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ABSTRACT 
1 mist-netteci southbound migrating landbirds on Bon Portage Island, 

Nova Scotia, to determine the importance of the island in these birds' migration. 

1 specincdy asked: a) are the numbers of migrants that corne to Bon Portage in 

the fall related to wind direction? b) can any species deposit fat on the island? 

and c) does wind direction influence either the abundance or fat loads of 

individu al species in the fall? 

1 tested for a relationship between wind direction and the total capture 

rate of all migrants combined. The total capture rate was influenced by wind 

direction. However, contrary to expectation, headwinds did not result in large 

accumulations of birds on the island. Most birds were caught on Bon Portage 

when the winds were conducive to reoriented migration (kom the northwest) . 
1 next tested whether individual species can deposit fat on the island and 

found that Bon Portage can function as  a fat-depositing site for Myrtle 

Warblers. 1 also found strong evidence that BlackpolI Warblers and White- 

throated Sparrows can deposit fat on Bon Portage. Evidence was not convincing 

for 14 other species for which sample sizes were adequate. 

Finally, 1 tested if wind direction had an effect on either the capture rates 

or the fat reserves (detennined by weights and fat scores) for species for which 

there were adequate data: MyrtIe Warblers, Blackpoll Warblers, and Red-eyed 

Vireos. Wind direction had no significant eEect on Myrtle Warbler capture rates; 

however, northwest winds resulted in the largesr d d y  capture rates of Myrtle 

Warblers. Visible fat reserves of Myrtle Warblers were related to wind directions, 

but contrary to expectation, tailwinds did not result in birds with the lowest fat 

scores. Daily capture rates of Blackpolls were related to wind direction; 

however, contnuy to expectation, headwinds did not result in the largest 

accumulations of Blackpolls. The highest capture rates of Blackpolis were on 

momings after northwest and West winds. Wind direction infiuenced how heavy 

the Blackpolls that came to the island were, and as expected, there was a weak 

tendency to capture Blackpolls with lesser fat scores after favourable tailwinds. 

Wind direction influenced both the capture rates and fat reserves of Red-eyed 

Vireos. Contrary to expectation, direct opposing headwinds did not result in the 

largest accumulations of Red-eyed Vireos. The largest capture rates of Red-eyed 



Vireos were associated with northwest winds. Wind direction d s o  idiuenced 

the sue of the fat reserves of Red-eyed Vireos that came to the island; however, 

contrary to expectation, tailwinds did not result in the most fat-depleted 

individuals. 

1 conclude that most birds initially corne to Bon Portage Island simply 

because of its location on the southern end of the province; however once tkiere, 

some species, such as Myrtle Warblers, are nonetheless able to stay and deposit 

smaU amounts of fat. 
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" The mystery which surrounds the migratory flights of 
birds never fails to amuse wonder and speculation 
among those of us who hold a special interest in such 
matters.. . " 

-Robie Tufts 



GENERAL INTRODUCTION 
STOPOVER RESEARCH 

To put this thesis in context, 1 review literature concerning 

stopover ecology, as weii as literature of the radar studies of landbird 

migration conducted in Atlantic Canada. Stopover ecology refers to the 

study of migrants while they are stopped a t  areas along their migration 

route, and has received much attention in the past 15 years. Since many 

species of landbirds may be experiencing population declines (Robbins et 

al. 1989, Terborgh l992), sorne researchers have raised concerns about 

the loss of habitats and concomitant loss of food resources in critical 

stopover areas along their migration routes (Moore and Simons 1992). 

This loss may exacerbate the problem of losses of wintering and breeding 

habitats, which have long been suggested to be the cause of landbird 

population declines (Terborgh 1989). 

Almost all species of landbirds, especially species that migrate long 

distances (e.g. Neotropical migrants that migrate from breeding areas in 

Canada or the United States to Central or South America), require 

frequent stops d i h g  their migrations to replenish depleted fat stores. 

The energy necessary for migration is derived from the fat reserves that 

they build up during these stops (Berthold 1975; Blem 1976, 1980). 

Whether or not a particular migrant stays at a stopover site and 

what factors influence this decision have been the subjects of many 



recent studies, 

replenish their 

including this thesis. Detennuling how and where birds 

fat stores will illuminate specüic migration strategies and 

iden- geographic areas where resources needed for migration are 

available (Winker et al. 1992a). 

Although there is still much to be learned about the complex 

behaviour, physiology, and ecology of landbirds dunng migration, we 

have already learned a great deal about many aspects of stopover 

ecology. Perhaps the best documented pattern of stopover behaviour is 

that the probability of a migrant staying at a new site encountered 

during migration is related to the habitat at the site (Moore and Simons 

1992). Furthemore the length of t h e  a migrant stays at a stopover site 

(its stopover length) is also related to the habitat at the site (e.g. Biebach 

et al. 1986, Moore and Kerlinger 1987, Lena and Moore 1990). Species 

that find the habitat suitable for fat replenishment will stay, and stay 

longer, while those that cannot fmd food will move on quickly, 

presumably to fuid a better area. I t  has yet to be clarifïed, however, in 

which habitat(s) each species can deposit fat. Data from the breeding 

season may not apply, because birds are no longer feeding Young, and 

may require food of different nutritional quality (Panish 19%'). 

Furthemore, although it is known (geographically) where many landbird 

species are able to deposit fat (e.g. Winker et al. 1992b, Winker 1995a, 

Morris et al. 1996), i t  is not known exactly where, on each species' 

migration route, individuals actually require sites for fat deposition to 



continue migrating . 

Certain species are more behaviourally plastic during migration 

when faced with extreme ecological barriers (e.g. mountain ranges, 

deserts, or oceans). Loria and Moore (1990) found that lean migrant Red- 

eyed Vireos (all landbird species names used in this thesis are listed in 

Appendix A) displayed a greater foraging repertoire, made more frequent 

foraging maneuvers, and expanded their food resources more so than did 

fat individuals after they each had crossed the Gulf of Mexico, a water 

barrier of over 1000 km. Clearly, the ability to be flexible in foraging 

behaviour in new habitats during migration could be beneficial, 

especially &ter long flights. For example, Parrish (1997) found that 

certain species previously thought to be strictly insectivorous ate bemes 

during migration. He also found that individuals of a species that shifted 

to berries gained significantly more mass than did those that remained 

insectivorous. Bemes rnay offer an energetic advantage over protein-rich 

insects, as they may cost less energy to forage for, and are higher in 

carbohydrates, which can be more effectively used during migration than 

protein. 

Despite its advantages, behavioural plasticity in migrants must be 

limited; birds are morphologically adapted to forage in only so many 

ways (Martin and Karr 1990, Moermond 1990, Winkler and Leisler 1992, 

Yong and Moore 1994). Martin and Karr (1990) found that most 



Neotropical migrants are limited to only a few foraging maneuvers (e.g. 

flycatchers are limited to hawking). They are therefore also limited in 

prey m e s .  Martin and Karr further suggested that the migration season 

rnay be exercising greater selection on landbirds' foraging strategies than 

do the breeding and wintering seasons, since food can be more lirniting 

during migration. Hutto (1998) also argued that the migration season is 

perhaps of greater importance than the breeding season, since many 

species spend over one-third of their lives migrating, compared to only 

one-quarter breeding. 

Another well-docurnented aspect of stopover ecology is that the fat 

load of a migrant upon arriva1 influences both the probability of stopover 

and the subsequent stopover length (Moms 1996, Moore and Kerlinger 

1987). Red-eyed Vireos with small amounts of fat a t  arriva1 are more 

likely to stay at a stopover site and deposit fat (Lona and Moore 1992). 

Yong and Moore (1993) found that lean captive Catharus thrushes 

displayed less migratory restlessness (elevated activity associated with 

migration) than fat ones. Furthermore, captive lean birds were more 

active during the day, suggesting that lean birds forage more than fat 

birds a t  stopover sites. Similarly, the amount of fat deposited by 

migratory White-throated Sparrows was significantly related to the 

amount of fat the migrant had upon arriva]. (Cherry 1982). Cherry also 

concluded that a bird arriving at a stopover site with little or no fat 

reserves could not make another flight even if the weather were 



favourable for migration. Moms (1996) compared the recapture rates of 

migrants that were held captive for 6 hours, and thu; forced to lose 

weight, to those of controls, who were set free immediately after banding. 

In support of the hypothesis that fat loads of birds influenced stopover 

length, birds that were forced to lose weight were recaptured significantly 

more often than controls. I t  is clear then, that a migrant's energy 

reserves influence its stopover decisions. 

Another factor that can influence stopover decisions is the number 

of conspecifics already at  a site. Yong and Moore (1994) used enclosures 

of fniiting shrubs to show that during migration there is considerable 

interspecific and intraspecific competition for food resources a t  stopover 

sites. One outcome of such competition may be territoriality, which 

Rappole and Wamer (1976) observed among rnigrating Northern 

Waterthrushes. When Northern Waterthrushes amived at  the site, they 

spent at least a day "floating" among the available habitats, after which 

they often settled in an area that they vigorously defended from 

conspecifics. Birds that did not fmd a territory within a day moved on, or 

becarne temporary floaters. Northern Waterthrushes with a temtory 

gained signifcantly more weight than those that had no temtory. 

Rappole and Warner (1976) also found that only a small percentage of 

the individuals actually remained at the stopover site, possibly because 

of this resource competition with conspecifics. Hence, they suggested 

that stopover sites may each have their own carrying capacity for 



migrants, which is likely to be unique to each specics. 

A less studied factor influencing both a migrant's choice of 

stopover areas and the energetic condition of the migrant is weather, 

although certain relationships between weather and landbird migration 

have been well-studied with radar (see below). Northbound migrants that 

landed a t  a site on the northern Coast of the Gulf of Mexico, after 

encountering opposing winds, were on average fatter than those that 

landed when the wind direction was favourable for migration (Moore and 

Kerlinger 1987). This suggests that migrants that land when the wind is 

favourable for migration do not have enough fat to continue migrating. 

However, few researchers have studied this aspect of stopover. 

As many coastal areas are currently being developed for human 

use, there is an irnmediate need to identify critical stopover areas (e.g. 

Winker et al. 1992a, Parrish 1997), and within these areas, habitats that 

are important to migrants (e.g. Moore and Kerlinger 1987, Moore and 

Simons 1992). Furthexmore, by determining the energy status and 

requirements of different migrants across a broad geographic range, we 

can more completely understand the various migration strategies of each 

species. 



RADAR STUDIES OF MIGRATION IN ATLANTIC CANADA: 
Migration of landbirds over the western Atlantic Ocean has been 

studied in great detail using weather radar (e.g. Able i974; Dniry and 

Nisbet 1964; Richardson 1972, 1976, 1978a, 1978b, 1980; Williams et 

al. 1977; Williams and Williams 1990). The effects of wind on landbird 

migrants in flight have been particularly well-studied (see Richardson 

1991 for a review). Thus, it is known which wind directions are the most 

favourable (i.e. which directions result in the most birds f l y h g  at one 

t h e )  for both spring and fall migrations on the Atlantic coast. 

Few areas on the east coast of North Arnerica have hosted as  many 

radar migration studies as has Atlantic Canada (Richardson 1972, 1976, 

1978a, 1978b, 1980). Richardson conducted many observational studies 

using surveillance radar in Barrington, Halifax, and Sydney, Nova Scotia, 

as well as St. Margarets, New Brunswick (e.g. Richardson 1972, 1976). 

Richardson thus documented the large-scale, general patterns of 

migration for this area. He found that the majority of fa11 migrants over 

Atlantic Canada fly southwest, approximately parallel to the northeast- 

southwest axis of eastern North Arnerica (Richardson 1972, 1976, 1980, 

see Fig. 1). Similar orientation has also been observed in migrants over 

northem New England (Drury and Keith 1962). 

When the wind direction was favourable for southwestward 

migration, large numbers of passerines took off 30 to 45 minutes after 

sunset. After midnight, the rate gradually decreased. These nocturnal 



migrants flew southwest in a broad front over Nova Scotia, without 

appearing to turn or follow coastlines. However, during the day, 

Richardson often observed (with radar) large concentrations of passerines 

above coastlines, especidy near the southern end of the province 

(Richardson 1972, 1976). 

Richardson found that the number of landbirds migrating over 

Atlantic Canada during a given night was significantly related to wind 

direction. Wind speed, temperature, barometric pressure, and 

precipitation had comparatively little affect on the numbers of migrating 

landbirds (Richardson 1976). Southwest-rnigrating landbirds over Nova 

Scotia appeared to require tailwinds for southwest flight. Furthemore, 

most birds migrated southwest over Nova Scotia when the wind direction 

was from the northeast o r  north (Richardson 1972, 1976). Hence in this 

thesis I assumed that north and northeast wind directions were the most 

favourable wind directions for birds migrating southwest over Nova 

Scotia. 

Richardson also found that when there were tailwinds at dawn (i.e. 

from the north or  northeast), nocturnal migrants that found themselves 

a t  the southern end of the province continued flying southwest during 

the day across the Gulf of Maine, a flight of approxirnately 4-5 hours for 

a Spical landbird (Richardson 1976). In contrast, if there were 

headwinds at dawn (i.e. from the south or southwest), Richardson (1972, 



1976 1978a, 1978b) showed that many noctumal migrants which were 

already over water returned to mainland Nova Scotia by changing 

direction and flying either n o f t  or northwest. This phenornenon has 

been termed reonented migration. Most authors agree that reoriented 

migration represents noctumal migrants either compensating for lateral 

wind drift incurred during the previous night's migration, or birds simply 

returning to land via the most direct route to seek food and shelter for 

the day (Murray 1976, Alerstam 1978, Richardson l978b). 

Richardson ( 1978b) examined reoriented migration in detail using 

surveillance radar at Barrington and Sydney, Nova Scotia. He found that 

reoriented migration among iandbirds over Nova Scotia was significantly 

related to wind conditions. Reonented migration was unrelated to 

cloudiness, visibility, or magnetic disturbance. Specifically, birds 

undertaking reoriented migration were usually seen on mornings when 

the wind direction was from the northwest. 

Richardson also observed a small group of landbird migrants that 

fiew in a mainly south-southeast direction from Nova Scotia and New 

England (Richardson 1972, 1976, 1978a, 1978b, 1980; Williams et al. 

1977; Williams and Williams 1978). These migrants' direction implies 

that they make a non-stop flight over the Atlantic Ocean (trans-oceanic 

flight) to wintering grounds in South America. Richardson (1972, 1976, 

1978b) found that in Nova Scotia, none of these trans-oceanic migrants 



underwent reoriented migration, and they usually initiated migration 

with north or northwest winds. Trans-oceanic migrants usually departed 

20-30 rniriutes after smset over al1 land areas of Nova Scotia, not just 

frorn coastal areas. Some birds initiated the flight from as far  north as  

New Brunswick and continued flying past the southem tip of Nova 

Scotia. However, few birds began the flight from more than 150 km 

inland from the coast of New Brunswick or Maine. 

The Blackpoll is to date, the only species that is considered to be a 

trans-oceanic migrant (Nisbet et al. 1995, but see Murray 1989). The 

evidence for this is mostly indirect, but substantial (summarized by 

Nisbet et al. 1995). The first evidence is the radar obsenration of large 

groups of passerines moving south-southeast from not only Nova Scotia 

(Richardson 1972, 1976, 1980), but from the coast of New England as  

well (Williams and Williams 1978). Observations of grounded migrants 

suggest that Blackpolls are concenîrated from Virginia to Nova Scotia 

during the fall, but are scarce in the southern Atlantic states, unlike 

other species, which are cornmon throughout the migration route. There 

are also numerous banding records of Blackpolls grounded in Bermuda, 

Puerto Rico and the Lesser Antilles, as  well as visual observations of 

Blackpolls flying over these areas without landing (Nisbet et al. 1995). 

In this thesis 1 test the hypothesis that all species except Blackpoll 

Warblers encountered on Bon Portage are southwest-migrating species. 



Under this hypothesis, I assume that north and northeast winds are 

favourable tailwinds, while southwest winds are unfavourable headwinds 

for these species. In contrast, the hypothesis predicts that north and 

northwest winds are favourable tailwinds for Blackpoll Warblers, because 

empirically the largest numbers of (presumably) Blackpolls were 

observed rnigrating during these wind directions (Richardson 1972, 

1976, l978b). Conversely, 1 assume that south and southeast winds are 

unfavourable headwinds for Blackpoll Warblers. 



INTRODUCTION 
Most migratory species, especially neotropical migrants, must 

make frequent stopovers during their migrations to deposit fat stores for 

the next flight (Blern 1980, Biebach et al. 1986). Little is known of the 

stopover ecology and behaviour of migrants at  stopover sites d o n g  their 

migration route (Moore e t  al. 1995). The stopover ecology of landbirds on 

the Atlantic Coast of North America (the "Atlantic Flyway"), especially in 

northern areas, has only been studied by a few researchers (Murray 

1979; Moms et al. 1994, 1996; Parrish 1997). Consequently, little is 

known of fat deposition requirements, stopover lengths, or even timing of 

migration for many species in Atlantic Canada. 

Bon Portage Island, located approximately 3 km off the 

southwestem shore of Nova Scotia (Fig. l), is an ideal site to study 

landbird stopover ecology. Numerous radar studies conducted in this 

area (e.g. Richardson 1972, 1976, 1 W8b) provide important baseline 

information on large-scale patterns of migration around Bon Portage. 

These data allow for explorations into little-known relationships such as 

those between wind direction and stopover, which this thesis will 

address. However, this is the first study of landbird stopover ecology on 

Bon Portage. Thus, it is not known if migrants use the island as a final 

stopover for fat deposition before they cross the Gulf of Maine, if the 

island is merely a resting area for migrants during daylight hours, or if it 



is a place where migrants seek refuge from unfavourable wind 

conditions. Therefore, the overall objective of this thesis k to determine 

the importance of Bon Portage ro migrating landbirds. 

There are probably a varieV of reasons why each migratory species 

initially cornes to Bon Portage. Some, for example, may need to deposit 

fat for their next flight (across the Gulf of Maine for most species), while 

others may have to interrupt their migration because of unfavourable 

environmental conditions. Wind direction affects rnigrating landbirds in 

Atlantic Canada more than any other aspect of weather (Richardson 

1972, 1976, 1978). Thus, on Bon Portage, wind direction may have an 

influence on the numbers of migrants that initially come to the island. 

hirthermore, since direct headwinds (from the southwest) are 

counterproductive to forward (southwest) migration, more birds may 

settle at ground sites during this wind direction than any other. 

Therefore, I predicted the largest overall numbers of birds would come to 

Bon Portage when the wind was from the southwest. 

Once on Bon Portage, all species may not be able to deposit fat, 

because of the island's small size, limited habitats and resources. If so, 

species that are unable to deposit fat while on the island should not 

remain long o n  Bon Portage after amval. Recapture rates, stopover 

lengths, and fat reserves c m  be used to determine whether a species is 

capable of depositing fat on the island. 



Wind direction rnay have a species-specific effect on the numbers 

of birds that come to Bon Portage. A species that migrates in a 

southwestward direction in the fall rnay come to the island in the 

greatest numbers when it encounters direct headwinds (i.e. from the 

southwest) . Sirnilarly, Blackpoll Warblers, which migrate in south- 

southeast directions, rnay be most abundant on the island during direct 

headwinds from the south or southeast. 

FinaIiy, fat reserves of migrants on Bon Portage rnay be related to 

wind direction. For example, headwinds rnay force migrating birds to 

land when fat deposition is not necessary, while tailwinds rnay allow 

these "fully-fueled" birds to continue. Furthemore, birds that land on 

Bon Portage during tailwinds rnay not have enough fat to continue their 

migration. Thus, for a southwest-migrating species, 1 predicted that the 

individuals captured on the island during north and northeast tailwinds 

would be carrying the least amount of fat. Similarly, 1 predicted that 

Blackpoll Warblers captured during favourable tailwinds (northwest for 

this species) would be carrying the least arnount of fat. 

To address these hypotheses, this thesis has three specific 

objectives: 

1. To test  if the overall numbers of southwestward migrating 

landbirds that are present on Bon Portage in the fd are related 

to wind directions. 



2. To test whether any species can build up fat on the island, and 

3. To test if wind direction affects either the abundance cr fat 

reserves of individual species on Bon Portage in the fall. For this 

objective, Myrtle (Yellow-rumped) Warblers (hereafter Myrtle 

Warblers), Blackpoll Warblers, and Red-eyed Vireos will be 

tested, as  these were the only species with adequate sample 

sizes. 

The results of these tests were used in combination to address my 

overall objective of determining the importance of Bon Portage to 

migrating landbirds. 

With the recent establishment of long-term banding stations on 

Bon Portage and Seal Islands (as part of the Atlantic Bird Observatory), 

the potential for future research on the stopover ecolow of landbirds in 

southwestern Nova Scotia is great. Following this thesis 1 have presented 

some suggestions for future work that could follow the present project 

(Appendix B). In addition, 1 have made recommendations to banders and 

volunteers at each Atlantic Bird Observatory site so that the (primarily) 

migration monitoring data that are collected can also be used in future 

studies of the stopover ecology of landbirds (Appendix C). 



STUDY SITE 
Bon Portage Island (43028W 65045W), is a 150 ha island situated 

approximately 3 km off the southwestern tip of Nova Scotia (Figure 1). I t  

is elongatea, being 600m wide and 3 km long, with an overall north- 

south orientation (Johnson 1984; Figure 2). The island has two forested 

sections separated by a floating bog. Bon Portage is forested with white 

spruce (Picea glauca), black spruce (P. mariana), and balsam fir (Abies 

balsamea), with some mountain ash (Sorbus amencana) and white birch 

(BetuZa papyrifera). Along the edge of the forest on the eastem side of the 

island are small stands of speckled alder (Alnus rugosa). A fire burned 

across a section on the southem end where there is now new vegetation 

with wild raisin ( Vibumum cassinoides) and various other small shrubs. 

In the early 19809, there was an infestation of hemlock looper 

(Order Lepidoptera, Lambdina fiscellana), which caused a dramatic 

change in the vegetation of certain areas of the island (Randy Milton, 

pers. comm.). In these areas, most of the forest softwood is now dead, 

creating openings in the once-dense evergreen canopy. The early 

successional forest floor in these areas is composed of s m d  hardwood 

saplings such as white birch and mountain ash, mixed in with dense 

patches of Canada yew (Taxus canadensis), and raspberry (Rubus sp.). 

Together with the spring and f d  landbird migrants, Bon Portage 

has large breeding populations of Leach's Storm Petrels (Leucorhou 



oceanodroma) , Herring Gulls (Larus argentatus), Great Black-backed 

Gulls (Lams mannus), as well as a number of Arneric= Crows (Corvus 

brachyrhynchos) (MacKinnon i 988). Native to the isla nd are Masked 

Shrew (Sorex cineras] and Meadow Vole (Microtus pennsylvanicus). 

White-tailed Deer (Odocoilms virginianus) are sometimes seen on the 

island as well. Snowshoe Hare (Lepus amerkanus) and Muskrat (Ondatra 

zibethicus) were introduced by people (MacKinnon 1988). 

The area of Bon Portage sampled in this thesis (indicated in figure 

2) is centered around the Cyril Coldwell Laboratory, located on the 

eastern side on the southern end of the island. This area consists of four 

main habitat types. The old growth, spruce/fir, undamaged Forest; the 

burned area now consisting of wild raisin; the hemlock looper darnaged 

forest, now in early stages of succession; and the primarily alder- 

dominated shore habitat. 



GENERAL METHODS: 

From 12 August to 2 November in 1995, and from 12 Aupst to 20 

October in 1996, standard 12 m x 2.5 m, 30 mm mesh, nylon mist nets 

were operated on Bon Portage in each of the four main habitat types in 

the sarnple area around the Cynl Coldweli Laboratory. These rnist nets 

were as high as  the surrounding vegetation in each of the shore, bum, 

and early successional habitats. However, the vegetation around the old 

growth, spruce/fir nets exceeded the height of the nets, so that some 

species that frequent this habitat may not have been adequately sarnpled 

(Remsen and Good 1996). 

The number of nets operated each day varied with the weather 

conditions (i.e. exposed nets were not opened on days with high winds, 

and none were opened during rain). However, on most days, at least 

three nets were operated in each of the four habitats. When weather and 

personnel allowed, the total 2 1 nets were opened. Nets were opened by 

20 minutes after sunrise, and operated continuously for 5 hours in 1995 

and 6 hours in 1996. To account for the varying numbers of rnist nets 

used per day, captures were standardized to nurnber per 100 net-hours 

(#/ 100NH) where 1 net hour is one 12 meter, 30mm net, operating for 1 

hour (Ralph 1976). In the fall of 1995,I conducted all of the banding 

myself, but was helped by two field assistants in 1996. AU original 



banding data and accompanying wind data are now located at the 

Biology Department a t  Acadia Universirj. 

Each open net was checked at intervals of no longer than 30 

minutes. Birds were removed from the nets, placed in cloth bags, 

transported to the Cyril Coldwell Laboratory, processed and released. 

Processing entailed the following: each bird was banded with an 

aluminum USFWS leg band, aged, sexed (according to Pyle e t  al. ( 1987)), 

weighed, had its unfiattened wing chord measured, and was assigned a 

fat score. I used a fat scoring method following Helrns and Drury (1960), 

where O = no trace of fat in furculum, 1= trace of fat, 2 = fat filling but 

not level with sides of furculum, 3 = fat level with furculum sides, 4 = fat 

overflowing from furculum, and 5 = fat overflowing furculum and 

continuous with abdominal fat. For d l  birds, the interval between net 

extraction and release was approximately 40 minutes. Because fat 

scoring is p d y  a subjective measurement, in d l  analyses of migrants' 

fat reserves in this thesis, I conducted separate tests on both the fat 

scores and weights of the migrants. So as not to bias observations, al1 

recaptured birds were processed exactly the same as initially captured 

birds without refemng to the original capture data. 

In 1995, birds were weighed using a 50 g Pesola spring scale (with 

0.5 g graduations) and their weight was estimated to the nearest 0.25 g. 

In 1996, an Acculab V-333 electronic balance was used and all weights 



were recorded to the nearest 0.1 g. Since two methods were used to 

measure the weights of birds, 1 tested for differences between these two 

rnethads aposten' by weighing 35 objects, of weights vaying between 5 g 

and 50 g, with both scales. A paired t-test revealed a significant 

difference between the two methods of measurement (t=2.14, df=34, 

p=0.03). Thus, in all analyses of weights in this thesis where the data 

from both years was pooled, 1 included a dichotomous dummy variable to 

account for this difference. Unfortunately, using a different weighing 

method each year means that 1 can not control for possible effects of 

annual variation on the weights of migrants. However, this variation is 

believed to be negligible, as there was no significant (at 0.05 level) 

difference in the fat scores that 1 assigned to Myrtle Warblers between 

1995 and 1996 (two-sample t-test, df=457, p=0.085). This suggests that 

annual variation in weights of species is also either small, or nonexistent. 

Furthemore, 1 can think of no previous study which documented annual 

variation in weight or size of a species at a stopover site. Moreover, 

combining consecutive years of data to increase sample sizes is a 

frequent practice (e.g. M o m s  et al. 1996, P M s h  1997, Winker et al. 

l992a). 

Simiiar to other coastal banding stations, hatch-year birds 

predominated in the banding captures on Bon Portage (over 90% for 

most species). Since recent evidence shows that certain species can 

display age-related differences in stopover ecology (Woodrey and 



Chandler 1997, Woodrey and Moore 1997, Yong et al. l998), 1 removed 

after-hatch-ycar birds from all analyses with little loss of data. All results 

and subseqgent conclusions are based on hatch-year birds. 

There is also evidence that some species display sex-related 

differences in stopover ecology (e.g. Morris et al. 1996, Yong et al. 1998). 

Unfortunately, it was rarely possible to sex hatch-year birds in the hand 

on Bon Portage. Thus, examination of sex-specific differences in stopover 

ecology on Bon Portage was not possible with these data. 

A problem that is often encountered at migration monitoring 

stations in the fa11 is the presence of individuals that were hatched at  the 

site during the surnmer (e.g. Winker et al. 1992a, Morris et al. 1994). For 

instance, on Bon Portage, Fox Sparrows breed on the island, but also 

migrate. Thus, if a Fox Sparrow is captured on Bon Portage after the 

regular breeding season, it can not be determined if that individual has 

just completed a migratory flight, or if it came from the island in the first 

place. To address this, in the summer of 1996,I attempted to band all of 

the breeding birds and their young in the vicinity of the mist net sample 

area by operating the same mist nets once every ten days. 1 followed the 

sarne protocol as was used during the migration season. 1 found large 

breeding populations of Swainson's Thrushes, Golden-crowned Kinglets, 

Amencan Redstarts, Yellow Warblers, Common Yellowthroats, Fox 

Sparrows, Song Sparrows and Winter Wrens in 1996 (Appendix D). These 



species were not included in the analyses of migrants. In contrast, less 

than five females in breeding condition were banded for Blackpoll 

Warblers, Black-throated Green Warblers, Gray Catbirds, Northem 

Parulas, Savannah Sparrows, and Ruby-crowned Kinglets (Appendix D). 

Since these species' breeding populations were less than 5 % of their 

respective numbers of migrants of these species, and the small numbers 

of residents was unlikely to substantially affect analyses, I have included 

these species as migrants. 

In 1995, Environment Canada provided local daily wind directions, 

in the form of marine forecasts for the Lurcher area. The Lurcher area 

encompasses Shelboume County, in which Bon Portage lies. For the 

1995 season the dawn (0530) and evening (2030) Lurcher marine 

forecast wind direction were used in al1 analyses concerning wind 

direction. Wind direction data in 1996 was recorded on the island 

throughout the banding period. 1 recorded the local wind direction in the 

morning and evening on Bon Portage using a hand-made f ~ e d  weather 

vane located on the eastern shore of the island, approximately 200 m 

from the central banding station. The weather vane was placed in a 

completely open area so that trees and structures would not obscure the 

actual wind direction. The vane was placed on a pole approximately 20 

feet tall. Each day the wind direction on Bon Portage was recorded with 

this vane within 20 minutes before and after dawn and between 2000 

and 2200 in the evening. In each year, wind directions either from the 



Environment Canada data or at the site were recorded as  from the north, 

northeast, east, southeast, south, southwest, west, northwest, or calm 

(no wind direction was discernable) . 

Differences in these two methods of recording wind detection are 

believed to be minimal, as Environment Canada's marine forecast is 

based partly on data obtained from a weather station on Clarke's 

Harbour, approximately 10 km southeast of Bon Portage (Bowyer and 

Gray 1989). Moreover, on the occasions when the marine forecasts were 

consulted in 1996, 1 detected no discrepancies between the two methods 

(i.e. both methods were in agreement). Furthermore, since the wind 

directions were rneasured in 45-degree increments, any small differences 

due to local geography were probably negligible. Moreover, in many 

analyses in this study, adjacent wind directions had to be combined to 

meet sarnple size requirements for statistical tests (see below). This 

further reduces the efferts of srnall differences in the two rnethods. 

DATA ANALYSIS 

EFFECT OF WIND DIRECTION ON TOTAL CAPTURE RATE: 

All analyses in this thesis were performed using SPSS (SPSS 1996). 

To test for a relationship between wind directions and the total numbers 

of migrants on the island, I compared the total capture rate relative to 

the corresponding wind directions at dawn. For this, 1 performed a 

Kruskal-Wallis 1-way ANOVA o n  the total capture rates of all SW- 

migrating species (Le. all except Blackpoil Warblers) in each dawn wind 



direction. For this test, days with northeast wincls at dawn were 

combined with north winds since on only 4 days out of the banding 

p d o d s  of both years was the wind direction at dawn from the northeast. 

A non-parametric ANOVA was used here because the wind direction 

sarnple sizes were uneven and parametric ANOVAs are sensitive to 

unequal sample sizes. I further compared, using a Mann-Whitney test, 

the overall numbers of migrants dunng southwest headwinds to the 

numbers dunng al1 other wind directions combined. 

FAT DEPOSITION: 

To determine if a species c m  deposit fat while on the island, 1 used 

common methods from the literature, (e.g. Rogers 1991, Winker et al. 

1992a, M o m s  et al. 1996) to develop a set of four critena to apply to al1 

commonly encountered species. The four criteria for assessing the ability 

to deposit fat during stopover are: 

The species should have recaptured individuals; 

Recaptured individuals should remain on the island for more 

than 1 day, on  average; 

There should be a positive relationship between the weights of 

all individuals of the species and the tirne of capture, and/or 

between the fat scores of the individuals and the time of 

capture; (i.e. captured birds should be heavier/fatter as the day 

progresses) and 



4. Recaptured individuals should increase in weight and/or fat 

score between frst and last capture. 

It a single cnierion is met this will provide weak evidence that the 

species can deposit fat while on Bon Portage. However, if any species 

meets ail the cnteria, it will be interpreted as strong evidence that the 

species is able to use the island for building fat stores. 

Criterion 1. If no individuals of a species were recaptured, it is 

cornmonly assumed that these birds departed from the site soon after 

initial capture (e.g. Moore and Kerlinger 1987, Moore and Simons 1992, 

Moms et al. 1996). Thus my first criterion was if individuals of the 

species were recaptured. 

Criterion 2. A species' recaptured individuals should have an 

average stopover length of more than 1 day. If individuals were present 

on Bon Portage for two or more consecutive days, it implies that they 

could at  least maintain themselves on the island's resources. For this 

criterion, a minimum estimate of the length of stopover was calculated 

for all recaptured individuals by subtracting the initial day of capture 

from the final, and adding 1 day (following Lavee et al. 199 1). Thus, a 

stopover of two days with this calculation means that the bird was 

present on the island for at least two consecutive days. The addition of 

one day is necessary since a bird recaptured later the same day would 

have a stopover length of zero. It can not be assumed that the bird was 



captured on the day of its arriva1 or departure. However, as this 

limitation is true for al1 individuals, an average of al1 such stopover 

calculations should provide a conservative estimate of the true stopover 

lengths for each species. 

Criterion 3. If a species was depositing fat on the island, 

individuals of that species should become progressively heavier o r  fatter 

as  each day progresses. In other words, there should be a positive 

relationship between time of capture and weight, fat score, or b o t .  for ail 

new individuals (non-recaptured birds and first captures of birds that 

were later recaptured) (Winker et al. 1992a). 

Using only the recaptured birds for analyses of weight and fat 

changes has one major disadvantage, recaptured birds on Bon Portage 

represent less than 5% of individuals. Winker et al. (1992a) addressed 

this limitation by using linear regression to determine the relationship 

between fat score, o r  weight, and time of day for al1 newly captured birds. 

They proposed that a bird that gains weight at a site should show a 

positive relationship between either fat score or weight and time of 

capture. This method allows all birds to be analyzed, no matter how 

many were recaptured. However, Winker (1995a) also found that there 

were sigdicant positive relationships between body size (indicated by 

wing and tail measurements) and time of day. This was a bias that 

Winker et al. (1992a) did not consider. Nor did Winker et al. (1992a) 



account for the effects of seasonal variability 

7'0 detemine the relationship between 
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in the weights of migrants. 

weight and time of capture, 

1 used a modification of the method of Winker et al. (1992a). 1 performed 

a forward stepwise linear regression where 1 f rs t  had as explanatory 

variables wing length (to account for effects of body size on weight), date 

of capture (to account for any variation in the weights of migrants within 

a season; in number of days since Jan. 1) and a dichotomous dummy 

variable to account for the differences in weighing methods. 1 then forced 

time of capture into the model. In 1995, individuals that did not have 

their wing chords measured were excluded. 

Krementz and Pendleton (1990) reported that fat scor-ing is a 

reliable method of indexing the amount of fat carried by a bird, but inter- 

observer variation may be substantial. 1 found no significant variation in 

fat scoring (of Myrtle Warblers) between my two assistants in 1996, (two 

tailed t-test, df=87, t=- 1.16, p=0.25). 1 therefore pooled the data sets of 

these two observers in al1 fat score analyses. There was a significant 

difference in fat scoring (of Myrtle Warblers) between myself and my two 

assistants combined (two-tailed t-test, df=47 1, t=-4.84, p<0.0 1). 

Therefore, to examine the relationship between time of capture and the 

fat scores of each species, I f r s t  fitted a dichotomous observer variable to 

the model. For this variable, 1 used myself as the primary observer, and 

both of my assistants as the secondary obsenrer. I then fitted a date 



variable to account for any seasonal variability (in number of days since 

Jan. l), and finally, time of capture. In al1 of these regressions of weight 

and of fat scores, only species with 20 or more individuals were tested. 

Criterion 4 If there were weight gains between first and last 

captures (Moore and Kerlinger 1987, Winker et al. 1992c, Morris et ai. 

1996), and/or gains in fat scores (e.g. Biebach et al. 1986), this was 

taken as  definitive evidence of fat deposition on Bon Portage. 

To test whether recaptured birds were gaining weight 1 compared 

the weights of recaptured individuals between first and last capture 

using one-tailed paired t-tests following Moms et al. (1994). Only species 

with ten or more recaptured (hatch-year) individuals were tested. 

Rogers (1 99 l) ,  using a fat scoring system nearly identical to the 

Helrns and Dmry (1960) system 1 used in this study, found his fat 

scoring method to be linearly related to the lipid indices (actual fat 

contents) of birds. He therefore treated the scores as  continuous, 

numenc variables. 1 therefore also treated my fat scores as  continuous 

numeric variables, using paired t-tests (one-tailed) to test for differences 

between fat scores of first and last captures of recaptured (hatch-year) 

individuals . 

EFFECT OF WIND DIRECTION ON MYWA, REVI, and BLPW: 

Because of the nature of this analysis (where data for each species 

was subdivided into 9 wind categones), only the sample sizes for three 



species, Myrtle Warblers, Blackpoll Warblers and Red-eyed Vireos, were 

large enürigh for this analysis. 

Richardson j 1972, 1976, 1978b) showed that southwest (SW)- 

migrating birds at dawn, either reoriented to the coast or continued 

migrating, depending on the wind direction. Thus, 1 assumed that SW- 

migrating species assess dawn wind direction in their decision to either 

continue migrating or land. Wind direction at dawn was therefore used in 

the analyses for Myrtle Warblers and Red-eyed Vireos (both SW- 

migrating species). 

Richardson (1972, 1976) showed that trans-oceanic migrants 

always initiated their trans-oceanic flight from Nova Scotia just after 

sunset. He also showed that these birds never reoriented to the coast at 

dawn. 1 assumed, then, that Blackpoll Warblers use the evening wind 

direction to decide whether to initiate their trans-oceanic flight. Thus the 

wind direction that should be related to the abundance and fat reserves 

of Blackpolls on Bon Portage in the momings would be the wind 

direction during the previous evening. For analyses with Blackpoll 

Warblers, 1 therefore used the wind direction recorded during the 

previous evening. 

Myrtle Warblers did not start to arrive on Bon Portage in any 

appreciable numbers until the middle of September in both years. 1 

therefore chose a migration start date each year based on the frrst day in 



which the cumulative number of individuals captured for the season 

exceeded 5% of the total number captured that year. Thus c d y  the data 

from September 29 t o  the Iast day of banding in 1995 and that from 

October 1 to the last day of banding in 1996 were used for al1 analyses 

concerning wind direction and Myrtle Warblers. The bulk of the 

migration of both the Blackpoll Warbler and Red-eyed Vireo was covered 

by the banding periods in both years. Wind data from the entire period 

were used for al1 analyses of these species. 

Certain wind directions were recorded on less than 5 days over 

both seasons for the migratory peaks of each species. Therefore, some 

wind directions had to be combined with adjacent directions to make 

statistically meaningful sarnple sizes. In these cases, the wind directions 

were combined so that each new wind direction(s) was still biologically 

meaningful. For example, for al1 analyses of Myrtle Warblers, days with 

north and northeast winds were combined, as were southeast and south, 

and west and northwest. The north/northeast combination represents 

favourable tafiwinds for this species' migration. 

To test whether dawn wind direction affected abundance of Myrtle 

Warblers and Red-eyed Vireos, 1 perfonned a Kruskal-Wallis 1-way 

ANOVA on the daily capture rates of each of these species in each dawn 

wind direction. Similarly, 1 tested whether the previous evening's wind 

direction affected the number of Blackpoll Warblers on the island the 



next moming. 

To test whether the weights and fat scores were associated with 

wind direction, 1 again used Kiuskal-Wallis 1-way ANOVAs. However, to 

remove any confounding effects on the weights of the birds, 1 performed a 

forward stepwise linear regression on their log-transformed weight, with 

wing chord, date (in number of days since Jan. 1) and weighing method 

fitted to the model. Al1 non-significant variables were dropped to make 

final models. The residuals of each model were then used in the Kruskal- 

Wallis ANOVAs. Similarly, a model was created for fat scores, with date 

(in number of days since Jan. 1) and a dichotomous dummy observer 

variable fitted to the model. The residuals of this model were then used 

in the Kruskal-Wallis analyses-of-variance to test for the effect of wind 

direction on the fat scores of each species. 

When necessary, data were log-transformed to meet assumptions 

of normality. Normaliv was assessed using histograrns and quantile 

plots (SPSS 1996). In all tests in this study, ~ i g ~ c a n c e  was accepted 

when ~~0.05. When a test resulted in a p-value less than 0.10, the result 

was also discussed. 



EFFECT OF WIND DIRECTION ON TOTAL CAPTURE RATE: 

Dawn wind direction caused significant variation in the total 

capture rate of southwest-migrating species (all species except Blackpoll 

Warblers; 1995 and 1996 combined) (H= 15.3, df=7 p=0.03; Figure 3). 

Contrary to my hypothesis, however, capture rates dunng southwest 

winds were not significantly greater than those of other wind directions 

combined (Mann-Whitney, z=-7.08, ~ ~ 0 . 3 6 ;  Figure 3). In fact, northwest 

and west wind directions at dawn appeared to be associated with the 

largest average capture rates on Bon Portage. 

Table 1 shows the top ten days (cutoff decided arbiîrarily) with the 

largest daily capture rates and the correspondhg dawn and previous 

evening wind directions. On each of the four days with the largest daily 

capture rate, both the dawn wind direction and the wind direction of the 

previous evening were from the northwest. On two more of the top ten 

days, d a m  wind as well as the previous evening wind were from the 

west. Furthermore, on the two days with winds from the north at dawn, 

the previous evening's winds were from the northwest. Both Table 1 and 

Figure 3 suggest that the largest number of birds came to Bon Portage 

when the wind direction had a west-northwest component. These wind 

directions would be the most likely to cause southwest-migrating 

landbirds to be forced offshore and thus be forced to make a dawn 



reorientation, descnbed previously only in radar studies in Atlantic 

Canada jiiichardson 1972, 1976, 1978b). 

FAT DEPOSITION: 

Of the 18 species for which sample sizes allowed at  least three 

cnteria to be tested, I only found evidence of fat deposition in three: 

Myrtle Warbler, White-throated Sparrow, and Blackpoll Warbler. Of these 

three, Myrtle Warbler was the only species that met al1 four fat- 

deposition criteria conclusively (Table 2). They were recaptured at a rate 

of 3.7%, and recaptured individuals stayed an average of 3.0 days (Table 

3). Heavier Myrtle Warblers were also captured later in the day (Table 4). 

However, Myrtle Warblers were not assigned higher fat scores later in the 

day (Table 5). To illustrate these trends, the data used in the weight and 

fat score models for Myrtle Warblers are plotted (Figure 4). Finally, there 

was a significant increase in the weights of recaptured individuals 

between fxst capture and last capture (t=-2.66, df= 17, p=0.0 1 1) (Table 

To illustrate the relationship between weight and fat scores, both 

are graphed for Myrtle Warblers in Figure 5. With the fat scoring system I 

used, 1 assigned individuals a 2 score more than any other score, and 

these individuals weighed an average of 12.1 g. Very few birds were 

assigned a 4 fat score, and none were assigned a 5 score (Figure 5). Fifw- 

seven (14.9%) individuals were assigned a O fat score (no visible fat 

reserves) and these birds weighed an average of 10.4 g. The majority 



(approximately 85%) of Myrtle Warblers then, had at  least some visible 

fat reserves (Le. were assigned a 1 or more fat score) when they were 

captured on Bon Portage, and weight increased with fat score (Figure 6). 

White-throated Sparrows met 3 of the 4 fat-deposition cnteria 

(Table 2). They were recaptured a t  a rate of 13.8% and recaptured 

individuals stayed an average of alrnost five days (Table 3). Although not 

significant, recaptured individuals tended to gain weight (Table 6). White 

throated Sparrows captured later in the day were heavier (Table 4) and 

were assigned higher fat scores later in the day (Table 5), providing 

strong evidence that this species can deposit fat on Bon Portage. 

Blackpoll Warblers may also be able to deposit fat on Bon Portage. 

Blackpolls met 3 of the 4 fat-deposition cnteria (Table 2). Over 3% of the 

Blackpoll Warblers captured on Bon Portage were later recaptured, and 

recaptures stayed an average of four days (Table 3). Blackpolls also were 

significantly heavier and were assigned significantly greater fat scores 

later in the day (Tables 4 and 5). However, because of the small 

recapture sample size, 1 could not test my fourth criterion. The fact that 

they met all of my other cnteria provides strong evidence that this 

species is able to deposit fat on Bon Portage. 

The remainder of the species tested for fat deposition only met the 

f'ist two cnteria (Table 2). However, since the sample sizes for some 

species (e.g. Solitary Vireos, Ruby-crowned Kinglets) were less than 25 



individuals, additional data may be required to show whether these 

species can deposit fat on Bon Portage. 

SEASONAL DISTRIBUTION OF MYWA, REVI, BLPW, and WTSP: 

To illustrate the seasonal distribution of the three species used in 

the next analysis (Myrtle Warblers, Red-eyed Vireos, and Blackpoll 

Warblers), the daily caFture rates of each is graphed for 1995 and 1996 

(Figures 6-8). The daily capture rate of White-throated Sparrow is also 

graphed here (Figure 9) since 1 found evidence of fat deposition in this 

species (above). In each graph, only hatch-year birds are shown. Daily 

capture rates of Myrtle Warblers peaked in October in both 1995 and 

1996 (Figure 6). Red-eyed Vireos were most abundzmt by rnid-September 

in 1995 but were later in migrating in 1996 (Figure 7). Blackpoll Warbler 

numbers on Bon Portage were highest by late September and early 

October in both years (Figure 8). Figure 9 shows that White-throated 

Sparrows began their main migratory movement in early October in both 

years. In surnmary, the banding program covered the bulk of the Red- 

eyed Vireo and Blackpoll Warbler migrations (Figures 7 and 8) through 

Bon Portage. The later migration of the temperate-wintering Myrtle 

Warblers (Figure 6) and White-throated Sparrows (Figure 9) means that 

the banding seasons each year may have missed some individuals of 

these species that migrated in November. 



EFFECT OF WIND DIRECTION ON MYWA, REVT, and BLPW: 

Mvrtle Warblers 

The wind direction at dawn did not have significant effects on daily 

capture rates of Myrtle Warblers on Bon Portage (H=3.9, df=5, p=0.57; 

Figure 10). 1 did not, therefore, test whether southwest headwinds 

brought the most birds to the island. However, it appears that more 

Myrtle Warbler individuals were captured when the dawn wind was from 

the west or northwest (Figure 10). mirthemore, days when the most 

Myrtie Warblers were captured were those that had dawn winds from the 

northwest and West (Table 7). Eight of the top 10 days had dawn winds 

either from the northwest or west. On 4 of the top 5 days, wind direction 

at dawn and the previous evening were both frorn the northwest. 

There were fewer than five Myrtle Warblers for which 1 had wing 

chord measurements captured during north and northeast winds. 

Therefore, 1 did not test for the effect of wind direction on the weights of 

this species. However, there were adequate data to test for the 

relationship between wind direction and fat scores of this species. There 

was significant variation in the mean ranks of fat scores relative to dawn 

wind direction (H= 13.8, df=5, p=0.02; Figure 11). Mean ranks correspond 

to the relative fat scores of birds captured in each wind class. In other 

words, the fat resenres of Myrtle Warblers on the island on any given day 

are related to the dam wind direction that day. However, contrary to my 

hypothesis, Myrtle Warblers captured during north and northeast winds 



did not have lower fat scores than during other wind directions combined 

(Mann-Whizey, z=-0.20, p=0.27; Figure 1 1). 

N o  Red-eyed Vireos were captured when the dawn wind was from 

the south or the southeast, even though 12 days with these wind 

directions were recorded (Figure 12). There was significant variation in 

these capture rates (SE+S class not included; H= 14.9, df=5, p=0.02). 

However, the daily capture rates of Red-eyed Vireos on southwest days 

were not significantly larger than those of the other days combined 

(Mann-Whitney, z=-0.00, p=0.111; Figure 12). Furthemore, five of the 

top ten daily capture rates of Red-eyed Vireo were days when the dawn 

wind was from the northwest and two were when it was from the north 

(Table 8). 

N o  significant variation in weight residuals of Red-eyed Vireos was 

detected among dawn wind directions (H=5.2, df=5, p=0.39; Figure 13) 

but there was variation in fat score residuals with respect to d a m  wind 

directions (H= 1 1.9, df=5, p=0.04; Figure 13). Contrary to expectation, 

Red-eyed Vireos that came to the island during north and northeast 

winds did not have less fat than those in other wind directions (Mann- 

Whitney, 2-0.06, p=0.26; Figure 13). 

Blackpoll Warblers 

Wind direction during the previous evening influenced the 



numbers of Blackpoll Warblers that were captured the next day (H=14.6, 

df=7, p=0.04; Figure 14). However, capture rates of Blackpolls after 

southeast and south winds were not significantiy greater than those after 

all other evening wind directions combined (Mann-Whitney, z=-0.00, 

p=0.26; Figure 14). Seven of the top ten Blackpoll days came when the 

previous evening wind was from the northwest (Table 9). 

There were too few days (with at  least one Blackpoll Warbler 

captured) with no evening wind (calm) to include this wind condition in 

the analysis of Blackpoll Warbler weights; however, there were sufficient 

numbers of days to include calrn wind in the analysis of fat scores. There 

was significant variation in weight residuals (H= 13.3, df=3, p=O.OO; 

Figure 15) but no significant variation in fat score residuals with respect 

to evening wind direction (H=7.63, df=4, p=0.106; figure 15). There was a 

tendency for Blackpoll Warblers to weigh less on days after north and 

northivest ninds than on all other days cornbined (Mann-Whitney, z=- 

0.3 1, p=0.07; Figure 15). This is consistent with my hypothesis 

conceming the effect of wind direction on the fat reserves of this species. 

In sumrnary, 1 found no evidence that headwinds caused large 

accumulations of either SW-migrants or Blackpoll Warblers on Bon 

Portage, contrary to my prediction. Furthemore, 1 found no evidence 

that the lightest (Le. ca-g least amount of fat) SW-migrating 

individuals were associated with tailwinds on Bon Portage, also contrary 



to my prediction. Blackpoll Warblers, however, tended to be lighter after 

tailwinds the previous evening, agreeing with my prediction. 



DISCUSSION 
For dit majority of migrants, Bon Portage Island appears to be a 

temporary rest area during fall migration. Most southwest-migrating 

birds may initially come to Bon Portage simply because of its location 

(i.e. they may be rnerely looking for a place to land after dawn 

reorientation). Several findings in this thesis provide evidence for these 

conclusions. First, birds come to the island in the greatest numbers after 

lateral dawn winds (west and northwest). This was the case when the 

total capture rate of southwest-migrating birds combined was examined, 

and when the capture rates of non-fat-depositing Red-eyed Vireos and 

fat-depositing Myrtle Warblers were investigated separately. These birds 

al1 appear to be looking for a place to land near the Coast after having 

been blown offshore by lateral winds. This is consistent with the radar 

observations of Richardson (1972, 1976, 1978b) over Nova Scotia. 

Second, low recapture rates of most species indicates that few birds, 

even those capable of remaining on the island, actually remained for long 

periods on Bon Portage. Many species initially came to the island, often 

en masse, but few stayed longer than one day. Most birds appeared to 

require only a resting area until nightf'all when they could continue their 

noctunial migration. Finally, of the 45 commonly captured species on 

Bon Portage in the fall, only one species, Myrtle Warbler, conclusively 

demonstrated fat deposition. F'urthermore, the amount of fat Myrtle 

Warblers deposited on Bon Portage was small (approxhately 2% of body 



weight depositedl day) . 

That the number of migrants that corne to a stopover site (Bon 

Portage) in any given day is related to the dawn wind direction that day is 

a finding previously not described for any site on the Atlantic Coast. 

Hence, not only does wind direction affect the number of birds migrating 

each night (Richardson 1976), it also influences how many birds will be 

observed on land during the day. However, the highest number of 

grounded migrants may not necessarily correspond to the highest 

number of migrants flying the night before. 1 found that Bon Portage was 

most heavily used during northwest winds, while Richardson (1972, 

1976) observed the most migrants flying with north and northeast 

tailwinds. 

That the heaviest use of the island occurs after northwest winds 

was an unexpected result. Reoriented migration has been well- 

documented in the Maritimes using radar (Richardson 1976, l978b), 

however the resulting large accumulations of grounded birds after 

reoriented migration has not been previously observed in the Maritimes. 

In fact, reonented migration appears to be the most influentid factor 

determining the number of birds that come to Bon Portage. The reason 

for this is unknown to me. However, the fact that wind direction does 

influence the numbers of migrants that come to Bon Portage has 

important implications to banders a t  migration monitoring stations in 



Atlantic Canâda, and perhaps along the northern Atlantic Coast. They 

can now use dawn wind direction to prepare for each day. This 

information may also help banders to plan which nets to open or keep 

closed. On days when the dawn wind is northwest, for exarnple, 

personnel on Bon Portage may want to operate only the most easily 

accessible nets. This practice could ensure that the nurnber of birds 

trapped never exceeds the banders' capability to extract them from the 

nets, thus reducing mortdisr. 

Myrtle Warbler was the only species that conclusively met al1 fat- 

deposition criteria. However, the fact that less than 4% of Myrtle 

Warblers were recaptured suggests that despite being able to, few 

individuals actually stayed and replenished fat stores on the island. 

Rappole and Warner (1976) reached the sarne conclusion based on 

observations of color-banded migrant Northem Waterthrushes a t  a 

stopover site. Rappole and Warner attributed this to the temitonal 

behaviour of migrants at  the site. Those with a temtov deposited fat 

while those without moved on. This could have contributed to the smdl 

recapture rate of Myrtle Warblers on Bon Portage; once al1 available 

temtories were fîlled, surplus individuais were forced to move on, 

resulting in few individuals remaining on the island. This codd also 

explain why direct headwinds did not result in the largest accumulations 

of migrants, as I had predicted. Bon Portage may only be able to 

accommodate a certain number of territorial individuals when birds are 



forced to land and wait for favourable tailwinds. 

An alternative explanation for why few Myrtle Warblers use the 

island to deposit fat is that the majority of them do not need to replenish 

or add to their fat reserves when they reach the southern tip of Nova 

Scotia. Fat reserves of Myrtle Warblers captured on Bon Portage provide 

support for this explanation. More Myrtle Warblers were assigned a 2 fat 

score than any other. Many Myrtle Warblers thus appeared to have at 

least some existing fat supply. Furthemore, if one assumes that the 

average 10.5 g weight of individuals with a O fat score approximates the 

fat-free weight of Myrtle Warblers, then birds with a 2 fat score would be 

carrying an average 1.5 g of fat. Estimated flight range by a bird this size 

with this arnount of fat (from Pennycuick 1975) is approximately 500 km 

in still air. Because these birds are usually migrating with a moderate 

tailwind, this amount of fat would be more than suffcient to make the 

400-500 km flight (depending on take-off and landing sites) across the 

Gulf of Maine. Hence, many Myrtle Warblers simply may not require 

additional fat when they reach Bon Portage (cf Moreno 1989). The fact 

that Myrtle Warblers captured with dawn tailwinds were not assigned 

signiflcantly lower fat scores than those in other directions is consistent 

with this statement. 1 had previously thought that during favourable 

tailwinds , individuals that came to Bon Portage must require additional 

fat, and thus would have s m d  fat reserves. However, these individuals 

did not have smaller fat scores than in other wind directions. Thus, even 



these individuals appeared to already have at lesst some existing fat 

reserves. 

If it is true that the rnajoriv of Myrtle Warblers do not require 

additional fat on Son Portage, one could then ask why the recaptured 

Myrtle Warblers stayed and deposited fat? The answer to this may be 

that these individuals did require at least some additional fat. To address 

this question, 1 compared the linear regression residuals of the fat scores 

of those Myrtle Warblers that were later recaptured to those that were 

never recaptured. There were not enough data to compare weight 

residuals. The fat score residuals of recaptured birds were significantly 

lower than those of non-recaptured birds (one-tailed t-test, t=- 1.84, 

df=23, p=0.04), suggesting that the individuals that did remain on the 

island (Le. those that were later recaptured) may have done so out of 

necessity. These birds may have been forced to remain on Bon Portage to 

deposit additional fat. This is consistent with previous studies on the 

Atlantic Coast (e.g. Moms 1996, Moms et al. 1996, Parrish 1997); lean 

birds are more willing to stay and will deposit more fat at stopover sites 

than fat birds. 

The arnount of fat actually deposited by Mjltle Warblers appeared 

small, which may further support the idea that most Myrtle Warblers 

may not require additional fat when they reach Bon Portage. The positive 

diunial trend in weight indicated a gain of approximately 0.13 g per day 



(Fig. 4). Furthemore, the average 0.5 g increase in weight of recaptured 

individuals over an average of 3 days means a daily increase of 0.17 g. 

This, for a log Myrtle Warbler, is approximately 2% of its body weight. 

Such small increases in weight (which 1 assumed to represent increases 

in fat) while on the island suggest that Bon Portage is not a crucial, or 

necessaxy, stopover site for most Myrtle Warblers. This may also be true 

for other species. Although not significant, White-throated Sparrows 

gained and average of only 0.4 g over an average of approximately 5 days. 

Thus, White-throated Sparrows may also use Bon Portage mainly as a 

resting, or staging area where they only maintain, or add small deposits 

to their existing fat reserves. 

A n  alternative explanation for the small amount of fat deposition 1 

observed in migrants on Bon Portage may simply be that only hatch-year 

individuals were studied. Recent evidence has shown age-related 

differences in stopover ecology in the fdl (Woodrey and Chandler 1997, 

Woodrey and Moore 1997, Yong et al. 1998). Yong et al. (1998) found 

that hatch-year Wilson's Warblers stayed longer and put on smaller 

amounts of fat than adult birds at an autumn stopover site in New 

Mexico. More data are required to determine if adult Myrtle Warblers 

deposit more fat than hatch-year individuals on Bon Portage. 

Nonetheless, since hatch-year individuals of many species (Table 3) use 

Bon Portage most heavily, the greater importance of Bon Portage may be 

as a restuig area for hatch-year birds, where they can either maintain or  



deposit small amounts of fat. Furthemore, although it is known where 

some landbirds are able to deposit fat (e.g. Winker et al. 1992a, Morris et 

al. 1994, 1996), it has yet to be clarified just how much fat is required by 

any species, and just where (geographically) these fat depositions are 

necessq .  The small amounts of fat deposited on Bon Portage may be al1 

that is required at this point in the migratory joumey. 

The abundance and fat reserves of Blackpolls on Bon Portage were 

infiuenced by the local wind direction. Similar to SW-migrants, most 

Blackpolls appeared to corne to the island when the previous evening 

wind was from the northwest; however, Blackpoll Warblers captured after 

evenings with north and northwest tailwinds tended to weigh less than 

those captured after evenings when the wind was from other directions. 

One possible explanation for these results is that these accumulations 

after tailwinds were Blackpolls that were rnigrating with the tailwinds the 

previous night, but had to set d o m  by d a m  because they did not have 

enough fat to continue Ngrating. However, Blackpolls on Bon Portage 

did not appear to deposit large amounts of fat. This island then, may not 

be the fmal stopover site for Blackpolls before the main tram-oceanic 

flight. 

An alternative explanation to results observed for Blackpolls is that 

the Blackpolls 1 encountered on Bon Portage are not trans-oceanic 

migrants. The migration strategy of Blackpoll Warblers has not yet been 



clearly interpreted. In fact, Murray (1976, 1989) has argued that this 

species does not undertake a transoceanic flight at dl .  The fact that 

similar to SW-migrants, the most Blackpolls came to Bon Portage after 

northwest winds could be taken as evidence that this species merely 

migrates dong with the rest of the SW-migrants, and also reorients to 

the coast after lateral winds. Furthermore, although it was not one of my 

objectives in this thesis, 1 found that very few Blackpoll Warblers on Bon 

Portage were canying, or deposited, sufficient fat reserves to complete a 

non-stop, tram-oceanic flight from Nova Scotia to South America, based 

on Pennycuick's (1975) calculations. The majoriq of Blackpolls captured 

on Bon Portage weighed between 1 1 and 15g. Based on Pennycuick 

(1975), a bird the size of a Blackpoll Warbler (approx. 10- 12 g fat-free) 

would need approximately 50% of its body weight as fat to make a non- 

stop flight (in still air) of over 3000 km. This may be an overestimate of 

the fat required by Blackpolls, since these birds are able to exploit 

moderately strong tailwinds during flight (Richardson 1972, 1976). 

Nonetheless, from Nova Scotia to the northemmost coast of South 

America is over 4000 km, so a value of 50% may be at least close to the 

actual amount required. Furthermore, Richardson (1976) suggested that 

Blackpolls may require as much as 50% of their body weight when they 

depart from Nova Scotia. This translates into 5-6  g of fat (for a 10- 12 g 

Blackpoll Warbler), or at  least a 4 fat score. In addition, Nisbet et al. 

(1963) found that Blackpoll Warblers left Massachusetts after fattening 



to 20-23 g. Presurnably, a Blackpoll Warbler that initiates a tram- 

oceanic flight from Nova Scotia must have at  least as much fat, if not 

more, than those that start from Massachusetts. Therefore, it is 

reasonable to assume that Blackpolls need to be 20 g or more to make a 

tram-oceanic flight from Nova Scotia. However, on Bon Portage, I only 

encountered six Blackpolls out of the total 245 individuals that were 20 g 

or above and that had at least a 4 fat score. 

Nisbet et al. (1963) found fhat immature Blackpoll Warblers tended 

to settle in marginal habitats where they deposited fat more slowly. This 

meant that they departed Massachusetts weighing between 13.5 and 

19.5 grams. If this is also the case on Bon Portage, then although 

Blackpolls may be able to remain on the island and deposit small 

amounts of fat, they may do so a t  a sub-optimal rate. However, this 

raises an important question: if al1 Blackpolls are tram-oceanic 

migrants, and if these Young Blackpoll Warblers are not depositing 

sufficient fat stores on Bon Portage to allow them to successfully 

complete their tram-oceanic migration, what happens to them? Do they 

attempt their migration after leaving Bon Portage with inadequate fat 

loads, and subsequently pensh in the attempt? Alternatively, do they 

move on to Massachusetts to put on the fat they need? 

Murray (1979, 1989) has repeatedly argued that the majority of 

Blackpoll Warblers do not complete a trans-oceanic fiight a t  dl. Sirnilar 



to my study, at Island Beach, New Jersey, Murray (1979) found that very 

few Blackpolls departed with sufficient fat stores for a trans-oceanic 

fight. However, the evidence for Blackpoll Warblers making a tram- 

oceanic fiight is substantial (Nisbet et al. 1995). 1 suggest then that either 

Bon Portage is not the final stopover area before the trans-oceanic 

migration, or the Blackpolls that stop at  Bon Portage are not those that 

complete a tram-oceanic migration. If the former is true, young 

Blackpolls with too little fat may leave Bon Portage to search for a better 

area with more or better resources. Furthemore, future explorations of 

other areas in southern Nova Scotia may reveal areas where Blackpolls 

remain for longer periods than on Bon Portage, and where they gain the 

necessary amounts of fat. If no such areas are found, it may be that 

Blackpoll Warblers find a suitable area to deposit the necessaxy fat 

reserves on the other side of the Gulf of Maine. Clearly, more study is 

needed on Blackpoll Warblers and its potentially unique migration 

strategy. 

There were many other species commonly captured on Bon Portage 

in the fall that may also deposit fat. Ruby-crowned Kinglets, for example, 

had a relatively high recapture rate, an average stopover greater than one 

day, and tended to increase in weight between first and last captures 

(table 5). Similarly, both Black-and-white Warblers and Black-throated 

Blue Warblers had high recapture rates and stopovers greater than 3 

days. 1 had insufficient data to test more fully whether these species are 



able tc deposit fat on Bon Portage, or if they can only maintain their 

exis ting fat supply. 

Red-eyed Vireos and Dark-eyec! Juncos appeared not to dcposit fat 

on Bon Portage, and not unexpectedly, did not remain long on the island. 

Red-eyed Vireos were the third most abundant migratory species but had 

one of the lowest recapture rates. Furthemore, recaptured Red-eyed 

Vireos did not stay longer than one day. Sirnilarly, only one Dark-eyed 

Junco out of 58 was later recaptured. However, this individual was 

present on the island for a t  least 24 days, which suggests that it was not 

a migrant. Furthemore, in neither of these species was there a trend of 

heavier and fatter individuals later in the day. Northern Waterthrush is 

the only species that may have lost fat while on Bon Portage. There was a 

significant trend of individuals with smaller fat scores later in the day. 

However, this was not unexpected, as  other authors have found 

differences in species' abilities to use the resources (Le. habitats) at 

particular sites ( e g .  Winker 1995a). With species each having different 

foraging strategies, and habitat preferences, some species would be 

capable of depositing fat at a stopover site while others would not, and 

may experience losses in fat resenres (Winker et al. 1992b). However, an 

alternative explanation is that non-fat depositing species such as Red- 

eyed Vireos and Dark-eyed Juncos simply do not need to deposit any fat 

on Bon Portage. Approxhately 77% of the Red-eyed Vireos processed by 

the author had a t  least some visible fat reserves, and thus may not have 



required additional fat to continue migrating. Species such a s  Red-eyed 

Vireos rnay have previously accurnulated enough fat to cross the Gulf of 

Maine before they reached Bon Portage. Furthemore, compared to the 

entire travelling distance of neotropical migrants such as  Red-eyed Vireos 

and temperate-wintering migrants such as Dark-eyed Juncos, many of 

these birds would be in the early stages of their migratory journey when 

they arrive on Bon Portage. Species that do not deposit fat on Bon 

Portage, therefore, may be using Bon Portage only as  an area where they 

can stop and rest, perhaps merely for the daylight hours. Altematively, if 

Red-eyed Vireos and Dark-eyed Juncos do require fat replenishment, and 

if they cannot find suitable resources on Bon Portage, then what areas in 

southem Nova Scotia are suitable? 

Behavioural plasticiv could explain why Myrtle Warblers, White- 

throated Sparrows and Blackpoll Warblers are able to deposit fat on the 

island while Red-eyed Vireos, Dark-eyed Juncos, and Northern 

Waterthrushes do not. Fat-depositing species may be able to adapt to, 

and subsequently use, the resources (Le. habitats) on Bon Portage 

enough to deposit fat. They rnay be able to use a variety of habitats on 

the island, or they may be able to adapt their foraging strategy enough to 

use one particular habitat on the island that they would not normally 

choose. An ability to adapt to suboptimal habitats would certainly be 

beneficial to migrants, which continuously encounter new and varying 

habitats during migration. 



If one asssimes that the lack of behavioural plasticity is the 

reason Red-eyed Vireos do not deposit fat on Bon Portage, one could 

then reason that there is a physiological threshold where behavioural 

plasticity occurs. Loria and Moore (1990) found that fat-depleted Red- 

eyed Vireos becarne behaviourally plastic in their foraging strategies 

after crossing the Gulf of Mexico, a distance of over 1000 km. Since 

Red-eyed Vireos do not deposit fat on Bon Portage, it may be that 

migrants are not energetically stressed enough when they reach Bon 

Portage to compel them to be behaviourally plastic. Hence, Red-eyed 

Vireos may adapt to unfamiliar environments or habitats only when 

the need arises, such as after an extremely long flight. 

In contrast to plasticity, some authors have suggested that 

foraging strategies of migrants are innately programmed, and thus 

migrants may only be able to forage in certain habitats (Martin and 

Karr 1990, Moermond 1990). If so, the presence or absence of the 

preferred habitat of a species should then determine whether the 

species can deposit fat at a stopover site. If this were the case, one 

could then reason that migrants must make an initial exploration of 

ail available habitats at each newly encountered site. Winker (1995b) 

found no evidence for this exploration hypothesis at  the macrohabitat 

level, and suggested it rnay ocurr a t  a smaller scale and may be very 



rapid. However, if species do have preferred habitats, more study is 

needed to determine if, and how much, these preferences Vary 

geographically, seasonally, or with age or sex. 

In this thesis, 1 have shown that Bon Portage is rnainly a 

temporary rest area for the majority of fall rnigrating landbirds. Most 

migrants come to Bon Portage after being camed offshore by latera. 

winds, and use the island as  a place to rest until the next night. 

Nonetheless, several species are able to remain on the island for 

extended periods, and are able to deposit s m d  arnounts of additional 

fat. Furthemore, 1 have showri that wind direction influenced the 

numbers of migrants that come to the island, and to sorne extent, how 

much fat these individuals carry. 

I d e n w n g  important fat-deposition sites or resting areas should 

be a priority for future research of migratoq landbirds, especially 

neotropical migrants. Because natural landscapes are being developed 

for human use, especially in coastal areas, crucial migration areas are 

being lost a t  an alarming rate. This hcreases the urgency to identiQ 

and protect critical areas. This thesis provides a starting point for 

stopover ecology research on Bon Portage Island, and in other areas in 

the Maritimes. 1 encourage future researchers to use any or all of the 

criteria 1 used to identify fat-depositing and passage migrants at other 

sites. 1 also suggest that more researchers use wind direction data 



dong with banding data in their examination of stopover ecology. 
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F i m e  2: Map of Bon Portage Island showing the location of the Cyril 
Coldwell Laboratov and mist  net sample area 



Figure 3: Mean daily capture rates for al1 southwest-migrating species 
captured during each dawn wind direction on Bon Portage (1995 
and 1996 combined). Daily capture rate calculated as (total # of 
birds/total net hours) x 100. Number of days with each wind 
direction is shown in parentheses. Standard error bars are shown. 



Table 1: Wind directions at d a m  and during the previous evening for the 
days with the ten highest total capture rates. Rate calculated as 
total # of birds/ # of iiet hours x 100. 

Previous Morning 
Date Evening wind Capture rate 

Wind 



Table 2: Sur ; imary  of fat deposition criteria assessments for all species 
for which a t  least three criteria could be tested. Species listed in 
alphabetical order. Refer to Appendix A for common and scientik 
narnes of species. 

Criterion 1 Criterion 2 Criterion 30 Criterion 4 b  

Specier, Recaptured Stopover D i m a l  nt. or Recap. Individuais 
individuab length >Id fat increase increase wt. or fat 

B A W  Y Y N N 

BCCH Y Y N no t tested 

BLPW Y Y Y not tested 

BTBW Y Y N N 

B T W  Y Y N not tested 

GRCA Y Y N not tested 

HETH Y Y N not tested 

MAWA Y Y N not tested 

lVlYWA Y Y Y Y 

NAWA Y Y N not tested 

NOWA Y Y N not tested 

PHVI Y Y N not tested 

RBNU Y Y N no t tes ted 

RCKI Y Y N N 

REM Y N N not tested 

SWSP Y Y N not tested 

WTSP Y Y Y N 

YBFL Y Y N not tested 

a Only species with 20 or more HY individuals were tested. 

b Only speües with 10 or more (HY) recaptured individuais were tested. 



TABLE 3: Age breakdown, recapture rate, and stopover duration for all species with 5 or more individuals captured 
during the faii banding period in 1995 and 1996. Species with more than one recaptured individual are shown on 
the left while those with one or no recaptured birds are on the right. Species are listed in order of decreasing 
recapture sample size. Standard devintions are given with each average stopover length Refer to Appendix A for 
alpha codes of species. 

# % Average # YO 
Species n # HY %HP recap recap Stopover(d) Species n # HY % HY. recap recap Stopover(d) 
MYWA 
WTSP 
BAWW 
BTBW 
RCKI 
NOWA 
BLPW 
BTNW 
HEXH 
MAWA 
GRCA 
REVI 
YBFL 
NAWA 
BCCH 
PHVI 
RBNU 
SWSP 
YBSA 
YBCH 
WAVI 
DOW0 

DEJU 
WlWA 
SOVI 
AMGO 
BRCR 
INBU 
BBWA 
CHSP 
SAVS 
CEDW 
NOPA 
OVEN 
LEFL 
BAOR 
Y SFL 
YPWA 
CAWA 
CSWA 
PUFI 
AMR0 
MOWA 
BLBW 
VEER 8 

8 Percentage of known age birds "topover calculated as date of last capture-date of first capture+ 1 (following Lavee et al. 199 1) .  
O\ 
Vi 



TABLE 4: Significance of explanatory variables and of mode1 in linear regression analyses of weight. To be 
included, species had to have 20 or more HY individuals captured whose wing chord measurements 
were taken. Species in which no variables were significant are not included. Refer to Appendix A for 
alpha codes of species. 

P Ij P P 9% variation 
Species df constant wing date meîhod time F R2 explained by 

time (r2) 

MYWA 251 -0.61 0.85 *** NS 0.09*** O. 13 - 22.3- 0.21 2.6 
BLPW 122 -1.79 1.31 *** 0.00 *** 0.07*** 0.25 - 29.3- 0.49 8.2 
REVI 105 1.18 NS NS 0.04** NS 9.4* 0.08 
NOWA 78 -0.63 0.98 *** NS 0.06*** NS 12.0- 0.24 
BAWW 68 -5.92 3.81 ** NS NS NS 9.5* 0.12 

YBFL 60 -0.49 0.64 * 0.00 * 0.14** NS 5.OW 0.20 
BTNW 44 -0.1 1 0.73 * -0.00 ** O.OS*** NS 8.1 * 0.36 

WTSP 44 -0.43 0.89 ** NS 0.09*** 0.21 * 29.7- 0.67 7.2 
BTBW 38 0.9 1 NS NS O.O?*** NS 23.5- 0.38 
NAWA 32 0.83 NS NS 0.09** NS 1 1,6* 0.27 

WIWA 27 0.77 NS NS 0.1 l*** NS 13.9- 0.34 

RBNU 25 -4.21 2.87 *** NS NS NS 17.8- 0.42 

SOVI 21 1.14 NS NS 0.05*** NS 20.7- 0.50 
RCKI 19 -2.12 1.66 ** NS NS NS 13.4* 0.41 



E E *  E 



TABLE 6: Change in weight and fat scores between first and last capture for al1 species with 10 or more 
recaptured HY individuals on Bon Portage in 1995 and 1996. Fat score is according to Helms and 
Dmry (1960). P-values are for 1 -tailed cornparisons (paired t- tests). Refer to Appendix A for alpha codes 
of species. 

First Last First Last 
Species Recaps Capture Capture p-value Capture Capture p-value 
MYWA 18 11.1+1.6 11.6k1.7 0.0 1 1.5 I 1 . 0  1.4 + 1.0 0.84 

WTSP 17 20.9k2.0 21.3t-2.1 0.15 1.2 k1.0 1.3 f0.9 0.63 

' BAWW 15 10,3-t1.1 10.7+1.0 0-10 2.1 k 0.8 2.4 + 1 .O 0.3 1 

RCKI 10 6.0 4 1.0 6.3 + 0.9 0.08 1.2 + 1.2 1.7 -C 1.3 O. 18 

BTBW 13 8.7 -t, 0.5 9.0 10.7 O. 18 1.1 3-1.0 1.6 k0.8 0.51 
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Fia re  4: Plot of daily weight gain (top) and fat score gain (bottom) of all 
new Myrtle Warblers (1995 and 1996 combined). 
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F i m e  5: Number of Myrtle Warblers assigned to each fat score (top) and 
average uncorrected weights of Myrtle Warblers assigned each 
score. Only those individuals processed by the author are 
included. 



F i m e  6: Daily capture rates of ail new Myrtle Warblers on Bon Portage 
in 1995 (top) and 1996 (bottom). Daily capture rate calculated as 
total # of birds/total net hours x 100. Days when nets were not 
opened indicated with smail black columns. 



F i m e  7: Daily capture rates of all new Red-eyed Vireos on Bon Portage 
in 1995 (top) and 1996 (bottom). Daily capture rate calculated a s  
total # of birds/total net hours x 100. Days when nets were not 
opened are indicated with smaU black colurnns. 



F i m e  8: Daily capture rates of all new Blackpoll Warblers on Bon 
Portage in 1995 (top) and 1996 (bottom). Daily capture rate 
calcdated as total # of birds/ total net hours x 100. Days when 
nets were not opened are indicated with s m d  black columns. 



Figure 9: Daily capture rates of all new White-throated Sparrows on 
Bon Portage in 1995 (top) and 1996 (bottom). Daily capture rate 
calculated as (total # of birds/ total net hotus) x 100. Days when 
nets were not opened are indicated with s m d  black columns. 



F i m e  10: Mean daily capture rates of new Myrtle Warblers captured in 
each morning wind direction on Bon Portage from 29 Sept. - 2 Nov. 
1995 and from 1 Oct. - 20 Oct. 1996. Number of days with each 
wind direction is shown in parentheses. Capture rate calculated as 
total # of birds/# of net hours x 100. Standard error bars are 
shown. 



Table 7: Wind directions at dawn and during the previous evening for the 
ten highest daily capture rates of Myrtle Warblers. Rate calculated 
as total # of birds/# of net hours x 100. 

Previous 
Evening Morning Rate of MYWA 

Date Wind wind 



Fimre 11: Mean rank of fat score residuals of new Myrtle Warblers 
captured in each moming wind direction on Bon Portage from 29 
sept. - 2 Nov. 1995 and from 1 Oct. - 20 Oct. 1996. Number of 
birds captured during each moming wind direction is shown in 
parentheses. Standard error bars are shown. 



Fimre 12: Mean daily capture rates of Red-eyed Vireos captured on Bon 
Portage with each dawn wind direction (1995 and 1996 data 
combined). Daily capture rate calculated as total number of 
birds/ total net hours x 100. Number of days with each wind 
direction is shown in parentheses. Standard error bars are shown. 



Table 8: Wind directions a t  dawn and during the previous evening for the 
ten highest daily capture rates of Red-eyed Vireos. Rate calculated 
as  (total # of birds/ # of net hours) x 100. 

Previous Morning 
Date Evening wind Rate of REW 

Wind 



SW(17) w(15) NW(85) CALM(9) 

Wind Dlrmctlon rt Dawn 

F i v e  13: Mean rank of weight residuals (top) and fat score residuals 
(bottom) of new Red-eyed Vireos captured on Bon Portage with 
each morning wind direction in 1995 and 1996. Number of Red- 
eyed Vireos captured in each wind direction is shown in 
parentheses (only those with wing measurements for weight 
residuals). Standard error bars are shown. 



Fimre 14: Mean daily capture rates of new Blackpoll Warblers captured 
in rnornings after each wind direction the previous night on Bon 
Portage (1995 and 1996 data combined) .Number of days with each 
wind direction is shown in parentheses. Capture rate calculated as 
total # of birds/# of net hours x 100. Standard error bars are 
shown. 



Table 3: Wind directions at dawn and during the previous evening for the 
ten highest daily capture rates of Blackpoll Warblers. Rate 
calculated as total # of birds/ # of net hours x 100. 

Previous Moming 
Date Evening Wind wind Rate of BLPW 



NE+E(10) SE+S(l6) 

Wlnd Olructlon Pnvlous Ntght 

NW+N(IOS) NE+E(28) SE+S(tO)  SW+W(U) 

Wind DIrocUon PnviouS Night 

F i m e  15: Mean rank of weight residuals (top) and fat score residuals 
(bottom) of new Blackpoll Warblers captured in mornings following 
each night's wind direction on Bon Portage in 1995 and 1996. 
Number of birds captured following each wind direction is shown 
in parentheses (only those with wind chord measurements for 
weight residuals). Standard error bars are shown. 



APPENDM A: Alpha codes and scientific names of al1 landbirds mentioned in this study. Species are listed in 

- - - - - - - 

Alpha Common Hame Scientific Name 

YBSA Yeilow-beilied Sapsucker Sphyrapicus varius 

YSFL 

YBFL 

LEFL 

BCCH 

BOCH 

RBNU 

BRCR 

WIWR 

GCKl 
RCKl 
VEER 

SWTH 

HETH 

AMR0 

GRCA 

CEDW 

SOVl 

PHVl 

WAVI 

REW 

TEWA 

NAWA 

NOPA 

YWAR 

CSWA 

Yellow-shafted Fiicker 

YeUow-beil, Flycatcher 

Least Flycatcher 

Black-capped Chickadee 

Bored Chickadee 

Red-breasted Nuthatch 

Brown Creeper 

Winter Wren 

Golden-crowned Kinglet 
Ruby-crowned Kinglet 

Very  
Swainson's Thrush 

Hermit Thrush 

Amencan Robin 

Gray Catbird 

Cedar Waxwing 

Solitary Vireo 

Philadelphia Vireo 

Warbling Vireo 

Red-eyed Vireo 

Tennessee Warbler 

Nashville Warbler 

Northern Panila 

Yellow Warbler 

Chestnut-sided Warbler 

Colaptes auratus 

Empidonax fla viventris 

Enlpidonax miriimus 

Parus atncapillus 

Parus hudsonicus 

Sitta cariadensis 
Certhio a mericana 

Ttoglodytes troglodytes 

Regulus salrapa 

Regulus calendula 

Cat harus fiscescens 

Catharus ustulatus 
Catharus guttatus 

?ûrdus migratonus 

Dumetella cadinerisis 

Bodycilla cedrorum 

Vireo solitanus 

Vireo philadelphicus 

Vireo gilvus 

Vireo olivaceus 

Vermivora peregrina 

Vennivora ruficapilla 

Pamla aniericarin 

Deridroica petechia 

Deridroica pensglva nictr 

Aipba Common Name Scientüic Name - 
MAWA Magnolia Warbler Dendmica magnolia 

CMWA 

BTBW 

BTNW 

BLBW 

YPWA 

BBWA 

BLPW 

MYWA 
BAWW 
AMRE 

OVEN 

NOWA 

MOWA 

COYE 

WIWA 

CAWA 

YBCH 

CHSP 

SAVS 

FOSP 

SOSP 

SWSP 

WTSP 

DEJU 

BAOR 

PU Fl 

Cape May Warbler 

Black-th. Blue Warbler 

Black-th. Green Warbler 

Blackburnian Warbler 

Yellow Palm Warbler 

Bay-Breasted Warbler 

Blackpoii Warbler 

Myrtle (Yellow-rumped) War. 
Black-&-White Warblcr 
Amencan Redstart 

Ovenbird 

Northern Waterhmsh 

Mouming Warbler 

Common Yellowthroat 

Wilson's Warbler 

Canada Warbler 

Yellow-breasted Chat 

Chipping Sparrow 

Savannah Sparrow 

Fox sparrow 

Song Sparrow 

Swamp Sparrow 

White-throated sparrow 

Dark-eyed Junco 

Baltimore (Northern) Oriole 

Purple Finch 

Deridroica tigrina 

Dendroica werulescens 

Denàroica vireris 

Dericimica fisca 
Deridmica palrnarurn 

Dendmica castanea 

Dendmica striata 

Dendmica coromta 

Mniotilta vana 

Setophaga ruticilla 

Seiurus aurompillus 

Seiurus noueboracensis 

Oporomis philadelphia 

Geothlypis trichas 

Wilsonia pusilla 

Wilsonia canadensis 

Ictena virens 
Spizella passenna 

Passerculus sandwichensis 

Passerina iliaca 

Melospiza nielodia 

Melospiza g eorgiana 

Zonottichia albicollis 

Junco hyernalis 

Icterus galbula 

Carpodacus purpureus 



APPENDIX B: Recommendations for future research. 

To my knowledge, this was the first study of landbird çtopover 

ecohgy conducted in the Maritimes. The recent establishment of The 

Atlantic Bird Observatory, with long-term banding sites on Bon Portage 

and Seal Island, provide opportunities for further research. Here I make 

several suggestions of areas where future research dealing with stopover 

ecology of migrants could be conducted. When larger data sets become 

available, age and sex-related differences in stopover behaviour could be 

studied (see M o m s  et al. 1996). Furthemore, now that there is a long- 

term banding facility on the island that gathers data in the spring, there 

are a host of spnng-fall comparative studies that could be performed. 

Bon Portage is ideally suited for such studies, since Bon Portage is 

located next to the Gulf of Maine. On Bon Portage, birds captured in the 

spring would have just crossed a 400-500 km stretch of water, while in 

the fall, they will be preparing to cross it. As such, birds may display 

differences between spring and fa11 in foraging rates, weight gains/ losses, 

stopover lengths, etc. 

There is an imrnediate need for stopover studies that examine 

species-habitat relationships. Now that 1 have established that Myrtle 

Warblers are able to deposit fat on Bon Portage, future studies cari then 

examine how this species is able to do so. In other words, what habitat(s) 

on the island are Myrtle Warblers able to exploit? Furthemore, are they 

able to do so because they are able to shift their foraging strategies to 



adapt to these habitats? Even a study that only determined which 

habitats are used most heavily would be useful. 

Qed Island should be e x m h e d  for its importance as a stopover 

site or as a resting area. However, birds may stop on Seal Island for 

different reasons than they do on Bon Portage, perhaps because Seal 

Island is over 10 km from the mainland. Birds may not be able or willing 

to cross this stretch of water in order to search for a suitable stopover 

site. McLaren (1981) showed that this island seems to attract a large 

number of rare vagrants because of the nature of autumn storms and 

the prevailing westerly wind directions in this area. However, an analysis 

of the fat loads of migrants after such storms and dunng these wind 

conditions may prove helpful in c l a r iwg  this "birder-hotspot" 

phenornenon. If rare migrants come to Seal Island because they were 

pushed off-course by wind directions, they may have lower fat reserves 

than what would be expected. If rare migrants come t o  Seal Island with 

large fat reserves, then it may be that they originated from a closer 

location than was once thought. 

There are many forested islands similar to Bon Portage just off the 

coast of southwestern Nova Scotia. If mist nets could be operated on 

some of these islands, even for a short tirne, in concert with those on Bon 

Portage and Seal Islands, we could get an idea of just how important Bon 

Portage and Seal Island are to migrants, compared to these other areas. 



I t  would also help to know if the results 1 obtained on Bon Portage could 

be applied to al1 areas in southwestern Nova Scotia. 

A project that would open up migration research in Nova Scotia is 

a stable-isotope study of the migrants on Bon Portage and Seal Islands. 

We need to know where the birds that stop on either island are coming 

from, and such a study will allow this (e.g. Chamberlain et al. 1997). 

Richardson (1972) showed that birds from Nedoundland fly over Nova 

Scotia in a southwest direction dong with the birds frorn mainland Nova 

Scotia. However, we do not know if Nedoundland birds make a stop in 

Nova Scotia (Le. Bon Portage or Seal Island) or continue past the entire 

province. We do not know how many stops a migrant on Bon Portage or 

Seal Island has already made by the tirne it gets to these sites. If we did 

know, we could then generate some useful migration energy requirement 

estimates for each common species on either island. Such a shidy would 

also be a u s e N  way to determine what each species' food requirements 

are pnor to migration (during prebasic molt). Once that is known, the 

food requirements during migration could then be compared. 

Another area for possible future research on Bon Portage is o n  

behavioural plasticity in migrants. One could duplicate the experiments 

of Loris and Moore (1990) to determine if Red-eyed Vireos show the same 

behavioural plasticiv in foraging strategies on Bon Portage Island. Birds 

could be captured in the spring after making the relatively shorter 



overwater flight across the Gulf of Maine. Perhaps there is a 

"physiological threshold distance" below which, passage migrants such 

as Red-eyed Vireos do not need to become behaviourally plastic to  regain 

lost fat reserves. 

One could also attempt to determine if fat-depositing migrants are 

able to use more habitats on Bon Portage than migrants that are not able 

to deposit fat. Mist nets or behavioural studies could be used to 

determine the extent of habitat use on the island by both stopover and 

passage migrants. A behaviourally plastic migrant should either be found 

in many habitats, or in certain habitats that do not correspond to or 

resemble their breeding or wintenng habitats. 

There are a host of other behavioural studies that could be 

performed on Bon Portage. One could test whether territoriality occurs in 

migrants on the island, for example. If there were some type of social 

hierarchy among migrants while on Bon Portage, this may explain why 

so few individuals rernain on the island. If so, floaters might be 

identifiable by differences in weight gain, stopover length, or some other 

trait. 

Bon Portage is ideally located for a variety of studies that further 

examine the possible influences of wind on the stopover of landbird 

migrants. No other a rea  in North Arnerica has as  much known about the 

large-scale effect of weather on bird migration, thanks to the radar 



studies by Richardson and others. This may be the reason so few 

researchers have examined the stopover of birds in relation to weather, 

because so few researchers already know, for example, what wind 

directions cause birds to reonent themselves, or even in which specific 

direction the majonty of birds are heading. With additional data on Bon 

Portage, one could more closely examine the recaptures of a particular 

species in relation to wind direction. Specifically, one could address the 

questions such as, do birds that initially corne to the island under one 

wind direction, have longer stopovers, or gain more weight, than those 

that corne to the island under other wind directions? A large sarnple of 

recaptured birds would be needed for such an examination, which would 

take a number of years, since so few birds are recaptured. 

With the backdrop of radar studies to build upon, with the island's 

"migrant trap" location, its proximity to the Gulf of Maine, and with the 

establishment of a long-term banding faciliv on t h e  island, Bon Portage 

now has the potential to provide important information on landbird 

migration in Atlantic Canada. 



APPENDIX C: Recommendations to banding supervisors/ station 
managers. 

Here 1 d e  some suggestions to both banders and banding 

supeNisors on Bon Portage and Seal Island, that have stemmed from my 

first-hand experience a t  both collecting and analyzing banding data on 

Bon Portage. 

1. It is crucial that al1 banders and volunteers process birds in a 

standardized fashion. This goes for measuring wing chords, weights, 

skulling, and especially fat scoring, which is a subjective measurement. 

A s  Krernentz and Pendleton (1990) showed, even minute differences in 

the way birds are held when fat scoring can cause significant observer 

variation in the values obtained. 

Only two other (very experienced) banders and 1 collected the data 

for this research, but there were still significant observer differences in 

wing chords and fat scores. This is a normal occurrence, as al1 banders 

will have slight variations in the way they handle/process birds. However 

ail banding supervisors should ensure that banders, and especially 

inexperienced volunteers, are performing every measurement in the same 

fashion. An alternative solution is that all of the banding and processing 

of birds be limited to a few people, and not the day-to-day volunteers. 

This would minimize the observer variabiliw. 

Furthemore, each year each bander at the station should 

simuitaneously process a sample of birds of cornmon species (Le. Myrtle 



Warblers). For this, a number of birds would be processed by one 

bander, who would then irnmediately give the same birds to the next 

bander to process, and so on. This could be done in blocks on slow days 

until a large sample size is reached. With this data, exact comparisons 

between banders' measurements could be made and accounted for in 

any analysis. 

2. Perhaps the most important weather variable that must be 

measured on a daily basis is the wind direction, both a t  dawn and in the 

evening. For my data, 1 used a hand-made, temporary weather vane. 

However, for the long-term, and so that the year-to-year data and 

between-site data is standardized, a permanent weather vane a t  each site 

should be established. An ideal improvement would be to establish an 

automatic weather station on each island, close to the banding station. 

3. Everything about the mist nets should be standardized. Most 

irnportantly, al1 nets should be both the same mesh size (1 recommend 30 

mm), and the same length and height (12 m x 2.5 m is the most widely 

used). Not only will this allow for more accurate comparisons with other 

studies and other stations, but WU allow for cornparisons of capture 

rates between nets or habitats. Nets with different size mesh will have 

different rates of capture for many species (Pardieck and Waide 1992). I t  

would therefore be meaningless to compare the capture rate of Hennit 

Thrushes, for example, in a 36 mm net, to that in a 30 mm net. 



mirthemore, nets purchased from different sources can have slight 

differences in their construction. Some nets may have deeper pockets 

than others, and thus would be able to hold more birds. Every effort 

should be made to rninimize this potential bias. 

A s  well, the arnount of lateral tension and spacing between tiers 

should be standardized, not only between nets, but also from year to 

year. Even minor differences between these can cause differences in 

capture rates (Remsen and Good 1996). 

4. Net-runs should also be standardized. 1 have found that 25-30 

minute net-runs is an optimal balance between keeping the birds from 

being too tangled and leaving enough tirne for them to be captured. 

Furthermore, no one should be allowed near the nets except on a net- 

run. This includes birders wallllng the trails. People around the nets 

causes birds to vacate the area and thus artZcially reduce the tnie 

capture rates of the nets in that area. Every effort must be made to keep 

people away from the nets except during net-mns. Furthermore, net- 

runs should be made as quickly as  possible for the same reason. 

5. AU nets should be checked only once. This means that in a net- 

run, no net should be passed on the way back, after it has already been 

checked once. Net-runners, especially hexperienced volunteers will often 

remove birds from these nets again, and thus those nets get checked 

twice. This will also amficially increase the capture rates of these nets, 



as some birds will invariably escape from a net between net-runs. 

However, checking those nets more often than the others means that 

those (usuaily larger) birds that would have nomally escaped are now 

captured. 

Al1 banders and banding supervisors must ensure that either al1 

nets are checked only once, or that a net-nin trail is made such that it 

does not double back on previously-checked nets. 

6. The practice of not operating certain nets because they "do not 

catch anything" should be weighed carefully. If the object of the banding 

sites were to catch as  many birds as possible with the least amount of 

effort, then this would be a legitimate practice. However, if the object 

were to sample as many habitats and thus, as many migrating species as 

possible, then al1 nets, no matter what their capture efficiency, should be 

operated with equal effort. Furthemore, if the relatively unproductive 

%ailn nets do not catch many birds on Bon Portage now, they may have 

high capture rates in the near future, because of the successional shrubs 

and fniiting trees that may soon grow in this area. By operating them 

now, even if they don't catch anything, the data gathered could be used 

to compare with future capture rates. Furthemore, on slow days, the 

mist nets should be operated for just as long as on large volume days. A s  

1 showed with this research, slow days yield just as much, if not more 

information than heavy days. I found that 6 hours is an optimal length of 



time on most days to operate the station. 

7. Simple vegetation surveys around each mist net should be 

iniplemented, a t  least eveq two years, if not annuaily. Currently, 

determining the importance of habitat to migrating landbirds is taking 

precedence over most other aspects of stopover ecology, because of the 

increasing destruction of coastal areas for development. Thus, if long- 

term monitoring of landbird migrants were to take place, a long-term 

habitat monitoring program at each site would be beneficial to future 

study of migrant-habitat relationships on Bon Portage or Seal I s lc~ds .  

8. The practice of vegetation management should be considered, a t  

least every two to three years in certain areas on Bon Portage, and 

perhaps Seal Island. If the vegetation profile exceeds the height of the 

mist nets, the abiliv of the nets to accurately sample the avian fauna 

using the habitat becomes compromised. An effort should be made to 

ensure that this does not happen in at least the Alder ("shore") nets and 

the Vibumum ('burn") nets on Bon Portage, which together yield the 

greatest number of birds. 

9. A new banding table should be constructed, to d o w  for more 

banders to process birds a t  the same t h e .  This may mean purchasing 

an additional scale, as well as more equipment. In my experience, the 

number of birds that can be banded a t  Bon Portage is only limited by the 

efficiency of the banding operation. The more banders (and net-runners) 



you have a t  Bon Portage, the more birds that can be processed. 

10. Bird-holding boxes should be constructed and employed so 

that more birds could be held and processed. The use of boxes would 

also eliminate times when the banders run out of bags because al1 are in 

use. Such boxes are used a t  other bird observatories and are simple to 

construct. Boxes also keep the birds in a darker environment than cloth 

bags, and darkness keeps the birds calmer (Brian Johnson, pers. 

cornm.). Most box designs involve four compartments, each with a hinged 

door that only opens inward. A s  many as ten birds can be placed in one 

cornpartment. Care must be taken to ensure that only birds of the same 

species are placed together, however, a s  certain species do not get dong. 

Boxes can be constructed a s  permanent structures within the Cyril 

Coldwell Lab, or they could be made portable. Portable boxes can be 

taken on net runs during busy days. 

1 1. Conceming the data collected, it would be useful to include on 

the data sheets columns which speciQ how each bird was aged, how it 

was sexed, and the amount of skull pneumaticization. This would allow 

for checks on the validity of the agefsex of the birds. For example, with a 

skull pneumaticization code of 0-6, with 6 being completely 

pneumaticized, the accuracy of a bander's skulling ability could be 

deterrnined. A bander who gets "2" skulls on Eastern Phoebes in October, 

for instance, probably does not know what he/she is doing. 



Furtherrnore, the banding supervisor must review the data 

collected at the end of each day, to spot any such discrepancies soon 

after they happen, and to prevent further mistakes. 

12. I t  must be conveyed to banders/voIunteers, that the data they 

are collecting is not just going to be used to provide a yearly index of bird 

species' abundance and production. It  may also be used in the future to 

study various aspects of stopover ecolow (e.g. habitat use). Hence, the 

importance of standardization of data collection should be stressed to 

each person collecting the data. With the high turnover of volunteers at 

both sites every year, this must remain a high priority to banding 

supemisors. 

13. The safety of the birds, and the quality of the data collected 

relies on the quality of the banding supervisor. Thus, it is imperative that 

the s u p e ~ s o r  have a great deal of expenence in al1 aspects of migration 

monitoring. This person must not only have impeccable bird-handling 

skills, but must also be able to teach safe handling skills to the 

volunteers. The person must have a strong background in analyzing 

bird-banding data, so that they can minimize cornmon biases and errors 

in data collection. The banding s u p e ~ s o r  would, ideally, have worked in 

other migration monitoring stations previously, and would thus be able 

to bring to the observatory fresh ideas and up-to-date methods. 

1 stress this recommendation here because I feel that it is perhaps 



the most important. 1 recomrnend that the station supervisor(s) have a t  

least 5 previous (full) seasons of migration monitoring work experience. 

mirthemore, the person(s] must have banded at least 7000 birds during 

the fa11 migration season. Spring banding should not count, nor should 

breeding season banding, as  fall banding entails completely different 

methods of aging and sexing birds. 

1 further recommend that the position, as well as qualifications, be 

advertised in the Amencan Omithologist's Union Newsletter. 

14. A station protocol, or station manual must be developed for 

Bon Portage and Seal Island. This manual would allow untrained 

volunteers to more quickly become familiarized with the running of each 

station. It would also allow trained volunteers to quickly adapt to the 

methods employed by these stations. In this way, year-to-year continuiw 

in the data is maintained. 

15. A Monitoring Avian Productivity and Survivorship (MAPS) 

station should be established each on Bon Portage and Seal Island 

during the summer months. There would be several benefits to such a 

program. First, there are a number of banded individual birds (American 

Redstarts, Yellow Warblers, etc.) that retuni each year to the island to 

nest, often to the same location on the island. Data on these birds and 

their young could be used to answer many questions about their 

breeding cycle. Although there are Muskrats in the savannah, the 



southem end of Bon Portage is essentially free of large mammalian 

predators. However, the island also has many avian predators (Hemng 

and Great Black-backed Gulls, Amencan Crows). It therefore may 

represent an ideal locale for studies on the nesting behaviour or ecology 

of passerines in the absence of mammalian predators, o r  in the presence 

of avian predators. 

A MAPS station on Bon Portage may also help to alleviate the 

problem of residents being captured during the migration season. By 

banding breeders and their young in the mist net ana, one could 

distinguish these individuals frorn fa11 migrants. 

Finally, there are few MAPS stations in the Maritimes currently. As 

the stations on both Bon Portage and Seal Island are long-term banding 

operations with full-time staff and established net lanes, establishing a 

MAPS program into the station field season would not require a great 

deal of additional effort. 
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