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Abstract

The global population of the Neotropical migrant Golden-winged Warbler (Vermivora
chrysoptera) has declined steadily over the past fifty years. While factors influencing this
decline have been well researched on the breeding grounds, little is known about the
distribution and habitat requirements of this warbler on its stationary non-breeding range.
Recent efforts to quantify the non-breeding habitat requirements of this warbler have
focused on Colombia and Costa Rica, though the species ranges as far north as the
Yucatan Peninsula, Mexico. To address the gap in knowledge from the northern portion
of the non-breeding range, | conducted 80 serial point-count surveys targeting Golden-
winged Warblers at eight field sites in Honduras, Central America. | found that Golden-
winged Warblers occupy a greater variety of habitats than previously recognized,
including pine-oak forest and semi-deciduous broadleaf forest. | also documented habitat
associations that have not been observed in other parts of the non-breeding range with
respect to elevation, rainfall, and spatial segregation by sex. These results demonstrate
the need to consider the entire non-breeding range in conservation planning, as Golden-
winged Warbler habitat associations appear to vary regionally.



1. Introduction

The Golden-winged Warbler (Vermivora chrysoptera; hereafter GWWA), a Nearctic-
Neotropical migratory songbird, has experienced one of the sharpest population declines
of any songbird species in North America. According to the USGS Breeding Bird
Survey, the population of the GWWA has decreased by 2.62% per year since the
survey’s inception in 1966 (Sauer et al. 2011). New analysis suggests that if this trend
continues, the GWWA will lose 97% of its global population by 2100 (Will et al.
unpublished data). This startling decline prompted a petition to protect this species under
the 1973 Endangered Species Act. The US Fish and Wildlife Service decided the petition
was substantial after a 90-day review and issued a request to gather more data on the
status of the species (76 FR 31920, 2011). The research presented in this thesis responds
to that federal request by examining non-breeding habitat association for this species in
Honduras.

Taxonomically, the GWWA belongs to the family Parulidae of the order Passeriformes.
Males can be readily identified by their dark gray back and whitish underside with a
black throat and mask, yellow crown, and yellow wing bar (Figure 1.1a). Females
resemble the males but have lighter gray facial markings (Figure 1.1b). GWWAs
hybridize with the closely related Blue-winged Warbler (Vermivora cyanoptera;
hereafter BWWA; Figurel.1c) where the ranges overlap, and they produce a
phenotypically distinct first generation hybrid called the Brewster’s Warbler (hereafter
BRWA,; Figure 1.1d; Sibley 2003).
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a. Male Golden-winged Warbler b. Female Golden-winged Warbler
Vermivora chrysoptera Vermivora chrysoptera

c. Male Blue-winged Warbler . d. Brewster's Hybrid
Vermivora cyanoptera (V. chrysoptera x V. cyanoptera)

Figure 1.1: Physical appearance of Vermivora spp.

In their annual migratory cycle, GWWAs arrive in North America between April and
May, breed between May and July, and migrate to Central and South America in August
and September (eBird 2012). Their breeding range occurs as a narrow band around the
Great Lakes from Southern Manitoba to Southern Quebec and along the Appalachian
Mountains from extreme eastern Connecticut to northeastern Georgia (Roth et al. 2012).
Within this breeding range, the population is declining most rapidly in the southeastern
Appalachians and Northeastern states. Population change has averaged as high as -9.8%
per year in West Virginia (2000-2010) and extirpation appears to have occurred in the
extreme southern portion of its breeding range and substantial parts of New England and
the Midwest (Sauer et al. 2011, Gill 1980, Will et al. unpublished data).



The habitat requirements, nesting success, and hybridization dynamics of GWWAs have
been studied on the breeding range by ornithologists since the 1960s (Roth et al. 2012a).
Research seeking to explain the population change has historically focused on the
breeding grounds. Loss of early successional breeding habitat, competition and
hybridization with the BWWA, and nest parasitism by the Brown-headed Cowbird
(Molothrus ater) have been shown to be factors in the dramatic decline (Confer et al.
2003, Hunter et al. 2001, Buehler et al. 2007). While these events undoubtedly affect the
population, they do not consider the full GWWA life cycle and therefore may not fully

account for all factors responsible for the population decline.

In contrast to the breadth of research and publications available about the GWWA on its
breeding range, little is known about the distribution and habitat requirements of the
species in its non-breeding range, which stretches from southern Mexico to the northern
Andes (DeGraaf and Rappole 1995). This information gap is of critical importance as
non-breeding season events can strongly affect the survival and reproductive success of
migratory passerines (Rappole and McDonald 1994, Rappole et al. 2003, Marra et al.
1998, Sherry and Holmes 1996, Sherry et al. 2005, Norris et al. 2004). Even the extent of
the GWWA non-breeding range has not yet been adequately delineated. This deficiency
is evidenced by the difference in the range estimate provided by published literature
(Ridgely et al. 2007; Figure 1.2a) and the records accumulated by the online, open-access
bird observation database, eBird.org (Figure 1.2b). The eBird observations expand the
estimated non-breeding range closer to the Pacific slope of Honduras, El Salvador, and
Guatemala than previously documented. The northern extension appears to be much
broader than that shown in the Ridgely et al. (2007) dataset as well, extending throughout

northern Guatemala, Belize and into the Yucatan of Mexico.
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b. Observations of GWWAs from November through February across all years. Larger icons
are records from birding hotspots while small icons are individual observations. Occurrence on
the Caribbean Islands is rare. Image provided by ebird (ebird.org) and created October

16, 2012.

Figure 1.2: A comparison of (a.) the published non-breeding range map and (b.) birder
observations of GWWAs during the non-breeding season.



In 2009, the project Alianza Alas Doradas (Golden-winged Alliance) commenced,
seeking to address the lack of information on GWWA distribution, density, and ecology
during the non-breeding season (Will et al. unpublished data). Local collaborators
conducted hundreds of point count surveys in Nicaragua, Costa Rica, Panama, and
Columbia that specifically targeted GWWAs through playback of recorded GWWA
vocalizations. An initial analysis of the data suggests that at a landscape scale, the
probability of GWWA presence increases with temperature and precipitation and peaks
at middle elevations (Wills et al. unpublished data). These predictions are supported by
Chandler and King (2011) who found that GWWAs were absent from tropical dry forest
on the Pacific slope of Costa Rica and most common in pre-montane broadleaf forest
receiving 2.5 meters of rainfall a year. Landscape scale factors are useful for predicting
presence of GWWASs in areas without data, but they most likely allow for the conditions
that support directly selected microhabitat characteristics, rather than being directly
selected themselves. Specifically, GWWAs display specialized foraging behavior in the
non-breeding season; the majority of their feeding actions consist of probing inside dead,
hanging leaves and to a lesser extent gleaning and probing live leaves and moss
(Chandler 2011, Tramer and Kemp 1980). Accordingly, GWWA presence is correlated
with the presence of dead leaves, which appear to be most abundant in broadleaf forests
with intermediate levels of disturbance such as riverbanks, landslides, and canopy gaps
(Chandler 2011).

Most studies that document the distribution and habitat associations of GWWAs consider
only the southern half of the non-breeding range, especially Costa Rica, Panama, and
Colombia (Orejula et al 1980, Blake and Loiselle 2001, Powell et al. 1992, Chandler and
King 2011, Wills et al unpublished data). Combined, these countries possess markedly
different climates and forest systems than the northern half of the non-breeding range.
Overall climate becomes drier north of Costa Rica, which suggests precipitation may not
play a strong role in habitat selection when considering the entire non-breeding range
(Hijmans 2005). Pine forests (Pinus spp.), which comprise 23% of Honduran land cover,
reach their southernmost distribution in northern Nicaragua (Rivera et al. 2011,
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Critchfield and Little 1966). Pine forests are very different in structural composition from
humid broadleaf and tropical dry forests, yet previous studies have overlooked the
suitability of pine-oak forests as non-breeding habitat for GWWAs. The need for data
from the northern portion of the non-breeding range is critical to improve our
understanding of the distribution, habitat associations, and threats faced by the GWWA.

Published reports of GWWASs in Honduras are few. In a historic synthesis of published
sightings and museum specimens collected in Honduras, Monroe (1968) documented that
GWWAs occur infrequently in the primary and secondary broadleaf and pine-oak forests
of the Caribbean slope and interior highlands of the country. Monroe (1968) recorded
museum specimens from seven locations in the country that were collected at sea level to
1800 meters above sea level. As is true in the southern part of the non-breeding range,
the GWWA is not evenly distributed throughout Honduras. Records and personal
communication indicate that the bird likely avoids the Pacific lowlands, the pine
savannahs (Pinus caribaea) of La Moskitia, and dry thorn forest found in rain-shadow
valleys (Monroe 1968, Anderson et al. 2004, R. Gallardo pers. comm.). Unfortunately,
these records do not indicate why GWWASs select and avoid certain habitats, which
habitats are most suitable, and what factors are threatening GWWA habitat in Honduras.

To address this critical information gap, | designed a study that would assess GWWA
distribution and habitat use at multiple scales across the Honduran landscape. |
considered both landscape scale variables that indicate presence in the southern portion

of the range as well as microhabitat features.
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2. Methods

Study Area

I selected eight study sites in Honduras in areas where GWWASs had been previously
observed (personal observation and R. Gallardo pers. comm., Figure 2.1). The sites
occurred within three major forest systems and represented a range of land cover classes.
Semi-deciduous broadleaf forest was present at Catacamas in a fragmented agricultural
matrix. Forest cover is sparse in Catacamas and exists mainly in forested stream corridors
and narrow strips along property boundaries between cultivated fields and pastures. La
Muralla, Opatoro, and Celagque occur within a conifer-broadleaf mixed forest. Ocote pine
(Pinus oocarpa) dominates these landscapes with oak (Quercus spp.) and other broadleaf
species are present in lower densities. These three sites occur in mountainous terrain
characterized by dry pine savannah on the hilltops and dense, shrubby, broadleaf
vegetation filling narrow arroyo valleys. At elevations above 1800 meters, these forests
change to montane broadleaf. Forest fragmentation is moderate to low in the conifer-
broadleaf sites, though anthropogenic pressure does exist from livestock grazing,
rotational pine harvesting, and forest clearing for crop cultivation. Evergreen broadleaf
forest occurs in areas of high precipitation throughout Honduras, and is represented at
Lancetilla, Yojoa, Parque Nacional Cerro Azul Miambar (PANACAM), and Montafia
Santa Barbara. These sites vary greatly in elevation, ranging from the sea level at
Lancetilla to 1800 meters at Santa Barbara. Degree of forest fragmentation varies greatly
within these sites. Reforestation and regrowth occur within the national park boundary of
PANACAM and primary cloud forest still exists at 1800 meters in Santa Barbara.
However, forest clearing for coffee production, tree plantations, and small-scale
cultivation affect all sites. Additional site information is located in Appendix A.

12



Catacamas

Figure 2.1: Map of Honduras with the locations of the eight study sites. Country data from ESRI®
(2011).

Bird Surveys

At each study site, | established 10 survey points spaced approximately 500 meters apart.
I conducted a point-count survey at each point on three separate days with two
exceptions. The points in Opatoro were only visited twice, and only nine survey points
were established in La Muralla. In total, | conducted 227 point-count surveys at 78
unique points. In Costa Rica, telemetry data indicated that GWWAs establish fixed non-
breeding territories by the beginning of November and remain on fixed territories until
the end of March (Chandler 2011). I surveyed all points between November 15, 2011 and
March 15, 2012, a time period that conservatively estimates the stationary, non-breeding

season.

Each point-count survey included a 10-minute observation-only period and 10-minute
vocalization playback period. During the playback period, which increases the
probability of detection (Kubel and Yahner 2007), | broadcast a recorded GWWA
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vocalization developed by the Cornell Lab of Ornithology from a hand-held mp3 player
and speaker. Several different speaker models were used, but all broadcast the GWWA
vocalizations at a volume approximate to that of an actual individual and were successful
at eliciting a response present GWWAs. The recording consisted of the Type A song
(“bee bzz bzz bzz”), the alternate Type B song (a trill), and the chip note (Dunn and
Garrett 1997). As both the GWWA and BWWA have a very similar Type B song, which
is used in aggressive interspecific interactions (Gill and Murray 1972), | assumed the
broadcast vocalization targeted both warblers, albeit unequally in playback time duration.
I conducted an extended 25-minute point-count survey on one of the three visits, in
which I broadcast an owl-mobbing playback developed by Ken Rosenburg at Cornell
Lab of Ornithology for the five minutes following the GWWA survey. The owl-
mobbing playback features vocalizations of the Ferruginous Pygmy-Owl (Glaucidium
brasilianum) and the Eastern Screech-Owl (Megascops asio) along with the mobbing
calls of various Neotropical resident and migratory birds. The playback targeted small
passerines and hummingbirds, and | recorded all species detected during the extended

survey.

In order to identify individual GWWAs, | conducted targeted mist-net captures and
banded captured birds with a unique combination of two color bands. I assumed that
GWWASs were the same individual if I identified one by color bands or if | detected a
bird at the exact same location as a previous detection (i.e. on a fixed territory). All other
birds were assumed to be new individuals. I did not actively target BWWASs or BRWAS
for capture though 1 did incidentally capture and band one of each. | assumed that birds
located at the same exact same spot on multiple days were the same individual.

Habitat Surveys

| established a habitat survey plot at the location of each point-count and at locations
where | incidentally observed a GWWA or BWWA. At each plot center, | recorded the
elevation and geographic coordinates using a handheld geographic positioning system

14



(GPS) and the slope and aspect with a compass. The majority of GWWA foraging

activity consists of probing and gleaning for insects in vines, hanging dead leaves, and

epiphytes (Chandler 2011). | recorded the density of those three microhabitat features in

four quadrants within a 50-meter radius of the plot center using a 1-4 index (Table 2.1;

Figure 2.2).

Table 2.1: Description of microhabitat indices (Adapted from Chandler 2011)

Index Vines Dead Leaves

Epiphytes

1 absent absent
some single vines 1-100

2

3 many singles & 1 vine cluster ~ 100-1000

4 many singes & 2+ vine ~1000
clusters

absent
1-20% coverage of branches

20-50% coverage of branches
>50 % coverage of branches and
trunk

Within a 100-meter radius of the plot center, I recorded the percent cover and

characteristics of all habitat types present (Figure 2.2). | classified habitat types into the

following categories: primary forest, secondary forest, natural disturbance (forest with

canopy gaps, landslides, steep river banks), agroforest (shade coffee, orchards, tree

plantations), guamil (fallow fields with two to four
meters of woody growth), no overstory (pasture and
non-woody crops), and wetland. In each habitat
type present, | measured percent canopy cover and
average canopy height. Canopy cover, as defined by
Jennings et al. (1999), was estimated using a flat 2.5
in.2 mirror with an angle of observation of less than
five degrees. | took five readings spaced 10 meters
apart and averaged the values in each habitat type
that was present. | estimated canopy height by
measuring the height of one tree representative of
the apparent canopy height with a clinometer. To

consider the effect of fragmentation, | recorded
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Figure 2.2: Nested structure of habitat
surveys. Microhabitat characteristics
were recorded in the four “I” quadrants.
Habitat type and associated
characteristics were recorded in the
100 m radius “lI” circle.



presence of a edge within the 100 m plot. Dirt roads, trails and, small streams were not
considered edge if they did not disrupt the canopy. Edge was classified according to five
classes: no overstory, new stand, natural disturbance feature, water feature, and guamil.
The new stand category accounts for edge between a secondary forest and an
agroforestry system such as coffee or cacao as well as an edge that occurs naturally
between two forest stands (i.e. pine and broadleaf). | also recorded water features within
250 meters of the plot center by measuring distance to the first water source and width of
the water. Water features were classified as: wetland, spring, irrigation ditch, stream,
river, and pond/lake. This nested sampling approach captures the landscape
characteristics of the Golden-winged Warbler territory as well as the presence of
microhabitat features that may selected within a territory.

Estimating Climatic Variables

I examined the effect of temperature and precipitation on GWWA presence as those
climatic variables have been used to predict GWWA presence in the non-breeding range
(Will et al. unpublished data, Chandler and King 2011). To determine temperature and
precipitation values, | plotted the GPS coordinates from my data points on the 30 arc-
second ESRI® climate data grids from the WorldClim dataset (Hijmans et al. 2005).
Using ArcMap 10.1 (ESRI 2012), | extracted the monthly mean temperature values and
annual precipitation values for all of my data points. | used the mean temperature of the
month of November in my analysis, as November temperature was correlated with the
means from all months (R=.96) in the non-breeding season and most accurately
represents the beginning of the non-breeding season when habitat selection takes place.

Analysis

To analyze the microhabitat density indices, | added the four quadrants together, creating
a summative index of four to sixteen for each feature. Before conducting any statistical
analysis, | checked habitat variables for collinearity. Elevation was negatively correlated
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with mean November temperature (p<0.001, R?=0.96) and the vine index (p<0.001,
R?=0.21), but was positively correlated with slope (p<0.001, R?*=0.25). Although the R?
value shows a weak goodness of fit for the elevation regressions with the vine index and
slope, | did not use these variables in any models that also considered elevation. | used a
variety of logistic models to test the null hypothesis that GWWAs are detected equally in
all plots regardless of habitat differences. For all logistic models, | compare habitat data
from the locations where | observed GWWAs (n=61) and the locations surveyed multiple
times with no GWWA detections (n=65). It is important to note that plots without
detection of a GWWA are not necessarily habitat that a GWWA has avoided. Point-count
detection is imperfect and seemingly unoccupied plots may still have been used by a
GWWA (i.e. false negative observation). Alternatively, suitable habitat may exist in
more plots than are used by GWWAs. If survival is lower during the breeding season and
migration than during the stationary, non-breeding season, then suitable habitat may be
underutilized in Honduras. The simple logistic analysis | conducted does not account for
imperfect detection probability or temporal changes in occurrence. However, as | did not
collect data over multiple field seasons or test for the probability of detection, logistic
regression provides a suitable analysis of the habitat differences between the points with
and without GWWA detections. For all logistic models, | reported p values calculated by
the Wald test. | used a two-sample T-test to test the difference in habitat variable means
between male and female GWWAs or between BWWASs and GWWAs. To test if habitat
types or forest systems varied between plots with and without GWWA detections, | used
a Fisher’s exact test if any category have count values less than five and a Chi-squared
test if all categories have count values greater than five. This initial analysis allowed me
to reduce the number of variables I considered to be associated with GWWA presence.
To then determine the variables which best explain GWWA occurrence, | created a
logistic model that included the habitat variables shown to be significant in the initial
analysis. | tested its goodness of fit against a backward stepwise selected model by
comparing AICc values and by testing a null hypothesis that there is no difference in
explanatory power between models with a Chi-squared test. All statistics were analyzed
using R version 2.15.1 (2012).

17



3. Results

| detected 51 individual GWWAs at 58 locations. Of the 51 individuals, 45 were males
detected at 49 locations and 12 were females detected at 12 locations. | observed both
sexes together simultaneously at three locations. | detected 20 individual BWWAs at 21
points. BWWAs and GWWAs were both detected at eight locations, though not always
simultaneously. | observed two BRWA at three locations. The BRWAS were not
included in the analysis due to insufficient detections. | surveyed 50 additional points in
which I did not detect any Vermivora species. Detection frequency by species and sex
based on the three SUrvey periods and incidental observations are shown in Figure 3.1a-c
and are significantly different with Fisher’s exact test (p<0.001). The distribution of all
Vermivora detections is shown by species in Figure 3.2a and by GWWA sex in Figure

3.2b.
2 1
B One Dection
23
Multiple Detections

a. GWWA male b. GWWA female c. BWWA

Figure 3.1: Difference in frequency of detection between Vermivora species and sex shown by
number of individuals detected just once as compared to multiple times.

Male & F |
Female 3 erga €
None 50 GWWA 50
Male 46

BRWA 2

GWWA &
BWWA & BWWA12  BwWwWAS
BRWA 1

a. Distribution of Vermivora spp. detection b. Distribution of GWWA sex by detection

Figure 3.2: Distribution of Vermivora species detections.
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Spatial Segregation by Vermivora Species

The relationship between BWWAs and GWWAs on the non-breeding grounds is
relatively undocumented. While this study did not specifically seek to detect BWWAs,
many responded actively to the GWWA and owl-mobbing playback, allowing for
comparison between their habitat associations. | observed BWWAs at lower elevations
and somewhat shorter forest than GWWAs (Figure 3.3). With respect to these variables, |
compared BWWA detections to GWWA detections with a logistic regression. Elevation
was significantly lower for BWWA detections (p<0.01), but | failed to detect a
significant difference in mean canopy height (p=0.14).

S
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— ® ) ®
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£ o8 = ® o ® GWWA
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g — ® ® @ ® ®
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L o ;&GB@G?@%@ @
o — ® ¢ ®
o O W mE O
o - 8 &
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0 5 10 15 20 25 30

Canopy Height (m)

Figure 3.3: Scatterplot of GWWA and BWWA detections with respect to elevation and canopy
height.

Spatial Segregation by Sex

| detected fewer female than male GWWAs (Figure 3.2b). | found females at
significantly lower elevation than males (two-sample T-test p<0.001; Figure 3.4). | also
stopped observing females earlier in the non-breeding season than males. | observed the
last female on January 30, 2012, while | continued to detect males until March 14.
Elevation and date were strongly correlated in my study (R?=0.69, p<0.001) as |
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surveyed lower elevation sites early in the season. This complicates the process of
determining whether the difference in female and male detections was an effect of
elevation, decreased female response to the playback due to date, or a combined effect of
both factors. However, an elevation map of Catacamas shows strong elevational
segregation by males and females for detections made within a three-week period (Figure
3.5).
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Te) |
-1
o (e}
I [
Male GWWA Female GWWA

Figure 3.4: Boxplot of the elevation range at which male and female GWWAs were detected.

Forest System and Habitat Type

| detected GWWASs in all targeted forest systems. For both survey points and incidental
observations, semi-deciduous broadleaf forest had the highest rate of GWWA detections
(Table 3.1). | tested difference in occurrence across forest systems with a Fisher’s exact
test, but failed to reject the null hypothesis that occupancy rates do not differ
significantly between forests (p=0.18 for survey points, p=0.13 for survey and incidental
points).
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A Male GWWA
O Female GWWA

Elevation
—2300 masl

s— 330 masl

N
0 3 Kilometers
A

Figure 3.5: Male and female GWWA detections on an elevation map in Catacamas, Olancho.
Detections in the green valley occurred in an agricultural matrix with patches of semi-deciduous
broadleaf forest. The detections in the mountains occurred in secondary evergreen broadleaf
forest. Elevation data from NASA (2011) ASTER Global DEM V2.

Table 3.1: Rates of GWWA occupancy by forest system. Observation points include both survey
points and locations of incidental detections.

Semi-deciduous Conifer- Evergreen
Broadleaf Broadleaf Mix Broadleaf
Survey points with GWWA 5 8 8
Total survey points 10 29 40
Rate of occupancy 0.50 0.28 0.20
Observation points with GWWA 14 23 24
Total observation points 19 44 56
Rate of occupancy 0.74 0.52 0.43

Across all habitat types, | detected GWWASs most frequently in secondary forest, which
was the dominant habitat in all sites surveyed (Figure 3.6). Although | detected GWWASs
with slightly higher frequency in secondary and naturally disturbed forest and slightly
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lower frequency in no overstory systems, there was no significant difference in the
habitat type composition of plots with and without GWWA presence (p>0.95).
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Figure 3.6: Average percent composition of habitat types in a 100-meter radius for plots with and
without a GWWA detection.

Habitat Characteristics

To consider the effect of canopy coverage and canopy height on GWWA presence, |
created a forest category by combining the primary, secondary, natural disturbance,
agroforest, and guamil habitat types. | observed that GWWAs were common at
intermediate forest heights, and a kernel density smoothed histogram shows that GWWA
detections peaked at a canopy height of 14.5 meters, which is nearly identical to the no
GWWA mean of 14.2 meters (Figure 3.7). However, when considering canopy height as
a quadratic variable, the difference between GWWA presence and GWWA absence plots
is significant as GWWA probability increases in the taller forests surveyed (p<0.05,
Table 3.2, Figure 3.7). | did not find a relationship between canopy coverage and
GWWA presence (p=0.93).
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Figure 3.7: Kernel density distribution of GWWA detections across canopy height compared with
points without GWWAs.

Table 3.2: Statistics for the logistic regression relating canopy height to GWWA presence

GWWA presence ~ Canopy Height + Canopy Height2

z p
Bo -2.5 <0.1
Canopy Height 2.7 <0.05
Canopy Height2 -2.7 <0.05

I considered the effect of the three microhabitat variables (vines, dead leaves, and
epiphytes) on GWWA occupancy in a logistic model. The dead leaf index was the only
significant microhabitat predictor (p<0.05). I also considered the effect of the presence of
water features on the landscape within a 50, 100, and 250-meter radius of the plot center.
Water was only a significant predictor of GWWA presence when considered within the
250-meter radius (p<0.05).

In the field, | observed GWWAS to be most common at lower middle elevations. The

majority of detections occurred between 400 and 1200 meters above sea level and

followed a quadratic shaped distributed (Figure 3.8). | considered elevation as a quadratic
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variable due to the shape of the distribution, and elevation’ was a significant predictor of
GWWA presence (Table 3.3).
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Figure 3.8: Kernel density distribution of GWWA detections across elevation compared with
points without GWWAs.

Table 3.3: Results for the logistic regression considering elevation as a quadratic predictor of
GWWA presence

GWWA detection ~ Elevation + Elevation?

z p
Bo -1.8 <.05
Elevation 2.7 <.01
Elevation® -3 <.01

Edge

A significant edge existed in 80% of points with a GWWA detection and 76% of points
without a detection. Type of edge differed significantly between points with and without
a GWWA detection with a Fisher’s exact test (p<0.001, Figure 3.9). When | considered

all edge types together in a logistic model, only the water feature edge significantly
predicted GWWA occupancy (p<0.01).
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Figure 3.9: Type of edge present for points with and without detection of a GWWA.

Climatic Variables

With respect to precipitation, the Caribbean slope receives far more annual rainfall than
the Pacific slope and interior of Honduras. The annual rainfall map in Figure 3.10 shows
the relationship between study sites and precipitation. When considered with a two-
sample T-test, mean annual precipitation differs significantly between points with and
without GWWA detections (t=3.1, p<0.01, Figure 3.11). Caution should be used when
interpreting these results however, as there were many GWWA outliers at high rainfall
levels. When considering the distribution of the GWWA detections relative to rainfall
and elevation, it was apparent that my selection of study sites exclude locations within
the intermediate rainfall zone (Figure 3.12). Rainfall also appeared to be correlated with
elevation when annual rainfall is less than two meters, as is the case in the majority of the
Honduran interior. Elevation does not, however, account for the high annual rainfall that
exists on the Caribbean slope and the Lago Yojoa basin. | did not test rainfall with other
variables in a logistic model because of the problematic pseudo-collinearity with
elevation and the lack of data from the intermediate rainfall zone.
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Figure 3.10: Rainfall map of Honduras showing locations of survey areas. Rainfall data from
Worldclim.org (Hijmans et al. 2005).
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Figure 3.11: Box plot showing the mean rainfall and distribution of points with and without
GWWAs.
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Figure 3.12: Scatterplot of all points across the rainfall and elevation gradient with GWWA
detections highlighted red.

Best Fit Model

I created a logistic model with the habitat variables that | concluded were significant
predictors of GWWA presence in Honduras and tested its goodness of fit with backward
stepwise selection (Table 3.4). The stepwise selected model better explained GWWA
presence than the original model, as evidenced by a lower AlICc value. I therefore
conclude that all the variables included in the backward selected model are good
predictors of GWWA presence on the Honduran landscape, while the eliminated variable
of canopy height may not be as important as the other variables.

Table 3.4: Best fit logistic model selected by Backward Stepwise

Model Parameters A AICc
Backward GWWA ~ Elevation + Elevation® + Water Feature Edge + Water
Selected within 250m + Dead Leaf Index 0

GWWA ~ Canopy Height + Canopy Height2+ Elevation + Elevation® +
Original Water Feature Edge + Water within 250m + Dead Leaf Index 4
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4. Discussion

Spatial Segregation

The difference in multiple detection rates between GWWAs and BWWAs is not
surprising given that | targeted GWWAs with a playback containing three GWWA
vocalizations, only one of which is shared with the BWWA. However, of the 20
BWWAs | detected, 18 responded actively to the GWWA playback, evidencing the
power of the playback to draw in both species. The other two BWWASs responded to the
owl-mobbing playback. I did not detect any BWWAs incidentally without a playback,
suggesting BWWAs are extremely difficult to detect in the non-breeding season without
a vocalization playback. Overall, BWWAs had significantly fewer multiple detections
than did male GWWAs, suggesting that BWWAs ignored the playback more quickly
than their GWWA counterparts, many of which responded to the playback on two or
three successive days. This also suggests that BWWAs have a lower detection
probability than GWWAs when they are only targeted with a GWWA playback.
Difference in detection probability may partially account for the difference in the total
number of BWWAs detected compared to GWWA:s.

The difference in the total number of male and female GWWA detections can be
partially explained by the sex based variation in response to the GWWA playback. Of the
12 females observed, 42% seemed unresponsive to the GWWA playback (n=5), while
only 13% of the males were unresponsive (n=5). Of these ten unresponsive birds, five
responded to the owl-mobbing playback but not the GWWA playback, and the other five
were observed incidentally without playback use. The owl-mobbing call thus represents
an important tool to increase detection of female GWWAs and males that do not exhibit
aggressive territoriality on the non-breeding range. Females seem to be less detectable
than males overall, though the playback response rates alone may not adequately explain
the difference in number of detections.
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Segregation by elevation (Figure 3.4) may partially explain the difference in number of
detections, as half the points | surveyed exceeded the observed female elevation range.
Other Parulidae species are known to exhibit habitat segregation by sex in their non-
breeding range (Morton et al. 1987, Ornat and Greenbert 1990, Parrish and Sherry 1994).
Habitat segregation can affect non-breeding season fitness as well as reproductive
success if females occupy lower quality habitat than adult males (Marra and Holberton
1998, Marra et al. 1998). As a consequence of occupying lower quality habitat, female
and juvenile male American Redstarts (Steophaga ruticilla) departed for northward
migration at later dates, had lower survival during migration, and produced less offspring
on the breeding grounds (Marra el al. 1998). However, in the case of the Hooded Warbler
(Steophaga citrina), females occupy drier, shrubbier habitats during the non-breeding
season by apparent preference rather than intrasexual competition or lack of available
high quality habitat (Morton et al. 1987). Further research should focus on female
GWWA:S to determine if female occupied habitat is of lower quality than male habitat
and if females have sex specific habitat requirements. As GWWA males are detected at
far higher rates than females in all non-breeding studies, it is possible that conservation
efforts may be targeting male GWWA habitat and overlooking female habitat (Chandler
2011, Chavarria and Duriaux 2009). This topic warrants further research.

Forest System and Habitat Type

Although the rates of occupancy between the three forest systems | surveyed were not
significantly different, this study shows that occurrence of GWWAs is not limited to
lower and middle elevation tropical wet forest as suggested in recent literature (Chandler
and King 2011, Will et al. unpublished data). Studies leading to the assumption that
GWWASs only occupy tropical wet forest took place in the southern portion of the non-
breeding range and primarily considered tropical wet and dry forest (Tramer and Kemp
1982, Blake and Loiselle 2000, Orejuela et al. 1980). However, published records
documenting GWWASs in other ecosystems exist, including observations, captures, and
specimens collected from Central American pine-oak forest (Monroe 1968, Andino and
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Komar 2010, Chavarria and Duriaux 2009). Howell and Webb (1995) stated anecdotally
that GWWASs occur in semi-deciduous forest, though I am unaware of a published
observation or specimen of a GWWA from that habitat prior to this study. In Nicaragua,
GWWASs were detected in pine-oak forest at 10-30% of point count sites using the same
point count protocol | followed (Chavarria and Duriaux 2009). However, the Nicaraguan
study suggested that GWWA occur in lower densities in pine-oak forest than humid
broadleaf due to lower relative humidity.

While deforestation has occurred in Honduras, pine dominated forest still covers 23% of
the Honduran landscape and humid broadleaf covers 35% (Rivera et al. 2011). Semi-
deciduous broadleaf is rare enough that it was not considered in this recent MODIS
supervised land classification (Rivera et al 2011). The Catacamas Valley was simply
classified as “Farm/Pasture” While the Catacamas area is dominated by cultivated land, I
observed 14 GWWAs in small patches of remnant forest (<20 ha) and in narrow gallery
forest (~50m wide) preserved along stream corridors. None of the remnant forest can be
considered primary due to tree removal, extensive edge, and heavy cattle grazing, yet it
still provides habitat to GWWAs. Most importantly, it is the only site where | detected
male and female GWWAs in equal numbers.

Habitat Characteristics

Many of the habitat characteristics significantly associated with GWWA presence in my
study agree with habitat studies from other parts of the non-breeding range (Chandler and
King 2011, Chavarria and Duriaux 2009). The relationship between GWWA occurrence
and canopy height is similar to that documented by Chandler and King (2011) in Costa
Rica, which indicated that GWWAs occurred in greatest densities in forests of medium
height. The relationship between GWWA occurrence and elevation, which was
supported in my best-fit model, was not a strong variable in Costa Rica, where annual
precipitation drove habitat selection more than elevation In contrast, annual precipitation
data in this study suggests that GWWAs are found in greater densities in low rainfall
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sites. This contradicts results from Costa Rica, where Chandler (2011) found that
GWWA presence peaked at 2.5 m of annual rainfall while birds were absent from areas
with 1.5 m of rainfall or less. While I did observe GWWAs in areas with rainfall as high
as three meters per year, mean annual rainfall for all GWWA points was 1.65 meters
with 43 GWWA detections occurring in areas with 1.5 m or less of annual rainfall.
Rainfall may be a good predictor of GWWA density at the scale of one mountain range,
but these results indicate that the relationship between GWWAs and rainfall is not

consistent across the non-breeding range.

This study identified dead leaves but not vines as an important microhabitat feature
associated with GWWA occurrence. The support for dead leaves and not vines in the
model may be a consequence of sampling in pine-oak forest. Vine clusters catch and
suspend dead leaves dropping from the canopy in humid broadleaf forests and have been
significantly associated with GWWA presence, but | observed vines to be largely absent
from the pine-oak forest (Gradwohl and Greenberg 1982, Chandler and King 2011). The
understory oak trees of the pine-oak system often have single dead leaves scattered
throughout the crown or a cluster of dead leaves at the site of a dying branch. Humid
valleys or “arroyos” also exist throughout pine-oak forest and the dense thickets and
brambles of the steep drainages may also serve to suspend leaf litter. My results suggest
that the dead leaves, which may be in present in the crown of a tree, suspended in vine
clusters in humid broadleaf, or suspended in the drainage thickets of the pine-oak system
are the most important microhabitat feature associated with GWWA occurrence.

Presence of a water feature within 250 meters of a plot center strongly indicated the
presence of GWWAs. The scale at which water features were significant is the average
size of a GWWA non-breeding range territory (Chandler 2011). Densities of other
Neotropical warblers increased relative to the availability of arthropods on the non-
breeding range (Johnson and Sherry 2001), and the humid microclimate created by a
water feature may support a higher arthropod density relative to the surrounding
landscape (Cloudsley-Thompson 1962).
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I found that GWWAs were negatively correlated with anthropogenic forest disturbance
and positively correlated with natural disturbance and water features. While
anthropogenic disturbance tends to create a desiccating edge, natural and water
disturbance features are characterized by dense woody vegetation surrounded by a closed
forest canopy, high density of hanging vines, and high density of dead leaves. Natural
disturbance features therefore created conditions more suitable to dead leaf foraging.
While GWWAs occurred in small forest patches in the Catacamas Valley, it is possible
that these patches do not provide the high quality habitat needed to ensure successful
migration and reproduction, due to presence of desiccating edges. Investigating
relationships between fragmentation, forest patch size, and habitat quality may provide
important insight into the prolonged population decline of the GWWA.
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5. Conclusion

Honduras has experienced rapid deforestation and forest fragmentation since the 1950s
as a result of logging, farming, coffee production, and cattle ranching (Ludeke 1990,
Southworth et al. 2004). Although the Honduran national park system has succeeded in
preserving some large tracts of forest, land outside of parks has consistently declined in
forest cover (Southworth et al. 2004). Mean elevation for GWWA detection in Honduras
(864 m) is too low to be protected by the national park system, which was designed to
preserve cloud forests above 1800 m for their function as recharge zones in watersheds.
Private reserves, integrated coffee production, and managed forests have potential to
maintain suitable habitat for this species. Some large landowners in Olancho protect
lowland forest through personal initiative (Bonta 2003). The pine-oak forest I surveyed
in La Muralla is currently managed under the direction of a village with 40 inhabitants.
Their efforts have preserved much of the pine-oak forest, which is now managed on a
sustainable harvest rotation. Conservation efforts should focus on groups such as these,
which have the potential to continue to protect area outside of the national park system.
Focusing conservation efforts on the protection of existing riparian forest can also help to
preserve GWWA habitat.

By providing the first overview of GWWA distribution and habitat associations in
Honduras, this study was able to demonstrate GWWA use of habitats previously thought
to be suboptimal or unoccupied. The identification of these new habitat associations
raises questions worthy of future research. Persistence of a species depends on the
survival and reproductive success of its females. Understanding the specific threats to the
habitat selected by females is key to GWWA conservation efforts. Also, simple GWWA
occurrence across a wide range of forest and habitat types in Honduras does not mean
that these areas provide equal resources to maintain fitness or insure the survival of non-
breeding birds. Investigating habitat specific changes in GWWA body condition and
stress levels throughout the non-breeding season will help conservationists identify the
best quality habitats and areas in which to focus conservation efforts.
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Appendix B

Table B.1: Percent composition data for plots with a Vermivora detection

GWWA BWWA GWWA female GWWA male

n=61 n=21 n=12 n=49
Forest System*
Semi-deciduous Broadleaf 23 38 58 14
Conifer-broadleaf 38 19 8 45
Evergreen Broadleaf 40 43 33 41
Edge*
No edge 20 14 8 22
Pasture Edge 20 38 42 14
Agroforest Edge 5 10 17 2
Forest Edge 10 14 0 12
Natural Disturbance Edge 15 10 0 18
Water Feature Edge 23 5 25 22
Guamil Edge 8 10 8 8
Habitat type (100 m radius)*
Primary Forest 0.3 0 0 0.4
Secondary Forest 65 66 59.2 67.5
Natural Disturbance 9.6 8.1 5.8 10.5
No Overstory 10.4 17.9 19.2 8.3
Agroforest 7.6 3.8 4.2 8.5
Wetland 1.8 2.3 25 1.6
Guamil 4.7 1.9 6.7 4.2
Presence of water feature
Water within 250 m 82 81 92 80
Water within 50 m 57 67 58 57

*Values reported are percentages. Columns may not equal 100 due to rounding.
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