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Abstract Migratory birds face population declines attrib-
uted to habitat loss and modification in the wintering
grounds, which may influence body condition, time of
arrival to breeding grounds, and future reproductive
opportunities. Despite this, very little is known of the
wintering ecology of migratory birds. During three winter
seasons, we assessed Wilson’s Warbler (Cardellina
pusilla) density, territory size, and body condition at three
cloud forest sites in southeast Mexico, with differing
degrees of habitat disturbance and forest cover: preserved
125 ha of cloud forest actively protected for 40 years;
moderately disturbed site of 67.5 ha of cloud forest under
protection for 29 years; and highly disturbed unprotected
site with 6.5 ha of cloud forest. We determined warbler
density using 20 unlimited-radius point-counts at each site.
We also captured and measured birds (n = 74) over three
years, to obtain a body condition index, and re-sighted
color-banded birds to determine individual territory size at
each site. Bird densities were two times greater and
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territory size was smaller in the conserved forest site
compared to disturbed sites with lower forest cover.
However, there was no significant difference among sites
in the body condition index of territorial birds. Further-
more, territory size and body condition were relatively
constant among years for birds in conserved forest, but
exhibited high inter-annual fluctuations at disturbed forest
sites. Considering the higher bird density, smaller territory
size, and inter-annually consistent body condition at the
conserved cloud forest site, we propose that this represents
higher quality wintering habitat for Wilson’s Warblers.

Keywords Body condition - Cardellina pusilla - Cloud
forest - Vegetation structure - Wilson’s Warbler - Winter
ecology

Zusammenfassung

Storungen im Winterquartier beeinflussen die Territo-
rien-GroBe und -Besetzungsdichte bei einem neotropi-
schen Zugvogel (Cardellina pusilla)

Verlust oder Veriinderung ihrer Habitate in den Uberwin-
terungsquartieren fiihren bei Zugvogeln zu einem Riick-
gang der Populationen und beeinflussen moglicherweise
ihre gesamte physische Verfassung, ihre Ankunft in den
Brutgebieten und die Fortpflanzungsmdglichkeiten. Den-
noch wei man nur sehr wenig iiber die Okologie der
Uberwinterung von Zugvogeln. Uber drei Winter hinweg
bestimmten wir in Siidost-Mexiko in drei Nebelwaldge-
bieten fiir den Monchswaldsénger (Cardellina pusilla) die
GroBe und Besetzungsdichte der Territorien sowie ihre
physische Verfassung. Diese Parameter wurden fiir drei
Areale mit unterschiedlich starken Stdrungen und mit
unterschiedlicher Bewaldung erfasst: (1) 125 ha grofe, iiber
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40 Jahre aktiv geschiitzte Nebelwaldareale, (2) nur maBig
gestorte, liber 29 Jahre geschiitzte, 67,5 ha grofle Areale,
(3) stark gestorte, nicht geschiitzte Areale von 6,5 ha GroBe.
Anhand von 20 ,unlimited-radius“-Punktzdhlungen
bestimmten wir die Dichte/Haufigkeit der Vogel in jedem
Areal. Ferner fingen wir iiber drei Jahre hinweg Vogel
(n = 74) und nahmen ihre MaBle, um einen Korperverfas-
sungs-Index aufzustellen. Die Beobachtung von farbig
markierten Vogeln gab uns auBlerdem Aufschluss iiber die
individuellen Reviergrofen in den jeweiligen Nebelwald-
Arealen. In den geschiitzten Arealen war die Individuen-
dichte doppelt so groB, die Reviere jedoch kleiner als in den
ungestorten Arealen mit geringerer Bewaldung. Beim
Korperverfassungs-Index gab es jedoch keinen signifikan-
ten Unterschied zwischen den einzelnen Arealen.
ReviergroBe und physische Verfassung erwiesen sich iiber
die Jahre bei den Vogeln aus geschiitzten Waldarealen als
ziemlich konstant, zeigten aber grofle Unterschiede zwi-
schen den Jahren fiir die Vogel aus Arealen mit Storungen.
Wegen der grofleren Vogeldichte, der kleineren Reviere
und der iiber die Jahre gleichbleibenden korperlichen Ver-
fassung der Vogel in den geschiitzten Nebelwald-Arealen
gehen wir davon aus, dass diese fiir Monchswaldsénger ein
qualitativ hoherwertiges Winterquartier darstellen.

Introduction

Over the last two decades, studies have documented pop-
ulation decline in numerous species of Neotropical migra-
tory birds (Robbins et al. 1989; Askins et al. 1990; Ballard
et al. 2003; Sauer et al. 2014), while resident bird species do
not show a similar trend (Rappole and McDonald 1994).
These population declines seem to be correlated with
habitat loss on the wintering grounds (Robbins et al. 1989;
Askins et al. 1990; Sutherland 1996), or at migration stop-
over sites (Weber et al. 1999; Iwamura et al. 2014), and are
further indicated by a decrease in the number of individuals
returning to breeding areas after migration (Rappole and
McDonald 1994), leaving suitable nest sites unoccupied
(McShea et al. 1995). One hypothesis to explain this pop-
ulation decline of Neotropical migratory birds is the nega-
tive influence of processes occurring in the wintering
grounds (Rappole and McDonald 1994).

Wintering habitat quality may determine the body con-
dition, survival, and reproductive fitness of migratory birds
(Marra et al. 1998; Marra and Holmes 2001; Norris et al.
2004; Gunnarsson et al. 2005). In Jamaica, individual
American Redstarts (Sefophaga ruticilla) occupying higher
quality mature mangrove forests in winter are in better
condition, and are the first to depart their wintering terri-
tories, compared to individuals occupying suboptimal
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second-growth scrub, thereby increasing their chances of
breeding success (Marra et al. 1998; Marra and Holmes
2001). However, there is a lack of knowledge on wintering
habitat use of migratory birds in the tropics, which could
vary greatly among species (Rappole and McDonald 1994;
Marra et al. 1998; Brown and Long 2007).

In general, population size should be greater in higher
quality habitats (Gilroy and Sutherland 2007), showing a
positive correlation of bird density with resource abundance
(Greenberg 1992; Lefebvre et al. 1994; Lefebvre and Poulin
1996) and body condition (Sherry and Holmes 1996). Fur-
thermore, even when bird density is negatively correlated
with body condition and food abundance (Marra and
Holmes 2001; Hart et al. 2011), this may still provide an
indication of habitat quality if complimented by data from
other variables (van Horne 1983; Vickery et al. 1992).
Migratory birds that maintain territoriality during the winter
may be expected to follow the same pattern of higher
densities and smaller territories in better quality habitats.

Wilson’s Warbler (Cardellina pusilla) is a long-distance
migratory species that occupies forested habitats through-
out its range, and exhibits territoriality both in breeding and
wintering grounds (Eckhardt 1979; Ammon and Gilbert
1999; Rappole and Warner 1980; Hutto 1981). Wilson’s
Warbler occurs in Canada, USA, and Mexico, and is
undergoing a steep population decline (Berlanga et al.
2010), with a 2.21 % annual decline documented for the
western population (Sauer et al. 2014; Ruiz-Sanchez et al.
2015) that is primarily related to intensive livestock graz-
ing on their breeding grounds (Saab et al. 1995). During the
breeding season, Wilson’s Warbler occupies both regen-
erated forests and clear-cut areas (Hejl et al. 1995; Des-
rochers et al. 2012), but uses a greater range of habitats in
winter (Hutto 1981, 1994; Stiles et al. 1995) than in the
summer (Eckhardt 1979; Finch 1989). Migratory birds
often change their feeding habits between summer and
winter, therefore habitat requirements are likely to vary
between seasons (Long and Stouffer 2003; Pierce and
McWilliams 2005; Martins et al. 2013). Furthermore,
evidence suggests that forest habitats may be more favor-
able for Wilson’s Warbler during migration. Graham and
Blake (2001) found that several migratory species,
including Wilson’s Warbler, were more abundant in large
areas of closed, mature forests during the winter. Yong
et al. (1998) also found a higher proportion of adult Wil-
son’s Warblers in forest habitats during stopover in New
Mexico, where they had positive rates of fat deposition,
whereas birds in agricultural fields and edge habitats had
the lowest rates of fat deposition and longer stopover times.

Studies on the wintering ecology and dynamics of
migratory birds could give an insight into these species’
population declines, since there could be negative effects
on populations due to habitat modification in the wintering
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areas. Carryover effects from wintering habitats on
breeding success of migratory birds have been repeatedly
proven (Marra et al. 1998; Norris et al. 2004; Reudink et al.
2009), although these have mainly been based on com-
parisons of birds wintering in different types of habitat
(Sherry and Holmes 1996; Marra et al. 1998; Latta and
Faaborg 2002; Saino et al. 2004). Little is known of the
possible effects of changes in vegetation structure due to
human disturbance on the wintering ecology and condition
of migratory birds within the same habitat type. Therefore,
our objective was to assess Wilson’s Warbler winter den-
sity, territory size, and body condition in three cloud forest
sites with differing degrees of habitat disturbance and
forest cover. We expected that Wilson’s Warblers in con-
served cloud forest would present higher densities, smaller
territory size, and improved body condition compared to
birds wintering in disturbed cloud forest fragments.

Methods
Study area

The study was conducted in the cloud forest of central
Veracruz, Mexico, in an Important Bird Area (Arizmendi
and Marquez Valdelamar 2000). We sampled three sites
with varying degrees of forest modification that were
separated by 5—11 km. The conserved forest site comprised
125 ha of continuous, mature cloud forest, surrounded by
secondary growth cloud forest, 40 ha of which occurs in
the Santuario de Bosque de Niebla Francisco Javier Clav-
ijero (19.5°N, 97.02°W), that has been managed as a pro-
tected area by the Instituto de Ecologia A.C. since 1976.
The moderately disturbed site comprised 67.5 ha of mature
cloud forest located in El Tejar Garnica, Xalapa (19.52°N,
96.89°W), which has been under protection since 1986, and
is surrounded by secondary growth, grassland, and urban
areas. Finally, the highly disturbed site was located in the
66-ha Rancho El Trébol, in Banderilla county (19.59°N,
96.97°W), and comprised several cloud forest fragments
(totaling 6.5 ha of cloud forest), that were surrounded by
disturbed and second growth forest, and immersed in an
agricultural matrix. The region has a temperate-humid
climate with mean temperature of 18 °C, and year-round
rainfall of 1500-2000 mm annually (Williams-Linera et al.
2013). All sites were located within an altitudinal range of
1320-1690 m above sea level to reduce potential effects
due to altitudinal variation.

Forest structure

To evaluate the influence of habitat modification on forest
structure at the three sites, we measured five woody

vegetation parameters: tree height, abundance and basal
area, and shrub height and abundance. We established a
25-m-diameter circular plot in 80 marked Wilson’s War-
bler territories (Blake and Hoppes 1986): 30 plots in the
conserved forest site, 26 plots in the moderately disturbed
site, and 24 plots in the highly disturbed site. Within each
plot, we counted all trees and shrubs to quantify abun-
dance, and calculated tree and shrub height using a cli-
nometer (Suunto PM-5). We also estimated tree basal area
from the center of the sample plot using an angle gauge
(JIM-GEM Cruz-All) with an English basal area factor of
five (Barret and Allen 1966).

Bird density

To determine the density of Wilson’s Warblers, we
established 20 variable-radius point-counts within a ~ 60-
ha area at each site (Buckland et al. 1993), with a sepa-
ration distance of 200 m between point-counts, which is
sufficient to avoid pseudo-replication (Hurlbert 1984) and
spatial correlation among sites (Rueda-Hernandez et al.
2015). All point-counts were located in cloud forest
vegetation, and at the highly disturbed site point-counts
were distributed among various cloud forest patches
maintaining a separation of 200 m among points. One
observer (A. R. S.) conducted all point-counts during
January in the winters of 2011-2012, 2012-2013, and
2013-2014. However, only eight point-counts were con-
ducted at the highly disturbed site of Trébol during the
first winter of 2011-2012. Each point-count was con-
ducted for 5 min, during which we recorded all visual and
audio detections of Wilson’s Warbler individuals (Ralph
et al. 1996), and measured the distance from the observer
to each detection with a range finder (Vortex Ranger
1000).

Body condition

We used up to four 12-m-long, 32-mm-mesh mist nets with
playback (Johnson et al. 1981) to capture territorial Wil-
son’s Warbler individuals. Over three seasons we captured
a total of 72 individuals with two recaptures, obtaining a
total of 74 body condition measurements: 29 in the con-
served forest site (2011-2012, »n = 10; 2012-2013,
n = 10; 2013-2014, n = 9); 25 captures in the moderate
disturbance site (2011-2012, n = 6; 2012-2013, n = 9;
2013-2014, n = 10); and 20 captures in the highly dis-
turbed site (2011-2012, n =2; 2012-2013, n=S§;
2013-2014, n = 10). Captures were conducted in late
December and January to exclude transitory migrating
individuals and because birds were not responsive before
mid-December, possibly because they had not yet estab-
lished territories.
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For each captured bird we determined age and sex fol-
lowing Pyle (1997) and Guallar et al. (2009), although most
of the banded individuals were males (76 %) and adults
(60 %), and this was consistent among the three sites and
years. We also estimated a score (0-5) for fat accumulation
in the furcular hollow or elsewhere on the body (North
American Banding Council 2001). However, given that
captures were undertaken in December shortly after birds
established winter territories, 96 % of captured birds had no
trace of body fat, and the rest had a fat score of 1 (three
individuals); therefore, we pooled all data for body condition
analysis. We measured wing chord (wing-ruler, 15-cm
length, 0.5-mm precision), tarsus (digital caliper, 0.1-mm
precision), and body mass (OHAUS Scout scale, 200-g
capacity, 0.1-g precision) of each captured bird. We then
calculated body condition following Strong and Sherry
(2000, 2001) where body mass was first regressed against
tarsus and wing length (r2 = 0.308, F,76 =169,
P < 0.001). This provided the regression equation: predicted
body mass = —1.49 + (0.13 x tarsus) + (0.11 x wing).
We then calculated the body condition index by subtracting
predicted body mass from actual body mass. Finally, we
attached Darvic color bands for later visual identification of
released birds (Ralph et al. 1996).

Territory size

To estimate territory size, we followed color-banded indi-
viduals within 4 h after sunrise, on two different occasions
~?2 weeks apart during the winter (Marra and Holmes
2001), and only estimated territory size for individuals with
at least five georeferenced location changes per visit. When
a banded bird was re-sighted, we followed its movements
for up to 2 h to record location changes and obtain a global
positioning system coordinate for each new location. This
provided a minimum of 10 min of location changes (ex-
cluding time when the bird was perched) per visit. When
birds were lost from sight, movement recording was paused
and only continued when the individual was re-sighted.
Birds were detected and followed through mature and
secondary growth cloud forest in the conserved and mod-
erately disturbed sites as no individual at these sites was
territorial in the surrounding disturbed matrix. However, in
the highly disturbed site birds also used open areas with
scattered trees that we confirmed were part of the territory
by observations of agonistic behavior with conspecifics or
response to playback.

We measured territory size for 63 individuals: 23 in the
conserved forest site (2011-2012, n = 8; 2012-2013,
n = 8;2013-2014, n = 7 individuals); 20 territories in the
moderate disturbance site (2011-2012, n = 5; 2012-2013,
n = 7;2013-2014, n = 8 individuals); and 20 territories in
the highly disturbed site (2011-2012, n = 2, 2012-2013:
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n = 8, 2013-2014, n = 10 individuals). There were two
territory estimates of the same individual in different
winters: once in the moderately disturbed site, and once in
the highly disturbed site. We calculated territory size using
the minimum convex polygon function in Hawth’s tools
(Beyer 2004) and the layer attributes function in ArcGIS
9.3 [Environmental Systems Research Institute (ESRI)
2008].

Statistical analysis

We evaluated normality using the Shapiro-Wilk test.
Forest structure variables (mean tree height, mean shrub
height, and tree basal area) were all normally distributed,
therefore we performed one-way ANOVA tests to compare
these structural characteristics among sites. Where a sig-
nificant difference was found, we applied Tukey post hoc
tests to determine which site was significantly different.
However, we used Kruskal-Wallis ANOVA with Dunn
post hoc test to compare tree and shrub density among sites
since these data were not normally distributed.

We analyzed point-count bird survey data using the
Distance program (Thomas et al. 2010) to obtain Wilson’s
Warbler density estimates for each site, selecting the den-
sity model with the lowest Akaike value, which in this case
was the half-normal model. To determine whether density
estimates were significantly different among sites, we
compared 84 % confidence intervals, assuming significant
differences when confidence intervals did not overlap
(Payton et al. 2003; MacGregor-Fors and Payton 2013).
Density estimates based on 20 point-counts were compared
among the three sites in the winters of 2012-2013 and
2013-2014. However, for the first winter of 20112012, we
compared density estimates from just the conserved and
moderately disturbed sites as only eight point-counts were
conducted in the highly disturbed site during the first year,
and these did not provide sufficient data for comparison.

We found no statistical differences in body condition by
age (t;0 = 049, P = 0.61) or sex (7 = —0.46, P = 0.64)
of individuals, therefore we combined data for further
analyses. Body condition data were normally distributed
only for the first winter of 2011-2012 (Shapiro—Wilk test)
when comparing just the conserved and moderately dis-
turbed sites as there was insufficient data to include the
highly disturbed site in the analysis. Therefore, we applied
a two-sample #-test to compare body condition of birds
between the conserved and moderately disturbed sites in
the first winter, and used Kruskal-Wallis ANOVA with a
Dunn post hoc test to compare among the three sites in the
second and third winters. When combining data from all
three winters, we included data from recaptured birds only
for the first winter they were captured, so as to preserve the
assumption of independence for statistical tests.
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Territory size also did not differ significantly by age
(Us9o=—171, P =0.09) or sex (Uso= —0.78,
P = 0.43), and data were combined for further analyses.
Territory size data were only normally distributed for the
first winter of 2011-2012; therefore, we performed a two-
sample #-test to compare territory size of Wilson’s War-
blers between the conserved and moderately disturbed sites
in the first winter. We then performed Kruskal-Wallis
ANOVA with a Dunn post hoc test to compare territory
size among all three sites for the second and third winters,
and for all three winters combined. For all statistical
analyses we used o = 0.05 and descriptive statistics are
presented as mean £ SD.

Results

Habitat variation in forest structure

We found significant differences among forest sites in tree
abundance (H,77 = 25.4, P < 0.001), tree height (F, 77 =
3.73, P =0.028), shrub abundance (H,;; =40.1,

P < 0.001), and shrub height (F,;; = 13.0, P < 0.001).
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Overall, plots at the conserved forest site had more trees
and shrubs, and these were taller than in the disturbed
forest sites (Fig. 1). In particular, tree and shrub abundance
were significantly greater in the conserved cloud forest site
compared to the moderately disturbed (trees, g = 2.53,
P < 0.05; shrubs, ¢ = 5.24, P < 0.05), and highly dis-
turbed (trees, g = 5.02, P < 0.05; shrubs, g = 5.54,
P < 0.05) sites. Moreover, the moderately disturbed site
had significantly greater tree abundance than the highly
disturbed site (¢ = 2.46, P < 0.05). Trees were also sig-
nificantly taller in the conserved forest compared to the
moderately disturbed forest (¢ = 3.79, P = 0.025),
and shrubs were significantly taller in the conserved site
compared to both disturbed sites (moderately disturbed,
g =695 P <0.001; highly disturbed, ¢ = 4.89,
P < 0.003).

Variation in bird density

During each of the three winters, density of Wilson’s
Warbler was highest in the conserved cloud forest site of
Sanctuario Bosque Niebla (Fig. 2), with a mean 9.8 £ 1.6
individuals (ind)/ha, which was more than double the
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Fig. 1 Mean (£SD) vegetation structure of a shrub height, b shrub abundance, ¢ tree height, and d tree abundance within Wilson’s Warbler
territories in three cloud forest sites with differing degrees of disturbance
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Fig. 2 Density estimates [individuals (ind)/ha] with 84 % confidence
intervals (CI) for Wilson’s Warblers at three cloud forest sites with
different degrees of disturbance, in three consecutive winters
a 2011-2012, b 2012-2013, and ¢ 2013-2014, based on 20 point-
counts per site. There is a significant difference among sites where CI
do not overlap

density of Wilson’s Warblers in the disturbed sites (mod-
erately disturbed, 4.3 & 0.26 ind/ha; highly disturbed,
4 £ 0.4 ind/ha). Furthermore, density estimates at each site
were consistent among years (Fig. 2). Comparison of the
84 % confidence intervals demonstrated that in all three
winters bird density was significantly higher in the con-
served cloud forest site compared to disturbed sites
(Fig. 2).
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Fig. 3 Mean body condition (£SD) of territorial Wilson’s Warblers
at three cloud forest sites with different degrees of disturbance
(a conserved, b moderately disturbed, ¢ highly disturbed) in three
consecutive winters (2011-2012, 2012-2013, 2013-2014)

Body condition

Wilson’s Warbler had an overall body condition index of
—0.23 £ 0.29 (n = 74). Body condition indices did not
differ significantly among sites in each winter season, or
for all three winters combined (conserved forest site,
—0.27 £ 0.26, n = 30; moderately disturbed, —0.16 &+
0.35, n = 23; highly disturbed, —0.26 + 0.27, n = 21).
Nevertheless, birds in conserved forest exhibited a rela-
tively constant body condition index over all winters,
whereas birds in disturbed forest sites showed greater inter-
annual fluctuations in body condition indices (Fig. 3).

Variation in territory size

Overall, mean winter territory size of Wilson’s Warbler in
cloud forest was 766.2 + 858.3 m?> (n = 61 territories).
Taking all 3 years together, birds in the conserved cloud
forest site had smaller territories of 361.7 & 228.2 m*
(n =23 birds), compared to a territory size of
1092.6 4 1226.4 m* for 18 birds in the moderately dis-
turbed site, and 890.2 + 743.6 m? for 20 birds in the
highly disturbed site. Furthermore, in each of the three
winter seasons territory size was smaller in the conserved
forest site compared to the disturbed forest sites (Fig. 4).
We found a significant difference in territory size among
sites for the third winter season (H,,4 = 7.8, P = 0.021),
and for all three seasons combined (H,s3 = 8.41,
P = 0.015). Dunn post hoc analysis showed that in both
cases birds in the conserved forest site had significantly
smaller territories compared to birds in the highly disturbed
forest site (2013-2014 winter, g = 2.79, P < 0.05;



J Ornithol (2017) 158:63-73

69

4000 a b c
3000

2000 1

Territory size m?

1000 -

L ol

2011-12 +——o——

2012-14 4——
2012-13 {—<—
2012-14 ———

2011-12
2012-13 { re+
2012-14 e
2012-13
201112

Fig. 4 Mean (£SD) territory size of Wilson’s Warblers in three
cloud forest sites with differing degrees of disturbance (a conserved,
b moderately disturbed, ¢ highly disturbed) over three consecutive
winters (2011-2012, 2012-2013, 2013-2014)

combined winters, g = 2.77, P < 0.05). Moreover, in the
conserved forest territory sizes were small in each of the
three winters, but birds in disturbed forest sites showed
higher inter-annual variation in territory size (Fig. 4).

Discussion

We found that Wilson’s Warblers in the conserved cloud
forest site had greater densities, smaller territory sizes, and
more consistent inter-annual variation in body condition,
suggesting that the conserved forest site represents higher
quality winter habitat for the species. The conserved forest
site also had greater abundance of taller trees and shrubs
than the disturbed forest sites. Therefore, mature, con-
served forests may have greater structural complexity able
to hold a larger number of birds, with territorial individuals
able to meet their resource requirements within a smaller
defended area than birds in disturbed forests. A high-
quality habitat is considered to have sufficient resources to
support a higher population size than a low-quality habitat
(Gilroy and Sutherland 2007). Nevertheless, density esti-
mation alone may not be a good indicator of habitat
quality, and needs to be accompanied by the evaluation of
other variables (van Horne 1983; Vickery et al. 1992;
Marra and Holmes 2001). Thus, the fact that Wilson’s
Warblers also have smaller territories in the conserved
forest, and that all three variables of density, territory size,
and body condition are consistent among winter seasons in
the conserved forest site, strengthens the conclusion that
this represents higher quality habitat for migrating Wil-
son’s Warblers.

Wilson’s Warbler appears able to breed in both dis-
turbed and undisturbed habitats (Hejl et al. 1995; Des-
rochers et al. 2012). During migration, however, forest
habitats may be more suitable stopover sites for the spe-
cies, as forest sites with tall trees and a mix of shrubs

enabled birds to gain body mass at a higher rate and spend
less time in stopovers compared to agricultural fields and
edge habitats (Yong et al. 1998). This is supported by our
findings for the winter season, where conserved cloud
forest, with more abundant and taller shrubs and trees, may
provide homogeneous and consistent habitat conditions
among years, enabling migrating birds to maintain similar
behavior and condition through time, as indicated by the
relative constancy of bird density, territory size, and body
condition among years at the conserved forest site.

Wilson’s Warbler territory size in cloud forest of central
Veracruz was smaller than previous territory estimates for
the species. Our overall mean territory size of 737 m* was
smaller than the territory sizes reported for Wilson’s
Warbler at summer breeding grounds in North America,
which range from 2000 to 13,000 m?> (Stewart 1973; Ste-
wart et al. 1977). This pattern of smaller winter territories
compared to breeding territories is shared by other insec-
tivorous warblers such as the Hooded Warbler, Setophaga
citrina (Rappole and Warner 1980; Howlett and Stutch-
bury 1997), and American Redstart, Setophaga ruticilla
(Sturm  1945; Ficken 1962; Sherry and Holmes
1989, 1997). However, territory sizes obtained in our study
were also smaller than the 3000-m? home range reported
for Wilson’s Warbler during winter in the rainforest of
Veracruz (Rappole and Warner 1980), although home
range may include exploratory movements and may com-
prise area not actively defended by individuals. Further-
more, Rappole and Warner (1980) estimated home range
by dividing the survey area with the number of individuals,
and may include some dead space in the estimate of home
range. Therefore, we recognize that there may be limita-
tions in comparison of territory size estimates among
studies as not all studies use the same method for deter-
mining territory size.

Nevertheless, territories as small as those maintained by
Wilson’s Warblers in the cloud forest of Veracruz have
also been reported for the Yellow Warbler, Setophaga
petechia (520 mz) in Chiapas, Mexico, where individuals
defend the richest arthropod habitat (several trees) within a
pasture matrix (Greenberg and Salgado-Ortiz 1994).
Therefore, the overall small territory size recorded for
Wilson’s Warblers in our study suggests that cloud forest
may be a resource-rich wintering habitat. Cloud forest may
present benign microclimatic conditions for Wilson’s
Warblers since humid habitats with increased rainfall have
greater arthropod abundance, and are better habitats for
primarily insectivorous migratory birds (Latta and Faaborg
2002; Studds and Marra 2005, 2007; Brown and Sherry
2006; Smith et al. 2010). Cloud forest has high levels of
precipitation, similar to other wet-forest habitats, although
even rainforests have been reported to have lower arthro-
pod abundance than cloud forest (Townsend et al. 2012).
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Moreover, humid habitats have been linked to improved
body condition of another Neotropical migratory war-
bler, the American Redstart (Marra et al. 1998; Marra and
Holmes 2001).

Although territory size of Wilson’s Warbler was larger
in the disturbed forest sites, there was no difference in
body condition among degrees of forest disturbance. This
suggests that birds modify their behavioral strategies to
compensate for resource differences among habitats. Birds
can modify their diet through foraging plasticity (Martins
et al. 2013), store more fat in habitat with few or less
constant resources (Strong and Sherry 2000), and defend a
larger territory under low food availability. It is possible
that, even when resources may be unevenly distributed in
cloud forest fragments of differing sizes and degrees of
disturbance, varying behavioral strategies may enable
individuals to maintain similar body condition by
defending larger territories when needed. Furthermore, the
fact that Wilson’s Warblers maintain territories in dis-
turbed cloud forest shows that such disturbed habitats may
still be beneficial, since territorial defense implies trade-
offs by making the individual more conspicuous to
predators (Campos et al. 2009), and leading to aggressive
behavior with conspecifics that has high energy costs by
restricting foraging time (Cresswell 2008)—risks that
birds would not take unless there was a worthwhile ben-
efit. Coincidently, larger winter territories have been
reported for migratory birds in disturbed habitats (pastures
and hedgerows), added to which a high proportion of
birds are non-territorial (Rappole and Warner 1980;
Rappole and Morton 1985). Furthermore, territorial indi-
viduals of the Ovenbird (Seiurus aurocapillus), another
migratory insectivorous warbler, were found to have
higher body mass with lower foraging rates when com-
pared to floaters (Kresnik and Stutchbury 2014), therefore
territoriality may have benefits in enabling exclusive
access to resources.

Low variation in body condition and territory size
among Wilson’s Warbler individuals in the conserved
forest suggests that this is the most homogeneous habitat
of the three sites, and that forest size and structure could
be affecting wintering ecology of migratory birds. The
greater area of continuous forest cover in the conserved
forest may lead to greater food resource availability, since
higher insect abundance has been found in continuous
forest compared to fragmented forests (Ruiz-Guerra et al.
2012). Accordingly, in central Veracruz there is higher
abundance of forest specialist birds, such as understory
insectivores, in large fragments of mature cloud forest
compared to smaller fragments in disturbed areas (Rueda-
Hernandez et al. 2015). Furthermore, the inter-annually
consistent territory size and body condition of birds in the
conserved forest indicate resource stability, similar to that
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found in other evergreen forests when compared to drier
habitats (Brown and Sherry 2006; Smith et al. 2010). This
inter-annual resource stability could be an additional
benefit for migratory birds and make conserved forest
conditions more predictable from year to year compared to
disturbed forests; this predictability could ultimately be
reflected in individual overwintering survivorship. In
support of this, Wolfe et al. (2015) found that the negative
effects of climatic variability, such as El Nifio droughts,
on the White-collared Manakin (Manacus candei) were
reduced in large mature forests compared to early suc-
cessional forests.

The high inter-annual variability in territory size and
body condition of Wilson’s Warblers in disturbed forests
suggests that forest habitats subject to human disturbance
are less stable over time, which may represent a drawback
when selecting winter territories. Greater resource stability
in mature, conserved cloud forest would make this a more
reliable habitat over time for wintering Wilson’s Warblers,
increasing their chances of survival, and the likelihood that
they will maintain good body condition, essential for an
early return to breeding grounds and increased fitness
(Marra et al. 1998). By comparison, variable conditions in
disturbed and smaller forest fragments could work as an
ecological trap, preventing birds from seeking better ter-
ritories when conditions appear to be good, which in sub-
sequent years may be radically different (Ekroos et al.
2012).

Our results are of greater relevance considering that we
found differences in Wilson’s Warbler wintering ecology
within the same forest type, but under differing levels of
disturbance. Variations in winter ecology have generally
been determined between distinct and more contrasting
habitat types (Sherry and Holmes 1996; Marra et al. 1998;
Latta and Faaborg 2002; Saino et al. 2004), where differ-
ences are more likely to occur. However, our results
demonstrate that even changes in area and structure of the
same habitat type could significantly affect wintering per-
formance of migratory birds, and there may be distinct
carryover effects for individuals wintering in different sites
within the same habitat.

Taken together our findings suggest that mature, con-
served cloud forest represents a high-quality wintering
habitat for Wilson’s Warbler, and this habitat condition
could also benefit other migratory birds that have similar
ecological requirements. Our population-level analysis of
bird density demonstrated that conserved forest was able
to hold a greater number of territorial and non-territorial
birds. On the other hand, evaluation of individual territory
size and body condition suggests that territorial birds
inhabiting disturbed forest maintain body condition by
expanding territory size, since territoriality reduces intra-
specific competition (Odum and Kuenzler 1955), and
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provides exclusive access to food resources (Parrish and
Sherry 1994; Sogge et al. 2007). However, the high
variability in territory size and body condition of birds in
disturbed forests among years suggests that the effec-
tiveness of adjusting territory size may vary from year to
year.

To properly direct conservation efforts it is important to
understand the effects of wintering habitat on the behavior
and population traits of migratory birds, particularly since
wintering habitat has important carryover effects on
breeding success (Marra et al. 1998; Norris et al. 2004;
Reudink et al. 2009). Knowledge of habitat use by
Neotropical migratory warblers during the winter helps to
reveal features of the habitat that could be driving popu-
lation declines. We stress the importance of actively pro-
tecting remnants of mature cloud forest, as well as second-
growth forest that can be restored, which bird density,
territory size and body condition all indicate are better
quality habitats for Wilson’s Warblers. Future studies
addressing Wilson’s Warbler wintering ecology in different
habitats would help us to understand the importance of
each habitat in the species’ wintering dynamics and its
entire life cycle. The results of our study confirm that even
when birds are able to offset resource limitations through
physiological and behavioral plasticity (Weber and
Hedenstrom 2001; Pierce and McWilliams 2005), dis-
turbed habitats are not ideal for migratory birds, and we
still do not know the implications for trade-offs when
balancing resource shortages. Migratory birds undergo
seasonal changes in needs and behavioral traits, and only
by understanding the way in which they utilize available
habitats will we be able to propose the most appropriate
strategies to preserve, and as a more ambitious goal, pos-
sibly to improve the status of wild populations.
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