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ABSTRACT 

Selected Neotropical and long-distance migratory landbirds were studied 

during spring migration at a known stopover site on the southern shore of Lake 

Ontario. A total of 1277 individuals were captured by mist net from 1 May through 1 

June 1995, and 22 April through 1 June 1996, for banding and measurement of 

morphological characteristics. Poor energetic condition was typical of the long

distance migratory landbirds captured at this site during this study (80.6% fell in the 

lowest 3 out of 6 fat classifications). Few birds were recaptured after the day of 

their initial captures. No significant differences in initial condition index or fat class 

were found in recaptured birds, compared to those captured only once, in three 

species with adequate sample sizes. Individuals were found to lose, maintain, or 

gain weight during their stay, and showed no significant correlation between length 

of stay and change in mass. A total of 775 individuals representing 14 species 

were examined for outward physiological indication of male breeding readiness 

and grouped latitudinally into two categories based on relative distance from the 

study site to the southernmost limit of the species' geographic nesting range. Two 

individuals from the near-nesting group exhibited a cloacal protuberance. No 

individuals of the far-nesting group exhibited protuberance. No significant 

difference in the proportion of males exhibiting a cloaca! protuberance was found 

between the two groups. Cloacal lavage samples were taken from 22 White

throated Sparrows (Zonotrichia albicollis) and 26 Swainson's Thrushes (Catharus 

minimus ). None of the migrating individuals lavaged exhibited presence of cloacal 

sperm regardless of species, sex, or date of capture. Flying insects (Diptera) were 

abundant throughout the two study periods while Lepidopteran larvae were not 

present until the final week of May in both 1995 and 1996. Numbers of Diptera 

were significantly higher at nearshore sampling sites during the final weeks of each 

study period. 
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Results of my two year study suggest that : 

1. Most Neotropical migrants reaching Braddock Bay continue migrating after 

stopping only one day. 2. Neotropical migrants reaching Braddock Bay are in 

relatively poor condition, as indicated by predominance of low fat class scores. 3. 

But most migrants seem to be able to improve condition adequately for another 

night's flight during a single day. 4. There is no obvious relationship between body 

condition, as indicated by fat class score or condition index at initial capture, and 

length of stay of migrants reaching the stopover site at Braddock Bay. 

5. Neotropical migrants may concentrate near Lake Ontario not only due to the 

geographic barrier imposed but also to take advantage of abundant food 

resources and safe cover. 6. Depleted energetic stores may explain the lack of 

early sperm production or release in migrants at this stopover site. 

Key words: Stopover ecology; Neotropical migrants; early sperm release; 

reproductive timing; gonadal recrudescence. 

iii 



Dedicated to my wife Leigh 

and my two sons Benjamin and Zachary 

without whose love, encouragement, and support 

I could never have achieved my academic goals. 

iv 



ACKNOWLEDGEMENTS 

I would like to thank Dr. Christopher Norment, Assistant Professor 

Department of Biological Sciences, SUNY College at Brockport, for his academic 

and research advisement and friendship. A hearty thank you is extended to Dr. 

James Haynes and Dr. Delmont Smith for their advice and service as graduate 

committee members. I would also like to thank Betsy Brooks, Director of the 

Braddock Bay Bird Observatory, Robert McKinney, Sharon Skelly, Brian Mongi, 

Lloyd Swart and all the staff and volunteers at 380 for their help and kind 

hospitality during this study. Also, I would like to thank Kris Agard, Director of 

Science and Stewardship of the Nature Conservancy of Central and Western N.Y., 

for all her help and advisement. 

Last but not least I would like to that all of the Faculty and staff of the 

Department of Biological Sciences for helping to make my academic pursuit at 

SUNY Brockport rewarding and very enjoyable. 

V 



CONTENTS 

introduction i 

Chapter 1: Stopover of Spring Migrants at Braddock Bay 4 

Introduction 5 

Methods 7 

Re~~ 11 

Discussion 1 7 

Conclusions 26 

Tables 28 

Figures 41 

Chapter 2: Breeding Readiness During Spring Stopover 49 

Introduction 50 

Methods 51 

Results 53 

Discussion 54 

Tables 57 

Literature Cited 60 

Appendix 1 70 

Appendix 2 71 

vi 



LIST of TABLES 

Chapter 1 

Table 1.1 Avian species selected for study and their nesting status. 28 

Table 1.2 Numbers of spring migrants captured and recaptured. 29 

Table 1.3 Between-year comparison of mean mass and condition 
index of spring migrants upon initial capture. 30 

Table 1.4 Length of stopover and mass change in subsequent-day 
recaptured spring migrants. 31 

Table 1.5 Condition index change in subsequent-day recaptured 
spring migrants. 32 

Table 1.6 Comparison of initial capture mass between subsequent-
day recaptured birds and birds captured only once. 33 

Table 1.7 Comparison of initial condition index between subsequent-
day recaptured birds and birds captured only once. 34 

Table 1.8 Relationship between minimum stopover length and initial 
capture mass or condition index Ruby-crowned Kinglets. 35 

Table-1.9 Relationship between condition index and time of capture. 36 

Table 1.1 O Relationship between change in mass and stopover length. 3 7 

Table 1.11 Relationship between rates of mass change and mass at 
initial capture of subsequent-day recaptured individuals. 38 

Table 1.12 Difference in flying insect abundances between nearshore 
and inland sampling sites. 39 

Table 1.13 Between-year variance in mean numbers of flying insects 
occurring at insect sampling sites. 40 

Chapter 2 

Table 2.1 Occurrence of cloaca! protuberance in Near-nesting 
spring migrants. 57 

Table 2.2 Occurrence of cloacal protuberance in Far-nesting 
spring migrants. 58 

Table 2.3 Proportions of migrant White-throated Sparrows and 
Swainson's Thrushes exhibiting sperm. 59 

vii 



LIST of FIGURES 

Chapter 1 

Figure 1 .1 Location of Braddock Bay and the Braddock Bay 
Observatory study site. 4 1 

Figure 1.2 Locations of arthropod abundance sampling sites. 42 

Figure 1.3 Distribution of fat class scores for spring migrants. 43 

Figure 1.4 Sameday weight change in Ruby-crowned Kinglets 
during 1995 spring migration. 44 

Figure 1.5 Sameday weight change in Ruby-crowned Kinglets 
during 1996 spring migration. 45 

Figure 1.6 Species-specific mass change for subsequent-day 
recaptured spring migrants. 46 

Figure 1.7 Mean number of Diptera captured at two nearshore and 
two inland sampling sites 7 May - 4 June 1995. 4 7 

Figure 1.8 Mean number of Diptera captured at three nearshore and 
three inland sampling sites 28 April - 2 June 1996. 48 

viii 



1 

INTRODUCTION 

A broad based, proactive approach to preventing continued decline in 

species populations to threatened or endangered status has been promoted as 

preferable to last minute rescue efforts characteristic of past conservation strategy 

(Scott et al. 1991 ). Nearly one-third of all Neotropical migrant landbird species 

have declined in various regions of the U.S. over the past few decades (Hagan et 

al. 1992). Two species, the Bachman's Warbler (Vermivora bachmanii) and the 

Kirtland's Warbler (Dendroica kirtlandii ), are considered near extinction while a 

handful of others are considered threatened (Rappole 1995). However, many 

populations of Neotropical migrants still exhibit relatively large populations. 

Therefore an opportunity exists to limit further drastic population declines if 

conservation efforts are focused to address their needs. Additionally, Neotropical 

migratory landbird species are known to be sensitive to environmental changes 

and as such are recognized as indicators of environmental modification (Martin 

and Finch 1995). Rappole (1995) has suggested that uncertainties in the 

detrimental effects of environmental change may be clarified through intensive 

study documenting population declines of indicator species (Lovejoy 1992, Petit et 

al. 1993). 

Significant declines of Neotropical and other long-distance migratory 

landbird species in specific regions of the U.S. have generated great interest in 

identifying causation for these declines. Conservation biologists recognize that the 

key to protecting species exhibiting long term declining populations is to improve 

understanding of their life histories and biological relationships to their 

environments (Primack 1993). As of yet, causes for precipitous decline in many 

Neotropical migrants remain controversial (Robbins et al. 1989, Terborgh 1989, 

Askins et al. 1990, Morton 1992). Explanations have encompassed both the 
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destruction and alteration of tropical wintering habitats (Robbins et al. 1989, Litwin 

and Smith 1992, Lynch 1992, Rappole and McDonald 1994) as well as problems 

on summer breeding grounds (Askins et al. 1990, Sherry and Holmes 1992, 

Bohning-Gaese et al. 1993, Robinson et al. 1995). However, the variation 

associated with each species' life histories and the many differences in their 

wintering and breeding ranges preclude an all encompassing explanation for 

declining populations. Recently, suggestions have been made that further 

research should also focus upon the situations faced by Neotropical migrants 

during yearly migrations (Finch 1991, Moore and Simons 1992, Russell et al. 

1994). 

Often, population declines result from altered environmental conditions that 

interrupt normal life cycle processes (Martin 1995). Migratory birds are dependent 

upon three geographically separate, and distinctly different, habitats to complete 

their annual cycles (Rappole 1995). North American Neotropical and long

distance Temperate migrants breed in habitats found in the high latitudes of the 

U.S. and Canada during summer months. They winter in habitats located in the 

lower latitudes of the U.S., Mexico, the Caribbean, and subtropics of Central and 

South America. Additional habitats are utilized located between breeding and 

wintering grounds during biannual migrations periods. Therefore difficulties faced 

by migrants in any one habitat utilized by migrant species during their annual cycle 

can affect survival. Events faced by birds during migration can impact both 

numbers that arrive on summer breeding grounds as well as their energetic 

condition upon arrival (Ketterson and Nolan 1982, Martin and Karr 1986, Lindstrom 

1990, Kuenzi et al. 1991, Owen and Black 1991, Russel et al. 1994). If numbers of 

migrants are diminished, or individuals are severely impaired before reproductive 

bouts, annual recruitment will decline. Moore and Simons (1992) proposed that 
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"factors associated with the en route ecology of migrants must figure in any 

analysis of population change and in the development of a comprehensive 

conservation strategy for Neotropical wintering landbird migrants". Therefore, in 

light of concern over declining populations of many passerine species, a need 

exists for further study of migration in Neotropical and temperate landbirds (Hagan 

et al. 1992). 

This thesis is presented in two parts focusing on the ecology of long

distance migrants at the Braddock Bay Bird Observatory located on the southern 

Lake Ontario shoreline during spring migration. The Braddock Bay Bird 

Observatory has been maintained as a bird banding station monitoring passerine 

migration through the area for 12 years. In Chapter 1, I report the results of a two

year investigation into the energetic condition and stopover duration of migrants 

captured this known stopover site near Braddock Bay. Results of a survey of the 

relative abundance of arthropods near the shoreline, a potential food source for 

many of these migrants, is also reported. In Chapter 2, I describe the breeding 

condition of two migrant species, captured relatively late in their spring migration 

period, during the two-year study. 



Chapter 1 

Stopover of Spring Migrants at Braddock Bay 

4 
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INTRODUCTION 

Many avian species that migrate are physically incapable of accomplishing 

lengthy migrations without frequent stopover periods to replenish needed energy 

stores (see Berthold 1975; Cherry 1982; Graber and Graber 1983; Bairlein 1985; 

Safriel and Lavee 1988; Loria and Moore 1990). Stopover periods expose 

migrants to varied and unfamiliar habitats where food availability and both inter

and intraspecific competition for available resources can be critical (Martin and 

Karr 1986; Moore and Yong 1991; Moore and Simons 1992; Russel et al. 1994). 

Predation threat, weather conditions, and geogiaphical baffieiS encountered en 

route by migrating birds can exacerbate energetic requirements (see Rappole and 

Warner 1976; Hutto 1985; Moore and Kerlinger 1987; Alerstam and Lindstrom 

1990; Loria and Moore 1990; Lindstrom 1990; Moore et al. 1990; Yong and Moore 

1995). Moore and Simons (1992) state, " The availability of suitable en route 

habitats where passage migrants can safely and rapidly deposit energy reserves is 

critical to a successful migration, especially for migrants that must cross geographic 

barriers". The coastal woodlands, scrub, meadows, and wetlands along the south 

shore of Lake Ontario are important stopover sites for Nearctic migratory birds en 

route to and from summer breeding grounds in Canada (Agard 1994). Data from 

the Nature Conservancy project to identify critical stopover habitat areas in the 

Lake Ontario Lowlands show that migrant diversity and density were significantly 

higher nearshore than in similar habitats 3 - 4 km from the lake's shoreline (Agard 

1994). 

However, little is known about the stopover ecology of Neotropical migratory 

landbirds as they approach and prepare to cross the eastern Great Lakes en route 

to their summer breeding grounds in Canada. This study focused upon the 

ecology of selected species at a recognized stopover site on the south shore of 
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Lake Ontario. Because energetic condition may impact survivorship and migration 

success, I examined the energetic conditions of specific migrants upon capture. As 

energetic condition upon arrival may influence length of stopover, I noted duration 

of stay of these migrants whenever possible. I determined whether migrants 

stopping at this site were able to improve their energetic condition during stopover. 

Hutto (1980) implied that birds choose locations based largely on food availability 

and that decisions to settle in a given habitat may be made in response to this cue. 

Because many of the birds that I examined are small foliage gleaning insectivores 

(Martin and Karr 1986), i compared reiative insect abundance at nearshore and 

inland sites with similar habitats. 

I tested three null hypotheses in this study: 

a. Length of stopover does not differ between migrant birds in "good" or 

"poor" condition (based on fat class and energetic condition index) of the 

same species. 

b. There is no significant change in body weight, fat deposition, energetic 

condition index in migrant birds recaptured at this site. 

c. Insect abundance is not significantly different between the 

southern shoreline lowland habitat (within 0.5 km of the shoreline) and 

inland lowland habitat (3-4 km from the shoreline). 

Data from this study are valuable in identifying the habitat needs of 

Neotropical and long-distance migrant landbird species passing through the 

eastern Great Lakes. Data concerning relative food availability in this region may 

further refine the identification of critical stopover habitat in the Lake Ontario 

Lowlands. Ultimately this study may aid in identifying factors contributing to the 

decline of many Neotropical and long-distance migrant landbird species and help 
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in the creation of effective future conservation and management plans. 

METHODS 

Study Site: 

My study was conducted at the Braddock Bay Bird Observatory on the west 

side of Braddock Bay, Lake Ontario (43o 19' N, 770 43' W ), approximately 24 km 

northwest of Rochester, New York (Figure 1.1 ). The observatory is situated on 8 ha 

of private property bounded by shoreline cottages to the east and north. The 24 ha 

Rose Marsh section of the Braddock Bay State Wildlife Management Area extends 

from the observatory's southern and western boundaries. Braddock Bay State 

Wildlife Management Area is composed of coastal wetland wood, brush, and 

marsh habitats (see Appendix 1 and 2 for additional habitat descriptions). This 

observatory has been maintained as a bird banding station monitoring passerine 

migration through the Braddock Bay area for the past 12 years. A minimum of 20 (2 

m x 1 O m) mist nets were utilized each day of operation, weather permitting. Mist 

nets were positioned in long established locations throughout the observatory 

grounds and into the surrounding state-managed land. 

Species Selected for Study: 

I examined the physical condition of 14 species of Neotropical and 

temperate landbird migrants (Table 1.1) captured during spring migrations of 1 May 

- June 6 1995 and 22 April - 1 June 1996. Species selected for examination were 

those with a low probability of nesting at or near this study site as determined by 

breeding bird distribution maps of New York State (Andrle and Carrol, 1988). An 

additional criterion for selection was the probability of obtaining reasonable 

numbers of captures and recaptures, as determined by past capture data (Brooks 

1993, 1994). Birds were captured daily from sunrise through the eighth hour after 
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sunrise each day of the study periods as weather allowed. All nets were opened 

before NOAA Weather Service reported time of sunrise. Hours after sunrise were 

then counted from this established time of sunrise. 

Morphological Data and Condition Index : 

I recorded the following data upon capture: date, time of capture, species, 

sex and age (Pyle et al. 1987), weight to nearest 0.1 g with an Ohaus electronic 

digital balance within 30 min. of capture, fat class (six-point scale developed by 

Helms and Drury [1960] ), and wing cord (unflattened). All weight and fat class 

determinations were made personally (Krementz and Pendleton 1990). An 

energetic "condition index" was calculated for each individual by dividing mass 

upon initial capture by wing cord length as described by Winker et al. (1992) and 

Winker (1995). This index represents the mass of each bird standardized to its 

individual body size. Differences in this index should then reflect within species 

variation of somatic and subcutaneous fat reserves between individuals. Fat 

deposits are the essential fuel reserves mobilized for long-distance flight in 

migrants (Berthold 1993). Therefore, this index was utilized in addition to the more 

subjective measure of fat class for comparisons of energetic reserves between 

individuals. 

Morphological data were recorded for birds recaptured at least one hour 

after their previous capture. Minimum stopover length was calculated 

conservatively by subtracting the first capture date from the last capture date 

(Moore and Simons 1992). A "stopover day" was equivalent to one night plus part 

of two days (Cherry 1982). The likelihood of extended stopover of individual birds 

was examined in relation to fat class, mass, and condition index at initial capture. 

Mass change was determined as the difference in mass from first capture to next in 

same-day recaptures and first capture to last in subsequent day recaptures. 
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Change in condition index was determined as the difference between first capture 

to last in subsequent day recaptures. Rate of mass change for entire stopover 

periods was computed by dividing the change in mass by the minimum length of 

stopover for individuals recaptured on multiple days (Moore and Simons 1992). 

Rate of condition index change for entire stopover periods was computed by 

dividing the change in condition index by the minimum length of stopover for those 

individuals recaptured on multiple days. 

Statistical Analysis: 

Between-year differences in fat class score distributions was examined with 

the Chi-square goodness-of-fit statistic. Between-year variation in median fat 

scores was examined with the Mann-Whitney statistic. Study species were then 

grouped into two latitudinal categories. The first group, designated "Near-nesters", 

included 11 species whose southernmost limit of their breeding ranges begin just 

north of the study site in southern Ontario, Canada (Table 1.1 ). The second group, 

designated "Far-nesters", included three species whose southernmost limit of their 

breeding ranges are well north of the study site, approximately at or above soo N 

(Table 1.1 ). The southernmost breeding range for each species was determined 

chiefly from range maps in Godfrey (1986), with finer detail in relation to the 

Braddock Bay study site provided by Andrle and Carrol ( 1988) and Peck and 

James (1987). I used the Mann-Whitney test to compare the energetic condition, 

indexed by fat classification at initial capture, of individuals between these species 

groups. Between-year differences in mean initial capture mass and condition 

index were examined for each species with two-sample t-tests. Two-sample t-tests 

were used for within-species comparisons of initial weight and condition index 

between birds captured once and birds recaptured on subsequent days for those 

species with adequate recapture sample sizes. Differences in fat class distribution 
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between birds captured only once and birds captured on subsequent days was 

examined with the Chi-square goodness of fit statistic. The within-species 

relationships between change in mass and stopover length, and between change 

in condition index and stopover length, was examined using simple linear 

regression for species with adequate recapture sample sizes. The relationship 

between time of capture and condition index was examined using simple linear 

regression for species with adequate sample sizes. Birds stopping over in a 

favorable environment, with adequate food should exhibit mass increase during 

the day as nutrients are ingested. Thus, a linear regression of condition index, 

mass standardized to body size, on time of day should reveal a significant positive 

slope among birds gaining mass at this site (Winker et al. 1992). The within

species relationship between rate of mass change and initial arrival mass was 

examined with simple linear regression. Between year variation in rates of mass 

change exhibited by individuals during extended stopover were examined with 

two-sample t-tests. 

Arthropod Abundance: 

Arthropod abundance was surveyed at four stations once per week 1 May -

4 June 1995 and 21 April - 2 June 1996. Two sites, one of which was at the 

Braddock Bay Banding Station, were in wooded wetland within 0.5 km of the shore 

and several km apart. Two sites were located in similar habitats 3-4 km directly 

inland from the near-shore sites. Two additional sites, one nearshore and another 

inland, were added for a total of six sampling sites in 1996 (Figure 1.2). Sets of 1 O 

sticky boards (10 cm x 20 cm clear plexiglass coated with a tacky product) were 

placed at each of these sites once weekly for a 24 h period (Hutto 1980, 1985). 

Five sticky boards were hung from two vegetational supports per site at 1, 2, 3, 4, 

5 m heights, giving 2 replicates per height interval per site. Insects stuck on the 



1 1 

boards were counted and sorted by order. Densities were expressed as numbers 

per sticky board at each height interval for each sample site (Kuenzi et al. 1991 ). 

Non-flying foliage invertebrates were sampled once weekly by census of 

those found on a 0.50 m branch clipping taken at each site at 1.0 m height intervals 

to 5.0 m (Graber and Graber 1983). Clippings were taken from randomly selected 

woody vegetation within 3 m of the sticky-board vegetational supports and reflected 

shrub and tree species proportional to their numbers found at each sampling site. 

Branch, leaves, and twigs of each clipping were enclosed in a plastic bag clipped 

from the tree and fumigated. Arthropods found within the bags 'Nere counted and 

sorted to order or family. Dates of first occurrence and relative abundance of these 

invertebrates at each site were noted. 

Statistical Analysis: 

I compared relative flying insect abundance near-shore as opposed to the 

inland sites for each sampling date with the Wilcoxon paired-sample test. 

Between-year variation in abundance of flying insects occurring at sampling sites 1 

through 4 {those sampled in both 1995 and 1996) was analyzed as a two-way 

ANOVA without replication (Zar 1984). 

Results 

Arrival Condition: 

A total of 709 individual birds were captured 1 May through 1 June 1995 

(5279 net hrs, 0.13 birds / net hr) and 568 individual birds were captured 22 April 

through 1 June 1996 (4842 net hrs, 0.12 birds/ net hr) (Table 1.2). On days of 

moderate weather, captures averaged 25 new individuals per day. "Fallout" days 

occurred on 1 O and 17 May 1995, when moisture-laden low pressure systems 

approached the study site from the west-southwest and passed through western 
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New York. Heavily overcast skies and periods of steady early morning rain were 

associated with these fronts. A total of 220 and 100 new individuals were captured 

on these two days respectively. Additional fall out days were experienced on 1 O 

May and 1 June 1996, resulting in 136 and 60 new individuals captured on these 

days respectively. 

The three most numerous species captured during the 1995 study period 

were Ruby-crowned Kinglet (Regulus calendula, n = 285), White-throated Sparrow 

(Zonotrichia albicollis, n = 128), and Wilson's Warbler (Wilsonia pusilla, n = 74). 

The four most numerous species captured during the 1996 study period were 

Ruby-crowned Kinglets (n = 181 ), White-throated Sparrow (n = 112), Least 

Flycatcher (Empidonax minimus , n = 79), and Wilson's Warbler (n = 67) (Table 

1.2). Most birds captured (63.6 % in 1995 and 50.9% in 1996) exhibited little or no 

visible subcutaneous fat and were assigned fat class scores of O or 1 (Figure 1.3). 

Median fat scores did not differ between years in Ruby-crowned Kinglets (Mann

Whitney U = 63907.5, p = 0.58), however median fat scores did differ significantly 

between years in White-throated Sparrows (Mann-Whitney U = 9962.5, p < .0001 ), 

Wilson's Warblers (Mann-Whitney U = 3338.5, p < .0001 ), and Least Flycatchers 

(Mann-Whitney U = 2271.5, p < .0001). Mean initial capture mass and condition 

index varied little between years in 9 of 14 the species of spring migrants examined 

(Table 1.3). However, mean initial capture mass and/ or condition index differed 

significantly between years in 5 species (Table 1.3). Three species, Least 

Flycatcher, Bay-breasted Warbler (Dendroica castanea ), and White--throated 

Sparrow, had significantly higher initial capture mass and condition index in 1996. 

Tennessee Warblers (Vermivora peregrina) had significantly higher initial capture 

condition index in 1996. Ruby-crowned Kinglets had significantly lower initial 

capture mass and condition index in 1996. Individuals in the far-nester group had 
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significantly greater visible sub-cutaneous fat deposits than those in the near

nesting group in 1995 (Mann-Whitney U = 181728.0 , p = 0.0001) and 1996 (Mann

Whitney U = 212419.0, p = 0.0001). 

Due their large sample size and sexually dimorphic plumage, between-sex 

differences in mass and condition index could be explored in Ruby-crowned 

Kinglets. Males were found to have a significantly higher mean weight than 

females at initial capture in 1995 (T= 8.76, p < 0.001) and 1996 (T= 3.55, p = 

0.001 ). Additionally, these males had significantly higher mean condition index 

than females at initial capture in 1995 (T = 5.32 , p < 0.001) and 1996 (T = 1 A-3 , p = 

0.002). Consequently, stopover data for Ruby-crowned Kinglets were separated 

and analyzed by sex. 

Duration of Stopover: 

Few birds (5.2 % in 1995 and 4.6% in 1996) were recaptured after the day of 

their first capture (Table 1.2). Numbers of individuals recaptured on subsequent 

days were correlated with total captures of each species in both 1995 (r2= .92, 

p < 0.001) and 1996 (r2= .74, p < 0.001). Low subsequent-day recaptures in all 

species suggests that most birds stopping at Braddock Bay leave this site the same 

day or evening of their arrival. Ruby-crowned Kinglets had the longest stopover 

periods among the two species, Ruby-crowned Kinglet and Wilson's Warblers, 

having recapture sample sizes ~ 5 individuals in both 1995 and 1996 (Table 1.4). 

Average length of stay (mean SL) for birds stopping more than one day varied 

greatly among individuals (Tables 1.4 and 1.5). No significant differences in initial 

capture weight or condition index were found in recaptured birds compared to 

those captured only once in the three species with adequate subsequent-day 

recapture sample sizes (Tables 1.6 and 1.7). Numbers of subsequent-day 

recaptures of Ruby-crowned Kinglets were adequate to explore the relationship 



14 

between energetic condition and the likelihood of recapture during stopover. Lean 

birds, those of lowest fat class score, did not occur more frequently among 

recaptured individuals during the 1995 migration period (X2 = 2.99, df = 3, p =0.39). 

However, occurrence of lean birds among recaptured individuals approached 

significance in 1996 ( X2 = 7.39, df = 3, p = 0.06 ). The likelihood of recapture was 

therefore not related to a bird's energetic condition upon arrival to this stopover site 

in 1995 but may have been in 1996. When the relationship between initial capture 

weight or condition index and length of stopover was examined in Ruby-crowned 

Kinglets by simple linear regression, the slope of the best fit regression line did not 

significantly differ from O (Table 1.8). This analysis suggests that the number of 

days Ruby-crowned Kinglets stayed at Braddock Bay did not depend on the 

individual's initial arrival mass or condition index. 

Mass Change: 

Winker et al. (1992) suggested that analysis of mass change in a minority of 

individuals stopping for more than a single day may not adequately represent mass 

change trends in the entire transient population utilizing a stopover site. Therefore, 

a linear regression of mass or condition index on time of day for all individuals 

captured was utilized to examine mass change during stopover. If Braddock Bay 

offered a favorable stopover environment, migrants would be expected to maintain 

or increase their mass while stopping here. In 1995, a positive relationship 

between increased condition index and later time of capture approached 

significance over the 8 hr study day only in female Wilson's Warblers (Table 1.9). 

This trend was also seen in Ruby-crowned Kinglets and White-crowned Sparrows 

during the 1996 migration (Table 1.9). In no case was a significant negative 

relationship found between condition index and time of capture among individuals 

in species of largest sample sizes (n;?:. 60). These trends suggest that birds 
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stopping at Braddock Bay are able to maintain or increase mass through a single 

day. However, in each case very minor positive slope coefficients do not indicate 

that a strong cause / effect relationship exists. Additionally, individual 

Ruby-crowned Kinglets repeatedly captured in the same day exhibited declining 

weight trends before, and increasing trends after, 12:00 noon in 1995 (Figure 1.4). 

This trend was not repeated during 1996 (Figure 1.5). Sample sizes of same-day 

recaptures were inadequate to examine weight change trends during an 8-hr study 

day for other species examined at this site. 

There was no consistent relationship between length of stay at 

Braddock Bay and mass change in Ruby-crowned Kinglets, White-throated 

Sparrows, or Wilson's Warblers (Figure 1.6). Although White-throated Sparrows 

exhibited the greatest rate of mass change per stopover day in 1995 (Table 1.4) 

rates of mass change were highly variable among individuals (Figure 1.6). In most 

species having recapture sample sizes greater than 5 individuals, slope 

coefficients did not significantly differ from O when change in mass was regressed 

against length of stay in 1995 or 1996 (Table 1.10). This slope coefficient did 

significantly differ from O in Ruby-crowned Kinglets in 1995 but a low r2 for this best 

fit line and lack of a significant relationship in 1996 suggests that a strong cause / 

effect relationship did not exist. These results suggest that there was no consistent 

relationship between length of stay and change in body mass. 

Individual variability characterrzed the rates of mass change in subsequent

day recaptured birds (Table 1.4, Figure 1.6). No subsequent-day recaptured 

individuals gained mass at a rate that resulted in a measurable replenishment of 

visible subcutaneous fat, and no individuals were assigned higher fat class scores 

upon their final recapture. Variation in mean rates of mass change among 

recaptured individual Ruby-crowned Kinglets and Wilson's Warblers during both 



16 

spring migrations were analyzed utilizing two-sample t-tests. Average rates of 

mass change did not differ between Ruby-crowned Kinglets and Wilson's Warblers 

in 1995 (T = -1.34, df = 16, p = 0.20) or in 1996 (T = .99, df = 16, p = 0.34). Average 

rates of mass change did not differ between years in Wilson's Warblers (T = .08, 

df =8, p = 0.94) but did differ between years in Ruby-crowned King lets (F = -2.1 O, 

df =29, p = 0.05). This between-year difference was driven by female Ruby

crowned Kinglets whose difference in average rate of mass change between years 

approached significance (T = -2.0, df = 17, p = 0.06). Male Ruby-crowned Kinglets 

exhibited no significant between-year difference in average rate of mass change 

(T = -0.88, df = 8, p = 0.40). 

When the relationship between rate of mass change and initial arrival mass 

is examined by regression analysis, a negative slope coefficient would suggest the 

rate of mass deposition is positively related to energy demand (Kuenzi et al. 1991 ). 

Only female Ruby-crowned Kinglets during spring migration 1995 exhibited a 

significant negative relationship, leanest birds had the highest rate of mass change 

(Table 1.11 ). Very low coefficients of determination values, r2, in all cases do not 

indicate that a strong cause I effect relationship exists. 

Arthropod Abundance: 

Flying insects of the order Diptera, predominantly Chironomidae and 

Culicidae, were abundant throughout each study period, while Lepidoptera larvae 

were not present until the final week in May in both 1995 and 1996. Lepidoptera 

larvae present in foliage clippings were leaf shelter-building caterpillars commonly 

referred to as "leaf-rollers" (Frost 1959). Leaf-rollers were found exclusively on 

clippings taken from red osier dogwood ( Camus stolon if era ) shrubs and were 

believed to be 0/ethreutes spp. or Caloptilia spp. which are common in New York 

and utilize this plant host (Fitzgerald et al. 1991 ). Abundance of flying insects were 
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higher in later weeks, and progressively so in 1996, at most of the sampling sites 

during each study period (Figures 1. 7 and 1.8). Numbers of flying insects captured 

at near-shore sites were significantly higher than at inland sites during the last two 

weeks of the 1995 study period and the last three weeks of the 1996 study period 

(Table 1.12). Mean numbers of flying insects were greater in 1996 than in 1995 at 

all sites, and significantly so at sites number 1 (at Braddock Bay Bird Observatory) 

and 2 ( 3 km inland from the Braddock Bay Bird Observatory) (Table 1.13). 

DISCUSSION 

Rappole (1995) suggested that transients occur at stopover sites in two 

distinctly differing physiological states, "Zugstimmung" (a state of restlessness and 

readiness to begin and sustain a migratory journey) and "Zugdisposition" (a 

hyperphagic state). Rappole develops this hypothesis using field data on striking 

social behavior contrasts during peak spring migration periods (Rappole and 

Warner 1976), differences in migratory locomotor activity (Yong and Moore 1993), 

differences in habitat choice (Hutto 1985, Moore et al. 1990), differences in 

foraging behavior (Moore and Simm 1985, Yong and Moore 1995), and differences 

in mass gain (Moore and Simons 1992, Winker et al. 1992) among migrant 

individuals of the same species. According to Rappole(1995), individual migrants 

alternate between these physiological states while en route, and consequently 

exhibit contrasting behaviors characteristic of each (Berthold 1975, Rappole and 

Warner 1976, Jenni and Jenni-Eiermann 1992). Most migrants occurring at a 

stopover site are expected to be in Zugstimmung and will be relatively non

selective in habitat, remain for short stays, and exhibit weight loss during their stay 

(Rappole and Warner 1976). However, a small percentage of migrants will be in 

Zugdisposition and as such will stay for longer periods during stopovers, will be 
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highly selective in habitat, and may show significant weight gains (Rappole and 

Warner 1976). Proximate cues such as habitat suitability, resource availability, 

predation risk, and weather are proposed to influence onset of one or the other 

states (Rappole and Warner 1976, Hutto 1985, Lindstrom 1990, Moore and Simons 

1992). Temporal cues, such as photoperiod and perceived time available for a 

migrant to reach its breeding grounds on time, may also influence onset of each 

state (Hutto 1985, Gudmundsson et al. 1991, Linstrom and Alerstam 1992, Moore 

and Simons 1992). Therefore, birds exhibit characteristic behaviors related to 

these alternate physiological states during migratory periods (Berthold 1993). The 

results of my investigation of the ecology of migrants stopping at Braddock Bay can 

be discussed in light of these two physiological states and their associated 

behavior patterns. 

Energetic Condition: 

Most migrants at Braddock Bay appeared to arrive in a fat-depleted 

condition, as indicated by the preponderance of low fat class scores. Migratory 

birds lose 1-4% of their gross body weight per hour of flight (Graber and Graber 

1962, Hussell 1969). Additionally, long-distance migratory birds exhibit periods of 

sustained heightened migratory restlessness correlated to theoretical flight 

distances from wintering to breeding grounds (Berthold 1973). If individuals 

captured at Braddock Bay had been in Zugstimmung for a majority of their 

migration, they predictably would have lost weight during brief stopovers. 

Therefore, birds near completion of their migratory route would be expected to 

have utilized much of their energetic reserves by the time that they were captured 

at Braddock Bay. Migrants that were closest to their traditional breeding grounds 

were found to be leanest, while those migrants farthest from their breeding grounds 

still carried significantly greater visible sub-cutaneous fat reserves. These results 
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support Rappole's prediction (1995) that birds are predominantly in Zugstimmung 

for a majority of their migration periods. The physiological state of Zugstimmung 

may become most intense as an individual nears its traditional breeding grounds 

(Berthold 1973, 1993). If so, again we might expect those individuals nearest their 

breeding grounds to have lost weight during brief stopovers just before reaching 

Braddock Bay. Many of the species classified as near-nesters in this study are 

known to breed in southern Ontario, Canada. Francis and Cooke (1986) proposed 

that a high premium is placed upon early arrival at breeding grounds, regardless of 

energetic condition upon arrival. Time lost in effort to rebuild energy stores may be 

outweighed by this advantage late in migration periods. 

Several other possible explanations exist for the high proportion of lean 

birds examined during this study. Fat-depleted migrants arriving at Braddock Bay 

may be induced to forage most actively and for longer periods than migrants with 

undepleted fat stores. This heightened level of activity may increase their 

probability of being captured. Another factor influencing this distribution of fat class 

scores is the high proportion of "near-nesting" birds captured. A total of 640 near

nesters compared to 37 far-nesters were captured in 1995; in 1996, 595 near

nesters compared to 27 far-nesters were captured. Stokes et al. (1996) found that 

several species of migrants were only captured in mist nets placed at canopy 

heights. Blackpoll Warblers (Dendroica striata ), designated a far-nester in this 

study, were among this group that were never caught in mist nets placed in 

understory strata. Relatively few Blackpoll Warblers were captured in either 1995 

or 1996 ( Table 1.2). Biased capture rates may have resulted from the lack of 

raised nets at Braddock Bay Bird Observatory. Since relatively large numbers of 

Blackpoll Warblers were observed foraging at heights well above our nets during 

their migration period through the study area, this bias seems likely to have 
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occurred. 

The geographic barrier presented by Lake Ontario also may influence the 

proportion of fat-depleted migrants found at this site. Studies of stopover choice in 

migratory passerines have found that individuals may bypass potential stopover 

sites during spring migration if they posses ample energy stores (Gauthreaux 1971, 

Moore and Kerlinger 1987, Kuenzi et al. 1991). Williams and Williams (1990) 

found that many spring migrants cross the Gulf of Mexico and continue further 

inland towards the north 40 - 120 km before landing. This pattern also occurs in 

arctic shorebirds during spring migration (Gudmundsson et al. 1991 ). Although 

Lake Ontario may not be a great barrier, leanest birds may hesitate to cross, while 

those having ample energy stores may continue on into Canada. Since fallout 

episodes do occur at this site when extreme weather patterns encompass the 

region, the lake does appear to present enough of a barrier to warrant hesitation by 

energetically depressed individuals. 

The simplest explanation for the high proportion of fat-depleted migrants 

captured may be the quality of stopover habitats available to these birds before 

reaching Braddock Bay. If food resources were patchy and scarce at previous 

stopover sites, many birds would have been forced to rely upon energetic stores to 

continue migration. Therefore, it would be no surprise to see fat depleted migrants 

late in their migratory periods at this stopover site. 

Duration of Stopover: 

Several studies of migratory landbirds have suggested that the likelihood a 

migrant will remain at a particular stopover site is negatively correlated to its 

energetic condition upon arrival (Berthold 1975; Cherry 1982; Graber and Graber 

1983; Bairlein 1985; Moore and Kerlinger 1987; Loria and Moore 1990). Birds 

arriving in leanest condition would be expected to remain longest in an attempt to 
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restore their energetic reserves. Since most individuals captured at this site were 

quite lean, a larger proportion of birds should have had lengthy stopover periods, 

based on poor arrival condition. However, I found no consistent evidence of a 

relationship between length of stopover and energetic condition. Differences in 

arrival condition among individuals and species groups did not influence the 

likelihood of lengthy stopover. This contrasts with results of Kuenzi et al. (1991) 

who found a strong relationship between arrival condition and likelihood of lengthy 

stopover in spring migrants reaching the Gulf Coast. The great energetic effort to 

cmss the gulf, involving many hours of non-stop flight as opposed to a single nights 

flight, may explain this cause effect relationship found along the gulf but not at 

inland stopover sites. Very few individuals stopping at Braddock Bay during spring 

migration appeared to stay longer than one day. The high proportion of short 

stopover lengths at Braddock Bay, regardless of arrival condition, suggests that 

most migratory individuals are in Zugstimmung. Numerous studies of spring 

migrants confirm a majority of individuals do not stay at stopover sites for extended 

periods (Gauthreaux 1971, Rappole and Warner 1976, Moore and Kerlinger 1987, 

Loria and Moore 1990, Kuenzi et al. 1991, Winker et al. 1992, Morris 1996). 

Additionally Morris (1996) found that during spring migrations, experimentally 

induced mass loss did not increase likelihood of extended stopover. These data 

support the idea that spring migrants, late in their migration period, are in a 

heightened state of migratory restlessness. 

Other factors may influence birds to move on quickly from a stopover site. 

An optimal migration strategy requires that migrating birds not only minimize time, 

but energy expenditure or predation risk as well (Alerstam and Lindstrom 1990). If 

food resources are scarce, or competition for food resources is fierce, migrants may 

leave Braddock Bay quickly if few opportunities to satisfy energy demands exist. 
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Low fat reserves, combined with a low probability of replenishment, should 

stimulate migration and the search for more suitable stopover habitat (Rappole and 

Warner 1976). Threat of predation may also influence birds stopping at Braddock 

Bay to move on quickly. Lindstrom (1989, 1990) suggested that predation probably 

constitutes a significant hazard to migrants and that stopover habitats vary in terms 

of predation risk. Risk of predation for spring migrants may be quite high at 

Braddock Bay. Each spring thousands of raptors are counted in the area. In 1995 

and in 1996, 60,000 and 145,000 raptors respectively, passed westward over 

Braddock Bay as they migrated along the southern Lake Ontario shoreline (Dodge 

1995, 1996). Kerlinger (1989) suggested that hawks migrate along coastal areas 

due to high seasonal concentrations of potential easy prey such as energetically 

stressed migrant birds. Sharp-shinned hawks (Accipiter striatus) were prevalent 

throughout the study site and some were captured after having attacked passerines 

in our nets (n = 3 in 1995, n = 14 in 1996). Where probability of predation 

outweighs energetic benefits of a long stay at a stopover site, birds should be 

influenced to leave quickly (Alerstam and Lindstrom 1990). 

Mass Change: 

Migrating birds are capable of rebuilding energetic reserves at rates 

approaching 10% body mass / day ( Bairlein 1985, Moore and Kerlinger 1987). 

Many migrants recaptured after extended stopovers at Braddock Bay failed to 

exhibit positive or rapid weight gain in either 1995 or 1996. The high variability in 

direction, amount, and rate mass change found in migrants at Braddock Bay is 

consistent with findings of other studies documenting spring stopover mass change 

in small passerines ( Moore and Kerlinger 1987, Loria and Moore 1990, Kuenzi et 

al. 1991, Winker et al. 1992). The fact that some birds did exhibit measurable 

weight gain in both 1995 and 1996 indicates adequate food resources of some 
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kind were available. For insectivorous species examined in this study, dipterans 

were an abundant, potential prey item during periods of peak spring stopover. 

Lepidopteran larvae are the prey item of choice for migrant arboreal foliage

gleaning species in southern Illinois forests (Graber and Graber 1983). However, 

lepidopteran larvae were not available to most migrants passing through Braddock 

Bay, whereas the much smaller Chironomids and Culicids were abundant. The 

caloric content of individual chironomids and culicids is much lower than individual 

lepidopteran larvae (Cummins 1967). Migrants arriving at Braddock Bay 

before lepidoptera.n larvae are abundant may be hard pressed to consume enough 

chironomids and culicids to exceed daily caloric need and lead to substantial 

rebuilding of reserve fat. However, foraging observations confirmed that birds 

utilized chironomids and culicids, and a higher percentage of birds gained weight 

during stopovers in 1996 when flying insects were more abundant than in 1995. 

Nutritional sources other than arthropods also may have been found and 

utilized by some traditionally foliage-gleaning migrants stopping at Braddock Bay. 

Nearly half of the 162 species of passerine migrants (46%) include a significant 

portion of fruit in their winter diet (Rappole et al. 1983) and dietary changeover to 

fruits and berries has been documented in species that are predominantly 

insectivores outside of migratory periods (Snow and Snow 1988). In fact, Levey 

and Stiles (1992) suggest that early migrant passerines descended from a 

frugivorous stock; therefore, overwintering migrants may switch "back to" fruits 

when this food source is available. Although abundance of alternate food sources 

of this type were not investigated in this study, standing fruit remaining from the 

previous year would have been scarce for spring migrants at Braddock Bay. Data 

of fruit-use by forest birds indicate fruit crops are virtually exhausted by winter 

resident species by mid-winter in the Northeast (Baird 1980). Additionally, spring 
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migrants pass through Braddock Bay well before fruit is presented by woody plants 

in this region (Stiles 1980). 

Stopover Site Choice: 

Bird banders have maintained the Braddock Bay banding station for the past 

12 years due to the large numbers and high diversity of migrant passerine 

landbirds that stopover at the site (Brooks, personal communication). Among-year 

consistency in migrant species abundance at Braddock Bay suggests they may be 

choosing this stopover site due its intrinsic factors. Evidence suggests that 

migrants prefer and select among available habitats during stopover. Berthold 

(1993) relates evidence from long term studies conducted on the Mettnau 

Peninsula of Lake Constance, near Munich, Germany, indicating species 

specific habitat preferences in migrants which remain constant from year to year. 

Relatively high stopover site fidelity has been found in migrant warblers passing 

through the Iberian Peninsula as well (Cantos and Telleria 1994). Intrinsic habitat 

qualities such as food resources or shelter availability play important roles in 

habitat selection (Bairlein 1983, Martin and Karr 1986, Moore et al. 1995). Moore 

and Simons (1992) found that the distribution of migrants among five Mississippi 

Gulf Coast barrier island habitats deviated from that expected based upon their 

availability. Winker et al. (1992) found significantly higher migrant capture rates in 

particular habitat types indicating species specific differential use. Shifts in habitat 

use by foliage-gleaning insectivorous migrants are highly correlated with insect 

prey availability (Hutto 1985). Moore et al. (1990) found a similar attraction of 

spring migrants to particular habitats due to the presence of insect prey. 

Chironomid and culicid adults were possibly the only such abundant food source 

available at Braddock Bay during peak spring migration periods, and may well 

attract insectivorous species. Additionally, the significantly higher abundances of 
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flying insects nearshore may explain the high nearshore migrant densities found in 

the Nature Conservancy's study (Agard 1994). 

However, migrants may set down at this site when terminating a night's flight 

due to the geographic barrier imposed by Lake Ontario. Thus selection and use of 

Braddock Bay by migratory birds may be associated with its physical structure and 

location, as opposed to food resources. Martin and Karr (1986) found migrants 

were consistent in their selection of foraging sites and suggested that this selection 

may be based upon the structural features of the habitat. Likewise, Moore et al. 

(1990) found species richness was highest in "mixed" forest habitat followed 

closely by deciduous forest and scrub/shrub habitat on Gulf Coast barrier islands. 

However, because migrant species abundance and diversity in the Lake Ontario 

Lowlands are highest in shoreline forested and brushy/shrub habitats as opposed 

to these same habitat types 3-4 km inland (Agard 1994), it is reasonable to 

hypothesize that the lake imposes a geographic barrier which causes birds to 

"bunch" up, and that they do not actively select this shoreline habitat. Most 

nocturnal migrant passerines end their flight periods well before dawn and 

selection of stopover sites most likely occurs during early daylight hours (Moore et 

al. 1995). During stopover, nocturnal migrants have been observed making 

"morning flights" within the first few hours after sunrise (Lindstrom and Alerstam 

1986, Wiedner et al.1992). "Morning flight" is described as differing from nocturnal 

migratory flight in that it occurs during early morning daylight hours and at low 

altitudes (often tree top to tree top), flights are of short duration, and migrants are 

often in large flocks. These short flights are presumably undertaken by birds 

seeking more suitable habitat in which to rest and forage (Lindstrom and Alerstam 

1986, Wiedner et al.1992). Migrants may be found in higher densities along the 

lakeshore if, after short northerly morning flights from inland habitats, they find 
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themselves at this barrier. Additionally, the high risk of predation imposed by 

raptors migrating along the lakeshore during daylight hours may induce small 

passerines to take shelter after encountering this barrier, rather than attempt a 

daylight crossing. 

The Braddock Bay State Wildlife Management Area offers nearly 1010 ha of 

natural lakeshore habitat managed particularly for resident and migratory waterfowl 

(Carrol 1995). Croonquist and Brooks (1993) suggest that riparian corridors are 

vital feeding, resting, and migrating corridors. Additionally, Terrill and Ohmart 

(1984) observed that migrant landbirds tend to be attracted to riparian areas 

following a night's migration. The Braddock Bay area is one of the largest 

freshwater coastal marsh and wetland habitats on the southern Lake Ontario 

shoreline and constitutes the terminus of Salmon Creek. Migrants may be attracted 

to this riparian habitat in large numbers since land use surrounding Salmon Creek 

largely consists of open agricultural fields or developed residential areas, which 

may offer woodland migrants little or no food resources or protective cover 

(Rodenhouse et al. 1995, Freemark et al. 1995). Migrants may be found in higher 

densities along the lakeshore encountering the geographic barrier of Lake Ontario 

after making northward morning flights along Salmon Creek's riparian habitat. 

Conclusions 

Results of this two year study suggest that: 

1. Most Neotropical migrants reaching Braddock Bay continue migrating after 

stopping for no more than one day, as indicated by the low numbers of 

subsequent-day recaptures. Low subsequent-day recaptures also suggest 

that Lake Ontario does n6t present a significant geographical barrier to 
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migrant species, which might warrant increased energy reserves and induce 

migrants to replenish fat depots before crossing. However, the lake does 

seem to present enough of a barrier to cause fallout episodes when extreme 

weather patterns afflict the region. 

2. Neotropical migrants reaching Braddock Bay are in relatively poor condition, as 

indicated by predominance of low fat class scores. 

3. Low numbers of subsequent-day recaptures, and the increasing condition index 

trends seen in many individuals captured at a later time of day, suggest that 

migrants are able to improve their energetic condition to fuel another night's 

flight during a single stopover day at Braddock Bay. 

4. There is no obvious relationship between body condition, as indicated by fat 

class score, mass, or condition index at initial capture, and length of stay of 

migrants reaching Braddock Bay. 

5. Neotropical migrants may concentrate near the shoreline at Braddock Bay not 

only due to the geographic barrier imposed by Lake Ontario. Small landbird 

migrants may congregate here to take advantage of abundant food 

resources. This is suggested by the significantly higher numbers of 

Diptera present at nearshore sampling sites. Small landbird migrants also 

may take refuge here rather than cross the lake during daylight hours to 

avoid predation. 
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TABLE 1. 1 Species of Neotropical and Temperate landbird migrants 
selected for study at Braddock Bay Bird ObseNatory, Rochester N. Y. 
Assigned nesting status category is indicated for each species. 

Species Nesting Status1 

Tyrannidae 

Yellow-bellied Flycatcher Empidonax flaviventris N N 
Least Flycatcher Empidonax minim us N N 

Muscicapidae 

Ruby-crowned Kinglet Regulus calendula 

Turdidae 

Swainson's Thrush Catharus ustulatus 
Grey-cheeked Thrush Catharus minima 

Parulinae 

Bay-breasted Warbler Dendroica castanea 
Mourning Warbler Oporornis philadelphia 
Blackpoll Warbler Dendroica striata 
Tennessee Warbler Vermivora peregrina 
Western Palm Warbler Dendroica palmarum 
Wilson's Warbler Wilsonia pusilla 

Emberizinae 

NN 

NN 
FN 

NN 
NN 
FN 
NN 
NN 
NN 

Lincoln's Sparrow Melospiza lincolnii N N 
White-throated Sparrow Zonotrichia albicollis N N 
White-crowned Sparrow , Zonotrichia leucophrys FN 

1. NN = near-nesting, FN = Far Nesting. For explanation of nesting categories, see 

METHODS. 
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TABLE 1.2 Numbers of spring migrants captured and recaptured during the 1995 
and 1996 study periods. 

i995 i996 
Number Number Percent Number Number Percent 

Species Captured Recapt.1 Recapt. Captured Recapt.1 Recapt. 

Tyrannidae 

Empidonax f/aviventris 7 0 0 24 0 0 
Empidonax minimus 64 0 0 79 2 2.5 

Muscicapidae 

Regulus calendula 285 2i 7.4 i8i i4 7.7 

Turdidae 

Catharus ustulatus 29 0 0 44 i 2.3 
Catharus minima 9 0 0 5 0 0 

Parulinae 

Dendroica castanea 15 0 0 9 0 0 
Oporornis philadelphia i2 i 8.3 9 0 0 
Dendroica striata 2 0 0 ii 0 0 
Vermivora peregrina 7 0 0 3 0 0 
Dendroica palmarum 18 0 0 7 0 0 
Wilsonia pusil/a 74 6 8.i 67 7 i0.4 

Emberizinae 

Melospiza lincolnii 31 2 6.5 12 0 0 
Zonotrichia albicollis 128 5 3.9 112 2 1.8 
Zonotrichia /eucophrys 28 1 3.6 ii 0 0 

Totals 709 37 5.2 568 26 4.6 

1. Recaptures are those birds that were captured again on days subsequent to their initial capture. 
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TABLE 1.3 Initial mean mass ( g ± 1 SD) and initial mean condition index1 
( Ind. ± 1 SD) indicated and compared by Two-Sample t-test for spring 
migrants captured at Braddock Bay in 1995 and 1996. P values 
given when between year differences were significant ( p < .05 ). 

Mass Condition Index 

Species 1995 1996 p 1995 1996 p 

Empidonax f/aviventris 11.6 ± 1.1 12.2± 1.0 .184±.011 .177 ±.013 

Empidonax minimus 10.0 ±1.1 10.8± 1.1 <.001 .163 ±.015 .173±.013 <.001 

Regulus calendula 6.5±0.7 6.3±0.5 <.001 .116 ± .009 .113±.009 .009 

Catharus ustufatus 30.8 ±2.3 31.5±2.5 .319 ± .025 .327±.025 

Catharus minima 33.4 ± 2.4 33.8±3.0 .326±.033 .333± .033 

n--""'..--'-- ............... '"----uc:1 ,u, u11.,a va;:,1a11c:a 12.0±0.8 13.1 ±1.0 .02 .168:t..010 .185 :t. .011 .002 

Oporornis phifadelphia 12.3±0.8 12.2±0.6 .208±.012 .208± .012 

Dendroica striata 14.0 ±o.8 14.5± 1.5 .200±.020 .204± .022 

Vermivora peregrina 9.3±0.5 11.6± 1.5 .148± .007 .189±.020 .01 

Dendroica palmarum 10.2 ±o.8 10.2± 1.2 .159 ± .011 .160±.008 

Wilsonia pusilla 7.9 ±o.7 7.9±0.5 .146±.012 .150± .010 

Melospiza lincolnii 17.5±2.4 18.1 ± 1.7 .286±.036 .300± .028 

Zonotrichia albicollis 25.2±2.3 26.1 ±2.1 .01 .360±.027 .371 ±.025 .002 

Zonotrichia teucophrys 29.3±2.7 30.2±2.1 .381 ±.031 .389± .029 

1. For explanation of condition index , see METHODS. 
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TABLE 1.4 Number (n) of subsequent day recaptured birds, mean minimum 
stopover length (SL), mean mass change per SL (g /SL), mean 
rate of mass change per SL (g / day), percent of recaptured 
birds that gained mass during stopover, and longest stopover 
length for species of adequate recapture sample sizes (n ~ 5) 
during 1995 and 1996 spring migrations at Braddock Bay. 

Spring 1995 

Species n SL g/SL 
( x days ± 1 SD) ( x ± 1 SD) 

g/day 
(x± 1SD) 

%Gained 
Mass 

Longest 
SL(d) 

Regulus calendula 

male 5 1.8± 1.3 0.18±0.56 0.12±0.54 20.0 4 

female 13 2.8± 1.1 0.11 ±0.39 0.14±0.21 23.1 9 

Zonotrichia albicollis 5 1.4±0.6 0.30± 1.30 0.40±0.30 40.0 2 

Wilsonia pusilla 6 2.3±1.9 -0.67±0.48 .003 ± 0.17 66.7 6 

Spring 1996 

Species n SL g/SL g /SL Day %Gained Longest 
(xdays ± 1SD) (x±1SD) (x±1SD) Mass SL(d) 

Regulus calendula 
male 3 1.7 ± 0.6 -0.30±0.36 - 0.15 ± 0.18 66.7 2 

female 11 3.4 ±3.3 0.00±0.49 -0.05±0.26 54.5 10 

Wilsonia pusilla 5 4.8±2.5 -0.08±0.56 .009±0.10 33.3 7 



32 

TABLE 1 . 5 Number (n) of subsequent day recaptured birds, mean minimum 
stopover length (SL), mean condition index change per 
SL (ind. /SL), mean rate of condition index change per 
SL (ind. / day), percent of recaptured birds that exhibited an 
increased condition index during stopover for species with 
adequate recapture sample sizes ( n ~ 5 ) during 1995 and 1996 
spring migrations at Braddock Bay. 

Spring 1995 

Species 

Regulus calendula 

male 

female 

Zonotrichia albicollis 

LA/i!sonia pusilla 

Spring 1996 

Species 

Regulus calendula 

male 

female 

Wilsonia pusilfa 

n 

5 

13 

5 

6 

n 

3 

11 

5 

SL 
(days ± 1SD) 

1.8±1.3 

1.8±1.3 

1.4±0.6 

')Q+-1 0 c...v-1.v 

ind. /SL 
(± 1SD) 

.003±.009 

.002±.007 

-.004±.020 

-.002± .009 

SL ind. /SL 
( x days± 1 SD) ( x ± 1 SD) 

1.7 ±o.6 -.005±.006 

3.4 ± 3.3 .0001 ± .009 

4.8±2.5 -.002± .010 

ind. /Day 
(±1SD) 

.002±.009 

.003±.004 

-.006±.020 

l"lfVH + rvv:,r, 
.VVV I - ,VVVV 

ind./Day 
(x±1SD) 

-.003±.003 

-.001 ±.005 

.0002±.0019 

%increased 
cond. index 

20.0 

23.1 

40.0 

66.7 

%increased 
cond. index 

66.7 

54.5 

33.3 
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TABLE 1 • 6 Comparison of initial weight (± 1 SD) of birds captured only once 
with those recaptured on subsequent stopover days for species of 
adequate recapture sample sizes (n ~ 5) during 1995 and 1996 
spring migrations at Braddock Bay. 

Sgring 1995 

Captured Once Recaptured 2 Sample t-test 

Species Weight (g ± 1 SD) Weight (g ± 1 SD) t.05(2) p 

Regulus calendula 
Males 7.08 ± .54 (n=55) 7.32 ± .50 (n=5) -1.12 .31 

Females 6.38 ± .47 (n=209) 6.39 ± .53 (n=13) - 0.12 .91 

Zonotrichia albicolis 

All 25.3 ± 2.3 (n=112) 24.2 ± 1.4 (n=5) 1.70 .15 
Wilsonia pusi/la 

All 7.87 ± .66 (n=70) 8.22±.74 (n=6) -1.02 .36 

Sgring 1996 

Captured Once Recaptured 2 Samplet-test 
Species Weight (g ± 1 SD) Weight (g ± 1 SD) t.05(2) p 

Regulus calendula 

Males 6.66 ± .68 (n=33) 6.63 ± .15 (n=3) 0.18 .86 

Females 6.22 ± .44 (n=123) 6.12±.41 (n=11) 0.61 .55 

Wilsonia pusi/la 

All 7.91 ± .50 (n=57) 8.12±.94 (n=5) -0.48 .66 
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TABLE 1.7 Comparison of initial condition index(± 1SD) of birds captured 
only once with those recaptured on subsequent stopover 
days for species of adequate recapture sample sizes ( n ~ 5) 
during 1995 and 1996 spring migrations at Braddock Bay. 

Sgring 1995 
Captured Once Recaptured 2 Samplet-test 

Species Index (± 1 SD) Index (± 1SD) t.05(2) p 

Regulus calendula 

Males .122±.010 (n=55) .127±.008 (n=5) -1.50 .18 

Females .114± .008 (n = 209) .115±.010 (n=13) -0.29 .78 
Zonotrichia albicolis 

All .360 ± .027 (n = 112) .345 ± .026 (n = 5) 1.30 .26 
tAli/C"',....,.,;,., ,.,,, ,r,if/,.., 
W' w 11\JVI IIQ JJU.;)IIIQ. 

All . 147 ± .013 (n = 70) .150±.012 (n=6) -0.69 .53 

Sgring 1996 

Species 
Captured Once Recaptured 2 Sample t-test 
Index(± 1 SD) Index (± 1 SD) t.05(2) p 

Regulus calendula 

Males .115±.011 (n=33) .117±.002 (n=3) -0.57 .57 

Females .112± .008 (n = 123) .111±.007 (n=11) 0.71 .49 

Wilsonia pusilla 

All .150±.010 (n=57) .135 ± .017 (n = 5) -0.40 .71 
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TABLE 1.8 Results of regression analysis of the relationship between 
minimum stopover length of subsequent-day recaptures and initial 
capture mass or initial condition index in Ruby-crowned Kinglets 
during 1995 and 1996 spring migrations at Braddock Bay. 

Spring 1995 

mass cond. ind. 
Sex n r2 p r2 P 

all 18 .07 .30 .05 .37 

males 5 .02 .85 .02 .84 

females 13 .20 .13 .11 .28 

n 

14 

3 

11 

Spring 1996 

mass 
r2 P 

.08 .33 

.03 .59 

cond. ind. 
r2 p 

.03 .56 

.01 .78 
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TABLE 1.9 Results of regression analysis of the relationship between 
condition index and time of capture for species with adequate 
sample sizes ( n > 5 ) during 1995 and 1996 spring migrations 
at Braddock Bay. 

Sgring 1995 Sgring 1996 

Species n r2 Slope ( b) p n r2 Slope ( b) p 

Regulus calendula 

Males 54 .05 .02 .11 36 .11 .002 .05 

Females 208 .002 .003 .51 132 .07 .009 .003 

Zonotrichia albicollis 

All 114 .002 .01 .61 106 .07 .06 .005 

Wilsonia pusilf a 

Males 52 .009 .02 .50 37 0.0 .009 .99 

Females 20 .17 .04 .06 25 ,02 -.064 .52 
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TABLE 1.10 Results of regression analysis of the relationship between 
change in mass and stopover length of subsequent day 
recaptures for species with sample sizes n ~ 5 during 1995 and 
1996 spring migrations at Braddock Bay. 

Species 

Regulus calendula 

Zonotrichia albicollis 

Wilsonia pusilf a 

Species 

Regulus calendula 

Wilsonia pusilla 

Sgring 1995 
n r2 

18 .36 

5 .39 

6 .51 

Sgring 1996 
n r2 

14 .001 

7 .22 

Slope (b) p 

.21 .009 

-1.4 .26 

.23 .11 

Slope (b) p 

.005 .91 

.10 .35 
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TABLE 1.11 Results of regression analysis of the relationship between 
rates of mass change and mass at initial capture of subsequent 
-day recaptured individuals for species with sample sizes n ~ 5 
during 1995 and 1996 spring migrations at Braddock Bay. 

Sgring 1995 
Species n r2 Slope (b) p 

Regulus calendula (all) 18 .08 - .17 .14 

Regulus calendu/a (male) 5 .13 - .59 .30 

Regulus calendula (female) 13 .38 - .27 .02 

Wilsonia pusilla 6 .44 - .14 .15 

Sgring 1996 
Species n r2 Slope (b) p 

Regulus calendula (all) 14 .05 - .13 .44 

Regulus calendula (male) 3 NA NA NA 
Regulus calendula (female) 11 .14 - .24 .26 

Wilsonia pusilla 7 .01 .01 .86 
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TABLE 1.12 Results of Wilcoxon paired-sample tests analyzing the 
difference in abundance of flying insects (Diptera ) 
occurring at near-shore insect sampling sites verses inland 
sites during the 1995 and 1996 study periods near 
Braddock Bay. ( One-tailed H0 : Numbers occuring at near-
shore sites were$ numbers occuring at inland sites. ) 

1995 
Sampling Locations 

Site No.1 vs. Site No.2 

Site No.3 vs. Site No.4 

i996 
Sampling Locations 

Site No.1 vs. Site No.2 

Site No.3 vs. Site No.4 

Site No.5 vs. Site No.6 

Dates 

May28 
June 4 

May28 
June 4 

Dates 

May19 

May26 

June 2 

May19 

May26 

June 2 

May19 

May26 

June 2 

Rank Sum 

9 
2 

6.5 

0 

Rank Sum 

0 

0 

0 

0 

0 

0 

0 

0 

0 

p 

<.05 

<.005 

<.025 
<.0025 

p 

<.0025 

<.0025 

<.0025 

<.0025 

<.0025 

<.0025 

<.0025 

<.0025 

<.0025 
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TABLE 1.13 Results of two-way ANOVA analyzing the between year 
variance in mean numbers of flying insects (Diptera) 
occurring at insect sampling sites during the 1995 and 
1996 study periods near Braddock Bay. 

Sampling Location F df p 

Site No. 1 25.2 1. 4 <.05 

Site No. 2 42.6 1. 4 <.005 

Site No. 3 4.3 1. 4 .25<p> .10 

Site No. 4 5.2 1. 4 .10<p> .05 



41 

FIGURE 1 . 1 Location of Braddock Bay and the Braddock Bay Bird Observatory 
study site on the south shore of Lake Ontario. ( Braddock· Bay 
Observatory location indicated by o ) 
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FIGURE 1.2 Locations of arthropod abundance near-shore and inland sampling 
sites. ( Locations indicated by •!• ) 
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FIGURE 1.3 Distribution of fat class scores for spring migrants captured during 
1995 and 1996 at Braddock Bay study site. Six point fat score 
classifications derived from Helms and Drury (1960). 
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FIGURE 1.6 Species-specific mass change for subsequent-day recaptured 
spring migrants at Braddock Bay 1995 and 1996. Lines 
connect mass upon initial capture to mass at last recapture for 
each individual. 
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FIGURE 1.7 Mean number of Diptera captured at two nearshore and two inland sites 
7 May - 4 June 1995. Means at nearshore sites were significantly 
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FIGURE 1.8 Mean number of Diptera captured at three nearshore and three inland sites 
28 April - 2 June 1996. Means at nearshore sites were significantly higher 
than inland sites on dates indicated with asterisk. 
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INTRODUCTION 

Many Neotropical migrants, such as the Blackpoll Warbler (Dendroica 

striata) and the Tennessee Warbler (Vermivora peregrina ), breed at high latitudes 

in Canada and Alaska (Kessel and Gibson 1979, Godfrey 1986, Peck and James 

1987, Hussell 1993). Because much of this area remains relatively inaccessible, 

knowledge of the breeding biology and reproductive timing of many birds breeding 

at high latitude is limited (Quay 1985a, 1989). Therefore it has been suggested 

that much can be learned by intensive study of temperate breeding birds passing 

through stopover sites as they proceed to summer nesting grounds (Blancher et al. 

1993). Differences in physiological readiness for breeding has been noted among 

passerine species during spring migration (Quay 1985b, Briskie 1996). Recently, It 

has been suggested that some species may form mating pair bonds or copulate 

while en route to summer nesting areas (Quay 1989, Moore and McDonald 1993). 

Evidence to support pair bond formation during migration includes observations of 

supposed "mated pairs" of Blackpoll Warblers south of their nesting range (Roberts 

1936) to occurrences of conspecific mixed sex groups at migratory stopover sites 

(Moore 1990). Early sperm release and enlarged cloaca! protuberances in male 

spr1ng migrants have been detected in several species of American thrushes and 

wood warblers (Quay 1985b, 1986). Evidence of copulation while on route 

consists of the occurrence of inseminated Tennessee Warbler females captured 

well south of their nesting grounds (Quay 1989). However the question remains as 

to the relationship between these on-route activities and offspring produced on 

high-latitude nesting grounds. Briskie (1996) reported that in small passerines 

such as Tennessee Warblers and Blackpoll Warblers, females lack fully enlarged 

uterovaginal sperm-storage tubules while on route. These structures appear 

necessary for stored spermatozoa to remain viable 
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for long periods of time (Lorenz 1966, Hatch 1983, Birkhead and Moller 1992). 

Moore and McDonald (1993) suggest that if long-distance migratory landbirds do 

mate during migration, such behavior would have important implications for 

studying avian mating systems and understanding the relationships among 

different phases of a migrant's annual cycle. 

In this study I documented breeding readiness, occurrence of enlarged 

cloaca! protuberance and incidence of early sperm release in males, and 

incidence of insemination in females of selected spring migrant species captured at 

a known stopover site in the Braddock Bay State Wildlife Management Area, New 

York. Data from this study are valuable in augmenting knowledge of the breeding 

biology and reproductive timing of these species. 

METHODS 

I examined the breeding condition in males of 14 species of Neotropical and 

temperate landbird migrants captured with mist nets at the Braddock Bay Bird 

Observatory during spring migration of 1 May - 1 June 1995 and 22 April - 1 June 

1996. Species selected for examination were those with a low probability of 

nesting at or near this study site as determined by distribution maps in Andrle and 

Carrol (1988). An additional criterion for selection was the probability of obtaining 

reasonable numbers of captures as determined by past capture data from this 

study site (Brooks 1993, 1994). 

Presence of a cloaca! protuberance is an indication of male breeding 

readiness in selected species (Proctor and Lynch 1993). Extent of cloaca! 

protuberance was classified utilizing a three point scale, O representing non

breeding, 1 representing partial breeding, and 2 representing full-breeding 

condition (Pyte et al. 1987). All migrant males exhibiting sexual dimorphism were 
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classified upon capture. All individuals without sexual dimorphism, and not reliably 

sexed by appearance, were examined as well to ensure that all possible 

males captured would be classified. Species examined were then grouped 

latitudinally into two categories based on relative distance from the study site to the 

southernmost limit of its geographic nesting range. The first group, designated 

"Near-nesters", included 11 species whose southernmost limit of their geographic 

nesting ranges begin just north of the study site in southern Ontario Province, 

Canada (Table 2.1). The second group, designated "Far-nesters", included three 

species whose southernmost !imit of their geographic nesting ranges are well north 

of the study site occurring approximately at or above soo N (Table 2.2). The 

southernmost breeding range for each species was determined chiefly from the 

range maps in Godfrey (1986) with finer detail in relation to the Braddock Bay study 

site provided by Andrle and Carrol (1988) and Peck and James (1987). A 

comparison was made as to the breeding condition in males between these two 

artificial species groups using the Fisher Exact Test. The null hypothesis tested 

was: The proportion of males exhibiting a cloacal protuberance in "Near-nesters" 

did not differ from the proportion of males exhibiting a cloacal protuberance in "Far

nesters". 

Cloacal lavage samples were taken during spring migration 1996 from 

White-throated Sparrows (Zonotrichia albicollis) and Swainson's Thrushes 

(Catharus ustulatus ), utilizing methods of Quay (1984, 1989). These species were 

chosen due to their relatively large size and as representatives of a Neotropical 

migrant (Swainson's Thrush) and a temperate migrant ( White-throated Sparrow). 

Additionally, previous evidence of early sperm release has been found in male 

Swainson's Thrushes prior to arrival at, and south of, its geographic nesting range 

(Quay 1986). Individuals chosen for cloacal lavage included males and females 
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displaying sexual dimorphism as well as several individuals that could not be 

sexed reliably. Individuals sampled were chosen at random from those captured 

each day during the study period. Several individuals were selected for lavage 

each successive day during the study period to insure that any differences between 

individuals passing through this stopover site at increasingly later dates during 

spring migration period could be noted. Two lavage samples were prepared from 

each bird within 30 min of capture. The first sample was associated with minimal 

stimulation of the bird. A second sample was taken immediately following a gentle 

bilateral anterior-to-posterior stroking of the skin anterior to the cloaca! vent. The 

purpose of this stroking was to bring down any sperm that might be in the glomus 

seminale of males or in the proximal regions of the reproductive tract of females. 

Samples were stored and examined for sperm in the lab. 

RESULTS 

A total of 775 individuals representing 14 species were examined for 

outward physiological indication of male breeding readiness (Tables 2.1 and 2.2). 

Only two individuals from the near-nesting group exhibited a cloacal protuberance. 

In both of these individuals the extent of protuberance was barely large enough to 

be classified as a 1, or representing partial breeding condition. No individuals of 

the far-nesting group exhibited protuberance. No significant difference in the 

proportion of males exhibiting a cloacal protuberance was found between the two 

groups (Fishers Exact Test p = 0.96). 

Lavage samples were taken from 22 White-throated Sparrows and 26 

Swainson's Thrushes. A cloaca! lavage was also taken on 22 May from a male 

American Robin (Turdus migratorius) exhibiting full cloaca! protuberance, for 

comparison with migrant lavage samples. None of the migrating individuals 
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lavaged exhibited presence of cloaca! sperm regardless of species, sex, or date of 

capture (Table 2.3). The male robin lavaged exhibited large numbers of sperm 

on both sample slides. 

DISCUSSION 

In this study I found very little evidence of active sperm production in male 

migrants, regardless of distance from their breeding grounds. As cloaca! 

protuberance is caused by the swelling bases of the vasa deferentia to 

accommodate sperm storage (Proctor and Lynch 1993), this iack of expansion 

suggests that high levels of sperm production had not begun in these individuals. 

Quay (1989) and Moore and McDonald (1993) suggested that there may be an 

adaptive advantage to early recrudescence of reproduction organs and 

reproductive activity for species nesting at high northern latitudes and subject to 

brief reproductive seasons. However, peak reproductive activities increase total 

daily energy expenditures by as much as 50 % (Ricklefs 1974; Walsberg 1983). 

The lack of outward evidence of high levels of sperm production suggests that the 

energy demands of migration may limit gonadal recrudescence in these small 

passerines. If these species are income breeders, those species that base their 

reproductive strategy on resources ingested near the time of breeding, 

reproductive activities will be tied to available daily energy intake. Therefore, 

reproductive activity can only begin if an individual's daily energy intake is 

increasingly allotted to these activities. In small female passerines the specialized 

sperm storage tubules (SSTs) are less than fully developed during spring 

migration (Briskie 1996). However SSTs mature rapidly in migratory 

Yellow-headed Blackbirds (Xanthocephalus xanthocephalus) shortly after arrival 

on the breeding grounds (Briskie 1994), again suggesting that reproductive 
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readiness is limited by migratory energy demand. Limitation of recrudescence of 

reproductive tissues due to energetic demands during migration may not be the 

only explanation for inhibited breeding readiness. Proximate factors on breeding 

grounds such as average ambient temperature, habitat characteristics and food 

availability influence reproductive timing in many passerine species (Delius 1965, 

Ligon 197 4). Species breeding at high latitudes often encounter unpredictable 

environmental conditions upon initial arrival on their nesting grounds. If small long

distance migratory landbirds are income-breeders, there could be a disadvantage 

to arriving on breeding grounds having spent additional energetic demands on 

early reproductive activity. The few birds with early stages of cloaca! swelling 

observed during this study may have been individuals with energy reserves 

beyond those required for migratory activities. 

Early sperm release occurs in several Neotropical and long-distance 

migratory landbirds during migration (Quay 1985a, 1985b, 1986, 1989). 

Additionally, mating behavior was suggested by the occurrence of inseminated 

females of two species of warblers, Blackpoll and Tennessee, well south of their 

nesting range (Quay 1989). Quay (1985b, 1989) found that the level of nutrition, 

indexed by simple body mass, appeared to be positively correlated to sperm 

release and insemination in these two species. The individuals examined by 

cloacal lavage in my study were in relatively poor energetic condition, as indicated 

by a predominance of low fat class scores (unpublished data). Low fat class scores 

suggest that energetic reserves, in the form of subcutaneous fat, were utilized 

during migration. If energetic stores were depleted, little energy would be available 

for sperm production, which may explain the lack of early sperm release in these 

migrants. Poor energetic condition was typical of the long-distance migratory 

landbirds captured at this site during this study (80.6% fell in the lowest 3 out of 6 
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fat classifications, n = 1277). Studies of stopover choice in migratory passerines 

have found that individuals may bypass potential stopover sites during spring 

migration if they posses ample energy stores (Moore and Kerlinger 1987, Kuenzi et 

al. 1991 ). This pattern also occurs in arctic shorebirds during spring migration 

(Gudmundsson et al. 1991 ). A decision to bypass the Braddock Bay stopover site 

may also explain the absence of early sperm release in individuals occurring at this 

site. If early sperm release is indeed tied to energetic condition, we might expect 

individuals with high energy reserves, and therefore the greatest potential for early 

sperm release, to bypass this site during migration. 

Unanswered questions remain as to the adaptive importance of early 

recrudescence of reproductive organs and sexual activity during migration in long

distance migratory iandbirds. The degree to which reproductive success in these 

species is enhanced by increased preparedness while still on route to summer 

breeding grounds remains to be determined. Early recrudescence of reproductive 

tissues and high levels of sperm production in these species appears to be limited 

by energetic budget available while migrating. Further research is required on the 

relationship between energetic condition, degree of breeding readiness, and en 

route copulatory activity to the onset timing and success of yearly breeding/nesting 

efforts. 
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TABLE 2.1 Occurence of cloaca! protuberance found in Near-nesting species of 
Neotropical and temperate landbird migrants during spring migration. 

Sr;;1ring 1995 SQring 1996 
No. examined No. Exhibiting No. examined No. Exhibiiing 

SQecies ti unk.
1 Cl. Prot. d' ' a. Prot. unk. 

Yellow-bellied Flycatcher 0 7 0 1 22 0 
(Empidonax flaviventris) 

Least Flycatcher 13 18 0 14 60 0 
( Empidonax minimus) 

Ruby-crowned Kinglet 64 0 0 37 0 1 
( Regulus ca/endula ) 

Swainson's Thrush 8 20 0 7 39 1 
( Catharus ustulatus) 

Bay-breasted Warbler 2 11 0 2 6 0 
( Dendroica castanea ) 

Mourning Warbler 7 0 0 0 2 0 
( Oporornis philadelphia ) 

Tennessee Warbler 1 6 0 1 2 0 
( Vermivora peregrina) 

Western Palm Warbler 2 16 0 0 7 0 
( Dendroica palmarum) 

Wilson's Warbler 53 0 0 37 0 0 
( Wilsonia pusilla ) 

Lincoln's Sparrow 0 30 0 0 10 0 
( Melospiza lincolnii) 

White-throated Sparrow 15 92 0 12 86 0 
(Zonotrichia albicollis) 

Totals 165 200 0 111 234 2 

1 Sex unknown 
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TABLE 2.2 Occurence of cloaca! protuberance found in Far-nesting species of 
Neotropical and temperate landbird migrants during spring migration. 

Spring 1995 Spring 1996 
No. examined No. Exhibiting No. examined No. Exhibiting 

S~ies cl unk.
1 

Cl. Prot. " unk.1 Cl. Prot. 
Grey-cheeked Thrush 0 9 0 0 5 0 

( Catharus minima ) 
Blackpoll Warbler 0 2 0 2 9 0 

(Dendroica striata) 
White-crowned Sparrow 0 28 0 0 10 0 

(Zonotrichia leucophrys ) 

Totals 0 39 0 2 24 0 

1 Sex unknown 
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TABLE 2. 3 Proportions of migrant White-throated Sparrows and Swainson's 
Thrushes exhibiting sperm in those sampled by cloacal lavage on 
dates indicated during spring migrations 1995 and 1996. 

White-throated Sggrrow Swainson's Thrush 
Dat~s cl ~ unk.

1 d' g unk.
1 

5/8 0 I 1 0/3 

5/9 0 I 1 0/4 

5 I 10 0 I 1 0/2 

5 I 13 0 I 1 

5/ 14 0/2 

5 I 15 0/3 0 I 1 0 I 1 0/2 

5/17 0/ 1 

5 /21 0/2 0/5 

~ ,_"' * " I• " "' 0/ ££ VI I V/£ 

5/23 0 I 1 0/ 1 

5/27 0 I 1 0/2 

5 /31 0 I 1 0/4 

6 / 1 0/2 0 I 1 

Totals 0/4 0/5 0 /11 017 0 /1 0/18 

* Cloaca! lavage also taken on this date from a male robin exhibiting full cloacal protuberance for comparison 
with migrant lavage samples. 

1 Sex unknown 
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Appendix 1 

Floral descriptions of the Braddock Bay Observatory Site: 

Wet Meadow: grasses (Gramineae spp.), horsetail (Equisetum spp.), multiflora 

rose (Rosa multiflora ), willow species (Salix spp.), strawberry (Fragaria spp.), 

goldenrod (Solidago spp.), clover (Trifolium spp.), and dandelion (Taraxacum 

officinale ). 

Hedgerows, Swamp, Wooded wetland: Hedgerows are composed of small trees 

and shrubs, as is the swamp area with mixed herbaceous growth. Shrubs of note 

are: red osier dogwood (Camus stolonifera ), arrowwood (Viburnum recognitum ), 

tatarian honeysuckle (Lonicera tatarica ), highbush cranberry (Viburnum trilobum), 

speckled alder (A/nus rugosa), catalpa (Catalpa speciosa), nannyberry (Viburnum 

lentago), gray dogwood (Camus rugosa), choke cherry (Prunus virginiana), 

crabapple (Pyrus spp.), staghorn sumac (Rhus typhina). Trees of note are: green 

ash (Fraxinus pennsy/vanica ), cottonwood ( Populus deltoides), red maple (Acer 

rubrum), willow species (Salix spp.) including Bebb (S. Bebbiana) and pussy (S. 

discolor). 
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Appendix 2 

Braddock Bay State Park Description (Taken from the Braddock Bay Fish and 

Wildlife Management Area Plan written by Thomas D. Carroll , May 1995 revision.) 

Location : Northwest corner of Monroe County along the southern shoreline of 

Lake Ontario in the town of Greece, New York. 

Total size : 101 O Ha. 

Climate : Annual Precipitation 76 - 89 cm rainfall 203 - 216 cm snowfall. 

Topography: Gently sloping lake plain (7.3 m to the mile) to Lake Ontario shore 

( elevation 75 m above sea level ) with ridges of glacial till 

(elevations 1.5 - 15 m above slope surface ) separating ponds, 

Braddock Bay, and marshes. 

Soils : Primarily Niagara, Collamer, Hilton, and Canandaigua series of medium 

texture and poorly drained. Niagara, Collamer, and Canandaigaun soils 

formed in Lacustrine deposits. Hilton soil formed of calcareous till. 

Vegetation: Marsh flora covers 70 % of the management area and is composed 

predominantly of cattail, segdes, rushes, purple loosestrife, and 

smartweed. 

Upland flora consist of abandoned fields in various successional 

stages and small woodlots. 
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Management : Habitat management is specifically designed to enhance waterfowl 

stopover and nesting. Manipulation in upland areas include 

creating and maintaining small meadows, cereal grain plantings, 

hedgerows, food shrub and conifer clumps where appropriate. 


