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ABSTRACT

Many Nearctic-Neotropical songbird species are experiencing significant declines.
In addition to stressors on their breeding and wintering grounds, declines are also
attributed to increased pressures during migration, including the loss of coastal stopover
sites. After crossing an ecological barrier such as the Gulf of Mexico, finding a site to rest
and refuel is of particular importance and barrier islands can act as significant refueling
sites. Each spring hundreds of thousands of songbirds flying from the Caribbean, Central,
and South America, concentrate on coastal barrier islands along the shores of the Gulf
Coast en route to the United States and Canada. Therefore, the Gulf Coast barrier islands
maintain a significant conservation and management target of international importance.
Although research has been performed on the central and western Gulf coast, little is
known about the significance of the Florida Gulf coast barrier islands during spring
migration. To address this knowledge gap, I performed constant effort mist-netting in
spring 2013 and 2014 on St. George Island, Florida, a barrier island within the
Apalachicola National Estuarine Research Reserve (ANERR). I banded each bird with an
iii

individually numbered USGS aluminum band and recorded species, age, sex, wing chord,
mass, and energetic condition. I retrieved local weather data from St. George Island State
Park to examine how local weather patterns affected the magnitude, temporal variability,
and energetic condition of the migrants captured. I performed hydrogen stable isotope
analysis on flight feather (n= l45) and claw keratin (n= 86) samples from Gray Catbirds
(Dumetella carolinensis), the most abundant and widespread migrant captured. The

hydrogen stable isotope ratio (<>2 H) in flight feathers and claw keratin provides a reliable
signature of where the material was grown, which in this case is breeding and wintering
grounds, respectively. I used these values to assign breeding and wintering origins to
individuals and used a multiple linear regression approach to examine the relationship
between <>2 H values and mist net capture data. I found that during the spring of 20132014 St. George Island was utilized by a diverse suite of Nearctic-Neotropical migrants
(43 species, 579 individuals), most of which arrived in an physiologically stressed
condition. I also found that local weather conditions such as north winds, presence of
precipitation, and below average temperatures were significant predictors of the
magnitude, temporal variability, and energetic condition of migrants encountered. Similar
results have been found in the central and western Gulf, and these data suggest that
weather conditions along the coast that are unfavorable for continued migration induce a
"fallout," where all migrants, regardless of their energetic condition, utilize the island as a
refuge until favorable conditions return. During periods of favorable weather, the island
is utilized primarily by energetically starved birds that are incapable of continuing. For
these birds, the island is of paramount importance as a site to rest and refuel. The
iv

energetic condition upon arrival was a significant indicator of whether or not a bird was
likely to be recaptured, which suggests that birds in poor condition remain on the island
longer. I found that Gray Catbirds that stopover on St. George Island are spending the
winter in Central America and the Caribbean, and are headed to breeding areas that
encompass a broad swathe of eastern and central North America. A disproportionate
number of catbirds were headed to their southernmost breeding grounds. This supports a
theory of chain migration, where catbirds breeding farther south winter in tropical
America, whereas more northern-breeding birds winter in temperate America. Contrary
to previous studies with similar species on the Gulf coast, I found that passage date and
energetic scores upon arrival had no relation to the distance remaining to their breeding
grounds. These two factors suggest that catbird populations are segregating themselves
after arrival in temperate America, where they are then exposed to reliable environmental
cues that allow them to adjust their rate of migration. My study represents the first use of
mist nets to study the spring migrant community at an eastern Gulf coast site, and the first
study to use the b2 H approach to establish migratory connectivity for a Nearctic
Neotropical species in the region. It also provides isotopic data that can be used in future
comparative studies and contributes to a growing isotopic atlas for migratory songbirds.
Importantly, my data implies that it will be important to protect and wisely manage
stopover habitat within the eastern Gulf Coast including barrier islands in the AN ERR.
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CHAPTER I
SPRING STOPOVER OF SONGBIRDS ON ST. GEORGE ISLAND, FLORIDA

Barrier islands are long, narrow, offshore deposits of sediment that form strips of
land between the open sea and the mainland. They often form lengthy chains separated
by narrow tidal inlets and constantly experience changes in geomorphology and
hydrology (Davis and Fitzgerald 2004 ). Barrier islands serve as the front line of defense
against storms that threaten the mainland, absorbing the storm's energy and reducing the
extreme effects caused by wind and waves (Stone and McBride 1998).
The barrier islands on the northern coast of the Gulf of Mexico provide the
structural framework for a variety of marine and terrestrial ecosystems. In the Florida
panhandle, the Apalachicola Bay and barrier island system is both a unique and critical
sanctuary for a vast number of species. The water serves as a nursery for many
commercially important fish and shellfish, while the shorelines are used as nesting habitat
for sea turtles, shorebirds and seabirds. Meanwhile, the interior of the islands harbor
sensitive freshwater and brackish wetlands, marshes, and forests. The alteration of any
one of these systems often causes a cascade of effects throughout the region (Edmiston
2008a).
Currently, barrier islands such as those of Apalachicola Bay are being degraded at
an alarming rate, in part due to human efforts to force ecological stability
I

on them (Feagin et al. 20 I0). At the same time, the adjacent coastlines are home to large
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concentrations of human populations and accelerating development (Weinstein et al.
2007). The islands themselves are particularly vulnerable to climate change impacts such
as sea level rise (Intergovernmental Panel On Climate Change, 2007; Lester et al. 2016)
and the increase in frequency and intensity of oceanic storms (Emanuel 2005; Edmiston
2008b). Given the variety of immediate threats facing these systems, it is imperative that
we gain as much knowledge as possible on their function in the environment.
In spring, many Nearctic-Neotropical songbirds perform a trans-Gulf migration
northward to their breeding grounds (Gauthreaux and Belser 1999). In addition to
crossing the Gulf of Mexico, some species wintering in South America perform a single,
non-stop flight over both the Caribbean Sea and the Gulf of Mexico (Heckscher et al.
20 I I; Bayly and Gomez 2011). The most likely departure locations for birds arriving on
the east Gulf coast are from Cuba (750 km), the Yucatan Peninsula (1000 km), and the
north coast of South America (2,400 km). Most songbirds are nocturnal migrants,
capitalizing on the lower threat of diurnal raptors and decreased turbulence (Ahrens
20 I I), while using celestial (Emlen 1967) and magnetic (Sandberg and Moore 1996) cues
to navigate.
This trans-Gulf/trans-Caribbean flight (hereafter referred to as trans-Gulf)
accentuates many of the stresses experienced by songbird migrants. For example, a bird
departing the Yucatan Peninsula will have to add up to 50% of its body weight in fat to
fuel the 15-20 hour non-stop flight (Simons et al. 2004). Many of these migrants arrive
on the Gulf coast having metabolized the majority of their fat reserves and catabolized

pectoral muscle (Gauthreaux and Belser 1999), and it is not unusual for migrants to die
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while crossing the Gulf (Moore et al. 1990). Despite these risks, for many species this
migratory route represents the most direct flight to their breeding grounds in North
America.
There is widespread evidence of an overall decline in Nearctic-Neotropical
migrant songbird populations. This decline has been quantified in mist-netting studies in
both western and eastern North America (Ballard et al. 2003; Lloyd-Evans and Atwood
2004) as well as through the North American Breeding Bird Survey (Sauer et al. 2014).
On their North American breeding grounds, predominant threats include forest
fragmentation and habitat loss (Burke and Nol 2000; Zuckerberg and Porter 2010), both
of which can also lead to increases in nest predation and nest parasitism (Schmidt 2003).
Similar issues likely act as limiting factors on their tropical wintering grounds (Rappole
and McDonald 1994; Keller and Yahner 2006; Holmes 2007).
In addition to these threats, research suggests rates of mortality for a songbird are
15 times higher during migration than during the rest of their annual cycle (Sillett and
Holmes 2002). This increased mortality is likely caused by the myriad of challenges
facing a migrant, including exposure to unpredictable weather conditions (Moore et al.
1990), anthropogenic stressors such as free-range domestic cats and collisions with
buildings (Loss et al. 2013), as well as locating suitable stopover sites (Mehlman et al.
2005). These threats can significantly impact a bird's ability to meet energy requirements,
avoid predators, minimize environmental stress, and achieve future reproductive success
(Smith and Moore 2005).
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Our ability to understand the ecological role the Apalachicola Bay barrier islands
play in the annual cycle of northbound migrants will be a critical step toward molding
conservation efforts. Studies along the west and central Gulf coast have been underway
for many years (Lowery 1946; Stevenson 1957; Moore et al. 1990; Kuenzi et al. 1991 ).
However, no empirical research has been published on the use of barrier islands by trans
Gulf migrants on the eastern side ofthe Gulfof Mexico, an area generally considered to
be of lesser importance as a regionally significant stopover site (Gauthreaux and Belser
1999). As is the case across the region, these islands are under threat from sea level rise
and development (Lester et al. 2016). If lost, their function as a stopover site could cease
as well.
The objective of this research is to evaluate the significance of St. George Island,
Florida as a stopover site for songbird migrants during northbound migration. To
accomplish this, I used mist net data collected at my field site on the island during the
springs of2013-2014. In doing so, it is the mist net-based study to examine the spring
migrant community on the east Gulf coast. The data presented include: total species
captured, recapture rates, species richness, energetic condition scores, as well as overall
temporal patterns of capture. These data allow for an analysis of the species found on the
island, the condition that they are in, how these variables change temporally both within
and between years, and will help contribute to better management ofthe habitat.

1.2 MATERIALS AND METHODS
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Study Site

St. George Island, Florida is one of more than 50 barrier islands along the
northern coast of the Gulf of Mexico (Figure 1-1). It is located in the northwest Florida
barrier island chain in Franklin County about 112 km southwest of Tallahassee
(29.671479° , -84.838581° ). The island is 45 km long by 2 km wide at the widest point.
The island is approximately 8 km from the mainland and marks the southern boundary of
the Apalachicola Bay. Possible origins for spring passage migrants are shown in Figure
1-2.
Our field site was located in Unit 4 (Figure 1-3) of the Apalachicola National
Estuarine Research Reserve (ANERR). This area is designated as a Coastal and Aquatic
Managed Area (CAMA), and is managed by the Florida Department of Environmental
Protection (DEP) in cooperation with the National Oceanic and Atmospheric
Administration (NOAA). The National Estuarine Research Reserve (NERR) System is a
network of 28 coastal sites designated to protect and study estuarine systems. Established
through the Coastal Zone Management Act, the reserves represent a partnership program
between NOAA and the coastal states.
St. George Island has a high diversity of land cover types. The current dominant
land cover is developed dry land which covers 5.34 km2, followed by 4.83 km2 palustrine
forest and 4.64 km2 undeveloped dry land. A variety of fresh and salt marshes, tidal flats
and creeks, as well as estuarine and ocean beaches comprise the remaining land cover
(Lester et al. 2016).

Mist-netting

6

Our team of researchers performed research on St. George Island, Florida, from
19 April to 10 May 2013 and 13 April to 9 May 2014. We operated 120 m of standard
size mist nets(2.6 m height; 36 mm-mesh size) and kept them open from dawn until noon
each day, weather conditions permitting. We placed the mist net lanes in mixed forest
comprised of a canopy of Slash Pine (Pinus elliotii) and an evergreen understory of
Cabbage Palm (Sabal palmetto), Live Oak (Quercus virginiana), Sand Live Oak
(Quercus geminata), Yaupon (flex vomitoria), Wax Myrtle (Myrica cerifera), and other

less abundant plants. We checked the nets every ten minutes and extracted any birds and
returned them to the on-site banding station for processing.
Upon capture, we identified all birds to species and fitted them with individually
numbered USGS aluminum bands. We aged and sexed each bird following Pyle(1997).
Following Pyle(1997), I classified birds that were determined to be in their second
calendar year as second-year(SY) and older birds as after-second-year(ASY). I
classified any birds that could not be aged as after-hatch-year(AHY). We measured each
bird's unflattened wing chord(± 1 mm), body mass with an electronic scale(± 0.1 mm),
subcutaneous fat reserves(scale of 0-7; Kaiser 1993), and pectoral muscle(scale of 0-3;
Redfern and Clark 2001: see Figures 1-4 & 1-5).

Data Analysis

To quantify the daily magnitude of migrants captured I calculated the mean daily
birds per net hour(BPNH). One net hour is the equivalent of one twelve-meter mist net

·
·
open for one hour. The BPNH is
· ··
then calcu I ated usmg
the number of m1tial
captures
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divided by the number of net hours for the given time period.
I calculated the recapture rate of migrants for each year by dividing the number of
birds that were recaptured at least once with the total number of birds captured.
I performed all statistical analyses in the program RStudio Version 0.98.1049. I
used a Shapiro-Wilk Test to examine normality of fat and pectoral muscle scores for
initial captures of trans-Gulf migrants. The values were not normally distributed so I
performed a Wilcoxon rank-sum test to analyze inter-annual variation in fat and pectoral
muscle scores.
I followed methods outlined by Simons et al. (2004) to evaluate annual within
station capture rate variability. To do so, I calculated initial captures per 1,000 net-hours
for each species as well as the coefficient of variation between years. I calculated the
coefficient of variation (CV) using the formula: CV = (standard deviation (cr) /mean(µ))
x 100. The resulting CV values provide an index with which I can compare how capture
rates for a single species varied between years, with a higher value representing a greater
deal of inter-annual variation.
I also tested the hypothesis of whether fat and pectoral muscle scores were an
indicator of the likelihood of being recaptured. To do this, I created two groups of birds:
(A) birds not recaptured and (8) birds recaptured at least once. For all birds, I used the fat
and pectoral muscle scores upon first capture. Then, for each year I plotted the proportion
of birds at first capture for each energetic condition score, separated by recapture status. I

also calculated the mean fat and pectoral muscle scores for the two recapture statuses
and used a Wilcoxon rank-sum test to determine whether there were significant
differences.
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1.3 RESULTS

9

In 2013, I captured 204 trans-GulfNearctic-Neotropical migrant
s of35 species
(0.227 BPNH), and 375 migrants of 41 species (0.362 BPNH) in 2014 (Table
1-1). There
was a high amount of temporal variability in daily BPNH for both years (Figure 1-6 & 17). While capture rate were fairly even throughout the 2013 season, 2014 showed a
marked decline in capture rates as the migratory season came to an end in mid-May.
Recapture rates were comparable for the two years, with a rate ofrecapture of
0.11 in 2013 and 0.09 in 2014. I found that a large portion ofmigrants arrived with
depleted fat and pectoral muscle scores. The mean fat score for migrants in 2013 was
1.24 and in 2014 it was 0.95. The mean pectoral muscle score for migrants in 2013 was
1.22 and in 2014 it was 1.53. Mean fat scores were significantly higher in 2013 (W =
43880, P = 0.002; Table 1-1 ), while pectoral muscle scores were significantly more
depleted in 2013 (W= 30202, P < 0.0001; Table 1-1). The overall distribution of fat and
pectoral muscle scores are shown in Figure 8 & 9.
The mean captures per 1,000 net hours varied considerably among species (Table
1-2). The coefficients of variation (CV) for species showed that the inter-annual capture
rates varied greatly between years and between species. For example, for 2013-2014 we
caught 76 Gray Catbirds/1,000 net hour, and annual capture rates varied little (CV =
34%). In contrast, we caught 31 Indigo Buntings/1,000 net hour and the annual capture
rates were highly variable (CV

=

86%). Other notable species that had little variation in

annual capture rates were Yellow-billed Cuckoo (13%), Red-eyed Vireo (CV = 48%),
and Ovenbird (CV= 15%). Species that showed highly variable annual capture rates were

Swainson's Thrush (CV= 117%), Wood Thrush (CV = 117%), and Blue Grosbeak
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(CV = 137%).
I found that birds with poor energetic condition scores were more likely to be
recaptured than those that upon first capture had remaining fat stores and full pecto"ral
muscle. In 2013, the mean fat score for birds recaptured at least once was 0.86 compared
to 1.38 for birds not recaptured (W = 3048, P = 0.05), and 0.78 compared to 0.97 in 2014
(W = 9720.5, P = 0.31). In 2013, the mean pectoral muscle score for birds recaptured at
least once was 1.03 compared to 1.31 for birds not recaptured (W = 2999.5, P = 0.03),
and 1.20 compared to 1.58 in 2014 (W = 11885.5, P = 0.006). A summary of these values
for fat scores can be seen in (Table 1-3, Figure 1-10) and in (Table 1-4, Figure 1-11) for
pectoral muscle scores.
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1.4 DISCUSSION
This is one of the first quantitative studies of its kind for the east Gulf coast and
indicates that St. George Island, Florida serves as a significant stopover site for many
recently arrived Nearctic-Neotropical migrants. Many of these birds are in poor energetic
condition which may have immediate and significant effects, such as individuals being
unable to select desired habitat type (Ward 1987) or becoming more vulnerable to
predation (Metcalfe and Furness 1984; Moore and Kerlinger 1987). Prolonged poor
energetic condition my have carry-over effects for the remainder of their migration as
well as influence their future reproductive success (Smith and Moore 2005).
The low recapture rates in both years suggest that birds are stopping for a short
period of time. This pattern is consistent with stopover sites on the central and west Gulf
coast, where birds with sufficient energy stores will continue northward migration if
weather conditions permit (Moore and Kerlinger 1987; Moore and Aborn 1996;
Gauthreaux and Belser 1999). Previous studies show that Gulf coast barrier island
stopover sites vary greatly in the resources available to migrants. At some sites, migrants
lose weight while present (Kuenzi et al. 1991), while others show significant weight
gains (Simons et al. 2004; Rappole and Warner 1976). It is therefore possible that
recapture rates can be an indicator of the suitability of a stopover site. My number of
recaptures was too few to properly assess the rate of weight gain or loss by migrants.
However, the low rate of recapture suggests that migrants are using this island as a refuge
during periods of attrition, and are continuing north as soon as they are able.

The significant difference between mean fat and pectoral muscle scores
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between the two years may be a result of a variety of factors. Regional climatic patterns
have been known to affect overall energetic condition of migrating songbirds (Gonzalez
Prieto and Hobson 2013; Paxton et al. 2014). It is possible that broad-scale climatic
variation could have influenced the baseline energetic condition of songbirds between the
two years. However, this theory is confounded by the fact that while fat scores were
significantly more depleted in 2014, pectoral muscle scores were significantly higher in
2014. One would expect a positive correlation between these two indices, as pectoral
muscle is usually catabolized after fat stores are exhausted. Therefore these discrepancies
between the years are likely due to variation between species or other factors that are
beyond the scope of this study.
As has been demonstrated, there is a great deal of inter-annual variability in
capture rates at coastal stopover sites, with capture rates sometimes being dictated by just
a few major fallout events (Simons et al. 2004). This variability is exacerbated if one
considers the myriad of variables that influence whether a bird utilizes an immediate
coastal site: arrival condition, broad and fine weather patterns, and habitat quality to
name a few. The high level of inter-annual variability at our site was highlighted by the
high coefficients of variation for species between years. For example, in 2013 I caught
zero Blue Grosbeaks and in 2014 I caught 15, and after only catching one Wood Thrush
in 2013, I caught 12 in 2014. This suggests that it may take several years to understand
the full breadth of the migrant community in this region.

My capture rates in 201 3 and 2014 are less
than those found in a five-year
period on East Ship Island, Mississippi (Simons et
al.
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2004). With respect to species

richness, I captured 3 5 and 41 trans-Gulf migrant specie
s in 2013 and 2014 respectively.
On East Ship Island, MS from 1987-1989 49 to 59 species were captur

ed and banded per

year (Kuenzi et al. 1991) and 46 species were detected using point counts on Horn Island,
MS in 1987 (Moore et al. 1990). From 1987-1991 approximately 65 trans-Gulf migrant
species were captured and banded on East Ship Island, MS (Simons et al. 2004), during
which they averaged roughly eight days per year with greater than one bird-per-net-hour
(I had four over a two year period). From these comparisons, it ap-peafsThal T n gefferarthe
volume of migrants is lower in the eastern Gulf than in the central and western Gulf.
However, until more data are collected over subsequent years it will be difficult to
attribute discrepancies as biologically meaningful or rather a result of inter-annual
variation and chance fallouts. Nevertheless, it appears likely that during some years the
east Gulf Coast may be as important as west and central Gulf coast states such as Texas,
Louisiana, Mississippi, and Alabama.
The identification and conservation of stopover sites presents many challenges.
Migrants often utilize places not traditionally considered for conservation, such as wood
lots and neighborhoods. For this reason, it has been suggested that conservationists
should focus on high-priority stopover sites and habitat types rather than specific species
(Mehlman et al. 2005). The results in this chapter confirm that a great number of species,
most in a physiologically stressed condition, are relying on
the
1 stopover site after crossing
· ·t'al
resource as an m1

this imperiled coastal

Gulf of Mexico. This quantitative,

easily communicated data, should be used as a rallying force for conservation and
environmental education in the region. Exploring the function of this barrier island in
variable weather conditions (e.g., magnitude, temporal variability, and energetic
condition of migrants) will be the focus of Chapter 2.
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Table 1-1. Nearctic-Neotropical songbird capture statistics of northbound spring
passage birds at Unit 4 Apalachicola National Estuarine Reserve, St. George Island, FL
(21 April 2013 - 10 May 2013, 14 April 2014-9 May 2014). See text for how fat and
muscle is scored.
Birds Banded
Recapture Rate
Net Hours
Birds Per Net Hour
Species
Mean Fat Score± SE
Mean Muscle Score± SE
Wilcoxon rank-sum test

2013
204
0.11
899.71
0.227
35
1.24± 0.087
1.22± 0.048

2014
375
0.09
1035.35
0.362
41
0.95± 0.061 W = 43880
1.53± 0.043 W = 30202

P value

*0.002
*<0.0001
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Table _1-2. Mea� annual captures of northbound spring passage Nearctic-Neotropical
son�btrds at Umt 4 Apalachicola National Estuarine Reserve, St. George Island, FL (21
Apnl 2013 - 10 May 2013, 14 April 2014- 9 May 2014). Species are listed in taxonomic
order.
Species
Yellow-billed Cuckoo Coccy=us americanus
Acadian Flycatcher Empidonax virens
White-eyed Vireo Vireo griseus
Red-eyed Vireo Vireo o/ivaecus
Blue-gray Gnatcatcher Po/ioptila caerulea
Veery Catharus fuscescens
Gray-cheeked Thrush Catharus minimus
Swainson's Thrush Catharus ustulatus
Wood Thrush Hylocichla mustelina
Gray Catbird Dumetella caro/inensis
Ovenbird Seiurus aurocapilla
Worm-eating Warbler Helmitheros vermivorum
Louisiana Waterthrush Parkesia motacilla
Northern Waterthrush Parkesia noveboracensis
Black-and-white Warbler Mniotilta varia
Blue-winged Warbler Vermivora cyanoptera
Prothonotary Warbler Protonotaria citrea
Swainson's Warbler Limnothlypis swainsonii
Tennessee Warbler Oreothlypis peregrina
Kentucky Warbler Geothlypis Formosa
Common Yellowthroat Geothlypis trichas
Hooded Warbler Setophaga citrina
American Redstart Setophaga ruticilla
Northern Parula Setophaga Americana
Magnolia Warbler Setophaga magnolia
Bay-breasted Warbler Setophaga castanea
Yellow Warbler Setophaga petechia
Blackpoll Warbler Setophaga striata
Black-throated Blue Warbler Setophaga caeru/escens
Palm Warbler Setophaga palmarum
Yellow-throated Warbler Setophaga dominica
Prairie Warbler Setophaga discolor
Black-throated Green Warbler Setophaga virens
Yellow-breasted Chat lcteria virens
Summer Tanager Piranga rubra
Scarlet Tanager Piranga olivacea
. .
Rose-breasted Grosbeak Pheucticus ludov1c1anus
Blue Grosbeak Passerina caeru/ea
Indigo Bunting Passerina cy��ea
Painted Bunting Passerina ems
Dickcissel Spi=a americana
Bobolink Dolichonyx ory=ivorus
Orchard Oriole Jcterus spurius

Captures/l,000 net-hr
5.36
0.45
4.84
16.34
0.52
4.25
5.15
15.12
6.66
75.72
9.74
4.52
0.97
18.79
1.55
3.04
6.14
0.52
0.97
3.49
10.40
9.ll
4.97
1.49
2.00
0.45
3.87
2.38
0.45
0.52
1.04
0.97
3.56
l.94
7.11
2.90
2.00
7.25
31.28
6.53
0.52
0.52
0.52

CV
0.13
1.57
0.00
0.48
1.37
0.50
0.69
l.17
l.17
0.34
0.15
0.78
0.00
0.45
1.37
0.93
l.15
1.37
0.00
0.61
0.48
0.93
0.57
0.48
0.71
1.57
0.00
0.30
1.57
1.37
1.37
0.00
0.99
0.00
0.99
0.00
0.71
1.37
0.86
0.76
1.37
1.37
1.37
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Table 1-3. Mean fat scores and standard deviation for northbound spring passage
Nearctic-Neotropical songbirds either recaptured or not recaptured at Unit 4 Apalachicola
National Estuarine Reserve, St. George Island, FL (21 April 2013 - 10 May 2013, 14
April 2014- 9 May 2014). See text for how fat and muscle are scored.
2013
2014

Recaptured
0.86 (0.15)
0.78 (0.16)

Not Recaptured
1.38 (0.08)
0.97 (0.05)

w

3048
9720.5

p
0.05
0.31
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Table 1-4. Mean pectoral muscle scores and standard deviation for northbound spring
passage Nearctic-Neotropical songbirds either recaptured or not recaptured at Unit 4,
Apalachicola National Estuarine Reserve, St. George Island, FL (21 April 2013 - 10 May
2013, 14 April 2014- 9 May 2014). See text for how fat and muscle are scored.
2013
2014

Recaptured
1.03 (0.11)
1.20 (0.13)

Not Recaptured
1.31 (0.04)
1.58 (0.04)

w

2999.5
11885.5

p
0.03
0.006

N

A

Figure 1-1. Location map of St. George Island, Florida. Source: Hallas and Huettel
(20 I 3).

19

20

c::>-:· •

'

.. •
...• .
<i':

A Yuc:alal. Mexico
B. Honduras
C. Western CUba
D.Cdambia
E. Tampa Bay. Florida

Figure 1-2. Possible wintering origins and flight distances for northbound spring passage
Nearctic-Neotropical songbirds using St. George Island, FL as a stopover site.
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Figure 1-3. Land management in Apalachicola Bay region. Courtesy of Apalachicola
National Estuarine Reserve.
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Figure 1-4. Yellow-billed Cuckoo Coccyzus americanus captured at
Unit 4 Apalachicola National Estuarine Reserve, St. George Island, FL (2013) with a 0
pectoral muscle score and O fat score.
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Figure 1-5. White-eyed Vireo Vireo griseus captured at Unit 4 Apalachicola National
Estuarine Reserve, St. George Island, FL (2013) with a 3 pectoral muscle score
and 3 fat score.
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Figure 1-6. Total captures of northbound spring passage Nearctic-Neotropical songbirds
per net hour at Unit 4 Apalachicola National Estuarine Reserve, St. George Island, FL
(20 I 3).
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Figure 1-7. Total captures of northbound spring passage Nearctic-Neotropical songbirds
per net hour at Unit 4 Apalachicola National Estuarine Reserve, St. George Island, FL
(2014).
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Figure 1-8. Distribution of arrival fat scores for northbound spring passage Nearctic
Neotropical songbirds at Unit 4 Apalachicola National Estuarine Reserve, St. George
Island, FL (21 April 2013 - 10 May 2013, 14 April 2014-9 May 2014).
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Figure 1-9. Distribution of arrival pectoral muscle scores of northbound spring passage
Nearctic-Neotropical songbirds at Unit 4 Apalachicola National Estuarine Reserve, St.
George Island, FL (21 April 2013 - 10 May 2013, 14 April 2014 - 9 May 2014).
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Figure 1-10. Distribution of fat scores of northbound spring passage Nearctic-Neotropical
songbirds either recaptured or not recaptured at Unit 4 Apalachicola National Estuarine
Reserve, St. George Island, FL (21 April 2013 - 10 May 2013, 14 April 2014-9 May
2014).
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Figure 1-11. Distribution of pectoral muscle scores of northbound spring passage
Nearctic-Neotropical songbirds either recaptured or not recaptured at Unit 4 Apalachicola
National Estuarine Reserve, St. George Island, FL (21 April 2013 - 10 May 2013, 14
April 2014- 9 May 2014).

CHAPTER II
THE INFLUENCE OF COASTAL WEATHE
R PATTERNS ON THE
STOPOVER OF SONGBIRDS

Many Nearctic-Neotropical songbirds perform trans-Gulf and trans-Caribbean
flights northward in the spring. Although crossing such a large geographic barrier is
inherently dangerous, it often represents the shortest route to their breeding grounds in
North America. While broad-scale evidence for trans-Gulf migration has existed for
many years (Lowery 1946; Stevenson 1957; Moore et al. 1990; Kuenzi et al. 1991),
recent use of light level geolocators has allowed for unprecedented fine-scale
identification of migratory routes used by Nearctic-Neotropical songbirds (Heckscher et
al. 2011; Ryder et al. 2011; Stanley et al. 2014 ). This technology has allowed researchers
to connect breeding and wintering grounds for individuals, while also revealing the
migratory routes that connect them in spring and fall. For example, Heckscher et al.
(2011) showed that during northbound migration in spring, individuals from a population
ofVeery (Catharusfuscescens) that breed in Delaware and winter in Amazonia cross
both the Caribbean Sea and Gulf of Mexico before making landfall on the Florida
panhandle. Similar patterns are shown by Wood Thrush (Hylocichla mustelina) that breed
throughout the eastern United States and winter in southern Central America (Stanley et
al. 2014).
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While studies such as these help underscore

the diversity of origins and
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destinations for birds that are us·1ng the A pa Iach.1col
a bamer
· ·1slands as an ·m1ttal
· · stopover
site, they still fail to address the question of if and how local conditions
along the
coastline may affect the decision of a bird to continue inland or stopover. This chapter
addresses how local weather patterns may play a role in dictating the magnitude,
temporal variability, and energetic condition of migrants utilizing these islands.
Spring trans-Gulf migration has evolved alongside favorable broad-scale weather
patterns for crossing, most notably a return of southerly flow that acts as a tailwind
(Gauthreaux 1971; Buskirk 1980). Nearctic-Neotropical songbirds are nocturnal
migrants, capitalizing on the lower threat of diurnal raptors and decreased turbulence
(Ahrens 2011) while using celestial (Emlen 1967) and magnetic (Sandberg and Moore
1996) cues to navigate. Furthermore, laboratory studies have shown that migratory
songbirds use changes in atmospheric pressure and temperature to predict or respond to
changes in weather (Hein et al. 2011; Metcalfe et al. 2013). At the point of departure
prior to crossing the Gulf, migrants use these cues to assess weather conditions and will
often terminate migration if they encounter poor weather shortly after takeoff
(Gauthreaux 1971). Regardless of these initial conditions, a migrant may be unable to
predict the weather conditions up to 2,500 km away and 12 to 24 hours in advance. Once
in the air, crosswinds can cause drift and headwinds can increase the duration of flight. If
a bird flies through precipitation, wet feathers will increase the weight load and overall
energy expenditure ( Gauthreaux 1971).

Research in the central and west Gulf Coast has shown that migrants
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approaching the coast under ideal migration conditions will, if capable, continue inland
(Buler and Moore 2011 ). Migrants that land along the coast during ideal migration
conditions are usually physiologically stressed (Spengler et al. 1995; Leberg et al. 1996),
with large numbers landing on the immediate coastal barrier islands most often during
inclement weather (Gauthreaux 1971; Moore and Kerlinger 1987). During these
"fallouts," it is often possible to observe large numbers of recently arrived migrants along
the barrier islands of the Gulf coast (Gauthreaux 1991 ).
While research on the stopover ecology of migrants on barrier islands has been
underway for many years in the central and west Gulf, there have been no similar studies
for the east Gulf coast. To properly evaluate the Apalachicola Bay barrier islands as a
spring stopover site, a critical first step is to understand the conditions under which they
are most greatly utilized. I therefore hypothesize that local weather conditions will be a
principal dictator of the magnitude, temporal variability, and energetic condition of
migrants on St. George Island, Florida. In doing so, I will be providing context for
determining the ecological importance of this vulnerable coastal region to the annual
cycle of declining migratory songbirds.

2.2 MATERIALS AND METHODS
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Mist net data
Our team ofresearchers performed constant effort mist-netting in Unit 4 ofthe
Apalachicola National Estuarine Research Reserve on St. George Island, Florida from 19
April to 10 May 2013 and 13 April to 9 May 2014 (see Chapter 1). To quantify the
number ofNearctic-Neotropical migrants captured daily, I calculated the mean daily
birds per net hour (BPNH), which is the prevailing method for obtaining a standardized
rate ofbird capture (e.g. Kuenzi et al. 1991; Ballard et al. 2003; Simons et al. 2004). One
net hour is the equivalent ofone twelve-meter mist net being open for one hour. BPNH
is then calculated using the number ofinitial captures divided by the number ofnet hours
for the given time period.
I used subcutaneous fat and pectoral muscle scores as indices ofarriving energetic
condition, using methods described by Kaiser (1993) and Redfern and Clark (2001)
respectively. I categorized birds as either lacking or having fat reserves by whether they
received a O fat score or 1+ respectively. Similarly, I classified birds as depleted muscle if
they had a pectoral muscle score ofO or I, and considered as full muscle with a score of2
or 3.

Weather Data
I obtained local weather data from the St. George Island State Park weather
°
station (N 29.68530 ° , W 084.79509 ), which I located roughly eight kilometers northeast

of Unit 4 _ ANERR. I selected this data source because it represented the closest weather

station to my site that provided archived daily weather value

s. Previous studies have
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shown that local precipitation, temperature, wind direction, and atmos
pheric pressure can
influence the migratory decisions of a bird (see Introduction). In accordance with this,
daily weather variables obtained included: atmospheric pressure, maximum, minimum,
and mean temperature ( ° C), precipitation (cm), mean wind speed (km), and dominant
wind direction.
Following Moore and Kerlinger (1987), I categorized a day as maintaining north
wind conditions when daily mean winds were from the N, NE, or NW (0 ° , 45 ° , 315 ° ). All
other daily wind directions resulted in the day being categorized as non-north wind
conditions. I obtained historical mean daily temperatures for St. George Island Stae park
from the Weather Underground online database. I compared observed mean daily
temperatures to these historical means and categorized each day as above average, below
or neutral. I also categorized days based on whether or not there was measurable
precipitation (> 0.01 mm).

Data Analysis
I performed all statistical analyses in the program RStudio Version 0.98.1049. I
used a Shapiro-Wilk Test to examine normality of the daily BPNH values and energetic
condition scores. The values were not normally distributed so I performed a Wilcoxon
rank-sum test to examine daily BPNH values as a function of wind direction, daily
temperature and presence of precipitation.

I assigned each day a dominant wind direction broken down as: N, NE, E, SE,
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S, SW, W, and NW. I calculated the mean daily BPNH for these categories and plotted
them on a polar plot as a function of daily mean wind direction. I performed a Pearson's
Chi-Square Test to examine variation in fat and muscle scores under north or non-north
winds, daily temperature and presence of precipitation. I used linear regression to
examine the relationship between daily BPNH and daily mean wind speed and
atmospheric pressure.

2.3 RESULTS

36

Significantly more birds were captured on days with north winds (W = 101.5, P =
0.002) and on days with below mean historic temperatures (W = 34.5, P = <0.0001).
There was a trend for an increase in BPNH on days with measurable precipitation (W =
153.5, P = 0.069). These values are summarized in Table 2-1.
A polar plot depicting BPNH and daily wind direction showed that the highest
daily BPNH values were on days with north winds. The overall highest capture rates
occurred during northwest and north winds (Figure 2-1).
On days with non-north winds, I captured a greater proportion of birds with
depleted pectoral muscle (X2 = 7.451, P = 0.006) and depleted fat reserves (X2 = 3.563, P
= 0.05). These data are also displayed in the distribution of fat (Figure 2-2) and pectoral
muscle scores (Figure 2-3) in north and non-north wind directions. There was no
significant difference in energetic condition distribution based on whether days were
above or below historical temperature averages for pectoral muscle (X2 = 4.398, P =
0.883) or fat (X2 = 29.531, P = 0.490). Similarly, there was no significant difference in
energetic condition distribution due to the presence or absence of daily precipitation for
pectoral muscle (X2 = 7.380, P = 0.598) or fat (X2 = 23.801, P = 0.781).
Higher wind speed was a significant predictor of higher BPNH values (Figure 24). When I segregated wind speed values by direction, I found that most days with high
wind speeds were on days with north winds (Figure 2-4). There was no significant
relationship between BPNH and atmospheric pressure (Figure 2-5).
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2.4 DISCUSSION
My investigation represents the first study on the effect of weather conditions

on

the stopover of migrating songbirds on an east Gulf coast barrier island. During 2013

and

2014, local weather had an effect on the number of migrants found on St. George Island,
Florida. The number of migrants was greatest on days with north winds, cold
temperatures, and precipitation, all of which are consistent with conditions found during
and following the passage of cold fronts (Ahrens 2011). This relationship is further
supported by the laboratory studies of Metcalfe et al. (2013), who showed that birds in
spring migratory condition exposed to a simulated high-pressure cold front (increased
pressure and decreased temperature) showed reduced migratory restlessness. Similar
associations with wind direction have been found in field studies on the central and west
Gulf coast (Moore and Kerlinger 1987; Yaukey and Powell 2008). Yaukey and Powell
demonstrated that the number of migrants near New Orleans, Louisiana, was directly
related to scenarios in which a cold front was about to arrive or had just passed. Also
similar to my study, migrant numbers were at their lowest when there was a south wind
coming off the Gulf. This further corroborates my findings that northbound migration
may be delayed during periods of cold weather and northerly winds associated with high
pressure systems. My study is also the first to find a significant relationship between
daily temperature and the number of migrants captured at a stopover site.
Although there was no association between capture rates and atmospheric
pressure, further examination of these data shows that many of the highest capture rates
occurred on days with high atmospheric pressure. The significance of this pattern may

have been affected because there can be a variety of atmospheric circumstances in
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which high pressure exists. For example, while high-pressure can occur following the
passage of a cold front, it can also be found in periods of continued southerly flow within
the region (Ahrens 2011). Therefore, atmospheric pressure may be of less direct utility in
understanding stopover and evaluating the importance of the island.
The difference in the proportion of depleted energetic condition scores between
days with northerly and non-northerly winds is consistent with results from Louisiana
(Moore and Kerlinger 1987). In that study, the authors reported that significantly fewer
birds with sufficient energetic stores ceased migration on days with favorable, non
northerly winds. This pattern can be explained by how northerly winds force all birds,
regardless of their energetic condition, to land on the immediate coast. During wind
conditions favorable for continued migration inland, the birds using the island are those
doing so out of desperation. The lack of such shifts in energetic condition scores based on
temperature and presence of precipitation suggest that these are not as powerful drivers in
stopover dynamics.
My study further underscores the variety of variables that can influence capture
probabilities at a local scale at Gulf coast stopover sites. This should act as a reminder to
the inherently irregular nature of sites near ecological barriers, and that studies attempting
to estimate population abundance at such sites must account for these variables. I
recommend that studies aiming for songbird abundance estimates should select field sites
further inland, where there is less variability in migratory pathways, energetic condition,
and habitat (e.g. Ballard et al. 2003; Lloyd-Evans and Atwood 2004).
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Due to compromised energetic condition from crossing the Gulf of Mexico,
most migrants select stopover sites within 18 km from the coastline during first landfall
(Buler and Moore, 2011). My study shows that during spring migration significant
numbers of physiologically stressed birds are relying on these islands as an initial
stopover site after crossing the Gulf of Mexico. During periods of weather unfavorable
for continued migration northward, the islands become a critical refuge for all migrants,
regardless of their condition. From St. George Island, migrants would need to continue at
least 8 km to reach the coastline; however, ideal habitat (e.g. mature and dense mixed
forest) may not be available for several more kilometers. As in other regions, the
Apalachicola Bay barrier islands are under threat from sea level rise and development
that is compromising habitat used by migrants during stopover (Lester et al. 2016). If
these islands are eventually lost, their function as a stopover site will be lost as well. Thus
it is essential to protect and wisely manage important stopover areas such as St. George
Island, and in particular those stopover sites before and after significant ecological
barriers.

Table 2-1. Birds per net hour (BPNH) as a function of local weather conditions at Unit
4 Apalachicola National Estuarine Reserve, St. George Island, FL (21 April 2013 - 10
May 2013, 14 April 2014- 9 May 2014).
Variable:
Days with north winds (n= l8)
Days with non-north winds (n= 25)
Days below mean historic temperature (n= l5)
Days above mean historic temperature (n= 20)
Days with precipitation (n= l 9)
Days without precipitation (n=24)
1

Wilcoxon rank-sum test

Daily BPNH
0.668
0.137
0.596
0.159
0.518
0.190

W
101.5

P value

34.5

* < 0.0001

153.5

0.069

*0.002
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Figure 2-1. Mean daily birds per net hour as a function of daily mean wind direction at
Unit 4 Apalachicola National Estuarine Reserve, St. George Island, FL (21 April 2013 IO May 2013, 14 April 2014-9 May 2014). N (of days)= 43.
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Figure 2-2. Frequency distribution of fat scores in north and non-north wind conditions at
Unit 4 Apalachicola National Estuarine Reserve, St. George Island, FL (21 April 2013 10 May 2013, 14 April 2014-9 May 2014).
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Figure 2-3. Frequency distribution of pectoral muscle scores in north and non-north wind
conditions at Unit 4 Apalachicola National Estuarine Reserve, St. George Island, FL (21
April 2013 - 10 May 2013, 14 April 2014-9 May 2014).
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Figure 2-4. Daily mean Nearctic-Neotropical migrants captured per net hour as a function
of daily mean wind speed (kph), segregated by direction, at Unit 4 Apalachicola National
Estuarine Reserve, St. George Island, FL (21 April 2013 - 10 May 2013, 14 April 20149 May 2014). R2= 0.12, P = 0.03.
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CHAPTER III
USE OF HYDROGEN STABLE ISOTOPES TO ESTABLISH MIGRATORY
CONNECTIVITY FOR GRAY CATBIRD (DUMETELLA CAROLINENSIS)

An understanding of the extent to which breeding and non-breeding populations
of a migratory species share individuals is known as migratory connectivity (Webster et
al. 2002). The ability to link seasonal events across a migrant's annual cycle can provide
important information about population dynamics and dispersal, and is often critical to
conservation and management (Boulet et al. 2006b). Methods used for studying songbird
migration are rapidly evolving. For many years, mark-recapture was the only available
method to track individuals, but recent developments in light-level geolocators (e.g.
Heckscher et al. 2011; Stanley et al. 2014) and the use of intrinsic markers (Hobson
1999; Boulet et al. 2006a; Hobson et al. 2014) has revolutionized this field of study. The
use of stable isotopes in particular is a cost effective means of establishing migratory
connectivity as it requires only a single capture and can produce large sample sizes
(Hobson et al. 2014). For example, study of carbon and nitrogen isotopes has provided
insight into trophic relationships (e.g. Pain et al. 2004) and habitat choice (e.g. Hahn et al.
2013). Meanwhile, the analysis of hydrogen isotopes has allowed for the estimation of
migratory origins ( e.g. Kelly et al. 2002; Langin et al. 2009).
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The fractionation of hydrogen isoto
pes m
rainfall creates a gradient in the
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hydrogen isotope ratio (o2) related to growing season prec
ipitation. Precipitation at
southern latitudes is more enriched in deuterium. This isotopic signa

ture from a given

location is incorporated into body tissue from the hydrogen present in the
food they eat
during that time period. The majority of Nearctic-breeding passerines undergo a post
breeding molt in the vicinity of their breeding grounds prior to fall migration, and the
feathers grown during this molt are retained throughout the year (Pyle 1997). The ratio of
stable isotopes of hydrogen (2 H; 1 H) within these feathers can be used to identify the
latitude at which the feathers were grown (Hobson and Wassenaar 1997; Chamberlain et
al. 1997). In tum, by sampling hydrogen stable isotopes within these flight feathers (82Hr
) one can trace the breeding or natal latitude of migrating and wintering birds (e.g. Kelly
et al. 2002; Hobson 2005). In general, natal and breeding latitude are considered a fairly
accurate estimate of where the bird will return the following year to breed (Greenwood
and Harvey 1982; Sedgwick 2004). The degree of recruitment ofjuveniles into a specific
breeding population may be influenced by factors on the breeding grounds such food
limitation (Brown and Roth 2004) and reproductive success (Holmes et al. 1992) as well
as environmental conditions during the non-breeding season (Studds et al. 2008).

o2H values can also be extracted from claw keratin (Bearhop et al. 2003), and is
referred to as o2 Hc, Since claw keratin grows continuously, claw tip samples represent

o2 H signatures from the preceding three to seven weeks (Fraser et al. 2008). Layers are
moving outward to the claw tip
deposited continually from within the claw, eventually
2
claw keratin to assign wintering
(Bearhop et al. 2003). In general, using o H values from

.
.
latitude for Nearctic-Neotropica
· 1 migra
nts 1s more

challenging. The o2H isoscape in

tropical America is far less stru ctured when compared to temperate
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America (Hobson et

.
al. 2014), which results in a less d"1scernable gradient
when attempting to assign values.
Additionally, there is the added risk of oceanic effects on �>2 H values from birds wintering
in the Caribbean (Horita et al. 1995). Finally, there is no calibration for o2H values of
precipitation and claws, and there is added unpredictability in ground-feeding birds due
to increased wear and stimulated mitosis of claw tissues (Mazerolle and Hobson 2005).
Nevertheless, if isotopic differences in claw keratin used to assign wintering latitude can
be used to explain body condition variance or migration timing for birds along the Gulf
Coast, it would be a big step in establishing this as a method for linking events on the
wintering grounds to the annual cycle of the species.
The goal of this study was to use the hydrogen stable isotope method to explore
migratory connectivity of Gray Catbird (Dumetella carolinensis) using St. George Island,
Florida as a spring stopover site. This study represents one the first to use the analysis of
avian keratin to link breeding and wintering grounds to birds captured at a migratory
stopover site. These results allow an understanding of the annual migration patterns of
this species and examine how these values relate to energetic fat stores and the timing of
passage.
eficial as a contribution to an
The isotope values that I present will also be ben
et al. (2014), and be available for
overall isotopic atlas for songbirds outlined by Hobson
Gray Catbirds or other Nearctic
anyone wishing to do comparative studies with
opic values with those found in other
Neotropical migrants. By connecting these isot

regions, it will allow for more effective application of conservation efforts along
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migratory pathways at a population level.
In sum, my principal objectives were to I) examine the relationship between &2 H
values and passage timing and arriving energetic condition, 2) use &2 Hr and &2 Hc values
to assign breeding destination and wintering origin to birds, 3) present these data in the
context of this barrier island ecosystem and its contribution to future songbird
conservation in the region.

3.2 MATERIALS AND METHODS
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Study Species
The Gray Catbird is a widespread Nearctic-Neotropical
migrant and is one of the
most commonly encountered spring migrants along the north coast
of the Gulf of Mexico
(Kuenzi et al. 1991; Simons et al. 2004; Lester et al. 2016). They have a broad breeding
and wintering distribution (Figure 3-1). During the Nearctic winter, large numbers are
found in southern North America, Central America, and the Caribbean. Throughout the
year, they are most often found in areas of dense vegetation such as scrub land, woodland
edges, and successional forest, mostly avoiding dense, unbroken woodlands. The species
has adapted well to human habitation, and they are often found in urban, suburban, and
rural habitats. Predominant food sources include arthropods and berries (Cimprich and
Moore 1995). Partners in Flight estimates a global breeding population of 27 million with
87% spending part of the year in the United States, 13% breeding in Canada, and 25%
wintering in Mexico (Partners in Flight Science Committee 2012).
In 2013 and 2014 Gray Catbirds were the most common migrant captured at my
banding station on St. George Island, Florida (N = 145). They featured a broad spectrum
of physical condition (Table 3-1) and widespread capture dates (Figure 3-2). Since this
species occurs at our field site almost exclusively as a migrant, it is an ideal candidate to
study the role St. George Island plays within the parameters ofNearctic-Neotropic
migratory connectivity.

Isotope Laboratory Procedure
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While operating mist nets (Chapter 1 ), I colle
cted a tail feather (right rectrix 4)
and tip of both central toenails from all Gray Catbirds
for isotope analysis. I stored
samples in sample envelopes until after the field season.
I prepared the feather and claw samples following Colorado Plateau Stable
Isotope Lab (CPSIL) protocol. I rinsed each sample with purified water and then cleaned
each sample with Extran MA 02 Liquid Detergent before rinsing it once again. I then
dried the sample at 60° C for 20 minutes. Under a fume hood, I soaked the sample with a
2: 1 chloroform:methanol solution and let it stand for 5 minutes. After soaking the sample
in the 2: 1 chloroform:methanol solution for a second time, I rinsed the sample with
purified water and dried it in a desiccation oven at 60° C for an hour. I then individually
wrapped each sample in aluminum foil, placed the samples in a labeled sample envelope,
and shipped them to CPSIL for isotope analysis.
At CPSIL, samples were weighed into 3.5x5 mm silver capsules. The samples
were then pyrolyzed at l 400 ° C in an alumina:glassy carbon reactor (Thermo-Finnigan
TC/EA) producing H2 gas which was separated chromatographically in a 0.6-m
molecular sieve gas chromatography (GC) column and analyzed for stable isotope
composition using an isotope-ratio mass spectrometer (Thermo-Finnigan TC/EA and
Delta V Plus™, Bremen, Germany). Non-exchangeable stable hydrogen isotopic ratios
(2 W 1 H) were reported in delta (6) notation in parts per thousand (%0) deviation from the
VSMOW on the VSMOW-SLAP standard scale (Vienna Standard Mean Ocean Water
2
2
W 1 Hsample)/(2 H/ 1 Hstandard)-l],
Standard Light Antarctic Precipitation) where 6 H = [(
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Statistical Analyses
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Geographic Assignment
I inferred approximate breeding latitude based on the o2 Hr values

in flight feathers

molted at the breeding location of ASY birds and natal origins of SY birds. inferre
I
d
approximate wintering latitude based on the o2 Hc values in cl�w keratin. Prior to
assigning geographic origins, I used the conversion algorithm for ground-foraging
Nearctic-Neotropical migrants: 62 Hr = -17.57 + 0.95 62 Hp to convert 62 Hr and 62 Hc values
to 6 2 Hprec ipitation (62 Hp), This conversion, provided by Hobson et al. (2014), accommodates
isotopic discrimination from precipitation to 62 H values. Since there is currently no
calibration for 62 Hc values, I used the same algorithm for converting 62 Hc values to 62 Hp,
as advised by Hobson. I then assigned the converted 62 Hp values for each bird to isotopic
zones based on the o2 Hp surface (Terzer/lAEA) calibrated using the equation for ground
foraging short-distance migrants from Hobson et al. 2012 (Figure 3-1). Using functions in
ArcGIS, I calculated the proportion of the Gray Catbird's breeding range that falls into
each isotopic zone (Figure 3-1) and compared that with the proportion of birds that were
assigned to each zone. To further explore the effect of breeding latitude on energetic
condition, I calculated the mean fat and pectoral muscle scores, mass and wing chord for
birds assigned to each geographic zone and used Kruskal-Wallis tests to calculate their
significance.
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3.3 RESULTS
Age and Year Effects
The <> Hrvalues did not differ significantly between
age class
2

(W = 2109, p =

0.11) or year (W = 2667, P = 0.23), although there was a trend towar
d lower 82 Hrvalues
for second-year birds. �/He values did not differ significantly between age class (W
=
735, P = 0.48) or year (W = 341, P = 0.20; Tables 3-2 & 3-3; Figures 3-2 & 3-3).

Relation to passage timing, energetic condition, and physical measurements
Gray Catbird capture dates occurred throughout the sampling period, with noted
peaks earlier in the season (Figure 3-4). Slopes of regression lines for capture date as a
function of 82 Hr and c>2 H c were not statistically different from zero (Figures 3-5 & 3-6). I
found no significant relationship between c>2 Hr values and fat and pectoral muscle score,
wing length, and body mass (F 15, 129 = 0.716, P = 0.765; Table 3-4). Similarly, I found no
significant relationship between 82 Hc values and fat and pectoral muscle score, wing
length, and body mass (F 15, 70 = 0.471, P = 0.957; Table 3-5).

Geographic assignment
2
Of the Gray Catbirds (N = 145) assigned into geographic zones based on 8 Hr

values, birds fell into zones B (n = 54), C (n = 75), and D (n = 9; Figure 3-1). Although
significant portions of the catbird breeding range falls into zones E and F, none of the
birds were assigned to those regions. The zones within which the birds fell are consistent
with the eastern section of the birds breeding range (Figure 3-1). Within this eastern

region, a disproportionate number of birds were assigned to the more southerly zones
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B and C (Figure 3-7), which represent the southeastern portions of the species' breeding
range. Disproportionally few birds were headed to northern and northwestern zones
(Figure 7).
Of the Gray Catbirds (N = 86) assigned wintering geographic zones based off of
82 Hc values (Figure 3-1), birds fell into zone B (n=65) and zone C (n = 5). The remaining
16 birds had 82 H p values above any isotopic zone. Zone B is consistent with wintering
range of Gray Catbird along the entirety of the Gulf Coast and the Caribbean and Zone C
represents more interior regions of Central America.
I found no significant link between assigned breeding geographic zone and
energetic condition scores or mass and wing chord measurements (Table 3-6). I did not
conduct similar tests for wintering origins because almost all birds were assigned to the
same wintering zone.
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3.4 DISCUSSION
Relation between isotopic values and passage timi
ng

The lack of correlation between o2 Hr values and capture date in

my study

contrasts with the results of a similar study in Louisiana, where Langin et al. (2009)
found that individuals from southern breeding populations for Hooded Warbler
(Setophaga citrina), American Redstart (Setophaga ruticilla), and Black-and-white

Warbler (Mniotilta varia) had earlier spring passage dates on the Gulf coast. Paxton et al.
(2007) also found a relationship between the timing of spring passage and latitude of
breeding destination in Wilson's Warbler (Cardellina pusilla) in western North America.
Patterns of passage timing such as this are often attributed to the earlier onset of suitable
phenological conditions on breeding grounds at southerly latitudes (Cohen et al. 2015).
However, there have also been multiple cases where no such correlation has been found.
In the same study, Langin et al. (2009) did not find any correlation for Northern
Waterthrush (Seiurus noveboracensis) and Ovenbird (Seiurus aurocapilla). Whereas
Kelly et al. (2002) found a marked correlation between o2 Hrand capture date in autumn
for Wilson's Warbler, they failed to find one in the spring, and at a spring stopover site in
Costa Rica, Wilson et al. (2008) found no correlation between o2 Hrand capture date for
Swainson's Thrush (Catharus ustulatus).
The lack of correlation in my study implies that birds headed throughout their
breeding range are arriving on the Gulf coast on similar dates. Support for this hypothesis
For
e
t a
can be seen in the wide range of isotopic values for catbirds caugh on singl day.
2
e of -85.6 to -24. 5 (n = 24),
example, on April 16, 2014 samples produced a o Hr rang

which spans nearly the entire breadth of the catbird's breeding range. To rationalize
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birds headed to disparate destinations arriving on the same day, I suggest that while a
southern bird has nearly arrived at its breeding site, a northern breeding bird still must
complete a lengthy secondary stage of their migration. Once arriving in temperate
America, a bird can then adjust their rate of migration based on environmental cues such
as food abundance (Studds and Marra 2011) and temperature (Both et al. 2006; Smith et
al. 2009) that are reliable indicators of conditions further north (Marra et al. 2005; Fraser
et al. 2013). Therefore, the date of arrival into temperate America may be of secondary
importance to the bird, with added emphasis being on the subsequent adjustment in rate
of migration after arrival. Evidence to support this temperate shift in migration rate can
be found in studies on the effects of climate change on the spring migratory calendar of
songbirds. Although migrants are arriving earlier to their breeding grounds as the climate
warms (Miller-Rushing et al. 2008a; Knudson et al. 2011; Hurlbert and Liang 2012),
migrants are not arriving earlier on the Gulf Coast in spring (Cohen et al. 2015). Cohen et
al. (2015) also found no relationship between spring resource phenology north and south
of the Gulf, which suggests there may be no reliable cues in the tropics for migrants to
gauge spring resource phenology in temperate America. The idea that migrants segregate
themselves after arrival on the Gulf Coast further highlights the importance of these
islands as an initiation site for the final stage of their migration. Additional future climate
change is likely to further affect the timeline of emergence of suitable phenological
conditions in temperate America. If this occurs, migrants will have to further adjust their
rate of migration once arriving in temperate America, which could act as a stressor on the

population.
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It is important to mention that catbirds are sexually monomorphic, and I was
unable to sex the catbirds used in this study. This could have masked a correlation
between passage timing and breeding latitude. This is due to the fact that there is
differential timing in the arrival of males and females in all migrants, both at stopover
sites and eventual breeding sites. Males arrive earlier than females in all species, and
adult males arrive earlier than second-year males (Francis and Cooke 1986, Moore et al.
1990). Therefore, on a given date I may have been capturing females headed to southern
breeding locations and males headed to northern breeding locations. Interestingly, this
could also be a possible explanation for the lack of correlation for Northern Waterthrush
and Ovenbird in Langin (2009), as both of these species are sexually monomorphic as
well. To avoid this complication, any similar future studies on sexually monomorphic
species should attempt to sex the individuals, using methods such as the PCR-based
approach described in Griffiths et al. (1998).
As opposed to mainland stopover sites that experience a steady rise and fall of
capture numbers (Wilson et al. 2008), stopover sites along a geographical barrier such as
the Gulf of Mexico often experience irregular patterns in daily capture numbers (e.g.
Chapter 2). This can be caused in part by birds accumulating at a favored departure
location on the southern coast of the Gulf and waiting for ideal conditions for crossing
(Danhardt and Lindstrom 2001; Tsvey et al. 2007). Once suitable conditions materialize,
a large number of birds may cross at once, rather than trickling through the region day-

by-day. An abundance of individuals on a single day could affect the ability to
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accurately portray a passage timeline.

Influence of wintering origins on passage date

Another explanation for the lack of correlation between breeding latitude and
passage date could be that birds may have originated from a wide range of wintering
latitudes. Gray Catbirds in particular have an extensive wintering range, from the
temperate southeastern United States through the Caribbean and Central America to
northern South America. Stopover sites in the eastern Gulf may have added likelihood of
birds arriving from multiple staging areas, and it is conceivable that I was capturing birds
originating from the Yucatan Peninsula, western Cuba, or western Florida in a single day.
The timing of departure from wintering grounds is partly a response to environmental and
phenological cues. The reliability of these cues lessens with more southerly latitude, so
more northern wintering birds may have increased capabiljty of adjusting their departure
date while more southern wintering birds have a more strict reliance on endogenous cues
and photoperiod (Hagan et al. 1991; Fraser et al. 2013 ). At the same time, current climate
change is likely influencing the departure date of birds from their wintering grounds. For
example, species that migrated from Central America and the Caribbean arrived later
during years with drought in their wintering ranges, while species wintering in South
America had more consistent arrival dates (Cohen et al. 2015). Therefore catbirds
originating from more northern wintering grounds may be able to adjust their departure
(and subsequent Gulf Coast passage) dates from year to year, while more southern

wintering birds cannot. At sites such as mine where I am capturing birds originating
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from across their wintering range, this could have a significant effect in discerning
patterns involving passage date. It is worth mentioning that if catbirds on their wintering
grounds are unable to adjust their rate and timing of migration, they may be arriving on
the Gulf Coast later than the ideal time. Climate change stressors may be of most
influence on catbirds that are wintering in the southern portions of their winter range,
where they cannot be as reliant on environmental cues to initiate migration.

Passage date and c>2 H c
Despite a large sample size, there was little variation and no correlation between
passage date and <i2 H c , The tropical America <i2 H isoscape is far less structured than
temperate North America (Hobson et al. 2014), therefore any patterns that may be present
here could be more difficult to uncover. Nevertheless, the majority of the o2 Hc values
were consistent with <i2 H p values found throughout the Gray Catbird tropical wintering
grounds, which supports their utility. However, because these samples were collected
during migration rather than on site at their wintering grounds, there is no way to verify
the accuracy of these values.

2
2
Energetic reserves in relation to c> Hr and c> Hc values

2
2
I found no correlation between energetic reserves and <> Hr and o Hc values. At a

· Costa Rica, Wilson et al · (2008) showed that Swainson's Thrushes
stopover s1·te m
headed to more northerly latitudes were not carrying

greater energetic reserves when

compared to those birds headed to more southern latitudes. At the same time, Bayly

61

and Gomez (2011) suggest that migrants moving northward in spring accumulate the
majority of their needed fat reserves while still on their wintering grounds, rather than by
piecemeal during migration. The lack of correlation between 82 Hr and energetic condition
for catbirds supports my hypothesis that catbirds adjust their rate of migration after
arrival in temperate America. If this is the case, then reserves carried at landfall might
have little relation to the total reserves needed to complete the final stage of migration.
Also discussed earlier, Gray Catbirds have a broad wintering range, and it is
likely that I captured birds originating from multiple wintering grounds. This could have
an effect on the arrival condition of birds. For example, Simons et al. (2004) noted
differences in arrival condition of birds at Peveto Beach, LA and East Ship Island, MS
( 400 km apart), which suggested that these two locations may be receiving birds from
different migratory routes. If this is the case with birds at my site, then correlations
between ci2 Hr and ci 2 Hc values and energetic condition could be affected.

Geographic assignment
My study shows that Gray Catbirds sampled were headed exclusively to the
eastern portion of their breeding range, with a disproportionate number of birds headed to
their southeastern breeding grounds. This is not likely due to varying abundance, as
· · s are re I at·1vely consi·stent throughout the eastern and central breeding range
dens1t1e
s breeding in western and
(Sauer et al. 2014). It is most likely that this is due to catbird

northern portions of their range using a circum-Gulfroute rather than a trans-Gulf
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migratory route.
Hobson et al. 2014 published cf Hr values for Gray Catbird at wintering locations
in Guatemala and Mexico (Table 3-7), albeit with a much smaller sample size (N = 12)
than my study (N = 145). Birds wintering in Mexico showed values consistent with the
northwest sections oftheir breeding range, while birds sampled in Guatemala represented
birds from the eastern sections oftheir breeding range. Using these values, I am able to
compare isotopic values of Gray Catbirds at known wintering locations with those at my
stopover site in Florida. The values from my site are consistent with those from
Guatemala published by Hobson and do not overlap with those from Mexico. This
suggests that birds stopping along the eastern Gulf coast are possibly originating from
southern Central America but not from central and northern Mexico. Based on these
data, I hypothesize that catbirds breeding in western North America are wintering in
Mexico and do not readily perform trans-Gulf migration. This hypothesis is consistent
with Morse (1989), and Boulet et al. (2006) who suggested that birds crossing the Gulfof
Mexico have destinations falling in the eastern and central portions ofNorth America.
Dugger et al. (2004) also showed that Nearctic-Neotropical migrants wintering in Puerto
Rico originated from the eastern portions oftheir breeding range. Furthermore, I propose
that catbirds breeding in north-central and northeast North America are wintering
predominately in temperate America, which explains the comparative paucity of northern
birds crossing the Gulf compared to southern birds. Several studies have shown that more
northern breeding songbirds winter farther north (e.g. Norris et al. 2006). To further

support this hypothesis, Ryder et al. (2011) used light-level geolocators and mark
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recapture data to explore migratory connectivity in Gray Catbirds. Results showed that
birds breeding in the mid-Atlantic wintered in Florida and the Caribbean, while birds
from the Midwest wintered in Central America. Ryder et al. (2011) demonstrated that
Gray Catbird populations are using distinct geographical regions during the non-breeding
season, which further demonstrates the presence of an east-west winter divide in
Nearctic-Neotropical species. This supports a hypothesis of chain migration in Gray
Catbirds and that the mid-Atlantic is a zone of transition between birds to the north
wintering in the temperate America and birds to the south wintering in the tropics. The
one drawback of the isotope method is that it has limited utility in discerning longitudinal
difference. Therefore, I cannot identify whether my field site in Florida received any
birds headed to the Midwest rather than areas in the Northeast that lie at a similar
latitude.
2
In both the o2Hr and o Hc datasets there were a fair number of values that fell out

of the expected isotopic range for breeding and wintering latitude respectively. Outlier
o2Hrvalues could have been caused by accidental loss of feathers during the year, an
2
alternative molt strategy, or perhaps a weak link between the 0 H in their food items and
2
in the growing-season precipitation (Wassenaar and Hobson 2001). The outlier 0 Hc

ating o2 H c
values may have been caused by the increased challenges involved with calibr

e.
values as well as the potential for confounding oceanic effects, as discussed befor
ring locations would be a

Collecting Gray Catbird samples at known breeding and winte

i
''I

big step in exploring the accuracy of these methods in estimating breeding and
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wintering latitudes for this species.
My study shows that claw keratin might be an effective method for assigning
wintering origins to birds. To further test the efficacy of this method, it might be wise to
test a species with a broad temperate wintering range that covers many isotopic zones,
which would allow for greater likelihood of discerning potential differences. My 02 Hc
values will hopefully be an inspiration to others to attempt to further elucidate the
benefits of using of claw keratin o2 H values in establishing migratory connectivity.

Limitations to the study

Due to logistical constraints, data collection did not span the entire migratory
season. The first significant trans-Gulf migrant flights begin in March (Gauthreaux and
Belser 1999), but my data collection did not begin until mid-April. Although the peak of
trans-Gulf passage occurs during late-April and early-May, it is likely that I missed the
first portion of Gray Catbird passage.

Implications

Gray Catbirds in particular are dependent on dense undergrowth at all stages of
their annual cycle. The drying and warming patterns in Central America and the
Caribbean are projected to continue and intensify (Neelin et al. 2006). These conditions
are likely to worsen the energetic condition and survival of migrants (Dugger et al. 2004)
and further constrain the migratory timeline of songbirds wintering

in these regions

(Cohen et al. 2015). Protecting suitable habitat on the Apalachicola
Bay barrier islands
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as well as along the nearby coast will provide for catbirds and other migrants, many of
which arrive in depleted energetic condition. Managing habitats for migratory songbirds
will become more challenging as this region experiences sea level rise in the coming
century. The distribution and abundance of habitats are likely to shift, and it will take a
concerted effort to ensure that adequate habitat remains (Lester et al. 2016).
This study represents the first effort to use the hydrogen isotope approach to
establish migratory connectivity and document temporal patterns of spring passage for a
Nearctic-Neotropical migrant in the east Gulf coast. Furthermore, it is the first study to
use the hydrogen isotope approach with claw keratin as a method to explore relationships
between passage timing, energetic condition, and for assigning wintering origins. The
results of this study highlight that there are a wide range of breeding destinations for
Gray Catbirds passing through this region, and that degradation or loss of this area is
likely to have broad and diffuse effects for migratory songbird species. Consequently,
protecting the Apalachicola Bay barrier islands potentially protects stopover habitat for
birds destined for a large portion of their range. Land managers for the Apalachicola
National Estuarine Research Reserve should conserve stopover habitat when possible.

66
Table 3-1. Summary of Gray Catbirds captured at Unit 4 Apalachicola National
Estuarine Reserve, St. George Island, FL (21 April 2013 - 10 May 2013, 14 April 20149 May 2014).
Year
2013
2014
2013/2014

N
50
95
145

SY
20
30
50

ASY Fat (SE)
27
2.2 (0.21)
68 2.0 (0.13)
95 2.1 (0.11)

Muscle (SE)
1.6 (0.07)
2.2 (0.07)
2.0 (0.05)

Wing (SE)
87.3 (0.29)
88.7 (0.29)
88.2 (0.22)

Mass (SE)
34.8 (0.43)
35.5 (0.38)
35.3 (0.28)

Table 3-2. Summary of stable hydrogen isotope analyses of feather samples of Gray
Catbirds at Unit 4 Apalachicola National Estuarine Reserve, St. George Island, FL (21
April 2013 - 10 May 2013, 14 April 2014 - 9 May 2014).
Year
Age
2013
SY
2014
SY
ASY
2013
ASY
2014
2013/2014 SY/ASY

N
20
27
30
68
145

Mean (SD) (%0}
-65.8 (12.4)
-70.8 (18.4)
-66.0 (10.8)
-66.1 (11.1)
-66.4 (13.0}

95% CI (%0)
-71.2 to -60.4
-77.7 to -63.8
-69.9 to -62.2
-68.8 to -63.5
-64.3 to -68.5

Range {%0}
-93.5 to -37.9
-91.3 to -11.6
-89.9 to -52.5
-89.5 to -25.0
-93.5 to -11.6
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Table 3-3. Summary of stable hydrogen isotope analyses of claw samples of Gray
Catbirds at Unit 4 Apalachicola National Estuarine Reserve, St. George Island, FL (21
April 2013 - 10 May 2013, 14 April 2014-9 May 2014).
Year
Age
2013
SY
2014
SY
ASY
2013
ASY
2014
2013/2014 SY/ASY

N
9
3
19

55
86

Mean {SD) (%0)
-40.2 (7.8)
-35.4 (12.1)
-40.5 (8.0)
-35.2 (10.9)
-35.5 (10.8)

95% CI {%o}
-45.3 to -35.1
-40.9 to -30.0
-49.5 to -31.5
-38.0 to -32.5
-33.3 to -37.8

Range (%0}
-50.7 to -28. 7
-52.8 to -11.9
-49.4 to -34.1
-56.6 to -4.9
-56.6 to -4.9
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Table 3-4. Summary statistics of general linear model to exam
ine the effects of fat
stores, pectoral muscle scores, mass, and wing chord on o2
Hr values of Gray Catbirds at
Unit 4 Apalachicola National Estuarine Reserve, St. George
Island, FL (21 April 2013 10 May 2013, 14 April 2014 -9 May 2014).
Residuals
Min
-28.153
Coefficients:
(Intercept)
fat
muscle
mass
wing
fat:muscle
fat:mass
muscle:mass
fat:wing
muscle:wing
mass:wing
fat:muscle:mass
fat:muscle:wing
fat:mass:wing
muscle:mass:wing
fat:muscle:mass:wing

lQ
-5.689

Estimate
-44.426
-236.644
-655.695
5.172
-0.894
366.040
2.786
14.234
2.862
7.624
-0.045
-7.971
-4.201
-0.380
-0.176
0.092

Residual standard error:
Multiple R-squared:
F-statistic:
Adjusted R-squared:
�-value:

Median
-0.844
Std. Error
3070.252
1307.061
1680.733
95.518
34.878
679.440
39.044
51.619
14.855
19.063
1.085
20.191
7.727
0.443
0.585
0.230

3Q
7.203

Max
54.046

t value
-0.014
-0.181
-0.390
0.054
-0.026
0.539
0.071
0.276
0.193
0.400
-0.035
-0.395
-0.544
-0.086
-0.286
0.402

13.21 on 129 degrees of freedom
0.0769
0.716 on 15 and 129 degrees of freedom
-0.030
0.765

Pr(>ltl)
0.988
0.857
0.697
0.957
0.980
0.591
0.943
0.783
0.848
0.690
0.972
0.694
0.588
0.932
0.775
0.688
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Table 3-5. Summary statistics of general linear model to
examine the effects of fat
stores, pectoral muscle scores, mass, and wing chord on 'i2H
�
values of Gray Catbirds at
Unit 4 Apalachicola National Estuarine Reserve, St. George c
Island, FL (21 April 2013 10 May 2013, 14 April 2014 - 9 May 2014).
Residuals
Min
-22.242
Coefficients:
(Intercept)
fat
muscle
mass
wing
fat:muscle
fat:mass
muscle:mass
fat:wing
muscle:wing
mass:wing
fat:muscle:mass
fat:muscle:wing
fat:mass:wing
muscle:mass:wing
fat:muscle:mass:wing

IQ
-7.931

Estimate
-688.019
392.129
943.267
22.490
7.894
-426.833
-14.590
-31.116
-4.695
-10.903
-0.270
14.571
4.936
0.172
0.359
-0.168

Residual standard error:
Multiple R-squared:
F-statistic:
Adjusted R-squared:
Q-value:

Median
-0.859
Std. Error
3772.857
1776.377
2001.316
117.092
42.794
852.476
53.669
61.544
20.180
22.656
1.330
25.641
9.651
0.611
0.697
0.290

3Q
5.452

Max
23.703

t value
-0.182
0.221
0.471
0.192
0.184
-0.501
-0.272
-0.506
-0.234
-0.481
-0.203
0.568
0.511
0.283
0.515
-0.578

11.34 on 70 degrees of freedom
0.092
0.471 on 15 and 70 degrees of freedom
-0.103
0.957

Pr(>ltl)
0.856
0.826
0.639
0.848
0.854
0.618
0.787
0.615
0.816
0.632
0.840
0.572
0.611
0.778
0.608
0.565

Table 3-6. Physical measurements and passage date (including stand error)
of Gray
ard
Catbirds at Unit 4 Apalachicola National Estuarine Reserve, St. George Island, FL (21
April 2013 - 10 May 2013, 14 April 2014- 9 May 2014) by assigned breeding
geographic zone. Zone B represents the southernmost zone, with zones C and D
positioned progressively northward. There are two additional northerly zones that fall
into to the catbird's breeding range (Zones E and F), but no catbirds were assigned to
these zones.
N
Fat
Muscle
Mass
Wing
Age
Julian Date

B
54
2.15 (0.17)
1.98 (0.09)
35.6 (0.39)
88.3 (0.36)
5.7 (0.06)
114.2 (0.89)

C
75
2.16 (0.16)
1.99 (0.08)
35.3 (0.44)
88.1 (0.29)
5.6 (0.06)
114.0 (0.79)

D
9
1.55 (0.44)
2.00 (0.29)
34.7 (1.11)
87.4 (1.24)
5.3 (0.17)
111.7 (1.98)

Kruskal-Wallis
1.70 (2), P = 0.43
0.05 (2), P = 0.98
0.64 (2), P = 0.73
1.55 (2), P = 0.46
3.60 (2), P = 0.17
0.61 (2), P = 0.73

71

72

Table 3-7. Comparison of stable hydrogen isotope analyses of feather samples of Gray
Catbirds captured at Unit 4 Apalachicola National Estuarine Reserve, St. George Island,
FL (21 April 2013 - 10 May 2013, 14 April 2014 - 9 May 2014) and at wintering sites in
Mexico 1 and Guatemala2• Isotopic values recorded in Florida closely match those found
at wintering locations in Guatemala, but differ greatly from those found in Mexico.
Location
Florida
Mexico 1
Guatemala2

N
145
15
12

Mean (SD) (%0)
-66.4 (13.01)
-122.6 (8.8)
-64.6 (12.1)

Range {%0)
-93.5 to -11.6
-135.l to -107.7
-72.3 to -56.8

1 El Cielo Biosphere Reserve in southern Tamaulipas during December and January 2006-2010, published
in Hobson et al. 2014
2
mid-elevation forest in southwest Guatemala originally reported by Hobson and Wassenaar (1997)
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Figure 3-1. o H p isotopic zones for ground-foraging Nearctic-Neotropical migrants from
Hobson et al. (2014). Calibration used an improved o 2H surface (Terzer/IAEA) and used
the equation for ground-foraging short-distance migrants from Hobson et al. 2012. The
breeding range and % of birds assigned to each zone for Gray Catbird is overlaid. Out of
145 birds assigned breeding origins from o 2Hr values, Zone B = 54 (.39), Zone C =
75(0.54), Zone D = 9(0.07), with proportion of total in parenthesis.
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Figure 3-2. o H p isotopic zones for ground-foraging Nearctic-Neotropical migrants from
2
Hobson et al. (2014). Calibration used an improved o H surface (Terzer/IAEA) and used
the equation for ground-foraging short-distance migrants from Hobson et al. 2012. The
zone for Gray Catbird is overlaid. For
wintering range and % of birds assigned to each
2
the 86 birds assigned wintering origins from ii H c values, Zone 8 = 65 (0. 76), Zone C = 5
(0.06).
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Figure 3-3. Gray Catbirds captured per net hour in relation to passage date at Unit 4
Apalachicola National Estuarine Reserve, St. George Island, FL (21 April 2013 - 10 May
2013, 14 April 2014- 9 May 2014).
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Figure 3-4. Distribution of 8 2 H of claw and feather samples for Gray Catbirds captured at
Unit 4 Apalachicola National Estuarine Reserve, St. George Island, FL (21 April 2013 IO May 2013, 14 April 2014- 9 May 2014). Box boundaries indicate the 25 1h and 75 1h
percentiles, the horizontal line within the box is the median, and the whiskers above and
below the box the extent of the 90th and I 0 th percentiles. All other points depicted above
or below are outliers.
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Figure 3-6. Spring passage timing in relation to 8 2 Hrfor Gray Catbirds (r2 = -0.007, P =
0.822, N = 145) captured at Unit 4 Apalachicola National Estuarine Reserve, St. George
Island, FL (21 April 2013 - 10 May 2013, 14 April 2014-9 May 2014).
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CHAPTERIV
CONCLUSIONS

Recently there has been a paradigm shift in how to approach the conservation of
songbirds during migration. Rather than focusing on specific species, it has been
suggested that the best method may be to identify high-priority stopover sites for
protection (Mehlman et al 2005). It is under the umbrella of this conce�t that I
approached my study ofthe spring migrant community of St. George Island, Florida.
During the course of my study, I demonstrated that a diverse assemblage of
Nearctic-Neotropical migrants utilize the barrier islands of Apalachicola Bay as a spring
stopover site. I also learned that many of these birds are in a severe state of energetic
depletion. The number of birds on the island increases greatly during periods of
unfavorable weather for continued migration inland. During these periods of unfavorable
weather it appears that all migrants, regardless of their condition, are relying on these
islands as a refuge until favorable conditions for continued migration return. During
periods of favorable weather, the islands are utilized primarily by birds incapable of
continuing northward. For these birds, these islands are of paramount importance as a site
to rest and refuel.
stigate the connectivity between St.
I used a case stud y ofthe Gray Catbird to inve
. I found that catbirds that
· breed"mg and wintering grounds
George Island and the1r
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stopover on St. George Island are spending the
wm
· ter m
· central America and the

Caribbean and are headed to breeding areas tha
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t encompass a broad swathe of eastern and

central North America. A disproportionate number

of catb"trd s were headed to their
·

southernmost breeding grounds. This supports a theory

of chain migration, where birds

breeding in the southeastern United States winter in tropical
America while more
northern-breeding catbirds winter in temperate America. Chapter 3
also revealed that
passage date and energetic scores upon arrival to the Florida Gulf coast had no

relation to

the distance remaining to their breeding latitude. These two factors suggest that Gray
Catbird populations are segregating themselves after arrival into temperate America, once
they are exposed to reliable environmental cues that allow them to fine tune their rate of
migration. This concept highlights the importance of the Gulf coast as a site where
migrants are initiating the next significant phase of their migration.
Buler and Moore (2011) showed that most migrants select stopover sites within
18 km from the coastline during first landfall after crossing the Gulf. From St. George
Island, migrants would need to continue at least 8 km to reach the coastline; however,
ideal habitat (e.g. mature and dense mixed forest) may not be available for several more
k·11 ometers. As m
· ns, the Apalachicola Bay barrier islands are under threat
· other reg10
the
from sea level rise and development. F urthermore, Lester et al · (2016) showed that
.
. .
Research Reserve
.
maJonty of migrants ob served m the Apalachicola National Estuarine
·
vation.
(ANERR) on St. George Island were c.iound m areas of low-ele
for coastal land-use managers in the
I believe my study can b e used as a resource
.
rd migrants and links the future of
region. It highlights the use of island habitat by songbi

this land with the future of songbird populations. Due to the highly variable nature of
this migrant c ommunity, I urge others to continue the study of songbirds in the Florida
panhandle region. As our knowledge increases and decision-makers become more
informed, so increases the likelihood that the welfare of migratory songbirds will be
included in these discussions.
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and compass, e xpert-level wildlife identification, wildlife photography
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FELLOWSHIPS
AND HONORS

Post er Presentation. 3 rd place. NOAA Educational Partnership Program Forum,
2014.
Creativ e Writing Award. UNC-Chapel Hill, Robert C. Ruark Jr. Award as 1st
Runner-Up, 2008
Creative Writing Award, UNC-Chapel Hill, Mini-Max Fiction Award as Honorable
Mention, 2008
Mecklenburg Carolina Club Scholarship, UNC-Chapel Hill, 2004
Robert S. Morris Endowed Scholar ship, UNC-Chapel Hill, 2004
Escheat s Scholarship, UNC-Chapel Hill, 2004 .
.
.
.
Gold M edal for State of NC, Science Olympiad (bird and tree 1 dent 1 ficat 1 0n), 2003
and 2004
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