
Study site. - The study was conducted in the forests surrounding San Cristobal de las
Casas, Central Highlands of Chiapas, Mexico (16° 44' N, 92° 38' W). This region of 6, 000 k m is a
2

high elevation landmass (> 2000 m) with a main orientation NW-SE, and a temperate sub-humid
climate. The original vegetation included 30% of about 9000 vascular plant species found in
Chiapas and was comprised of associations of evergreen cloud forest, oak forest, pine forest,
pine-oak forest and pine-oak-liquidambar forest (Breedlove 1981, Ochoa-Gaona and GonzalezEspinosa 2000). The native plant communities of these forest types have physiognomically similar
floristic relationships to montane forests located in central and southern Mexico, and Central
America and the Caribbean (Quintana-Ascencio and Gonzalez-Espinosa 1993). The Central
Highlands of Chiapas are densely populated by first-nations people of Mayan origin who practice
traditional shifting cultivation on steep slopes and who use firewood and other forest resources
since pre-Columbian times (Gonzalez-Espinosa et al. 1997).
I selected five forested sites for this study that were montane forests, are known to have C.
frantzii present, are accessible by trail or unpaved roads, and are close to the Huitepec reserve (2 7 km). Routes in each site were at least 2 km apart and 2-km in length. Surveys were conducted
during the early breeding season (mid-March and mid-April) of 2002 and 2003, at 11 sampling
points per site positioned 200 m apart (N-

55), using a fixed 50-m radius point-count method

(Bibby et al. 2000, Sutherland et al. 2004). The selected routes had little or no traffic during
surveys. Sampling routes started at the bottom of the central valley and continued upslope. Flags
were placed 50 m before and after each sampling point to aid in estimating distances to vocalizing
birds.
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For species of high probability of detection (p > 0.5), three or more consecutive
independent visits (K) per sampling point are required to conclude with certainty (a = 0.05) that the
species is absent from sampling points with no detection (MacKenzie et al. 2004, MacKenzie and
Royle 2005). Based on my experience at Cerro Huitepec Biological Reserve, C. frantzii has a high
detectability in the region. We conducted four surveys per site per year (K= A). Surveys began at
dawn (06:30 to 07:00 ET) and finished after 4 h. All observers covered all sites at least once
through rotation. Two new points were added in 2003. Surveys were cancelled during windy (-15
km/hr or greater) or rainy conditions.
Observers used playbacks of C. frantzii vocalizations from local recordings to increase
detectability (Bibby et al. 2000). A sampling session at each point took seven minutes divided into a
3 minute period for listening, followed by 1 minute of playback, and a 3 minute listening period.
Observers recorded both observations and vocalizations of C. frantzii. Only individuals detected
within a 50 m radius were included in the analysis. I chose this distance after determining that
observers could reliably detect the vocalizations of C. frantzii in all conditions and habitats. When
there was uncertainty in detection (i.e., low vocalizations, variations in songs and calls), two
surveys at the same point were used to confirm occupancy.
Occupancy and detectability estimates.-1 recorded sampling-points where C. frantzii were
detected as "occupied" and zero detections as "unoccupied" (MacKenzie et al. 2004). Using .
encounter histories (i.e., contiguous series of encountered individuals) at each sampling point, I
estimated occupancy

percent chance a sampling point was occupied), and detection (p)

probability (percent chance that an individual was recorded, if present at a sampling point).
Because sampling points were along routes, occupancy estimates and detection probabilities may
not be independent (Fortin and Dale 2005). However, I assumed that the sampling points were far
enough apart to consider them independent during a single survey. Occupancy and detection
probabilities modelled included a constant (y. , p.), year (y)- and visit (f)- effects

/ t

, p

/ (

;

(MacKenzie et al. 2002, MacKenzie and Royle 2005). Model selection for occupancy and detection
probabilities were based on the lowest value for Akaike's Information Criterion (AIC; (Burnham and
Anderson 2002). Encounter histories were analyzed using the occupancy function of the program
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MARK (White and Burnham 1999, Cooch and White 2004). Over-dispersion of data (i.e., lack of
independence) was evaluated with a goodness-of-fit (GOF) test in program RELEASE (Burnham et
al. 1987) for the completely parameterized model (\\ty,, p^,).
Relative abundance (hereafter abundance) of singing males was estimated from the
number of vocalizing individuals recorded within a 50 m radius at each point-survey. I assumed that
recorded singing individuals were males. However, it is possible that females may also vocalize
and influence abundance estimates. Playbacks did not significantly increase the number of singing
males (Wilcoxon rank test X = 2.35, dfs

4 3 1 , P-

0.07), thus I used the mean abundance between

broadcastings at each point-survey for the analysis.
I collected data on habitat attributes within a 12.5 m-radius circular plot (i.e., 0.049 ha),
centred at each sampling point (Bibby et al. 2000, Sutherland et al. 2004). Data collected included
elevation (m), aspect (degrees), slope (%) and vegetation measurements: trees (estimated
diameter at breast height (DBH) > 5 cm), tree height, and canopy cover. Tree, shrub and herb
densities were estimated for the three most abundant species respectively in the plot. Additionally, I
classified a vegetation type for each plot as old-growth broadleaf, second-growth broadleaf, and
coniferous-broadleaf forests according to the most representative tree species. As well, each plot
was characterized as "disturbed" or "non-disturbed" by anthropogenic activities.
Cumulative and relative abundance among sites, years, sampling points and visits were
analysed using general linear models of two- and three way analysis of variance (GLM-ANOVA;
Zar 1999). The full initial models that contained two- and three-way interactions among site, year,
point, and visit, were reduced by sequentially removing non-significant interaction terms ( P > 0.05).
I modelled the correlation relationship between abundance (dependent variable) and habitat
attributes (independent variables) using a multiple regression analysis (MRA) to test the null
hypothesis that variation in abundance is not related to particular habitat attributes at site and
regional levels. Candidate independent variables were selected for inclusion in the models using a
forward-stepwise selection procedure. Prior to fitting the regression models, I tested each
independent variable using univariate tests. All variables that were significant (a = 0.05) were then
tested for pair-correlation before entering into the final model. When Pearson correlations between
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any two variables were significant (a = 0.05) I selected the one with the higher univariate and lower
probability values for inclusion in the final model.
Prior to statistical analysis, variables were checked for normality and equal variance with
Shapiro-Wilks W a n d Bartllet's tests, respectively (Gotelli and Ellison 2004). Data were square roottransformed (linear) or arcsine-transformed (percentages) as appropriate to reach parametric
assumptions. Non-parametric Wilcoxon/Kruskal-Wallis rank tests were used when data differed
from parametric assumptions. When factor interactions were significant, independent univariate
analysis were performed to evaluate the role of each factor independently. I performed all statistical
analyses with SAS-JMP 5.01 (Sail etal. 2005) following Zar (1999) and Gotelli and Ellison (2004).
All means are presented ± 1SE and tests were considered significant at a = 0.05.

RESULTS
In sites selected to have C. frantzii, birds were detected in 47 of 53 (89%) sampling points
in 2002, and in 50 of 55 (91%) sampling points in 2003. Occupancy frequencies (i.e., number of
visits with occupancy detection per sampling point) did not differ between years (mean occupancy
frequencies, 2002: 1.08 ± 1.14, n = 53, vs. 2003: 1.17 ± 1.01, n = 55; Wilcoxon rank test x = 0.04,
2

P = 0.83). Two or three visits at each point were sufficient to determine occupancy / nonoccupancy for C. frantzii as judged by the addition of new detections at a sampling point. One
unoccupied point at the Callejon site in 2002 was detected as occupied at the very last visit in
2003. All sites but Huitepec had at least one (CVSJCH, Arcotete and Florecilla) or two (Callejon)
unoccupied sampling points in the study.
The top model indicated that C. frantzii showed high overall occupancy estimates (AlCc =
558.08 and AlCc weight = 0.29; occupancy

= 0.91 ± 0.03; 9 5 % confidence intervals [CI], lower

= 0.64 and upper = 0.74), and detection probability (p = 0.69 ± 0.02; 9 5 % CI, lower = 0.83 and
upper = 0.95) within the suitable habitat in the region. Both occupancy (\|/ oo2 = 0.89 ± 0.05 vs.
2

= 0.92 ± 0.04) and detection probabilities

(p

2 0 0

= 0.67 + 0.04 vs.

2

p

2 0 0

3

\|/

2 0 0

3

= 0.71 + 0.03) did not vary

between years (maximum likelihood ratio test x = 0.97, df = 2, P = 0.62). Sites, sampling points (s)
2
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and visits (K) closely interacted, and they were strongly correlated to occupancy and abundance
(GLM-ANOVA, R = 0.81, F
2

8>31

= 16.7, P< 0.001).

The abundance of singing males of C. frantzii varied among sites and points, but not for
year (GLM-ANOVA, F/ = 0.91, F ,
2

54

53

= 10.3, P < 0.001). The site*point interaction term was

significant (F o, 7 = 10.2, P < 0.001). This significant interaction effect indicated that the abundance
4

6

of singing males differed among sites but such variation was dependent on the point. When the
point variable was fixed, differences in the variation of pair density were not explained by site
alone. The average abundance of singing males did not differ among sites ( F

4 5 0

= 1.56, P= 0.19;

Fig. 4.1).
All habitat attributes differed by site (ANOVA; F s 2.94, P< 0.03; Table 4.2). The Huitepec
reserve differed from all the other sites, since at Huitepec the dominant vegetation type was oldgrowth broadleaf forest with a low disturbance ratio. The dominant vegetation at the other sites was
second-growth broadleaf or coniferous-broadleaf forest, and all sampling points showed evidence
of anthropogenic disturbance. The anthropogenic disturbance varied from scattered harvested
trees and understory reduction at Huitepec to the intensive harvesting practice of pollarding (a
method of cutting broadleaf trees above levels reached by grazing animals) and an increase of
coniferous trees as the dominant tree species with little understory in CVSJCH, Arcotete, Florecilla,
and Callejon. Elevation, tree height and shrub and herb densities appeared to be the most
important habitat attributes that differed among sites (Table 4.1).
The habitat attributes that were correlated with detectability of singing males varied across
sites {ft > 0.59; F > 4.3, P < 0.07; Table 4.2). The detectability of singing males correlated
positively with slope, but negatively with increasing herb density at Huitepec. At CVSJCH, only tree
height had a negative correlation with the detectability of singing males. Elevation and slope
negatively correlated with the detectability of singing males at La Florecilla. At El Callejon,
elevation, tree height, canopy cover and herb density negatively correlated with the detectability of
singing males (Table 4.2). At Arcotete, no measured attribute correlated with the detectability of
singing males. Habitat attributes of all sites were not correlated with the detectability of singing
males (hf= 0.09; F ,
3
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= 1.63, P= 0.19; Table 4.2).
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DISCUSSION

C. frantzii was recorded in most points in the sampled area (occupancy = 9 0 % and
probability of detection = 69%). Under the sampling conditions and design used, the number of
repeated surveys per site may be reduced from 4 to 3 with only a small reduction in precision
(MacKenzie et al. 2002, MacKenzie and Royle 2005). The number of sampling points necessary to
achieve from 0.9 to 1 probability of detecting C. frantzii at least once during 4 surveys of an
occupied sampling point (p*) varied from 88 to 195 sampling points (Fig. 4.2). Thus, sampling effort
may be reduced in surveys (K= 3), while keeping the same number of sites and sampling points to
achieve 0.98 of probability of detection, or in sampling points (124) with the same number of
surveys to achieve a 0.95 of detection.
Several studies have demonstrated the importance of species coexistence in determining
occupancy and probabilities of detection of Catharus (Noon 1981, Rimmer et al. 1996, Nixon et al.
2001). C. frantzii coexists year round with other Catharus nightingale thrushes in most of its range.
C. frantzii and C. occidentalis (Russet Nightingale Thrush) coexist in montane forests, and in these
areas C. frantzii is restricted to dense, broad-leaf, riparian forests in deep canyons, while C.
occidentalis occurs in a wider range of habitats from open oak woodlands to dense, closed fir-pineoak forests in Oaxaca (Raitt and Hardy 1970, Watson 2003). In Oaxaca, C. frantzii occupied more
cloud forest patches than C. occidentalis, suggesting an opposite relationship between range-size
and patch occupancy in these two coexisting species (Watson 2003). In the western montane
forests of Chiapas, where C. frantzii coexists with C. aurantirostris (Orange-billed Nightingale
Thrush) and C. dryas (Spotted Nightingale Thrush), C. frantzii is restricted to montane cloud forest
and recorded less frequently than C. aurantirostris and C. dryas (Tejeda-Cruz and Sutherland
2004, 2005). Thus, competition with congenerics may limit C. frantzii \o habitats of dense, broadleaf moist forests in most of its range. In the Central Highlands of Chiapas, where C. frantzii
occupies a wide range of montane forest habitats, they do not coexist with any other Catharus
species, except for C. ustulatus (Swainson's thrushes) during migration (Outlaw et al. 2003, Hiron
et al. 2006). The lack of year-round coexistence with other nightingale Catharus thrushes may
allow C. frantzii \o exploit more habitat types in the Central Highlands of Chiapas.
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Although they were distributed widely, the average detectability of C. frantzii was only 1.4
singing males per sampling point (Fig. 2.1). Detectability tended to be slightly higher in Huitepec
and CVSJCH than in Arcotete, Callejon and La Florecilla. These lower values are comparable to
those reported in the montane forest of Oaxaca (Watson 2003) and western Chiapas (Tejeda-Cruz
and Sutherland 2004). In Oaxaca, C. frantzii had a relative detectability of 0.79 individuals across
the four largest forest patches. In western Chiapas, the relative detectability of C. frantzii declined
from 0.8 to 0.28 individuals/ha after a strong hurricane in 1998 (Tejeda-Cruz and Sutherland 2005).
Variation in relative abundance of C. frantzii in the Central Highlands of Chiapas may be
explained by the distribution of habitat across the region and whether habitats were intensively
disturbed. The Huitepec reserve represents prime montane forest habitat, with medium to little
disturbance (Table 4.1). The other sites presented signs of intense disturbance, which possibly
reduced habitat suitability for C. frantzii. It is outstanding for the conservation of C. frantzii in the
region that it occupies habitats that have experienced considerable disturbance. This probably
indicates high levels of tolerance and resistance that allow C. frantzii Xo persist in the region.
It is possible that I overestimated the relative abundance of singing males of C. frantzii \\
some singing birds were females. Females of other Catharus
(e.g., C. bicknelli

species have been reported to sing

[Bicknell's Thrush] in Vermont; Rimmer et al. 1996). For C. bicknelli,

recent

research has shown that the home ranges of males tend to be large and overlap with other males
(Strong et al. 2004). Thus, traditional survey methods based on broadcasting vocalizations may
provide overestimates of abundance. Moreover, broadcasting vocalizations in more open habitats
may result in less sound attenuation than closed habitats. Hence, individual thrushes in more open
habitats would hear the broadcasting calls at greater distances, potentially more than 50 m, or
observers may record individuals singing farther than 50 m. Despite the potential biases in data
collection, the abundance of C. frantzii m Huitepec reserve is probably higher than the other sites,
as well as higher than the low elevation habitats in western Chiapas and Oaxaca (Watson 2003,
Tejeda-Cruz and Sutherland 2004). At higher elevations, C. frantzii may have advantages because
they may be better adapted to colder environments than the other thrush species (Clement et al.
2000). At lower elevations, C. frantzii may compete with morphologically and behaviourally similar
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species such as C. occidentalis, C. aurantirostris and C. dryas (Raitt and Hardy 1970, Outlaw et al.
2003).
The abundance of C. frantzii could not be predicted from any habitat attributes considered
in this study at the regional level. Typical suitable habitat for C. frantzii in the montane forests of
central Mexico to Central America is "thick tangled undergrowth and ground vegetation in moist,
humid or semi-humid pine-oak, and conifer cloud-forests, forest edges and clearings, woodlands
and ravines, occasionally in bamboo thickets, vines and creepers of the subtropical and lower
temperate zones between 1350 and 3500 m" (Clement e t a l . 2000). From this description, I
expected to find a positive correlation between vegetation density, particularly tree, shrub and herb
densities, and the detectability of C. frantzii. Variation in elevation, tree and shrub densities were
larger in Huitepec, where more singing males were recorded. CVSJCH was the nearest site to
Huitepec, and it had the next largest number of singing males. This site was highly disturbed and
the only variable that related to the detectability of singing males was tree height. Although, at
CVSJCH, tree and shrub densities were lower than in Huitepec, these variables did not differ from
the rest of sites. Arcotete (a second growth broadleaf forest), and Florecilla and Callejon
(coniferous broadleaf forests) also had high levels of anthropogenic disturbance. These sites had
similar detectability of singing males. Understory tree species have been cited as an important
habitat attribute for C. frantzii (Rowley and Orr 1964, Raitt and Hardy 1970, Clement et al. 2000),
but understory tree density was not correlated with detectability of singing males at either all sites
or individual sites. Contrary to my prediction, herb density was negatively correlated with the
relative detectability of singing males at Huitepec and Callejon.
Factors other than habitat attributes could also influence variation in abundance at the
regional level. Individual competitive ability may affect settlement patterns, where better
competitors occupy the more suitable habitats and less dominant individuals are forced to settle in
less suitable habitats (Newton 1998, Sergio and Newton 2003). In the Huitepec Reserve, a large
proportion (66%) of individuals captured in a nine-year study were never recaptured (Chapter 3).
This may support the hypothesis that only a small proportion of individuals in the population are
able to establish permanent territories. Similar findings have been reported for C. fuscater (Slaty-
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backed Nightingale Thrush) in Colombia's Central Cordillera (Beltran and Kattan 2003).
Movements of temporary residents or floaters may obscure the relationship between habitat
attributes and bird abundance at local and regional levels. Limited habitat availability results in a
large floater population. Thus, both floaters and territorial individuals require resources from
habitats of similar suitability to obtain sufficient resources for survival and reproduction (Fahrig and
Nuttle 2005).

CONCLUSION

My study showed that C. frantzii occupied a variety of forest patch types and conditions
across the region. In the Central Highlands of Chiapas, C. frantzii makes extensive use of the
region during the breeding season, occupying most of the suitable habitat from old growth
broadleaf forests to relatively young, regenerating clear cuts of broadleaf and coniferous forests.
Since the vegetation in the region is extensively harvested by local people (Gonzalez-Espinosa et
al. 1995, Ochoa-Gaona 2001, Ochoa-Gaona et al. 2004), developing a plan for vegetation
harvesting for firewood and construction material that ensures a continuous supply of regeneration
of the appropriate tree species and understory density across the region is necessary to maintain
suitable habitat for C. frantzii.
More research is needed to answer basic questions about the use of second-growth
broadleaf and coniferous regeneration habitats by C. frantzii in the region. First and most
importantly, it is necessary to determine whether the species is successfully breeding in occupied
sites, since lower foliage density and/or nest concealment can lead to increased rates of nest
predation (Chapter 2). Then, the gradient of ages of regeneration of habitat suitability for C. frantzii
must be determined. A larger area and greater number of sites with a gradient of habitat conditions
would have to be surveyed to test this hypothesis. Finally, a study of colour-banded or radiomarked birds is needed to evaluate individual movements and its effects on the occupancy and
detectability at a regional level, as well as possible differences in habitat selection, breeding
performance and population dynamics, as well as their interaction with predators and competitiors.
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Table 4.1. Habitat attributes at 5 sites for surveys of Catharus frantzii (Ruddy-capped Nightingale Thrush) in 2002 and 2003 (n = 11 transects, 55
sampling points) in the Central Highlands of Chiapas. Habitat attributes were measured in 2003. Sites are: Huitepec (Cerro Huitepec Biological
Reserve), CVSJCH (Camino Viejo a San Juan Chamula), Arcotete (Sendero Arcotete), Florecilla (Camino a La Florecilla), Callejon (Sendero
Callejon). Dominant Forest Type: old-growth broadleaf (OGB), second-growth broadleaf (SGB), and coniferous - second-growth broadleaf (CSGB). Disturbed Ratio: proportion of sampling points with disturbance by anthropogenic activities over the points in the site).

Site
Variables

Huitepec

CVSJCH

Arcotete

Florecilla

Callejon

Univariate Values
F

P

Mean

SE

Mean

SE

Mean

SE

Mean

SE

Mean

SE

2470.64

45.86

2319.18

13.08

2159.64

6.59

2330.73

10.49

2195

8.85

29.17

0.001

Aspect

148.55

46.82

194.55

9.66

222.00

47.32

207.27

19.54

96.73

39.48

2.84

0.034

Slope

24.27

3.61

17.36

2.63

22.91

1.94

33.45

7.06

12.27

2.37

2.94

0.027

Canopy cover

88.11

3.00

55.67

7.24

56.56

4.65

62.87

9.17

79.51

3.68

5.68

0.008

Tree height

14.18

1.48

8.89

0.52

7.46

0.49

10.35

1.31

16.08

1.27

11.68

0.001

DBH

29.77

3.91

16.71

1.04

15.93

1.65

21.94

2.55

23.25

1.97

4.91

0.002

Tree density

42.59

7.44

29.86

1.81

26.85

2.73

20.49

1.83

32.29

2.39

4.49

0.004

Shrub density

28.00

2.67

13.73

2.08

17.36

3.86

11.49

1.20

24.11

3.66

5.89

0.001

Herb density

15.18

3.04

42.73

5.19

29.73

4.89

15.91

2.32

17.55

4.07

6.78

0.001

Elevation

Dominant
Forest Type

Disturbed Ratio

OGB

0.36

SGB

SGB

C-SGB

1

1

1

C-SGB

1

Table 4.2. Multiple regression analysis examining the effect of habitat attributes on relative
abundance of singing Catharus frantzii (Ruddy-capped Nightingale Thrush) at the site and regional
levels in the Central Highlands of Chiapas, in 2002-2003. Columns give site and variable attributes,
estimated coefficients, standard error (SE), ANOVA-F values, degrees of freedom (df) and
probability (P). Generalized Linear Model (GLM-ANOVA) estimates are shown beside each site
and for the overall region. Bolded values indicate significant values at a = 0.05.
Variables

Coefficient

SE

F

df

P

Huitepec (F?= 0.92; F , = 16.27, P = 0.002)
4

6

Intercept

0.031

0.152

0.18

1

0.863

Slope

0.221

0.039

31.285

1

0.001

Tree Density

-0.075

0.037

2.785

1

0.146

Shrub Cover

0.825

0.261

10.113

1

0.019

Herb Density

-1.347

0.223

35.95

1

0.001

CVSJCH (F?= 0.59; F , = 5.74, P= 0.03)
2

8

Intercept

3.173

0.833

3.81

1

0.005

Tree Height

-0.814

0.265

9.429

1

0.015

Tree Density

-0.353

0.163

4.689

1

0.062

Arcotete (P?= 0.3; F,, = 3.3, P= 0.1)
9

Intercept

0.597

0. 165

3.61

1

0.005

Aspect

-0.052

0.028

3.334

1

0.101

Florecilla (F?= 0.8; F , = 4.3, P= 0.07)
5

5

Intercept

33.445

12.167

2.75

1

0.04

Elevation

-2.37

0.894

7.015

1

0.045

Aspect

0.218

0.087

6.189

1

0.055

Slope

-0.442

0.121

13.284

1

0.014

Tree Height

-0.911

0.362

6.298

1

0.053

Canopy Cover

0.402

0.201

3.992

1

0.102

Callejon (hf= 0.98; F

5-5

= 43.2, P= 0.004)

Intercept

13.853

4.356

3.18

1

0.024

Elevation

-0.914

0.339

7.24

1

0.043

Aspect

-0.012

0.009

1.839

1

0.233

Tree Height

-0.295

0.094

9.773

1

0.021
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Canopy Cover

-0.836

0.101

69.183

1

0.001

Herb Density

-0.545

0.181

9.075

1

0.029

Overall locality (fl*= 0.09; F , = 1.63, P = 0.19)
4

50

Intercept

-1.891

1.449

-1.3

1

0.197

Elevation

0.201

0.114

3.119

1

0.083

Slope

-0.054

0.037

2.104

1

0.153

Tree Height

-0.119

0.095

1.598

1

0.211
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Figure 4 . 1 . Box-plots of average relative abundance of singing male Catharus frantzii (Ruddycapped Nightingale Thrush) across five mixed forest sites during 2002 and 2003 in the Central
Highlands of Chiapas. The horizontal line within each box represents the sample median and
boxes encompass the 2 5 to the 7 5
th

th

percentile. Bars represent the 10 and 9 0
th

th

percentiles, and

the grand horizontal line represents the average abundance of singing males per sampling point =
1.43 ± 0.79. Dominant Forest Type: old-growth broadleaf (OGB), second-growth broadleaf (SGB),
and coniferous - second-growth broadleaf (C-SGB).
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Figure 4.2. Estimates of the total number of survey points (TSP) required for achieving a specific
level of precision (p*) for estimating occupancy (HJ) and detection probability (p) parameters for
Catharus frantzii (Ruddy-capped Nightingale Thrush) in the Central Highlands of Chiapas. Initial
parameter values were estimated in MARK. Estimates were based on a standard design of
occupancy (MacKenzie and Royle 2005).
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CHAPTER 5:
CONCLUSIONS
POPULATION ECOLOGY OF A TROPICAL MONTANE FOREST BIRD
I found that the breeding performance of Catharus

frantzii alticola

(Ruddy-capped

Nightingale Thrush) varied across different conditions of understory vegetation structure and
composition in the Cerro Huitepec Biological Reserve, Central Highlands of Chiapas. In the moist
forest habitat type containing undisturbed understory vegetation, indicators of breeding success
(i.e., pair density, nest density, nesting success and daily nest survival rates) were higher than in
the dry-disturbed forest habitat type with removed understory vegetation. Habitat attributes related
to nest concealment at the site and patch levels explained the selection of sites for breeding, as
well as variation in daily nest survival. Furthermore, nesting success increased with decreasing
parental visitation rates, as well with increasing female nest attentiveness. These findings indicate
that the breeding performance of C. frantzii at the Huitepec reserve is negatively affected by
removal of the understory vegetation.
I observed a better breeding performance per nesting attempt in the moist forest than in
the dry-disturbed forest, however, productivity and adult survival, important demographic
parameters determining the finite rate of population growth (A) of C. frantzii in the Huitepec
Reserve, did not differ between habitat types. Thus, no variation in habitat-specific vital traits
(productivity and survival) was observed across habitats indicating that the dry-disturbed forest
contributes substantively to the population stability of C. frantzii at the Huitepec Reserve. At the
regional level, C. frantzii was found occupying most of the sites surveyed, with high rates of
detectability across suitable, forested habitats in the region. However, no habitat attributes were
correlated consistently with bird abundance.
The incorporation of habitat variation in models of population dynamics has changed
markedly over the last few decades. Recently, the evolutionary and ecological consequences of
source-sink population dynamics for biodiversity conservation was recognized (Hanski and
Gaggiotti 2004). The concept of source-sink

population structure and dynamics emphasizes the

balance among births and deaths, with a dispersal propensity from source- to sink-habitats.
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D i f f e r e n c e s in habitat quality p r o d u c e a net of d i s p e r s a l of individuals f r o m high quality, e x p o r t e r
h a b i t a t s to low quality, i m p o r t e r h a b i t a t s (With a n d King 2 0 0 1 ) . E v e n t h o u g h birth rates d o not e q u a l
d e a t h rates w i t h i n a p o p u l a t i o n , p o p u l a t i o n stability c a n b e p o s s i b l e w i t h a net of e m i g r a t i o n to, or
i m m i g r a t i o n f r o m , n e i g h b o u r i n g p o p u l a t i o n s . H o w e v e r , at t h e H u i t e p e c R e s e r v e , d i f f e r e n c e s in
b r e e d i n g s u c c e s s indicators (pair d e n s i t y , n e s t i n g s u c c e s s a n d daily nest survival) b e t w e e n t h e
m o i s t forest a n d t h e d r y - d i s t u r b e d f o r e s t d o not s u p p o r t a s o u r c e - s i n k s t r u c t u r e for C. frantzii at a
local level, s i n c e e s t i m a t e d vital rates in b o t h habitats c o n t r i b u t e d e q u i v a l e n t l y to t h e p o p u l a t i o n
stability.
N a g y a n d H o l m e s ( 2 0 0 4 ) h a v e r a i s e d t h e q u e s t i o n of t h e reliability of e s t i m a t i n g n e s t i n g
s u c c e s s a n d daily nest survival a s s u r r o g a t e s of productivity. For i n s t a n c e , p r o d u c t i v i t y in a m a r k e d
p o p u l a t i o n of Hylocychla

mustelina

(Wood Thrush) w a s poorly associated with nesting success and

daily nest s u r v i v a l , a m o n g s e v e r a l o t h e r r e p r o d u c t i v e indicators ( U n d e r w o o d a n d R o t h 2 0 0 2 ) .
N e s t i n g s u c c e s s v a r i e s spatially a c r o s s a v i a n s p e c i e s f r o m tropical l o w l a n d f o r e s t s ( R o b i n s o n et a l .
2 0 0 0 ) , a n d m a y not n e c e s s a r i l y reflect p r o d u c t i v i t y o r r e p r o d u c t i v e rate. H a b i t a t - s p e c i f i c
r e p r o d u c t i v e rates m a y v a r y a c c o r d i n g to w h e t h e r a s p e c i e s h a s r e c r u i t m e n t - or survival-life history
s t r a t e g i e s (Saether a n d B a k k e 2 0 0 0 ) . T h u s , for a survivor-life history s t r a t e g y s p e c i e s s u c h a s C.
frantziifrom

tropical m o n t a n e f o r e s t s , habitat-specific survival rate r e p r e s e n t e d t h e m o s t i m p o r t a n t

d e m o g r a p h i c rate for the s p e c i e s at t h e H u i t e p e c r e s e r v e .
A d u l t survival positively c o r r e l a t e d w i t h t h e p o p u l a t i o n g r o w t h (A) of C. frantzii a\ t h e
H u i t e p e c r e s e r v e . M y e s t i m a t e s of p o p u l a t i o n g r o w t h (A) s u g g e s t e d t h a t a n adult survival rate of
l o w e r t h a n 7 0 % , the p o p u l a t i o n c o u l d d e c l i n e w i t h t h e c u r r e n t pair d e n s i t y a n d p r o d u c t i v i t y rates
(Fig. 3 . 3 c ) . A d u l t survival e s t i m a t e s w e r e i n f l u e n c e d in part b y individuals c a p t u r e d o n c e . H e n c e ,
m y e s t i m a t e s of adult survival for C. frantzii w i t h i n t h e H u i t e p e c r e s e r v e , a p p e a r e d to be i n f l u e n c e d
by a net d i s p e r s a l at the r e g i o n a l s c a l e ( K a w e c k i 2 0 0 4 , S c h a e f e r 2 0 0 6 ) . T h e predictive p o w e r of
e s t i m a t e d vital rates for p o p u l a t i o n , d e c l i n e s w i t h d e c r e a s i n g spatial s c a l e ( S c h a e f e r 2 0 0 6 ) . T h u s ,
individual m o v e m e n t at a r e g i o n a l level m a y b e a n i m p o r t a n t c o m p o n e n t of t h e p o p u l a t i o n
d y n a m i c s of C. frantzii &\ t h e H u i t e p e c R e s e r v e . A third of t h e individuals in t h e p o p u l a t i o n s h o w e d
high levels of p h i l o p a t r y w i t h v e r y f e w individuals s w i t c h i n g habitat t y p e s . T h e s e individuals
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represented the core individuals within the population and were the individuals establishing
territories in the Huitepec reserve. A small proportion of C. fuscater

(Slaty-backed Nightingale

Thrush) individuals in a population in the central highlands of Colombia established breeding
territories, while a large proportion of individuals were considered floaters or dispersers (Beltran
and Kattan 2003). Thus, the local populations of nightingale thrushes inhabiting tropical montane
forests may be structured by a small proportion of territorial individuals and a large proportion of
dispersing individuals; an open, dispersed dominated population (Schaefer 2006), suggesting that
habitats are saturated. Population "openness" of nightingale thrushes from tropical montane forests
may promote equilibrium properties for habitats maintaining a set of populations connected by a
net of dispersal. Asymmetric dispersal rates or individual movements at the regional level can
create source-sink dynamics (Kawecki 2004), with the Huitepec Reserve being a stable, source
population.
Regionally, C. frantzii showed high levels of occupancy with high rates of detectability in a
variety of habitat types and conditions. However, I found no consistent correlation between habitat
attributes and singing male abundance at site level. In the Central Highlands of Chiapas, human
disturbance appeared to modify both vegetation composition and configuration. These changes in
vegetation varied from site to site, influenced in part by environmental characteristics. As long as
changes in vegetation composition and configuration allow tree stands with understory vegetation,
the stability and persistence of C. frantzii populations in the region should be possible. A similar
abundance was recorded in both old growth broadleaf forest and coniferous-broadleaf disturbed
forests. These findings contrast with previous reports that C. frantzii was being restricted to the
montane cloud forest north of Chiapas (Martinez-Morales 2 0 0 1 , Watson 2003), and in western
Chiapas (Tejeda-Cruz and Sutherland 2004).
To my knowledge, this study is the first to examine how habitat variation influences
population dynamics, productivity and survival, and the distribution of C. frantzii at the regional level
(Rangel-Salazar et al. In press). Future research should involve examining ecological processes
(e.g., predator-prey interactions, habitat selection, competition, and natal and breeding dispersion)
that enable C. frantzii \o use a wider variety of habitats and conditions in the Central Highlands of
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Chiapas compared to other regions. Particularly, research needs to examine the role of floater
individuals to the population stability of C. frantzii at the Huitepec Reserve, and to determine the
importance of the montane cloud forest in the reserve to the persistence of C. frantzii in the region.
There has been little research on the effects of heterogeneity of habitat on population
ecology of tropical montane forest birds. In this study, I presented estimates of habitat-specific
demographic traits in a system of two contiguous, but distinct, habitats that represent original and
modified montane forests in the region. The inclusion of habitat variation in quality into studies of
populations of C. frantzii in other areas of tropical montane forests may provide new insights into
the role of life history traits, habitat-specific demography, and behaviour in the population ecology
of tropical montane forest birds.

CONSERVATION ECOLOGY OF
Catharus

CATHARUS

FRANTZII

IN THE MONTANE FORESTS OF CHIAPAS

frantzii is listed as threatened by the Mexican Government (Diario Oficial de la

Federacion 2002) because of the loss and fragmentation of tropical montane forests in the country.
Previous to this study, there was no evaluation of population status and how habitat variation
affects population dynamics (Rangel-Salazar et al. In press), and my study of C. frantzii population
at the Huitepec Reserve and at nearby sites is the only current investigation. Thus, current
information for the species is insufficient to suggest any change in its status at the state and
national levels.
I showed that human-induced disturbance in forest habitats can result in reductions in pair
density for C. frantzii. Current land-use patterns in the Central Highlands of Chiapas are affecting
the availability of resources used by birds from old-growth humid forests, particularly for those
species depending on understory plants (Gonzalez-Espinosa et al. 1995). Reduction in understory
plant cover may represent a decrease in food resources, nest substrates and cover from predators.
In particular, nest predation was the most important factor of nest failure in this study. Habitat
characteristics and nest predation have emerged as the main interacting factors driving fluctuations
in avian populations (Heske et al. 2 0 0 1 , Martin and Joron 2003). Habitat variation in time and
space often has consequences for predator-prey interactions, and human-induced disturbance
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promotes changes in these interactions, such as the numbers and function of predators in forest
habitats (Mahon and Martin 2006). Different predator types and abundances may account for
variable predation rates among different habitat types or neighbouring sites. It is important to
identify conditions under which predators change in function and numbers, such that they could
change nest predation conditions for montane cloud forest birds.
The primary causes of bird species decline in the tropics are loss and fragmentation of
forested habitats (Harris and Pimm 2004). Here, I showed that C. frantzii used a variety of habitats,
and seemed tolerant to secondary and disturbed habitats. Habitat loss and fragmentation in the
region can lead to severe consequences, such as increased edge effects, while decreasing
connectivity and reducing habitat heterogeneity (Opdam and Wiens 2002). Whether the set of C.
frantzii populations in the region will persist may be a function of its response to habitat disturbance
and habitat-based variation in demography (Murphy 2001). I presented how the breeding
performance of C. frantzii at the Huitepec Reserve varied across different conditions of structure
and composition of understory vegetation. In the moist forest the breeding performance was higher
only at the nesting attempt level than in the dry-disturbed forest. This variation was attributable to
nest concealment and parent behaviour. However, I found no variation in habitat-specific vital rates
(productivity and survival) and both forest types contributed to population stability of C. frantzii at
the Huitepec Reserve. C. frantzii was found widely distributed, but in low densities, across suitable
habitats and abundance did not differ from old growth broadleaf forest to coniferous-broadleaf
disturbed forest. Adult survival was found to be the most important vital rate determining population
growth (A), and thus strongly influenced the population dynamics of C. frantzii at the Huitepec
Reserve.
Overall, the population of C. frantzii aX the Huitepec Reserve appeared stable by a
compensatory variation in demographic rates such as productivity and survival. Long-term
population stability and persistence is possible through the habitat-specific net reproductive and
dispersal rates. Conservation efforts must focus at both the local and regional levels since human
disturbance appeared to differentially modify both vegetation composition and configuration from
site to site (Rangel-Salazar et al. 2005, Wolf 2005). My data suggest that C. frantzii showed good
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resistance to disturbance, given the ability of the species to persist in both pristine and disturbed
forests. These conditions are important for the conservation of the species since it is likely that
conservation efforts can improve their status in the region. The future stability and persistence of C.
frantzii

populations should be promising for the region if habitat changes in vegetation are

managed to maintain suitable habitats. It is fortunate that

C. frantzii

can tolerate considerable

disturbance of the understory, and may represent a good system to elucidate how species respond
to habitat disturbance in montane forests. The challenge is determining the limits of tolerance and
the relevant spatial scales necessary for elucidating the ultimate causes of population trends.
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