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ABSTRACT

The primary goal of this thesis was to examine the effects of landscape structure,
body size, latitude and longitude on the species richness and occurrence of avian species
breeding on Prince Edward Island. Variation of species richness and occurrence within
functional groups (landbird, seabird, shorebird, waterfowl) and species occurrence within
trophic groups (carnivore, omnivore, herbivore, insectivore) is examined. Spatial data on
species counts were obtained from Erskine (1992) and avian body size data were
obtained from Dunning (1993). Information on land-cover types (agriculture, forest,
wetland, roads, human-used areas) were obtained from the provincial government.
ArcView GIS and Fragstats were used to calculate several metrics that characterized the
structure and complexity of the different land-cover types (area, shape, and aggregation).

Habitat metrics, latitude and longitude, and body size information were related to
avian species richness in seventy-six 10 km x 10 km sampling cells. Explanatory
variables were related to avian species richness using multiple regression analysis, and
models were chosen using Akaike’s Information Criterion. In total, 156 species were
found to breed in Prince Edward Island. Species assemblages varied between 9 and 98
species. Land-cover types, longitude, latitude and body size explained up to 49% of the
variation in avian species richness on Prince Edward Island, though each functional
group responded differently to particular variables. These findings suggest that avian
species richness on Prince Edward Island is strongly influenced by human activities such
as alteration of forest habitat and expansion of agriculture.

At the species level, habitat metrics were related to the occurrence of 102 avian

species (species where occurrence >10% or <90% coverage of the study location) in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



seventy-six 10 km x 10 km sampling cells. Logistic regression analysis was used to
examine the associations and to develop multivariate models to explain avian species
occurrence. Avian species were then examined in terms of functional group (i.e. landbird,
seabird, shorebird, waterfowl) and trophic level (i.e. herbivore, carnivore, insectivore,
omnivore). Twenty-nine species were significantly associated with the land-cover
variables. These species were primarily from the landbird functional group and the
omnivore and insectivore trophic groups. There were few discernable patterns in specific
metrics used by species, though forest-related variables were associated with species
more often than other land-cover types.

This is the first landscape-scale study on avian community ecology on Prince
Edward Island. A blended approach to the study of avian communities is useful to
wildlife managers, conservation biologists, and ecologists alike. This study has examined
several factors that determine species richness and occurrence of birds breeding on Prince
Edward Island at a regional spatial scale. What is required now is a process-orientated
investigation of some of these factors, especially those associated with anthropogenic
activities. Such an approach would be best served by exploring the biology of individual

species and how they interact with the physical geography of their environments.
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1. INTRODUCTION

The Birds of North America

Anthropogenic activities are known to affect the species richness, abundance and
distribution of hundreds of species of birds, all of which vary in their physiology and
ecology (Gill, 1994). The avifauna of North America is of special concern due to
increasing urban development, loss and fragmentation of habitat, and other human
activities (Pimm & Askins, 1995; Boulinier et al., 2001). The effects of these human
activities on avian communities have been studied at several spatial scales (e.g.
Blackburn & Gaston, 1996; Bohning-Gaese, 1997; Rahbek, 1997; Rahbek & Gfaves,
2000). These studies have been conducted at a variety of spatial scales, such as studies
examining impacts affecting entire continents (M6nkkonen & Viro, 1997), and others
examining individual species at small, local scales (Rey, 1995). Spatial scale is defined

here as the geographic extent and resolution at which a process is examined (Turner et

al., 2001a).

The Birds of Prince Edward Island

For at least 150 years, the study of insular systems has led to fundamental
interpretations into the relationship between ecological processes and geographical
patterns (Drake ef al., 2002). Islands have been used as study areas wherein patterns and
processes that are affecting large areas may be examined in relatively closed systems
(MacArthur & Wilson, 1967). Because it is an island with a landscape that is somewhat

typical for an eastern Canadian landscape, Prince Edward Island is an ideal location for
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the investigation of the patterns of species richness and occurrence of birds at local and
landscape spatial scales. Prince Edward Island (henceforth also referred to as “the
province” or “the island”) covers 5665.6 km” of land, and includes a variety of
watersheds and ecosystems. The topography of the island primarily consists of rolling
hills (van de Poll, 1983), and the province is networked with small streams and rivers
(Raymond et al., 1963).

Jacques Cartier was the first European to record the presence of several bird
species on the island in 1534. Most of these species were named after birds that occurred
in France (Sobey, 2002). Cartier did not conduct complete surveys of the avifauna of the
island, but instead focused on species that would be of use to feed his crew (e.g.
Galliformes; Sobey, 2002). French colonists arrived on Prince Edward Island (known
then as Isle St.-Jean) in 1720. Isle St.-Jean formed part of the French colony of Acadia
until the end of the Seven Years War in 1755. It is unknown whether the Acadians
recorded the presence of avian species, as no manuscripts detailing such activities are
known to have survived following the post-war expulsion of the French colonists by the
English (Clark, 1959).

Prince Edward Island became a British colony in 1815 after the defeat of France
at the end of the Napoleonic Wars. At that time, small-scale agriculture was the main
industry, and many wealthy former British officers became landowners. Some of these
former officers became interested in the natural history of the island (Sobey, 2002). The
earliest surviving documents detailing lists of avian species found on the island were
made in those times. These documents have since served to provide an approximation of
avian species diversity in the nineteenth century (Stewart, 1806; Bain 1890; Bagster,

1891; Sobey, 2002), though records were incomplete and sometimes contradictory.
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Avian Communities

It is often difficult to assess how anthropogenic activities are affecting species
richness and species occurrence in avian communities. The first major step in assessing
the effects of humans on avian species is to determine the number of species that occur
in a given area. This is often followed by an investigation of precisely what species
occur in that area. What affects how many avian species are present in a community?
What affects the occurrence of particular bird species in a community? These questions
are two major areas of ecological research that will be examined in this study. The total
number of species in a landscape is defined here as species richness. Occurrence is
defined in this study as the presence of a species in a landscape, irrespective of how
many individuals of that species are present.

Why examine the occurrence of avian species? Rare and endangered species can
be examined to determine if particular land-use practices would be beneficial for their
conservation (Caicco et al., 1995; Scott, 1995). Furthermore, the richness and
distribution of avian species can be modeled with the purpose of prioritizing certain
land-uses for different areas (Peterson et al., 2000). Distributional shifts due to climate
change can be predicted if enough information is known as to what affects species
occurrence (Aspinall & Matthews, 1994). Likewise, such information could potentially
allow scientists to predict where invasive avian species may be likely to colonize
(Wadsworth et al., 2000). Empirical knowledge of the species richness of bird
communities is important in determining regional levels of biodiversity, and helps in
assessing the causes in the variation of species richness (Owens et al., 1999).

Breeding birds are an ideal group to study patterns of species richness and

occurrence at large spatial scales. Acquiring reliable data on species counts and
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distributions can be much easier when using birds than in more cryptic organism guilds
such as plank’ton or arthropods. A reason for this ease is that avian species tend to be
morphologically distinct from one another, with little trouble distinguishing species in
the field (Gill, 1994). The popularity of watching birds by the general public has led to
groups of avid birdwatchers in many parts of North America, many of whom are well-
trained at avian identification and are well organized in terms of survey ability. These
groups, such as the National Audobon Society, Bird Studies Canada, and United States
Geological Survey, have been collecting records of species occurrence of birds in their
areas for many years. Various groups in the United States and Canada have been
conducting surveys of bird distributions at large spatial scales, which have led to the
creation of considerably large databases that can be analyzed for many purposes

(Cadman et al., 1988; Erskine, 1992; United States Geological Survey, 2001).

General Concepts about Avian Species Richness and Occurrence

There are many factors that are hypothesized to explain the variation in avian
species richness and occurrence in North America, the importance of which can vary
with spatial scale (Johnson & Krohne, 2002). Several studies have examined the effects
of these factors on avian species richness from different parts of the world, such as
North America (H-Acevedo & Currie, 2003; Pearson et al., 2004), South America
(Rahbek & Graves, 2000; Rahbek & Graves, 2001), and the British Isles (Gaston &
Blackburn, 2000; Gaston & Evans, 2004). At large spatial scales it has been suggested
that species richness is determined by climatic factors such as precipitation and
temperature (Currie, 1991; Currie et al., 2004). Other factors have also been suggested,

such as availability of energy, habitat heterogeneity, and gradients in the amount of land
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or water available to birds (Brown, 1981; Rapoport, 1982; Stevens, 1992; Brown, 1995;
Kerr & Currie, 1999; Taylor & Gaines, 1999; Rahbek & Graves, 2001).

At large spatial scales, the total area a species is known to inhabit on the Earth is
known as the geographic range, or geographic distribution (Smith & Smith, 1998). At
this scale, it has been shown that the geographic distribution of many animal species,
including birds, is strongly correlated with the variety of habitats the population
occupies (Ricklefs, 1997; Tews et al., 2004). At the landscape scale, the occurrence of
avian species is thought to be primarily determined by the presence or absence of
suitable habitat, the nature of which can significantly vary from species to species
(Drapeau et al., 2000). Occurrence limits imposed by barriers to long-distance dispersal
are not as prevalent among flying birds as among other terrestrial organisms (Gill,
1994). As with species richness, the factors that influence the distribution of species are
scale-dependant (Rahbek & Graves, 2001). At the landscape scale, occurrence of avian
species can be constrained by factors that may operate at smaller scales than the above
examples. For example, Wiens (1973) showed that when the homed lark (Eremophila
alpestris) was examined at large spatial scales, the species was shown to be distributed
throughout North America and more specifically concentrated in the western prairies.
However, when the species was examined at small spatial scales, it was more likely to
be found in areas where land-use practices promoted heavier cattle grazing. Studies such
as this indicate that a multi-scale approach may be more appropriate than single scale
studies when examining avian species occurrence (Gaston et al., 1995; Rahbek &

Graves, 2001).
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Factors affecting Species Richness and Occurrence
1. Latitude and Longitude

Ever since the earliest naturalists began examining gradients in species richness,
latitude has played a central role in their observations (Darwin, 1859). No single pattern
of biodiversity has been more intensely studied than the trend of increasing species
richness with proximity to the tropics (Pianka, 1966; Rohde, 1992; Gaston & Blackburn,
1995a; Rosenzweig, 1995; Gaston & Blackburn, 2000). Recently, Hillebrand (2004)
examined 600 recorded latitudinal gradients in species richness. She concluded that the
gradient is a general pattern with very few notable exceptions. Hillebrand (2004) found
that the strength of the latitudinal gradient varied markedly with the scale of the analysis
and it also varied with factors that describe the organism in question (such as trophic
level and body size) and the focal habitat (geographic position and habitat type).

Although it is commonly known that the species richness of birds declines with
increasing latitude, the mechanisms that explain this pattern are still unclear (Rapoport,
1982; Currie, 1991; Rohde, 1992; Gaston & Blackburn, 2000). Many natural phenomena
are highly correlated with latitude, allowing ecologists to use latitude as a surrogate
factor for them. Examples of these factors are gradients in solar energy (Currie, 1991),
physiological tolerance to variations in temperature and water availability (Currie et al.,
2004), primary productivity (Currie & Francis, 1999), average body size (Mein &
Dayan, 2003), clutch size (Evans et al., 2005) and habitat area (Rosenzweig, 1995).

Large-scale, global patterns affecting species richness and occurrence are often
associated with latitude due to correlations with persistent climatic gradients (Hawkins
et al., 2003). However, some ecological patterns related to longitude are known to exist

regionally. Avian species diversity has been known to vary with longitude in some
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locations, with studies showing that topographical variability is the primary reason for
this variation (Hillebrand, 2004). Jetz & Rahbek (2001) examined the effects of
longitudinal variation in topography on avian species richness and occurrence at the
continental edges of Africa. Aviaﬁ species varied in a longitudinal fashion, due to the
north-south alignment of many rivers, mountain ranges, and ecosystem boundaries.
Thus, topography can also be the reason for a longitudinal or a latitudinal gradient in

species richness and occurrence.

2. Body Size

The distribution of body size can reflect several ecological characteristics in an
avian community (Peters, 1983). Body size has been correlated with such ecological
attributes as population density and dispersal distances (Maurer & Brown, 1988; Brown,
1995; Gaston & Blackburn, 2000). In bird communities, high species richness is often
associated with more species of small body size (Brown ef al., 1993), reflecting the
tendency of smaller species to become more specialised and to partition resources more
finely (Brown, 1995).

The mean body size of a community is known to be associated with the available
area avian species can exploit (Peters, 1983; Brown, 1995). Ménkkénen (1992) found
that breeding bird species tend to have a larger body size than migrant species, while
Southwood (1976) and Peters (1983) found that mean body size is highly correlated with
home range siée. Because larger birds need larger home ranges, breeding birds may be
the most affected by the amount of habitat area that can be exploited in a landscape
(Schmiegelow & Mo6nkkdnen, 2002). Also, Enoksson and Nilsson (1983) demonstrated

that resident breeding birds are known to adjust winter territory sizes to encompass yet
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larger areas. Habitat fragmentation can affect the structure of body size distributions in
a landscape, as smaller habitat patches may only be able to support subsequently smaller
avian species, thus decreasing species richness when habitat patches become too small

for larger species (Polo & Carascal, 1999).

3. Habitat Fragmentation

3.1. Concepts of Habitat Fragmentation

Fragmentation of habitat is one of the most prevalent causes of biodiversity
decline in recent years (Wilson, 1996). Habitat fragmentation is defined here as a
process during which a large focal habitat area is transformed into several smaller
patches, where each patch is isolated from one another by a matrix of habitats that are
unlike the focal habitat (Figure 1.1; Wilcove et al., 1986). Numerous studies have
demonstrated that habitat fragmentation can alter the patterns of species richness and
occurrence in birds (Edenius & Elmberg, 1996; Fahrig, 1997; Estades & Temple, 1999;
MacDonald & Kirkpatrick, 2003).

The mbst visible effect of habitat fragmentation is the direct destruction, or loss
of habitat. Some researchers define the level of habitat fragmentation as the amount of
habitat that remains on the landscape following a disturbance event (Golden & Crist,
2000; Carlson & Hartman, 2001; Fuller, 2001; Summerville & Crist, 2001; Fahrig,
2003). Habitat loss has been categorized this way by ecologists because fragmentation
causes not only the loss of the total amount of habitat, but by creating small, isolated
patches it can change the properties of the remaining habitat as well (van den Berg et al.,
2001). The destruction of habitat can eliminate avian species in a direct manner, or

indirectly by affecting availability of prey species, nesting sites, and cover for avian
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Figure 1.1. Diagram illustrating the process of habitat fragmentation over time. Black
areas represent habitat and white areas represent matrix. Adapted from Fahrig (2003).
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species dependant upon the original habitat. The loss of habitat can affect avian species
to the point where some species may not have all of the necessary resources and
conditions required for their persistence (see Grinnell, 1917; Elton, 1927; Hutchinson,
1959; James et al., 1984; Schoener, 1988; and Brown, 1995). The species-area
hypothesis proposes that species richness will increase with habitat area (Arrhenius,
1921). Consequently, species richness is known to decrease with habitat loss due to
habitat fragmentation (Krishnamani et al., 2004).

A consequence of the direct destruction of habitat is the creation of isolated
patches of focal habitat. A patch is defined here as a discrete area of habitat. MacArthur
and Wilson (1967) took this hypothesis further by demonstrating that on oceanic islands,
species richness not only increases with habitat area but also decreases with degree of
isolation from the mainland (see also Bruun, 2000; Lomolino, 2000; Haila, 2001;
Azeria, 2004). Habitat fragmentation has been known to isolate sections of focal habitat
from one another, causing individual patches of similar habitat to lose connectivity.
Contrary to many other terrestrial organisms, volant birds are not as likely to be directly
affected by poor connectivity in fragmented habitats (Schmiegelow & M&nkkénen,
2002). However, other organisms associated with the presence of avian species may be
adversely affected by poor habitat connectivity. For example, Silva et al. (2005) found
that species richness in small mammals was smaller in habitat patches that were not
connected by hedgerows in agricultural landscapes. Ricketts (2001) demonstrated that
species richness of butterflies is not only affected by patch isolation, but that the
heterogeneity of the matrix may have an effect as well. Other scientists have also

examined the effects of patch isolation in association to different animal species, finding
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that species richness and composition of these species can be affected by patch isolation
to varying degrees (e.g., Hobbs et al., 1993; Wiens, 1995; Gascon et al., 1999; Daily et
al., 2001). Avian species dependant upon these insects and small mammals as prey
animals may therefore be indirectly affected by patch isolation (Golden & Crist, 2000).
Fewer species of birds are therefore expected to be able to persist in landscapes
dominated by smaller habitat fragments and in landscapes where isolated patches are
prevalent.

Habitat fragmentation also involves an “edge effect” (Marini et al., 1995). Edge
effect is defined as the effect of the juxtaposition of contrasting environments on an
ecosystem (Paton, 1994). It is known that at the point where two distinct habitats
coincide, habitats may be altered to a variable and often considerable extent (“ecotone”;
Smith & Smith, 1998). Forested landscapes are the most common example used when
examining the effects of edge. When the adjacent land in a forest has been removed,
creating a boundary of open land and forest, various changes take place within the edge
of the forest itself. The penetration of sunlight and wind disturbs the forest to a greater
extent than when the forest was not fragmented, drying out the interior of the woodland
and encouraging growth of opportunistic plant species at the edge (Kattan et al., 1994).
Avian species that are adapted to the forest interior are more likely to become extinct in
such fragmented landscapes, causing a loss of regional biodiversity (Wilcox & Murphy,
1985; Harrison & Fahrig, 1995). Also, brood parasitism and nest predation have been
found to increase near edges of forests, causing net declines in species richness and
occurrence of avian species in woodlands (Andrén et al., 1985; Burkey, 1993; Marini et

al., 1995).
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Factors other than loss and fragmentation of habitat can affect species richness
and distribution at local spatial scales. Interspecific competition has been known to be an
important factor affecting avian species occurrence at small spatial scales (Minot, 1981).
However, other studies have shown that these factors have reduced effects at the
landscape scale, with habitat characteristics appearing to exert a greater influence on
species richness and distribution patterns (Wiggins & Muller, 1997; Donézar et al.,
2005).

Habitat heterogeneity can be defined as the structural complexity of a habitat
(MacArthur & MacArthur, 1961; Saab, 1999; Gillespie & Walter, 2001; Rahbek &
Graves, 2001). Research in the effects of habitat heterogeneity on avian species richness
has shown that greater complexity in a habitat tends to yield a higher species richness
(MacArthur & MacArthur, 1961). The expansion of agriculture, forestry, and
urbanisation has been known to affect habitat heterogeneity in different ways. It is
known that the loss of habitat heterogeneity due to clear-cutting and softwood
monoculture has had detrimental effects on woodland avian species richness in Prince
Edward Island (Makepeace, 1989). Blair (1996) observed that alteration of habitat for
human use leads to a net decline in plant diversity, resulting in decline in avian species
richness in many places. Sometimes habitat alteration causes an increase in habitat
heterogeneity, as an increase in edge habitat has been known to cause a profusion of
successional species, many of which are beneficial to many avian species (Fahrig 1997,
2003).

The presence of roads and highways has been known to affect avian species
richness and distribution in a variety of habitats. In addition to the effects described

above, the presence of roads can cause a deterioration of adjacent habitat due to vehicle
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emissions (Jaeger et al. 2005). Also, recent studies have shown that many species of

birds tend to avoid noises associated with vehicles on roads (Reijnen et al., 1995, 1996,

1997).

3.2. Measures of Habitat Fragmentation

In order to examine the association of habitat and matrix structure with the
species richness and occurrence of avian species, the habitat and the matrix must both be
quantified in some manner. These quantified metrics must be independent from one
another in order to meet assumptions of independence among variables (Hargis et al.,
1998). Unfortunately, landscape metrics tend to be highly correlated with one another,
so achieving complete independence is a difficult, if not impossible task. Turner et al.
(2001a) reviewed the various methods of quantification of the landscape and found that
the three most widely-used and somewhat independent measures of landscape
quantification are aggregation, shape and size of habitat patches. There are still
correlations among these variables, so interpretations of models involving these
variables must keep this lack of independence in mind.

Aggregation is a measure of the spatial configuration of landscape that ranges
from clumped to dissected (O’Neill et al., 1988; Li & Reynolds, 1993). For example, it
is possible for two different landscapes to have exactly the same amount of forest in
terms of area, but have two different levels of aggregation (McGarigal & Marks, 1995).
In this example, the landscape with a low aggregation would have small patches of
forest scattered throughout its area, while the one with a high aggregation would have all

of its vegetation forming one dense mass (Figure 1.2).
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Figure 1.2. Diagram illustrating changes in levels of habitat patch aggregation. For
example, at the landscape scale a focal habitat with a low aggregation would have
habitat patches in a non-clumped, random pattern. With increasing aggregation, the
more clumped is the spatial distribution of patches.

Increasing level of aggregation
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Shape is defined in this study as the spatial complexity of a single land-cover
patch, often calculated as a ratio of area and perimeter (Helzer & Jelinski, 1999). The
shape of a patch is useful in assessing the level of complexity and fragmentation of a
patch (Temple, 1986; Helzer & Jelinski, 1999). A circular patch minimizes the amount
of edge habitat and maximizes the land in its core. In contrast, a thin, rectangular patch
has only a narrow band of interior habitat. If the strip is narrow enough, there is no
interior habitat for species, and ultimately the avian diversity in the strip may be low due
to the loss of core-dependant bird species (Mclntyre, 1995). Shape can also be examined
as a description of a type of landscape over several patches (McGarigal & Marks, 1995;
Figure 1.3). Turner et al. (2001a) reports that simple area-perimeter ratios are sensitive
to the size of the patches used in the calculation, with a large abundance of small habitat
patches causing a misrepresentation of the shape of patches over different spatial scales.
Some fractal measures mathematically correct for this (McGarigal & Marks, 1995),
limiting the effects caused by overabundance of small patches. A fractal index is a scale-
invariant dimension that measures the degree of shape complexity (Burrough, 1981;
1986; Krummel et al., 1987; Milne 1991; Olsen ef al., 1993). Fractal dimension values
vary from 1, which indicates relatively simple shapes such as squares or circles, to 2,
which indicate more complex shapes (Lovejoy, 1982). Smaller spatial scales often reveal
finer details and affect the perimeter-to-area ratios, necessitating the use of fractal

measures (Krummel et al., 1987).

Avian Surveys

Many studies (Brown ef al., 1995; Brown ef al., 1996; Blackburn & Gaston,

1998; Gaston et al., 2000; Currie et al., 2004; Pautasso & Gaston, 2005; M6nkkénen et
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Figure 1.3. Diagram illustrating changes in landscape shape. For example, at low
landscape complexity individual patches will retain more core habitat in relation to their
edge. As the landscape type becomes more complex in terms of shape, smaller
fragments with more edge in relation to their core become more prevalent.

Incrcamgcompkx:ty of landscape shape:
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al., 2006) make extensive use of databases compiled by thousands of volunteers (e.g.
Cadman et al., 1988; Erskine, 1992; USGS, 2001). The benefit of these databases is that
very large sample sizes of avian species can be examined without the time and money
needed for direct sampling. Brown (1981; 1984; 1995) routinely used avian survey data
in his examinations of abundance, richness and distribution of avian species, helping to
develop his initial theories of macroecology. Gaston and Blackburn (1995a, 1995b,
1996a, 1996b) have also used extensive databases in both Europe and the Americas to
examine declining trends in avian diversity. Without the use of these data, our
knowledge on many of these topics (abundance-distribution relationships, species-
frequency distribution, efc.) would be much more limited than it is today.

When scientists and naturalists desired to examine particular locations in greater
detail, the breeding bird atlases were created. Breeding bird atlases examine species
occupancy at regional spatial scales, allowing for a higher resolution than is possible
using breeding bird survey data. Among the first Canadian atlases was one that detailed
the breeding birds of Ontario (Cadman ef al., 1988). This atlas was soon followed by the
Maritime Breeding Bird Atlas (Erskine, 1992), which comprises the database used
throughout the rest of our study. The Maritime Breeding Bird Atlas study organized
hundreds of volunteers over five years and systematically sampled several hundred cells
of 100 m? throughout New Brunswick, Nova Scotia and Prince Edward Island (Erskine,
1992). The Breeding Bird Atlas resulted in the first comprehensive database for the
breeding birds of Prince Edward Island, and data collection for a second edition began in

early 2006.
Surveys were conducted by volunteers using auditory sampling along roads

throughout the province. All volunteers were trained and given a field checklist that
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noted all the birds known and thought to be in the Maritime Provinces at the time.
Sampling cells on the island were sampled over five years, the coordinators ascertaining
that at least seven party hours were spent in each cell (Erskine, 1992). Party hours were
represented by the number of hours per person sampling a given cell. All data submitted
to the Atlas coordinators were processed and verified for accuracy in the reporting of
species before being included in the final database. The data reported for each species
recorded in each of the provinces were then combined to make the Breeding Bird Atlas
of the Maritime Provinces (Erskine, 1992), with the raw data being entrusted to the
Atlantic Canadian Conservation Data Centre (ACCDC). According to Erskine (1992),
156 avian species were found to breed on the island. Bird species in this study are
classified in terms of taxonomy (Sibley & Monroe, 1990), diet, and functional group.
Based upon habitat and life-history characteristics, birds can be classified according to a
guild structure, known in this study as a functional group (Root, 1967). Such groups
include landbirds, seabirds, shorebirds, and waterfowl (Root, 1967; Simberloff & Dayan,

1991; Silva, 1996; Canterbury et al., 2000).

Functional Groups of Avian Species

1. Landbirds

In this study, landbirds are defined as all birds that spend the bulk of their life
history associated primarily with terrestrial ecosystems (Hagan et al., 1997). This
functional group includes birds from the Orders Passeriformes, Strigiformes and
Falconiformes, as well as some species from other orders that live and breed primarily in
the forests and meadows of the island (Donovan e al., 2002). Passerine species tend to

be very small (~ 10-30 g), with much larger species among the predatory owls, falcons
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and hawks (Dunning, 1993). One species of hummingbird (Archilochus colubris) is also
the smallest (~ 3.1 g) bird found on Prince Edward Island (Erskine, 1992).

The diets of the landbirds can be quite varied. Some species of landbird are
exclusively insectivorous, some seed-eaters, and others will eat a variety of different
foods. For example, the northern shrike (Lanius excubitor) is known to eat large insects
such as grasshoppers and even other small birds. The red-breasted nuthatch (Sitta
canadensis) eats seeds from coniferous trees, and birds in the Orders Strigiformes and
Falconiformes have diets primarily composed of small mammals, birds, or fish (Erskine,
1992). Some scientists have theorized that one of the most likely reasons for the high
diversity of passerine birds in relation to other orders is the small mean body size of the
functional group (Hutchinson & MacArthur, 1959; May, 1986; Maurer ef al., 1992;
Brown et al., 1993), though others have found no similar correlations (Owens et al.,
1999). The high species richness in passerine birds relative to other groups is sometimes
linked to a high degree of ecological specialization (MacArthur et al., 1966; Gill, 1994).
The diets of the falcons, hawks, and owls known to occur in Prince Edward Island tend
to be either small passerine birds or small mammals (Erskine, 1992; Gill, 1994).

The effect of habitat composition on landbirds at the scale of the landscape has
been studied in recent years (Trzcinski et al., 1999; Villard et al., 1999; Fahrig, 2003).
Loss and fragmentation of habitat are thought to have a considerable effect upon the
species richness of landbirds, with many studies focusing on increasingly large
agricultural ﬁglds and a variety of forestry practices (Fahrig, 2003). Habitat
fragmentation does not have a wholly negative or positive effect upon species
occurrence, with the occurrence of some species responding well, and others badly to

disturbed areas (Germaine & Vessey, 1997). Many species of songbirds are considered
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to be ‘core-forest’ species because they need a critical minimum area of continuous
forest to meet their life history requirements (Bayne & Hobson, 1997), though
exceptions are common (McGarigal & McComb, 1995; Heske et al., 1999). The
reduction of suitable habitat due to habitat loss and fragmentation is likely to result in
local extinctions among core-forest avian species (Bellamy et al., 1996), though some
forest-dwelling birds are not affected to the same degree (Morrison & Bolger, 2001).
Fragmentation of habitat increases habitat edge in relation to the core, creating a broader
ecotone between what is usually (on Prince Edward Island) agricultural or pastoral fields
and forests. Species from adjoining landscape types can be found within such transitory
zones. However, these ecotones may not be ideal breeding habitat for many forest birds,
whose populations may need to be maintained through immigration from adjacent
patches (Foppen et al., 2000). Therefore, many of these birds can be found within these
areas, but this can be explained by source-sink dynamics (Pulliam, 1988; Pulliam &
Danielson, 1991), where avian populations are sustained only through immigration from
other, more productive areas. Many exotic birds, such as the brood parasite Molothrus
ater (Rich et al., 1994; Hobson & Villard, 1998), are able to take advantage of heavily
fragmented regions, moving into and displacing core-forest species. In some of these
cases, the presence of exotic species can actually increase species richness. Thus, even if
the species richness of landbirds in a heavily fragmented region may not appreciably
change in comparison to a heavily wooded region, actual species composition could be
different due to an increase numbers of exotic species and a decrease in the amount of

remaining native species.
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2. Seabirds

In this study seabirds are defined as those species that feed from saltwater, and
spend the bulk of their life cycle living on offshore islands or on coastal cliffs (Schreiber
& Burger, 2001). Cormorants, seagulls, and terns are typical representatives of the
seabird functional group. In Prince Edward Island, seabirds are normally colonial nesters
that live on offshore islands, cliff-faces on the North shore of Prince Edward Island, and
in the case of a colony of arctic terns (Sterna paradisaea), on abandoned bridge pylons
(Erskine, 1992). The body size of seabirds generally varies between 120 g and 1500 g
(Dunning, 1993). Seabirds feed predominantly on fish, though some species (e.g. Larus
spp.) are scavengers, and can take advantage of anthropogenic resources and food cast-
offs.

The most common seabird species known to breed on Prince Edward Island are
the ubiquitous seagulls (Larus spp.; Erskine, 1992). Cormorants (Phalacrocorax auritus
and Phalacrocorax carbo) are also common on the island, though while they are
abundant they are also highly concentrated in reclusive colonies (Erskine, 1992). These
species are colonial nesting birds that breed in relatively difficult-to-access cliffs or
islands, resulting in high population densities wherever they occur (Furness &
Monaghan, 1987). Seabirds generally spend most of their time fishing at sea, and may
not be present along typical sampling routes.

Habitat loss and fragmentation due to agriculture and forestry is not as likely to
have adverse effects upon colonial cliff nesters such as cormorants, therefore species
richness may not be strongly affected by changes in landscape composition (Lewis et al.,
2001). However, some seabird species (e.g. Brachyramphus marmoratu; Raphael et al.,

2002) are known to breed inland, in places that could be affected by habitat
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fragmentation. The effects of habitat fragmentation on these species are little known as

of yet and are a current focus of study.

3. Shorebirds

Shorebirds are defined as avian species that spend the bulk of their life cycle on
beaches and mudflats (Haig et al., 1998). Shorebirds include birds such as herons,
sandpipers, and plovers, all of which nest near beaches or coastlines. Shorebirds are
usually small (~ 100 g) when compared to most of the other avian species in the
province, though some of the larger wading birds such as the great blue heron (4rdea
herodias) can weigh as much as 1.4 kg (Dunning, 1993). These birds feed on intertidal
invertebrates found on mudflats at low tide, and some are known to subsist on aquatic
vegetation. Many of the smaller species (e.g. Calidrus pusilla) are often found foraging
in very large flocks of 1000 individuals or more (Hicklin, 1987). Shorebirds have been
popularized by the media of the public of Prince Edward Island for several years, due to
the listing of the piping plover (Charadrius melodus) as the only endangered avian

species in the province (Haig, 1993; Boyne, 2000; Haig ef al., 2005).

4. Waterfowl

Waterfowl are primarily large birds (~ 4000 g) of the Order Anseriformes that
spend a significant part of their time in marshy wetlands or in the ocean along the coasts
of the province. Waterfowl include freshwater ducks, seawater ducks, mergansers, and
geese. The diet of waterfowl species usually consists of fish, aquatic insects, or algae
(Scott, 1995). Due to the revenue brought in by tourists, who include both birdwatchers

and hunters, the waterfowl functional group is of economic importance to Prince Edward
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Island (Federal-Provincial-Territorial Task Force on the Importance of Nature to
Canadians, 2000). Waterfowl diversity has declined on Prince Edward Island during the
past two centuries due to over-harvesting and the draining of wetlands for agricultural
purposes (Rogers & Patterson, 1984). Conservation groups such as Ducks Unlimited
have interests in the preservation and augmentation of waterfowl populations, and they
have been prominent in obtaining land and creating artificial ponds to protect the local
waterfowl (Kadlec & Smith, 1992). In addition, the provincial government has
implemented strict harvesting regulations and protocols, particularly concerning which
species of duck can be harvestedv at which particular time (Canadian Wildlife Service
Waterfow] Committee, 2004). The purpose of these regulations and protocols is to
protect waterfowl during breeding periods, which augments the populations of target

species, thus increasing the overall diversity of waterfowl.
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2. OBJECTIVES

The main purpose of this thesis is to investigate the patterns of species richness
and occurrence of the avifauna of Prince Edward Island. Avian species richness and
species occurrence are examined to determine if they are associated with landscape
structure. Associated variables such as body size, latitude and longitude are also
examined in relation to species richness.

In the following chapter, I investigate the patterns of avian species richness on
Prince Edward Island. In particular, I examine the effects of landscape structure,
latitude, longitude and body size on the species richness of birds. Following previous
studies, I hypothesize that avian species richness will decrease with latitude and will
decrease in a non-linear fashion with mean body size of the avian community. In
addition, I hypothesize that species richness will increase with forest area and decrease
with forest fragmentation.

In chapter four, I examine the relationship of the occurrence of individual avian
species to landscape structure. This chapter is an exploratory study, where no a priori
knowledge is assumed about associations. The purpose of this chapter is to search for
associations of landscape structure with avian species occurrence, and to assess which
common land-cover variables are important in these relationships. Species will be
grouped in terms of habitat and diet (functional and trophic groups). The occurrence of
species is expected to be associated to landscape structure in similar ways according to

functional and trophic groups.
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3. FACTORS DETERMINING AVIAN SPECIES RICHNESS IN PRINCE
EDWARD ISLAND AT THE LANDSCAPE SCALE

3.1 ABSTRACT

The aim of this study was to examine the effects of latitude, longitude, mean
body size and laﬁdscape structure on the species richness of birds breeding in Prince
Edward Island, Canada. Spatial data on species counts was obtained from Erskine
(1992) and avian body size data was obtained from Dunning (1993). Information on
land-cover types (agriculture, forest, wetland, roads, human-used areas) were obtained
from the provincial government. ArcView GIS and Fragstats were used to calculate
several metrics that characterized the structure and complexity of the different land-
cover types (area, shape, and aggregation). Habitat metrics, latitude and longitude, and
body size information were related to avian species richness in seventy-six 10 km x 10
km sampling cells. Explanatory variables were related to avian species richness using
multiple regression analysis, and models were chosen using Akaike’s Information
Criterion. Avian species were further examined in terms of functional group (i.e.
landbird, seabird, shorebird, waterfowl). In total, 156 species were found on the island to
breed in Prince Edward Island. Species assemblages varied between 9 and 98 species.
Land-cover types, longitude, latitude and body size explained up to 49% of the variation
in avian species richness on Prince Edward Island, though each functional group
responded differently to particular variables. Overall, our findings show that avian
species richness on Prince Edward Island appears to be strongly associated with

activities such as the alteration of forest habitat and the expansion of agriculture.
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3.2 INTRODUCTION

Loss of species is an important consequence of environmental threéts, such as the
loss and fragmentation of habitat (Secretariat of the Convention on Biological Diversity,
2001). In order to preserve and enhance biodiversity, measures must be taken to
understand what factors drive species richness (Brown & Maurer, 1989). Several studies
have examined the patterns of species richness of avian species at different spatial scales
(Gaston & Blackburn, 1995a; Gaston et al., 1995; Harrison & Fahrig, 1995; Bﬁhm'ng—
Gaese, 1997; Boulinier ef al., 2001; Gaston & Evans, 2004). These studies have shown
that many biotic and abiotic factors explain patterns of avian species richness, depending
upon the spatial scale at which the study is conducted (Rahbek & Graves, 2001). At
large spatial scales it has been suggested that species richness is determined by primary
productivity, energy, temperature, precipitation or habitat heterogeneity. Surrogates of
these variables such as latitude, longitude, and altitude have been used to indirectly
study the effects of these variables on species richness at large spatial scales. Studies
have also shown that surrogates of these variables such as latitude, altitude, and other
related variables such as temperature, and precipitation can also affect species richness
(Brown, 1981; Rapoport, 1982; Stevens, 1992; Brown, 1995; Kerr & Currie, 1999;
Taylor & Gaines, 1999; Rahbek & Graves, 2001). At smaller spatial scales, patterns of
species richness may be related to variation in latitude and longitude due to spatial
variation in land-use patterns. It is commonly understood that species richness declines
with increasing latitudé even though mechanisms that explain this pattern are still
controversial (Rapoport, 1982; Krebs, 1985; Currie, 1991; Rohde, 1992; Gaston &

Blackburn, 2000). Hillebrand (2004) suggested that latitudinal gradients primarily affect
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avian species richness at large spatial scales. He also indicated that latitude is not the
factor behind évian species richness patterns, but a surrogate for other factors such as
energy (Currie, 1991), tolerance to variations in temperature and water availability
(Currie et al., 2004), species body size (Mein & Dayan, 2003), and habitat area
(Rosenzweig, 1995). Although less studied, longitude is also known to affect the
gradient of species diversity, but it is hypothesized that its effect is due to variability in
the topography of ecosystems (Jetz & Rahbek, 2001; Hillebrand, 2004).

At local spatial scales, some studies have demonstrated that factors such as
habitat fragmentation, habitat loss, and inter- and intraspecific competition are important
in explaining variation in avian species richness (Brown, 1984; Rosenzweig, 1995;
Villard, 1999). Several studies have also suggested that habitat heterogeneity can also
affect avian species richness at local spatial scales (MacArthur & MacArthur, 1961;
Saab, 1999; Gillespie & Walter, 2001; Rahbek & Graves, 2001). The expansion of
agriculture, forestry, and urbanisation has been known to affect spatial heterogeneity in
different way, which in turn can have effects upon avian species richness and occurrence
(Saab, 1999; Villard, 1999). Studies have showed that the alteration of habitats due to
human activities has led to a decline in the richness of native species, and has allowed
non-native species to invade previously impenetrable areas (Estades & Temple, 1999;
Debinski & Holt, 2000). It is known that both clear-cutting and softwood monoculture
have had detrimental effects on woodland avian species richness, because of
fragmentation and loss of habitat (Makepeace, 1989). Specific functional groups have
been found to be associated with alteration of habitat in different ways. For example,
waterfowl species richness is known to be strongly affected by the presence and size of

wetland patches in a sampling area (Virkkala et al., 2005). Also, the number of
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shorebird species has been known to be constrained by the presence of humans and
human-influenced land such as recreational beaches and tourist parks (Naka et al.,
2002).

The mean body size of species is known to be inversely related to species
richness of birds. This relationship is usually non-linear, with a usual community
composition consisting of far more small-bodied species than large-bodied species
(Brown, 1995). Numerous studies have demonstrated the role played by body size in
terms of determining abundance, species richness, and distribution of avian species
(Peters, 1983; Maurer & Brown, 1988; Brown, 1995; Gaston & Blackburn, 2000). Small
mean body size in a community is often associated with high species richness (Brown,
1995; Owens et al., 1999). There are several mechanisms that have been postulated to
explain this association. For instance, there may be a greater amount of ecological niches
for small-sized avian species (Hutchinson & MacArthur, 1959). Differences in species
richness have also been associated with reproductive rate and metabolic rate, which are
both known to be related to body size of species (Glazier, 1987; Marzluff & Dial, 1991).
In addition to the mean body size, the range of body size is also an important metric
associated with species richness. A wide variety of species body sizes within a
community may allow the exploitation of different resources, permitting more species to
co-exist than would otherwise be possible (Peters, 1983; Brown, 1995).

The species-area hypothesis (Arrhenius, 1921; Krishnamani et al., 2004)
proposes that species richness increases with habitat area. Furthermore, based on the
Island Biogeography Theory, we can expect that species richness will both increase with
size of the habitat patch, and decrease with increasing isolation (MacArthur & Wilson,

1967, Bruun, 2000; Lomolino, 2000; Azeria, 2004). Loss and fragmentation of habitat is
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one of the most prevalent causes of biodiversity decline in recent years (Wilson, 1996),
and can create patches whose community dynamics will mimic island dynamics. Many
studies have demonstrated that loss and fragmentation of habitats can affect species
richness and community composition in birds (Edenius & Elmberg, 1996; Fahrig, 1997,
Estades & Temple, 1999; MacDonald & Kirkpatrick, 2003). Reduction in the total
habitat area can be detrimental to those species that require large, continuous tracts of
habitat to survive (Haskell et al., 2002; Fahrig, 2003).

In this paper, we investigate patterns of avian species richness on Prince Edward
Island, Canada. In particular, we examine the effects of landscape composition, latitude,
longitude and mean body size on the species richness of birds breeding on the island.
We hypothesize that (1) species richness will decrease with latitude; (2) that species
richness will decrease with the mean body size of the species of birds in the community,

and (3) that species richness will increase with habitat area and decrease with forest

fragmentation.

3.3 METHODOLOGY

Study Area

" Prince Edward Island covers an area of 5665.6 km? and is located in the St.
Lawrence Basin of Eastern Canada (approximately 46°N, 63°W; Agriculture, Fisheries,
Aquaculture and Forestry, 2003; Figure 3.1.). The island is approximately 16 km distant
from the mainland at the narrowest gap in the Northumberland Strait, and is relatively
flat with a maximum height of 146 m above sea level (Silva et al., 2003). The landscape
is composed of approximately 39.4% of agricultural lands used for various crops,

especially potatoes. The current forest (48.4% of the island) is a mix of the old-growth
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Figure 3.1 Map of Prince Edward Island in relation to Canada (46°N, 63°W). The scale
bar refers to Prince Edward Island only. All five land-cover types used in the study are

shown here.

Legend

B oo
B Human-used_Lands

f ikilometers
g 4 & € 14 R

30

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Acadian species, as well as white spruce (Picea glauca), black spruce (Picea mariana),
poplar (Populus tremuloides), and other fast-growing, secondary-growth trees. Wetlands
comprise 4.2% of the island, within which can be found marshes, bogs, salt marshes, and
coastal areas such as sand dunes. Approximately 6% of Prince Edward Island is
composed of human-influenced land such as buildings and urban centres. The remaining
2% of the island’s land-cover consists of an extensive network of roads. The human
population in the province is approximately 134,500 individuals with an increasing rate

of 0.5% every five years (Statistics Canada, 2001a).

Avian Species Data

Data on avian species counts and distributions were obtained from the Maritime
Breeding Bird Atlas (Erskine, 1992). Bird censuses were undertaken in all seasons by
volunteers from 1986 to 1990. Data of bird occurrences were collected using auditory
and visual identification. Sampling locations were designed in order to sample as much
of the landscape of the island as possible (Figure 3.2). Sampling proceeded in each
location until samplers had detected at least 75% of the species expected to exist in the
region, with 38% of the expected number being confirmed to breed within (Erskine,
1992). Sampling effort (hours Iﬁer individual per sampling cell) varied depending on
remoteness of the sampling cell and the availability of volunteers. Only confirmed
sightings of breeding birds were used in this study, and confirmations were mostly made
in July due to breeding cycles of species (Erskine, 1992). For identification, we followed
Sibley and Monroe’s (1990) avian taxonomic classification. Each avian species was also
classified into a functional group according to diet and life history (i.e. landbird,

shorebird, seabird, or waterfowl). Body size (grams) information was obtained from
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Figure 3.2. Map detailing the 97 sampling cells (10 km x 10 km) used in the study to
divide Prince Edward Island into sampling units. The black dots represent the main
communities in each of the sampling locations as detailed in the Atlas of the Breeding
Birds of the Maritime Provinces (Erskine, 1992). There were avian sampling locations
within 76 cells in this study.
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Dunning (1993). Body size values were also log;o transformed in order to normalize the
data. Only adult size values were used in order to provide a single body size value for
each species. This may be arlimitation in the study, as a proportion of the individuals of

each species in the study may be of a smaller, juvenile stage.

Spatial Scale

The spatial scale at which this study was conducted was established using the
same sampling grain that was used for the Maritime Breeding Bird Atlas (Erskine,
1992). Prince Edward Island was divided into 97 cells of 10 km x 10 km to maximize
the number of sampling cells on the island that reported avian species observations
(Figure 3.2). Sampling cells were generated using the “randompoly” extension of
ArcView™ (ESRI, version 3.3, Redlands, CA), where a grid was generated and
supeﬁmposed upon the study area determined in Erskine (1992). Sampling of species
occurrences took place throughout the sampling cells, each of which was labelled with
the name of the primary human community within the cell. While sampling was
recorded as distributed throughout each cell, it was likely concentrated near to the main
communities listed. At this spatial scale, species richness was calculated as the number
of bird species counted in each sampling cell. Latitudinal and longitudinal coordinates of
the main community of each sampling cell were added to the dataset, the surroundings
of which presumably the greatest concentration of sampling was performed. These
coordinates were used throughout the rest of the study where latitude and longitude were

investigated.
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Land Cover

Land-cover types of the province were quantified using ArcView™ (ESRI,
version 3.2, Redlands, CA), ArcGIS™ (ESRI, version 8.1, Redlands, CA) and the 1990
forest inventory data prepared by the government of Prince Edward Island. Suitability of
land-cover layers would be assessed using Pearson correlation analysis. This exploratory
analysis consisted in examining the relationship between the area of land-cover types in
a sampling cell and avian species richness; the land-covers that had the strongest
associations with species richness were retained. Area of a land-cover type was
calculated as a percentage of the sum of all the land-covers in a sampling cell. Initially a
finely grained analysis was attempted, using several different land-cover types (e.g. salt
marsh, coniferous forest, potato field, ezc.). The exploratory analysis showed weak
relationships between species richness and many of these variables at a fine scale.
Further examination of variables revealed that a reducing the number of variables
yielded higher relations to species richness. A coarse delineation of the land-cover types
(e.g., agriculture, forest, human-used areas, roads, and wetlands) was chosen for the

analysis. These five land-cover types were used throughout the rest of the study.

Landscape Metrics

Following the recommendations of Turner et al. (2001a), metrics of area, shape
and aggregation were obtained for each land-cover type in each sampling cell using
Fragstats v. 3.3 (McGarigal & Marks, 1995). In order to use Fragstats, all land-cover
layers were converted from a vector (polygon) format into a raster (pixel) format using
ArcGIS v. 8.1 (Spatial Analyst Extension). To calculate metrics of land-cover size, the

“Percentage of Landscape” class metric was obtained. This quantified the proportional
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abundance of each land-cover type per cell. The “Clumpiness Index” was calculated to
assess aggregation of habitat within sampling cells. Clumpiness ranges from a
maximally disaggregated value to a completely aggregated value, and is calculated from
examining adjacent pixels in a matrix. Adjacent pixels of similar land-cover type result
in higher aggregation values. The “Perimeter-Area Fractal Dimension” was used to
assess land-cover shape. Fractals have been used in landscape ecology for many years
(Sugihara & May, 1990; Krummel et al., 1997) and have been shown to be a powerful
measure of habitat fragmentation (Spies ef al., 1994). We calculated the fractal
dimension for all land-covers to test if complexity of the habitat had an effect on species

richness (Equation 3.1).

Equation 3.1 Perimeter-Area Fractal Dimension. a;; = area (mz) of patch ij. p; =
perimeter (m) of patch ij. n; = number of patches in the landscape of land-cover i.
(McGarigal et al., 2002)

A resulting fractal dimension of greater than one demonstrates an increasing
complexity of the land-cover. The fractal dimension approaches 1 for land-covers
composed of simple shapes such as circles and squares, and it approaches 2 for very

complex shapes. For instance, an elongated forest patch such as a hedgerow would have

a fractal dimension that approaches 2.
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Data Analysis

Pearson correlation analysis was conducted among the variables generated by
these metrics. Land-cover metrics that were significantly correlated to one another (r >
0.7) were individually plotted against species richness using simple linear regression. Of
these correlated variables, those with a stronger correlation to species richness were kept
and used in subsequent analyses. Possible relationships between sampling effort and the
land-cover metrics were also assessed using Pearson correlation analysis.

We used an information-theoretic approach to select models that were both
parsimonius and that well-explained avian species richness (Akaike, 1973; Burnham &
Anderson, 1998). My primary goal was to determine associations between the species
richness of four avian functional groups with: mean body size, latitude, longitude, and
landscape structure variables. We used least squares regression to estimate parameters
for the candidate models. Candidate models were nested from a model consisting of all
explanatory variables used in the study (the “full model”). The Akaike’s Information
Criterion (AIC) process calculates lower AIC values for models that increasingly
balance predictive power with parsimony. As a rule of thumb, AAIC <2 suggests
substantial support for a model with this number. Values between 3 and 7 indicate that
the model has considerably less support, and AAIC > 10 indicates that the model is very
unlikely (Burnham & Anderson, 1998). For each functional group, we determined the
most parsimonious and highly predictive models by calculating differences in AIC
values (AAIC) between each candidate model and the model with the lowest AIC value
(The “best quel”; Johnson & Collinge, 2004). The five models with the lowest AIC

value in each functional group were examined. The standardized residuals of each of the
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models were examined in order to ascertain fulfillment of assumptions necessary for
multiple regression analysis. Unexpected results were examined in further detail, by
removing outliers from analyses and by examining univariate associations between
variables. All statistical analyses in this study were performed using SAS (SAS Institute,

Inc., version 8.02, Carey, NC) unless otherwise stated.

3.4 RESULTS

The five land-cover types used in this study were deemed to be the most
biologically relevant to birds. A total of 156 breeding bird species were recorded to
breed in Prince Edward Island (Appendix 1). Among these species were 123 landbirds, 7
seabirds, 10 shorebirds, and 16 waterfowl. Species richness in sampling cells ranged
between 9 and 98 species when all species were pooled together (Figure 3.3).
Descriptive statistics of all explanatory variables used in the study were obtained and
recorded (Table 3.1).

Thirteen land-cover variables were used in this study, with three variables
(percentage of agriculture, fractal dimension of roads, and clumpiness of wetlands)
being dropped due to high correlations (r > 0.7; p < 0.05) with the remaining land-cover
variables (Appendix 2; Appendix 3). While the remaining variables were not as highly
correlated as the ones that were dropped, there were still many with significant, albeit
not strong correlations (0.5 <r < 0.7). Due to this lack of complete independence among
variables, the interactions of these variables with one another and with species richness
must be cautiously interpreted. The fractal dimension of roads was not used in the study

because the interconnectedness of the roads invalidated the function by treating all roads
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Figure 3.3. Total number of avian species observed in each 10 km x 10 km sampling
cell. The sampling cells are shown overlaying the landscape composition of Prince
Edward Island. Blank spaces were non-sampled areas.
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Table 3.1 Descriptive statistics of variables used in this study.

Standard
Deviation
Variable N Mean of Mean Minimum Median Maximum
Total Area (kmz) 76 6672 3130 322 7155 10000
Total area (km2; log) 76 3.74 0.32 2.51 3.85 4
Percentage of
Agriculture 76 38.86 19.2 8.7 32.73 75.24
Fractal Dimension of
Agriculture 75 1.26 0.04 1.1773 1.27 1.35
Clumpiness of
Agriculture 76 0.94 0.01 0.91 0.95 0.9638
Percentage of Forest 76 47.28 20 11.35 48.36 81.28
Fractal Dimension of
Forest 76 1.28 0.05 1.15 1.28 1.38
Clumpiness of Forest 76 0.94 0.01 0.91 0.94 0.97
Percentage of Human-
used lands 76 6.42 4.8 1.12 4.69 31.1
Fractal Dimension of
Human used lands 75 1.30 0.05 1.19 1.3 1.44
Clumpiness of Human-
used lands 76 0.92 0.01 0.89 0.92 0.95
Percentage of Wetlands 76 5.37 5.69 0.1 3.82 35.46
Fractal Dimension of
Wetlands 75 1.29 0.06 1.19 1.28 1.5
Clumpiness of Wetlands 76 0.93 0.04 0.74 0.94 0.99
Percentage of Roads 76 2.06 0.37 1.16 2.08 2.94
Clumpiness of Roads 76 0.70 0.01 0.67 0.70 0.74
Longitude 76  -63.31 0.66 -64.37 -63.35 -61.99
Latitude 76 46.42 0.24 4595 46.41 47.06
Latitude X Longitude 76 -2938.8 42.7 -3011.5 -2934.5 -2874.1
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Table 3.1 (Continued) Descriptive statistics of variables used in this study.

Standard
Deviation
Variable N Mean  of Mean Minimum Median  Maximum
Sampling Effort
(Hours/Individual/Cell) 76  35.21 26.5 2 35 100
Sampling Effort (logys) 76 1.39 0.43 0.3 1.54 2
Pooled Species Richness 76  51.01 22.8 9 51.5 98
Species Richness of
Landbirds 76 4234 19.9 8 40 81
Species Richness of
Seabirds 76 0.92 14 0 0 7
Species Richness of
Shorebirds 76 2.5 0.17 0 25 8
Species Richness of
Waterfowl 76 5.2 33 0 5 12
Mean body size of
pooled species (g; logis) 76 2.33 0.19 - 1.6 23 2.8
Mean body size of
pooled species (g; logye) 2 76 5.49 0.86 2.6 55 8.0
Mean body size of
landbirds (g; logio) 76 2.11 0.22 1.49 2.11 2.70
Mean body size of
landbirds (g; log;o)® 76 452 0.90 221 447 7.27
Mean body size of
seabirds (g; log;o) 76 1.2 14 0 0 332
Mean body size of
seabirds (g; log;o)’ 76 33 4.14 0 0 11
Mean body size of
shorebirds (g; log)o) 76 1.87 0.807 0 2.01 3.38
Mean body size of
shorebirds (g; log;p)*> 76  4.13 2.3 0 4.07 11.41
Mean body size of
waterfowl (g; logie) 76 2.93 0.0132 0 2.89 3.14
Mean body size of
waterfowl (g; logyo)” 76 7.66 271 0 8.34 9.87
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in a sampling cell as one land-cover patch. Sampling effort and total area were
significant in multivariate analysis of species richness in most of the models throughout
this chapter. These two variables were included in the analyses as a correction factor to
account for the time spent sampling and for the amount of land in a cell, in order to more
accurately reflect species richness in a given area. Sampling effort and total area were
both log;o-transformed and tended to show positive relationships with avian species
richness. Species richness tended to be increasingly higher until the maximum amount of
land was sampled. Increases of species richness with total area reflect the larger amount
of territory that had to be covered by the samplers, with an increased chance to find a
particular species as a function of the amount of land sampled. Many of the sampling
cells had a high proportion of land (29 with greater than 90% land) in relation to the
amount of ocean, while 11 cells had less than 10% land. The number of bird species
observed tended to increase with sampling effort, but the relationship was non-linear. As
time was spent making observations in a sampling cell, samplers eventually reached the
maximum number of species they were likely to find, at which point sampling ceased.
This sampling trend was reflected in the results obtained in this study. The land-cover
variables in the models selected by Akaike’s Information Criterion explained up to 44%
of the variation in the species richness of all bird species pooled together (Table 3.2),
though the variables significantly associated with species richness differed among
functional groups. The best explanatory models for the pooled species consisted of
variables explaining the mean body size of the species assemblages, longitude, and
variables from all of the land-types. Species richness increased in relation to the
proportion of human-used lands, and decreased in relation to an increased percentage of

forest in a cell, though these variables were only significant in three of the five models
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Table 3.2. Table showing the coefficients and standard error of the five best models for explaining species richness of all birds in
Prince Edward Island, as determined by Akaike’s Information Criterion. These models relate avian species richness with the land-
cover variables, latitude and longitude, total area in a cell, and sampling effort. All body size values are log;o transformed. Sample

size, adjusted-R?, and the AAIC for each of these models are shown. Where blank spaces are shown, associations were tested and were
found non-significant (p < 0.05).

Full Model Model-1 SE Model-2 SE Model-3 SE Model-4 SE Model-5 SE
Intercept 568.96  391.1 439.6 341.7 680.4 3874 309.4 356.4 680.0 487.3
Percentage of Forest -0.28 0.18 -0.23 0.18
Percentage of Human-used land 1.43 0.69 1.12 0.62 1.5 0.7
Percentage of Wetland 0.74 0.42
Percentage of Roads
Fractal Dimension of Agriculture 117.10 58.0 122.8 58.7 122.1 58.4 118.8 58.6 101.7 58.3
Fractal Dimension of Forest -162.24 66.1 -103.55 48.7 -162.95 66.7 -93.6 49.2 -64.2 42.8
Fractal Dimension of Human-used  -120.86 46.2 -97.0 45.1 0.99 0.6 -109.6 46.1 -85.7 43.6
Fractal Dimension of Wetlands -104.3 452
Clumpiness of Agriculture -655.3 2173
Clumpiness of Forest 445.19 301.0 369 300
Clumpiness of Human-used land -825.86 2443 -638.8 218.1 -655.3 2173 -777.6 244.8 -405.5 169.4
Clumpiness of Roads
Totalarea of land-coverincell 559 g5 243 94 266 9.5 23.2 9.4 24.1 9.2
(km”; log o)
Sampling Effort (log;o) 15.5 6.18 144 5.7 12.4 5.9 17.2 6.1 12.6 59
Latitude -18.3 9.5
Longitude 9.16 3.8 6.0 3.5 7.9 37 6.8 35
Latitude x Longitude
Mean Body Size (g; log;o) 455.6 137.6 508.0 136.3 498.2 135.8 474.2 138.6 493.2 136.8
Mean Body Size? (g; log;o) -102.3 30.2 -113.3 29.9 -112.2 29.8 -105.3 30.5 -110.0 30.0
AAIC -
n 75 75 75 75 75
P <0.0001 <0.0001 <0.0001 < 0.0001 < 0.0001
Adjusted-R? 0.44 0.42 0.43 0.43 0.42
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examined among pooled species. Note that these directional trends are contrary to what
may be expected to occur, and may be results of sampling artefacts or correlation among
variables. Species richness was positively related to the fractal dimension of agriculture,
indicating that more species may be found in areas where long, narrow fields dominate
over large, round fields. Also of note were results that species richness tended to be
higher in areas where forest patches and human-used areas were less spatially complex,
as represented by a low fractal dimension. The number of avian species was positively
related to high aggregation of forest patches as denoted by the clumpiness index. This
relation makes sense in that more aggregated patches will tend to have higher area in
relation to their perimeter. This variable is related to the percentage and shape of
patches, and so it may have an influence on the curious negative relation of richness to
the proportion of forest. Longitude was positively related to species richness, indicating
that more species were observed in the eastern portion of Prince Edward Island than in
the west. Latitude did not have a significant effect upon the species richness of all birds
pooled together, nor did the interaction of latitude and longitude. The mean body size of
the avian assemblages had a non-linear relationship with species richness. A fitted-line
plot was made to further illustrate this relationship (Fig. 3.4). As demonstrated in this
figure and partially supporting our hypotheses, species richness does decrease with
increasing body size. Howeyver, initially species richness increases with body size, up
until ~ 50 g. At this point, avian species richness begins to decrease with mean body
size. Standardized residuals of all three models shown were normally distributed and no

severe outliers were observed.
The landbird functional group was associated with landscape structure, latitude,

longitude, and body size in a similar fashion to that of the pooled species (Table 3.3).
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Figure 3.4 (Top) Linear regression examining the non-linear association of the species
richness of all species pooled together (Richcell) with the mean body size of the
community (log)o transformed). (Bottom) Corresponding normal probability plot of the
residuals of the above regression.
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Table 3.3. Table showing coefficients and the standard error of the five best models for explaining species richness of landbirds in
Prince Edward Island, as determined by Akaike’s Information Criterion. These models relate avian species richness with the land-
cover variables, latltude and longitude, total area in a cell, and sampling effort. All body size values are log;o transformed. Sample

size, adjusted-R?, and the AAIC for each of these models are shown. Where blank spaces are shown, associations were tested and were

found non-significant (p < 0.05).

. Full Model

SE

Model-1 Model-2 SE Model-3 SE Model-4 SE Model-5 SE
Intercept 125.7 406 -68.8 3122 290.6 426.8 -7.98 311.3 235.0 427.8
Percentage of Forest
Percentage of Human-used land 1.5 0.6 1.3 0.6
Percentage of Wetland 0.79 0.35 0.87 0.36 0.75 0.37
Percentage of Roads
Fractal Dimension of Agriculture 123.6 49.5 141.6 493 124.2 49.2 138.8 49.6 129.5 493
Fractal Dimension of Forest -44.9 36.6 -79.4 41.9 -51.6 36.9 -84.2 42.1 -55.0 36.9
Fractal Dimension of Human-used -47.8 35.4 -93.4 393 -61.5 37.1 -88.5 39.5 -64.9 37.0
Fractal Dimension of Wetlands 52.6 29.8 40.5 292 512 29.7 42.5 30.4
Clumpiness of Agriculture
Clumpiness of Forest 418.2 254.1 384.0 254.8
Clumpiness of Human-used land -560.7 209.4 -171.2 141.3 -547.9 210.7 -192.7 141.9
Clumpiness of Roads
Total area of land-cover in cell 272 12 235 78 288 73 24.9 7.8 25.9 77
(km"; log,o)
Sampling Effort (log)o) 11.4 5.1 12.4 5.0 6.0 5.0
Latitude -16.9 7.8 -16.6 7.8 -13.7 8.13
Longitude 4.9 29 4.5 29
Latitude x Longitude
Mean Body Size (g; log;o) 468.6 91.9 401.0 96.0 465.3 91.6 385.6 96.1 428.9 96.1
Mean Body Size? (g; logo) -110.3 21.9 -94.4 229 -109.8 21.8 -90.5 22.8 -101.4 22.8
AAIC -
n 75 75 75 75 75
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Adjusted-R® 0.44 0.46 0.45 0.45 0.45
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The three best models as selected by the AIC procedure primarily consisted of the same
variables as one another, though there were minor differences. The adjusted-R? of these
models was the same at 0.45, with corresponding high significance values (p < 0.0001).
This was not unexpected, as the landbirds comprise the bulk of the species present on
Prince Edward Island. Because of the many similarities between the pooled species and
the landbird functional group, it is more efficient to speak about how the landbirds
differed from the pooled birds rather than discuss them on their own. The percentage of
forest was not a significant explanatory variable for the species richness of landbirds,
though the clumpiness and fractal dimension of forest still exhibited the same trends.
This indicates to me that the percentage of forest is not necessarily a weak or
nonsignificant variable, but that it may be interacting with other variables. This
interaction may be influencing the percentage of forest variable, causing it to be non-
significant in the models chosen by the AIC method.

Landbirds were also significantly affected by metrics of wetland, variables that
were not common in the pooled species models. Landbird species richness in three
models were positively associated with the percentage of wetland in a cell. Species
richness was also positively associated with the fractal dimension of wetlands, implying
that there may be a large number of landbird species in cells where there is a large
amount of spatially simple wetland patches. For example, cells like this may have a
profusion of round ponds or bogs. Latitude was found to be negatively related to species
richness in two of the three models, while longitude was positively related with species
richness. There was no interaction detected between latitude and longitude in the models
examined for this functional group. These results demonstrate high species richness in

the southeast part of Prince Edward Island, which is logical and is likely a result of the
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natural topography of the area. Residual analysis showed results similar to those found
when examining all species pooled together, and so assumptions for multiple regression
analysis were upheld.

The seabird functional group was distinct in that seabirds were observed in fewer
cells (31) than any other functional group. Due to this, possible biases in results due to
small sample sizes should be taken into consideration when examining this group.
Species richness of seabirds increased with proportion to the amount of wetlands and
forest patches (Table 3.4). The species richness of this group was also positively related
to simple-shaped forest patches, and agricultural patches with complex edges.
Additionally, seabird species richness increased with aggregation of forest patches, and
decreased with aggregation of agricultural patches. Species richness of seabirds was
negatively related to longitude and latitude, which may be related to the trend observed
with the total area; there are more sampling cells in the south and east that are
completely land-locked. Species richness was non-linearly related to mean body size
among the seabirds, but these variables proved to be non-significant in each of the
models examined for seabird species. The resulting non-significance of these variables
may be the cause for heteroscedasticity observed among the residual analysis, and for a
possible inflation of the adjusted-R* beyond what could be reasonably expected. Small
sample size could be another factor in the irregularity of results concerning body size in
this functional group, though there were few deviations from normality as shown in the

residual analysis of the multivariate models (Fig. 3.5).

The species richness of shorebirds was primarily related to the shape of patches
in the landscape, rather than their size and clumpiness. However, correlation among

landscape variables makes this a less definitive statement. Only three candidate models
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Table 3.4. Table showing the five best models for explaining species richness of seabirds in Prince Edward Island, as determined by
Akaike’s Information Criterion. These models relate avian species richness with the land-cover variables, latitude and longitude, total
area in a cell, and sampling effort. All body size values are log)o transformed. Sample size, significance (p < 0.05), adjusted-R?, and

shown, associations were tested and were found non-significant (p < 0.05).

the AAIC for each of these models are shown. Coefficients and standard errors are shown for each model. Where blank spaces are

Full Model Model-1 SE Model-2 SE Model-3 SE Model-4 SE Model-5 SE
Intercept 85.1 21.0 87.3 21.0 81.6 20.7 86.9 20.9 84.5 21.0
Percentage of Forest 0.02 0.008 0.02 0.008 0.02 0.008 0.02 0.008
Percentage of Human-used land
Percentage of Wetland 0.04 0.02 0.05 0.02 0.04 0.02 0.04 0.02 0.04 0.02
Percentage of Roads
Fractal Dimension of Agriculture -3.6 24 3.2 24 -3.7 24 -4.0 24
Fractal Dimension of Forest 6.0 2.6 5.9 2.6 49 2.5 6.7 2.6 6.6 2.7
Fractal Dimension of Human-used 122 1.8 2.5 1.8 25 1.8
Fractal Dimension of Wetlands
Clumpiness of Agriculture -36.0 12.6 -38.9 12.8 -37.3 12.8 -34.7 12.7
Clumpiness of Forest 18.6 12.3 203 12.3 16.9 12.2 21.7 12.4 19.5 12.4
Clumpiness of Human-used land
Clumpiness of Roads
Total area(l‘(’;llz";“}g'gclg)"“ in cell 045 037 036 036
Sampling Effort (log;o)
Latitude -2.38 0.55 -2.40 0.5 -2.28 0.5 2.4 0.5 -2.35 0.55
Longitude -0.59 0.2 -0.63 0.2 -0.62 0.2 -0.6 0.2 -0.56 0.21
Latitude x Longitude
Mean Body Size (g; log;o) 0.27 0.39 0.25 0.39 0.25 0.39 0.30 0.38 0.32 0.39
Mean Body Size? (g; logyo) 0.21 0.13 0.22 0.13 0.22 0.13 0.20 0.13 0.19 0.13
AAIC -
n 75 75 75 75 75
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Adjusted-R* 0.74 0.74 0.74 0.45 0.45
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Figure 3.5 (Top) Linear regression of the species richness of seabirds (Richsellsea) _
plotted against the log;o-transformed mean body size of seabirds (logseamassmean) and
its quadratic transformation (logseamassmean**2). (Bottom) Plot of the standardized
residuals versus the fitted values of the previous regression.

0.812504

R-Sq 67.3%

R-Sq(adj) 66.4%
i £
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had an AAIC < 2, which is why only three are shown in Table 3.5. Of these three
models, species richness appeared to be higher in areas where wetland and human-used
patches were simple in perimeter and with large areas.

The species richness of the waterfowl functional group was reasonably well-
predicted in the best three models selected by the AIC process (Table 3.6; adjusted-R* =
0.37 - 0.39). Residual analysis of these models revealed that assumptions of normality
were upheld and procedure assumptions were properly met. Specific variables that
affected the species richness of waterfowl included each of the forest variables, the
clumpiness of human-used land, latitude and longitude, and body size. The signs of
these variables did not change regardless of removal of the outliers. The species richness
of waterfowl was negatively associated with the percentage of forest and to the fractal
dimension of forest in a cell, and was positively related to the clumpiness of forest in a
cell. As was noted with other functional groups, the close correlations between the forest
variables may distort their individual effects, and so the negative relation between
species richness and percentage of forest should be viewed with caution. The clumpiness
of human-used lands was negatively related to species richness, indicating that sampling
cells with heavily aggregated human areas may result in observations of less waterfowl
species. As clumpiness is slightly correlated with the proportion of land for this land-
cover type, this may also reflect an avoidance of human-dominated lands by waterfowl.
Latitude and longitude were both positively associated with the species richness of
waterfowl, indicating that more species were found on the north-eastern part of Prince
Edward Island than elsewhere. Mean body size was significantly related to waterfowl

species richness, exhibiting a linear trend among these models.
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Table 3.5. Table showing coefficients and standard errors for the three best models
explaining species richness of shorebirds in Prince Edward Island, as determined by
Akaike’s Information Criterion. These models relate avian species richness with the
land-cover variables, latitude and longitude, total area in a cell, and sampling effort. All
body size values are log;o transformed. Sample size, adjusted-R%, and the AAIC for each
of these models are shown. Coefficients and standard errors are shown for each model.
Where blank spaces are shown, associations were tested and were found non-significant

(p <0.05).
Full Model Model-1 SE  Model-2 SE Model-3 SE
Intercept -741 718 433 33.1 -20.1 16.3
Percentage of Forest
Percentage of Human-used land
Percentage of Wetland
Percentage of Roads
Fractal Dimension of Agriculture 11.8 39 12.7 4.0 -20.1 16.3
Fractal Dimension of Forest
Fractal Dimension of Human-used -5.2 29 -5.6 2.9 -5.87 3.04
Fractal Dimension of Wetlands -4.6 24 -4.4 24 -4.66 24
Clumpiness of Agriculture
Clumpiness of Forest
Clumpiness of Human-used land
Clumpiness of Roads
Total areil‘(’ilz‘;“;g;:)" erincell 339 058 113 058 1.12 0.58
Sampling Effort (log;e) 0.93 0.38 1.03 0.39 1.0 0.39
Latitude 0.75 0.67
Longitude
Latitude x Longitude
Mean Body Size (g; log;o) 1.24 0.20 1.30 0.20 1.25 0.20
Mean Body Size® (g; log;o)
AAIC -
n 75 75 75
p 0.0001 <0.0001 <0.0001
Adjusted-R? 0.49 0.49 0.49
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Table 3.6. Table showing coefficients and standard errors for the three best models
explaining species richness of waterfowl in Prince Edward Island, as determined by
Akaike’s Information Criterion. These models relate avian species richness with the
land-cover variables, latitude and longitude, total area in a cell, and sampling effort. All
body size values are logjo transformed. Sample size, adjusted-R%, and the AAIC for each
of these models are shown. Coefficients and standard errors are shown for each model.
Where blank spaces are shown, associations were tested and were found non-significant

(p <0.05).
Full Model Model-1 SE Model-2 SE Model-2 SE
Intercept -55.2 64.67 -39.6 65.9 -37.6 68.1
Percentage of Forest -0.07 0.02 -0.08 0.03 -0.08 0.03
Percentage of Human-used land
Percentage of Wetland
Percentage of Roads
Fractal Dimension of Agriculture -18.6 8.4 -22.0 8.9
Fractal Dimension of Forest -214 8.7
Fractal Dimension of Human-used -7.4 6.8
Fractal Dimension of Wetlands
Clumpiness of Agriculture
Clumpiness of Forest 51.9 349 60.9 35.7 71.3 39.0
Clumpiness of Human-used land -274 23.8 403 26.6

Clumpiness of Roads
Total area of land-cover in cell

(km®; logyo)
Sampling Effort (logyo) 1.64  0.83 1.8 0.8 1.8 0.84
Latitude 33 1.8 3.6 1.8 38 1.8
Longitude 1.89 0.68 2.05 0.69 2.0 0.7
Latitude x Longitude
Mean Body Size (g; log,o) 1.65 0.38 1.65 0.38 1.7 04
Mean Body Size® (g; logyo)
AAIC -
‘n 75 75 75
p 0.0001 <0.0001 <0.0001
Adjusted-R® 0.39 0.39 0.37
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3.5 DISCUSSION

The primary goal of this study was to examine the effects of latitude and
longitude, mean body size, and the structure of the landscape on the species richness of
birds breeding in Prince Edward Island. In our study, latitude and longitude were
significant, predictors of avian species richness, though longitude was more prevalent
among candidate models. Latitude is also known to be a surrogate of climatic factors
including temperature, evapotranspiration, and energy (Currie et al., 2004). Studies such
as this have shown that latitude tends to operate at larger spatial scales than that of our
study, so direct correlations of species richness with climatic variability are unlikely to
produce strong associations (Pianka, 1966; Gaston et al., 1995; Hurlbert & Haskell,
2002; Hawkins et al., 2003). A similar pattern describing the association of species
richness and longitude was found by Jetz & Rahbek (2001) when they examined African
avian species. The likeliest reasons for the latitudinal and longitudinal gradients in
species richness observed in this study are likely topographical in nature. The general
increase in richness with longitude may be due to there being more forest, more wetland,
and less human-used land in the eastern part of the island. There are known association
of many landbird and waterfowl species to wetlands and forested habitats (Gill, 1994),
and these sorts of areas are more prevalent in the eastern part of Prince Edward Island
than in the west (Clark, 1959; Raymond ef al., 1963; van de Poll, 1983). Additionally,
there is simply more land in the eastern part of Prince Edward Island. Due to the shape
of the island, an increase in species richness in an eastward direction would result in a
corresponding southward trend, as observed in many of the models constructed in this

study. Though no significant interactions were detected between latitude and longitude,
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an underlying interaction between latitude and longitude is suspected to be evident, but
is possibly masked by other variables.

The mean body size of the avian community was an important explanatory
variable in our study, being significant in all functional groups. Brown (1995) and
Owens et al. (1999) showed that at the level of the community, low mean body size is
related to high species richness, though this is a non-linear trend where species richness
is highest at a low-mid mean body size. Our study supported the findings of these
scientists when examining the landbird functional group, as we found a non-linear
relationship between species richness and mean body-size, with the highest species
richness at low-mid mean body size. Assemblages with very small or large mean body-
sizes tended to exhibit low species richness, while the most species occurred where the
mean body size of the community was approximately 50 g. At continental spatial scales,
Blackburn ef al. (1999) and Cardillo (2002) observed that the species richness of birds
was strongly related to both the mean body size and landscape structure. Our study
supports these results, following the quadratic trends that were seen in these earlier
studies. A variable that could explain more of the relationship between species richness
and body size is the range of body size, which may allow more insight into the
composition of the avian community, particularly with regard to its largest species.
Though this study did not make use of this variable due to a desire to examine the mean
in particular, the range will be examined in future studies.

In comparison to our study, other studies have found stronger relationships
between avian species richness and land-cover variables where R exceeds 0.5, though
rarely by large value (Edenius & Elmberg, 1996; Bayne & Hobson, 1997; B6hning-

Gaese, 1997; Germaine & Vessey, 1997). The relatively low strength of association
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found in our study may be related to the spatial scale of our analysis, inadequate
delineation of the land-covers, or there was simply a true weak association. It is possible
that if land-use was delineated in a different fashion, particularly in the wetland land-
types and forest land-types, specie richness may be better explained. Avian species may
respond differently to bogs than they would to marshes and salt marshes, and to
deciduous forests differently than to coniferous forests. The difficulty in defining land-
types in this fashion lies in finding metrics to explain their attributes. For example,
defining coniferous and deciduous stands as different land-types may result in a
perceived discontinuity of land-cover that may not be perceived by avian species. The
edges between two closely-related land-types may not be as clearly defined as in coarser
landscape delineations. Because of this, the shape as defined by the fractal dimension
may not be as accurate when land-types are delineated in too fine a fashion, and the
aggregation of habitat as defined by the clumpiness metric becomes a less clear
measure. The five land-cover types used in this study were the most distinguishable
habitat types that we could delineate using indices of size, shape, and aggregation, and
adding or removing different land-cover types would have to be done with caution.

The accuracy of specific variables may also be in question when examining the
results of this study. For example, when the landscape structure was examined in
relation to the species richness of the pooled avian species, a striking result was that
species richness was not often associated with the percentage of forest. Note, however,
that percentage of forest, fractal dimension and the clumpiness of forest were also both
associated with avian species richness, and that these variables are moderately correlated
(r> 0.2) with one another. Therefore, the signs of individual variables must be

interpreted with caution. The best interpretation may be to conclude that the forest
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variables have the greatest effect on the pooled species richness of all of the land-cover
variables, but that the specific effects of the metrics explaining forest structure are
difficult to explain.

While keeping the correlation of variables in mind, some results can still be
examined. As Burrough (1986) showed, high avian species richness tended to occur in
areas where forest patches had high area in relation to their perimeter, as quantified by
the fractal dimension. Our findings suggest that the diversity of avian species in Prince
Edward Island may be strongly dependant on the occurrence of birds that occupy forest
habitats with a high area to edge ratio, which supports the results found in some other
studies (Greenwood et al., 1996; Monkkonen et al., 2006). Many of the avian species
that inhabit these sorts of areas are small passerine birds, which may help éxplain the
relationship between species richness, body size and landscape composition.
Correspondingly, this trend is reversed when examining agriculture. As quantified by
the fractal dimension of agriculture in this study; the more complex in shape agricultural
fields become, the more birds can be found in the sampling cell. St. Claire et al. (1998)
showed that greater complexity in the shape of agricultural fields can increase avian
species richness. The mechanism they suggested to explain this trend was a behavioural
response of species to field shape. Agricultural patches with low area-perimeter ratios
may reduce the amount of time forest birds have to be away from cover in order to
forage in what can sometimes be very productive edges of agricultural fields. The results
of this study indicate that landbird species are more likely to be observed in areas where
there is a high proportion of human-used land that is both well dispersed in a cell and is
relatively simply shaped. It as also found that the shape of several different land-cover

types, as quantified by the perimeter-area fractal dimension, was strongly associated
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with species richness of birds. Similar results were obtained by Sugihara & May (1990)
and Milne (1991). As these s;)rts of interactions are examples of habitat fragmentation,
habitat fragmentation could be a major driving force of avian species richness patterns
on Prince Edward Island. However, further studies involving a more intense
examination of habitat aggregation and other biotic interactions would have to be
undertaken before this could be conclusively said (Turner et al., 2001a).

The avian functional groups of Prince Edward Island revealed interesting
information when they were examined separately. When examining avian species
richness in Scotland, French & Picozzi (2002) separated avian species in their study into
functional groups. They found clear differences among functional groups in the
association of species richness to landscape structure. Scotland covers a much larger
area than Prince Edward Island, and though French & Picozzi (2002) used a similar
sampling grain as that of our study, the sampling extent was much larger. The
limitations of our dataset may have biased the survey in favour of landbirds, in that they
were easier to observe and may occur more extensively throughout the island regardless
of habitat. The resulting skew in favour of a high amount of landbird species in contrast
to other groups may encourage a reassessment of the sampling technique in future
studies. The landbird functional group was associated to landscape structure in a similar
fashion to that of the pooled species, with the addition of the wetland variable in one of
the models. The species richness of breeding seabirds on Prince Edward Island was
significantly associated to the landscape structure on the island. However, residual
analysis and a low sample size indicate that these results should be interpreted with
caution at best. Similar results were obtained when examining shorebirds. Though R?

values were fairly high for the shorebird functional group, subsequent residual analysis
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revealed heteroscedastic trends, likely due to non-significance of the body size
variables. Any interpretations that could be made from their associations with landscape
structure would have to be treated with caution. Waterfowl species were affected by the
presence of forest in the sampling cell, and was negatively affected by the aggregation
of human-influenced lands. Though waterfowl species richness was not strongly
associated with landscape structure (R* = 0.39), the models were significant and residual
analysis showed that the analysis was acceptable.

The goal of this chapter was to examine the effects of latitude, longitude, body
size, and landscape structure upon the species richness of birds on Prince Edward Island.
Many significant associations were found among these variables to the species richness
of two of the four functional groups in addition to all the species pooled together. Any
interpretations must be examined with the understanding that there was correlation, and
therefore a lack of independence, among the land cover variables (Turner et al., 2001a).
Analytical techniques that would eliminate these correlations, such as Principal
Components Analysis, are recommended for future studies. Based upon our results,
focus on the shape of agricultural and forest patches is recommended for further study,
and the relationship of body size, longitude and latitude to land-cover variables should
be examined in future works. Advice to landscape managers desiring to increase species
richness in Prince Edward Island would be to preserve forest patches with large areas in
relation to their perimeters. When new agricultural fields are needed, the results of this
study lead to a recommendation that long, narrow fields are more associated with higher

avian species richness than broad, short fields.
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4. THE EFFECTS OF LANDSCAPE STRUCTURE ON THE
OCCURRENCE OF BREEDING BIRDS

4.1 ABSTRACT

The aim of this study was to examine the effects of landscape structure on the
occurrence of avian species breeding on Prince Edward Island, Canada. Spatial data on
species counts were obtained from Erskine (1992) and information on land-cover types
(agriculture, forest, wetland, roads, human-used areas) were obtained from the
provincial government. ArcView GIS and Fragstats were used to calculate several
metrics that characterized the structure and complexity of the different land-cover types
(area, shape, and aggregation). Habitat metrics were related to the occurrence of 102
avian species in seventy-six 10 km x 10 km sampling cells. Logistic regression analysis
was used to examine the associations and to develop multivariate models to explain
avian species occurrence. Avian species were then examined in terms of functional
group (i.e. landbird, seabird, shorebird, waterfowl) and trophic level (i.e. herbivore,
carnivore, insectivore, omnivore). Twenty-nine species were significantly associated
with the land-cover variables. These species were primarily from the landbird functional
group and the omnivore and insectivore trophic groups. There were few discernable
patterns in specific metrics used by species, though forest-related variables were

associated with species more often than other land-cover types.
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4.2 INTRODUCTION

Loss of species is an important consequence of environmental threats, such as
the loss and fragmentation of habitat (Secretariat of the Convention on Biological
Diversity, 2001). The study of species occurrence is of great importance in ecology,
biogeography, wildlife management, and conservation biology. For instance,
investigations of the factors that determine the occurrence of rare and endangered
species can be useful to identify particular land-use practices that may be beneficial for
their conservation (Caicco et al., 1995; Scott et al., 1995). The occurrence of avian
species can also be modeled with the purpose of prioritizing natural areas for
conservation (Peterson ef al., 2000). Potential distributional shifts of avian species
resulting from climatic changes may also be predicted if sufficient information on
factors affecting species occurrence is known (Aspinall & Matthews, 1994). Information
on factors determining species occurrence may also be useful to predict, or control
invasive species (Wadsworth et al., 2000).

Several factors have been hypothesized to explain occurrence of avian species
breeding in North America, including energy, climate, habitat heterogeneity, and habitat
fragmentation (Brown, 1981; Rapoport, 1982; Stevens, 1992; Brown, 1995; Kerr &
Currie, 1999; Taylor & Gaines, 1999; Rahbek & Graves, 2001; Johnson & Krohne,
2002). However, the influence of these and other factors in terms of determining the
occurrence of a given avian species depends upon the spatial scale at which the study is
conducted. Several studies have examined the effects of these factors on avian species
occurrence from different parts of the world (Gaston & Blackburn, 2000; Rahbek &
Graves, 2000; Rahbek & Graves, 2001; H-Acevedo & Currie, 2003; Gaston & Evans,

2004; Pearson et al., 2004). At large spatial scales, the total area wherein a species is
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known to occur on the Earth is known as the geographic range, or geographic
distribution (Smith & Smith, 1998). At this scale, it has been shown that the geographic
distribution of many animal species, including birds, is strongly correlated with the
amount of land and the variety of habitats the population occupies (Ricklefs, 1997; Tews
et al., 2004). At the landscape scale, the occurrence of avian species is thought to be
primarily determined by the presence or absence of suitable habitat, the nature of which
can significantly vary from species to species (Drapeau et al., 2000). Species that are
closely related or that have similar dietary or habitat needs (i.e. trophic and functional
groups; French & Picozzi, 2002) are expected to be influenced by the availability of
habitat in similar ways (Brown, 1984). At large spatial scales it has been suggested that
the occurrence of many avian species is determined by climatic factors such as
precipitation and temperature, because species have differential tolerances to the amount
of water and the heat in a given area (Currie, 1991; Currie ef al., 2004). It has also been
postulated that occurrence limits imposed by barriers to long-distance dispersal are not
as prevalent among flying birds as they are for other terrestrial vertebrates (Gill, 1994).
For example, Wiens (1973) showed that when the horned lark (Eremophila alpestris)
was examined at large spatial scales, its distribution covered much of North America,
with some aggregation in the western prairies. However, when the same species was
examined at small spatial scales, it was more likely to be found in areas where land-use
practices promoted heavier cattle grazing. Therefore, different factions will be important
in determining the occurrence of this species, depending on the spatial scale at which its
occurrence is investigated. These studies also suggest that a multi-scale approach may
be optimal when examining the occurrence of a given species (Gaston ef al., 1995;

Rahbek & Graves, 2001).
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Habitat loss is the process where areas with specific features important to the
presence of species is destroyed or otherwise made unsuitable for habitation. Habitat
fragmentation is a process whereby a continuous habitat type is partially removed,
resulting in a change of configuration of the initial landscape above and beyond the
fragmentation that is associated with habitat loss (Villard et al., 1999). Habitat loss and
fragmentation has been shown to affect the occurrence of avian species at the scale of
the landscape (100 km? - 1000 km?; McGarigal & McComb, 1995; Edenius & Elmberg,
1996). The habitat types in a landscape can be quantified in terms of landscape
composition and landscape configuration (McGarigal & Marks, 1995). Landscape
composition refers to the number or proportion of features in a landscape (Rodewald &
Yahner, 2001). Landscape composition is not spatially explicit, in that landscape
composition is unaffected by patch shape. Landscape configuration is a spatially defined
concept that relates the physical location of a landscape patch to that of other patches
(McGarigal & McComb, 1995). Landscape configuration is often defined by metrics
such as patch shape and contagion indices (Hargis ef al., 1998). In this study, we
followed McGarigal and Marks (1995)’s definition and used several variables that
describe the composition and configuration of landscapes to quantify landscape
structure.

To my knowledge, the effect of landscape structure on the occurrence of avian
species at small spatial scales has only been studied recently (Trzcinski et al., 1999;
Villard et al., 1999; Fahrig, 2003). Loss and fragmentation of habitat resulting from
agricultural practices and forestry have often been found to have an adverse effect on the
occurrence of many avian species (McIntyre, 1995; Trzcinski et al., 1999; Villard et al.,

1999; Rickets, 2001; Rodewald & Brittingham, 2002; Stanislaw, 2002; Fahrig, 2003).
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Many songbird species are considered to be “core-forest species” because they need a
critical minimum area of continuous forest to meet their life history requirements
(Bayne & Hobson, 1997). Therefore, the reduction of suitable habitat due to habitat loss
and fragmentation is likely to result in local extinctions of core-forest species.
Fragmentation of a forest patch increases its edge or the edge habitat in relation to the
core, creating a broader ecotone between the forested area and the matrix habitat (i.e.,
the nonhabitat surrounding the native habitat patches of interest; Ricketts, 2001).
Although species from adjoining landscape types can be found within such transition
zones, these ecotones may not be ideal breeding habitat for many core-forest species,
whose populations may need to be maintained through immigration from adjacent
patches (Foppen et al., 2000). Consequently, this phenomenon can be explained by
source-sink dynamics rather than by an affinity to the habitat in question (Pulliam, 1988;
Pulliam & Danielson, 1991). In source-sink dynamics, avian populations are sustained
only through immigration from other, more productive areas. Many exotic birds such as
the brood parasite Molothrus ater are able to take advantage of heavily fragmented
regions, moving into and displacing core-forest species (Rich et al. 1994; Hobson &
Villard, 1998).

The objectives of this study are: (1) to identify the associations between
landscape structure descriptors (metrics) and the occurrence of individual species; (2) to
search for trends in the relation between occurrence and landscape structure among
functional groups and (3) trophic groups. This is an exploratory study that seeks to find

relations between these variables and species occurrence in a broad, encompassing way.
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4.3. METHODOLOGY

Study Area

Prince Edward Island covers an area of 5665.6 km” and is located in the St.
Lawrence Basin of Eastern Canada (approximately 46°N, 63°W; Agriculture, Fisheries,
Aquaculture and Forestry, 2003; Figure 4.1.). The island is approximately 16 km distant
from the mainland at the narrowest gap in the Northumberland Strait, and is relatively
flat with a maximum height of 146 m above sea level (Silva et al., 2003). The landscape
is composed of a number of land-types, including approximately 39.4% of agricultural
lands used for various crops, especially potatoes. The forests cover 48.4% of the island,
and are a mix of the old-growth Acadian species, as well as other species such as white
spruce (Picea glauca), black spruce (Picea mariana), poplar (Populus tremuloides), and
other fast-growing, secondary-growth trees. Wetlands comprise 4.2% of the island,
within which we can find marshes, bogs, salt marshes, and coastal areas such as sand
dunes. Approximately 6% of Prince Edward Island is composed of human-used areas
such as buildings and urban centres. The remaining 2% of the island’s land-cover
consists of an extensive network of roads. The human population in the province is
approximately 134,500 individuals with an increasing rate of 0.5% every five years

(Statistics Canada, 2001a).

Avian Species Data

Data on avian species occurrence were obtained from the Maritime Breeding
Bird Atlas (Erskine, 1992). Bird censuses were undertaken in all seasons by volunteers
from 1986 to 1990, who were organised and assigned sampling cells by an overseeing

committee of experienced avian samplers. Sampling locations were designed in order to
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Figure 4.1. Map of Prince Edward Island in relation to Canada (46°N, 63°W). The scale
bar refers to Prince Edward Island only. All five land-cover types used in the study are

shown here.
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sample as much of the landscape of the island as possible, and each cell was sampled at
least twice during the sampling period (Figure 4.2). Sampling proceeded in each
location until samplers had detected at least 75% of the species expected to exist in the
region, with 38% of the expected number being confirmed to breed within (Erskine,
1992). Sampling effort (hours per individual per sampling cell) varied depending on
remoteness of the sampling cell and the availability of volunteers. Only confirmed
sightings of breeding birds were used in this study, and confirmations were mostly made
in July due to breeding cycles of species (Erskine, 1992). For identification, we followed
Sibley and Monroe’s (1990) avian taxonomic classification. Each avian species was also
classified into a functional group according to habitat preferences and life history (e.g.
landbird, shorebird, seabird, or waterfowl). Shorebirds are defined as avian species that
spend the bulk of their life cycle on beaches and mudflats. In this study a seabird is
defined as any bird that feeds from saltwater, and spends the bulk of its life cycle living
on offshore islands or on coastal cliffs (Schreiber & Burger, 2001). Waterfowl are
primarily large birds (~ 4000 g) of the Order Anseriformes that spend a significant part
of their time in marshy wetlands or in the ocean along the coasts of the province. In this
study, landbirds are defined as all birds that spend the bulk of their life history
associated primarily with terrestrial ecosystems. Avian species were also classified
based on diet into four trophic groups: carnivore, omnivore, herbivore, and insectivore
(which in this study included species consuming arthropods and annelids). Body size (g)

information was estimated from Dunning (1993).

Spatial Scale

The spatial scale at which this study was conducted was established using the
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Figure 4.2. Map showing the 97 sampling cells (10 km x 10 km) that were used in this
study, created using the RandomPoly extension of ArcView 3.3. The black dots
represent the original sampling locations as detailed in the Atlas of the Breeding Birds
of the Maritime Provinces (Erskine, 1992). There were avian sampling locations within
76 cells in the study.
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same sampling grain that was used for the Maritime Breeding Bird Atlas (Erskine,
1992). Prince Edward Island was divided into 97 cells of 10 km x 10 km to maximize
the number of sampling cells on the island that reported avian species observations
(Figure 4.2). Sampling cells were generated using the “randompoly” extension of
ArcView™ (ESRI, version 3.3, Redlands, CA), where a grid was generated and
superimposed upon the study area determined in Erskine (1992). Sampling took place
throughout the sampling cells, each of which was labelled with the name of the primary
human community within the cell. While sampling was recorded as distributed
throughout each cell, it was likely concentrated near to the main communities listed.
Latitudinal and longitudinal coordinates of the main community of each sampling cell
were added to the dataset, the surroundings of which presumably the greatest
concentration of sampling was performed. These coordinates were used throughout the

rest of the study where latitude and longitude were investigated.

Landscape Types

Land-cover types of the province were quantified using ArcView™ (ESRI,
version 3.2, Redlands, CA) and ArcGIS™ (ESRI, version 8.1, Redlands, CA) based on
the Prince Edward Island 1990 Forest Inventory. This inventory was created from aerial
photographs that were taken during July and August 1990 at a scale of 1/17,500 scale,
using false colour infrared film. Photographs were ground-truthed in order to determine
the composition of landscape before being entered into the geographic information
system database, particularly with regards to the species composition of the forests.

Because it was expected that there would be significant correlations among the

metrics used to define landscape structure, we decided to conduct a Pearson correlation
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analysis to define land-cover layers. The relationships between a variety of land-cover
types and avian species richness were examined in this fashion, and the land-covers that
had the strongest associations with species richness were retained. Initially a finely
grained analysis was attempted, using several different land-cover types (e.g. salt marsh,
coniferous forest, potato field, etc.). Ultimately a coarse delineation of five land-cover
types was chosen (agriculture, forest, human-used areas, roads, and wetlands) based on
their better association with species richness. Another reason why we followed the
methodology used in Chapter 3 was because we were interested in examining the effects

of the same landscape variables that were associated with species richness.

Data Analysis

Following recommendations made by Turner et al. (2001a), we obtained metrics
of area, shape and aggregation for each landscape type. These metrics were generated
using Fragstats (v. 3.3; McGarigal & Marks, 1995), and consisted of the “percentage of
landscape”, the “patch-area fractal dimension”, and the “clumpiness index”. In order to
use Fragstats, all land-cover layers were converted from a vector (polygon) format into a
raster (pixelated) format using ArcGIS v. 8.1 (Spatial Analyst Extension). The
“percentage of landscape” metric quantified the proportional abundance of each land-
cover type per cell. The “clumpiness index” was used to assess aggregation of a given
land-cover type within a sampling cell. Clumpiness ranges from a maximally
disaggregated value to a completely aggregated value, and is calculated from examining
adjacent pixels in a matrix. Adjacent pixels of similar land-cover type result in higher
aggregation values. The precise calculation of clumpiness is equal to the proportional

deviation from the proportion of like adjacencies that involve corresponding land-type
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from that expected under a spatially random distribution (McGarigal & Marks, 1995).
If the proportion of these like adjacencies (G;) is less than the proportion of the land-
cover that comprises the focal land-type (P;), and P; < 0.5, then the clumpiness index
equals G; minus P;, divided by P;. If P; is greater than 0.5, the clumpiness index equals
(Gi-P;) /(1 - P;). The “Perimeter-Area Fractal Dimension” was used to assess land-
cover shape. Fractals have been used in landscape ecology for many years (Sugihara &
May, 1990; Krummel et al., 1997) and have been shown to be a powerful tool to
describe spatial patterns of landscape elements (Spies et al., 1994). We calculated the
fractal dimension for all land-covers in each sampling cell to test if complexity in the

shape of a land-type had any significant effect on species occurrence. (Equation 3.1).

Equation 3.1 Perimeter-Area Fractal Dimension. a;; = area (m?) of patch ij. Di=
perimeter (m) of patch ij. n; = number of patches in the landscape of land-cover i.
(McGarigal et al., 2002)

The perimeter-area fractal dimension equals 2 divided by the slope of the regression line
obtained by regressing the logarithm of patch area (m?) against the logarithm of patch
perimeter (m). A fractal dimension of higher than one indicates an increasing
complexity of the land-cover. The fractal dimension approaches 1 for land-covers
composed of simple shapes such as circles and squares, and it approaches 2 for very

complex shapes. The fractal dimension index is only meaningful when the log-log
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relationship between perimeter and area is constant over the complete range of areas,
and so this relationship was tested as well.

Pearson correlation analysis was conducted among the variables generated by
these metrics. Metrics that were significantly correlated to one another with r > 0.7 were
individually plotted against species richness using simple linear regression. Variables
with a stronger relation to species richness as defined in the previous chapter were kept
and used in subsequent analyses. All other variables that were not related to one another
to a strong a degree (i.e. r < 0.7) were kept in the analyses. It should be noted that the
remaining variables are likely to have some correlation, and so should not be regarded
as completely independent. Therefore, interpretations derived from these variables must
be made with caution.

In this study, occurrence is defined as the presence of a species in a landscape,
irrespective of how many individuals of that species are present. We calculated the
percentage of occurrence for each bird species by counting the number of sampling cells
each species was observed in. Following Gaston & Blackburn (2000), we only included
species that had occupancy of greater than 10% and less than 90%. Avian species with
less than 10% occupancy were considered in this study to be too spatially restricted to
be adequately assessed at the spatial scale of the landscape. Species with greater than
90% occupancy may have too abundant to see emerging patterns in their occurrence,
which is why they were also excluded from the study. Though excluding the species
with less than 10% occurrence may remove rare species from the analysis that may
benefit from this kind of study, interpretations that could be made from so few data

points would be vague at best.
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The occurrence of avian species was related to the landscape structure of Prince
Edward Island using a series of stepwise forward logistic regression analyses. This and
all subsequent data analyses were performed using the SAS statistical software package
(SAS Institute, Inc., version 8.02, Carey, NC). We developed an explanatory model for
each one of the examined avian species. Explanatory variables were selected using a
significance level where p = 0.05, and were chosen from all uncorrelated land-cover
variables as well as sampling effort.

To compare and assess the significance of each of the logistic models, the
likelihood-ratio test was used. The likelihood ratio test of a model determines the
significance of the difference between -2(log-likelihood) of a candidate model and -

- 2(log-likelihood) for the null model. This is a comparison of a model that only has the
constant with a model that that has the constant plus all of the predictive variables. In
the case in which predictors are not significantly related to the outcome found when the
variables are added to the model, the predictors are considered to be unrelated to the
outcome.

We used the Hosmer and Lemeshow goodness-of-fit test to determine whether
the distribution of probabilities produced by our model fit the logistic probability
distribution (Hosmer & Lemeshow, 1989). When the Hosmer and Lemeshow goodness-
of-fit statistic exceeded 0.05, we did not reject the null hypothesis that there is no
significant difference between observed and model-predicted values. This implies that
the estimate of the model fits the data at an acceptable level. Avian species that were
found to be significant for this test (p < 0.05) did not fit the logistic probability

distribution, and so did not have weli-ﬁtting models.
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In this study, the logistic R? used was Nagelkerke’s R (Nagelkerke, 1991).
Nagelkerke’s R? is a standard output in statistical programs, and is one of the most
commonly used measures of strength of association in logistic regression studies
(Guisan & Zimmermann, 2000; Harrell, 2001). This type of R? is an attempt to imitate
the interpretation of multiple R values based on the likelihood, and the measure is
divided by its maximum to obtain values varying between 0 and 1. Nagelkerke’s R* will
tend to run lower than an equivalent ordinary least-square R%. Possible trends in the
importance of specific landscape variables in relation to species occurrence were also
examined from the perspective of functional and trophic groups. This was
accomplished visually by a direct examination of significant land-cover variables within

all logistic models of occurrence.’

4.4. RESULTS

The five land-cover types (e.g., agriculture, forest, human-used areas, roads and
wetlands) used in this study were the best correlated to avian species richness as
determined in Chapter 3. Thirteen land-cover variables were used in this study, with
three variables (percentage of agriculture, fractal dimension of roads, and clumpiness of
wetlands) being dropped due to high correlations (r > 0.7; p < 0.05) with the remaining
land-cover variables (Appendix 2; Appendix 3). Descriptive statistics of all explanatory
variables used in the study are presented in Table 4.2. Sampling effort and total area
were significant predictors of species occurrence in many of the models throughout this
chapter. These two variables were included in the analyses as a correction factor to
account for the time spent sampling and for the amount of land in a cell, in order to

more accurately reflect species richness in a given area. Many of the sampling cells had
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Table 4.1 Land-cover variables examined. Abbreviations are provided to assist in
explaining statistical models in subsequent tables.

Land-Cover Variable Abbreviation
Total area of land-cover in cell (log;o) TA (log;o)
Fractal Dimension of Agriculture PAFracAgr
Clumpiness of Agriculture ClumpyAgr
Percentage of Forest PLandFor
Fractal Dimension of Forest PAFracFor
Clumpiness of Forest ClumpyFor
Percentage of Human;used lands _ PLandInf
Fractal Dimension of Human-used lands PAFracInf
Clumpiness of Human-used lands ClumpyInf
Percentage of Wetland PLandWet
Fractal Dimension of Wetlands PAFracWet
Percentage of Roads PLandRoad
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Table 4.2 Descriptive statistics of variables examined.

Standard
Error of
Variable N Mean Mean  Minimum Median Maximum
Total Area (km?) 76 6672 359 322 7155 10000
Total area (km*; logy,) 76  3.744 0.0361 2.5075 3.8546 4
Fractal Dimension of
Agriculture 75 12605  0.00444 1.1773 1.2686 1.3497
Clumpiness of
Agriculture 76 0.94431 0.00131 0.9139 0.9459 0.9638
Percentage of Forest 76  47.28 23 11.35 48.36 81.28
Fractal Dimension of
Forest 76 12777  0.00595 1.1526 1.2817 1.3806
Clumpiness of Forest 76 0.94127  0.00119 0.9068 0.9428 0.9669
Percentage of Human-
used lands 76  6.423 0.554 1.121 4.688 31.096
Fractal Dimension of
Human used lands 75 13022  0.00597 1.1859 1.2987 1.4389
Clumpiness of Human-
used lands 76 09169  0.00156 0.8879 0.9154 0.9536
Percentage of Wetlands 76  5.373 0.654 0.1 3.815 35.462
Fractal Dimension of
Wetlands 75 12864 0.00736 1.1894 1.277 1.5005
Percentage of Roads 76  2.062 0.043 1.1567 2.0781 2.9397
Clumpiness of Roads 76 0.70023  0.00165 0.6687 0.70145 0.7396
Longitude 76 -63.308  0.0761 -64.374  -63.346 -61.992
Latitude 76 46419 0.028 45.955 46.41 47.057
Latitude X Longitude 76 -2938.8 49 -3011.5 29345 -2874.1
Minimum body size of
pooled species (g) 76 5915 0.311 3.15 6.2 14.1
Maximum body size in
assemblage (g) 76 2355 161 114 1659 4740
Mean body size in
assemblage (g) 76 2346 11.5 39.1 225.7 669.7
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Table 4.2 (Continued) Descriptive statistics of variables examined.

Standard
- Error of
Variable N  Mean Mean  Minimum Median  Maximum
Sampling Effort
(Hours/Individual/Cell) 76  35.21 3.04 2 35 100
Sampling Effort (log;g) 76 1.3901 0.0491 0.301 1.5441 2
Pooled Species Richness 76  51.01 2.61 9 515 98
Species Richness of
Landbirds 76 4234 2.28 8 40 81
Species Richness of
Seabirds 32 2,188 0.244 1 2 7
Species Richness of
Shorebirds 66 2924 0.189 1 3 8
Species Richness of
Waterfowl 68 5.824 0.359 1 5.5 12
Mean body size of
pooled species (g; log,)) 76  1.751 0.0179 1.3798 1.7551 2.2733
Mean body size of
pooled species (g; logio)> 76  3.09 0.0645  1.9037  3.0804 5.1678
Mean body size of
landbirds (g; logo) 76  2.1147 0.025 1.4862 2.1133 2.6968
Mean body size of
landbirds (g; logyo)® 76 4519 0.104 2.209 4.466 7.273
Mean body size of
seabirds (g; log;o) 32 2.7584 0.0769 2.0607 2.9509 3.3242
Mean body size of
seabirds (g; logyo)” 32 1792 0.401 4.246 8.708 11.05
Mean body size of
shorebirds (g; log;) 66  0.4043 0.0297 0 04771 0.9031
Mean body size of
shorebirds (g; log;)’ 66 0.221 0.0233 0 0.2276 0.8156
Mean body size of
waterfowl (g; logyo) 68 2924 0.0132 2.5866 2.904 3.1415
Mean body size of

shorebirds (g; logi))® 68 8.5616  0.0769  6.6904  8.4332 9.8692

76

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



a high proportion of land (29 with greater than 90% land) in relation to the amount of
ocean, while 11 cells had less than 10% land. As time was spent making observations in
a sampling cell, samplers eventually reached the maximum number of species they were
likely to find, at which point sampling ceased. This sampling trend was reflected in the
results obtained in this study. A total of 156 breeding bird species were recorded in
Prince Edward Island (Appendix 1) in 76 sampling cells (Figure 4.3.). Of these species,
52 were observed to occur in less than 10% of Prince Edward Island, while 2 species
(Melospiza melodia and Turdus migratorius) covered an area of greater than 90%,
leaving 102 species to be analyzed in this study. Both before and after excluding these
species from subsequent analyses, the occurrence of avian species exhibited a right-
skewed frequency distribution (Figure 4.4.), indicating that there are many more species
with a low occurrence than a high occurrence.

Logistic regression analysis resulted in significant associations between
occurrence and our explanatory variables for 48 avian species, according to the
likelihood-ratio test. Of these 48 species, 47 were considered to adequately fit the data
based upon Hosmer and Lemeshow’s goodness-of-fit test. Of the 47 remaining avian
species, 19 were significantly associated only to total area and/or sampling effort, with
no significant associations with any of the land-cover variables. The 29 species that
remained were considered to be significantly associated with landscape structure (Table
4.3.1 and 4.3.2), and R? varied from 0.12 to 0.37.

With the exception of the aggregation of wetland patches, all landscape metrics
examined in this study were associated to the occurrence of at least one avian species
(Table 4.4). However, no single land-cover variable was significantly related to more

than six species. Due to the correlations discovered in the land-cover metrics, it may be
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Figure 4.3. The 76 sampling cells of 10 km x 10 km where avian species were observed
in this study. The sampling cells are shown overlaying the landscape composition of
Prince Edward Island. Blank spaces were non-sampled areas.
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Figure 4.4. Frequency distribution of the percentage of occurrence of avian species
breeding on Prince Edward Island. This figure includes all species observed in the study,
and illustrates the amount of land each species was found to occur within.
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Table 4.3.1 Avian species models developed in this study using logistic regression, sorted by functional group (L = Landbird, W =
Waterfowl, Sh = Shorebird, Se = Seabird). Included in this table is the list of variables used in this study (See Table 4.1. for the key to
abbreviations). ClumpyWet was nonsignificant for all species, and is not shown in this table. Variables chosen in models are shown as
coefficients, with signs to indicate the effect (positive or negative) on species occurrence. Also included is sampling effort (Hours per
individual per sampling cell) and the model Y-intercept. Model statistics such as Hosmer and Lemeshow’s goodness-of-fit test and the
likelihood ratio test-are shown in the following tables. Table is continued on subsequent page.
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Bubo virginianus L 8799 -0.53 . -92.87 -0.17

Haliaeetus leucocephalus L 816 3.04 0.04 . . -13.28

Strix varia L 15231 -0.33 . -162.38 -0.16

Perdix perdix L 5885 0.93 -64.74 .

Contopus virens L -16.11 1.35 11.21

Dendroica fusca L 8.21 1.96 . -9.10

Dendroica pensylvanica L 1432 1.63 -14.00 .

Dendroica virens L -175 1.57 . . -0.16

Passerculus sandwichensis L -2826 200 219 15.29

Regulus satrapa L 8765 013 357 -19.40 -81.48

Sphyrapicus varius L 6910 039 -71.13 . -1.81

Vermivora ruficapilla L -386 0.82 0.03

Dumetella carolinensis L 524 135 0.04
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Table 4.3.1 Continued
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Euphagus carolinus L 024 1.46 . 2.1
Melospiza georgiana L -1573 0.72 . . 11.68
Molothrus ater L 8577 1.29 -76.86 -12.16
Parula americana L 649 115 203 -12.22
Passer domesticus L 2026 043 . -15.20
Phasianus colchicus L 7489 0.27 . -82.16
Pheucticus iudovicianus L 114 0.76 . -0.03
Quiscalus quiscula L 5642 1.10 -42.81
Sturnus vuigaris L -562 1.00 . 3.60
Colaptes auratus Sh 36.01 0.65 . -27.86 .
Scoiopax minor Sh 6943 -103 295 -77.03
Catoptrophorus semipalmatus Sh 6455 0.84 . -73.83
Gallinago delicata Sh 7170 047 -76.59
Mergus serrator W -67.32 -067 -19.79 96.29 0.16 .
Anas americana W 012 209 . -1.42
Anas crecca W 2433 1.06 -16.50 -2.16
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Table 4.3.2. Table depicting model statistics for species detailed in Table 4.3.1, sorted by
functional group. The likelihood ratio test (model accepted if p < 0.05) determines the
significance of the nested model in comparison to the constant-only model. The Hosmer-
Lemeshow test determines whether the model fits the data (model fits if score > 0.05).
Nagelkerke’s R? provides an approximation-of the amount of variance explained in the
model. Characteristics of the species are shown, such as Functional Group (L = Landbird,
W = Waterfowl, Sh = Shorebird, Se = Seabird), Trophic Group (C = Carnivore, O =
Omnivore, H = Herbivore, [ = Insectivore).

Likelihood Hosmer- Nagelkerke's Functional Trophic

_Species ratiotest Lemeshow R Group Group
Bubo virginianus 0.006 0.538 0.22 L C
Haliaeetus leucocephalus 0.001 0.445 0.3 L C
Strix varia 0.002 0.964 0.31 L C
Perdix perdix 0.004 0.798 0.19 L H
Contopus virens 0.004 0.481 0.18 L |
Dendroica fusca 0.006 0.685 0.17 L |
Dendroica pensylvanica 0.008 0.387 0.18 L |
Dendroica virens 0.002 0.679 02 L I
Passerculus sandwichensis 0.002 0.281 0.35 L |
Regulus satrapa 0.001 0.831 03 L I
Sphyrapicus varius 0.020 0.481 0.19 L |
Vermivora ruficapilla 0.039 0.729 0.12 L |
Dumetella carolinensis 0.034 0.318 0.14 L o
Euphagus carolinus 0.041 0.443 0.15 L 0]
Melospiza georgiana 0.007 0.334 0.17 L 0o
Molothrus ater 0.001 0.594 0.26 L o
Parula americana 0.004 0.765 0.22 L 0]
Passer domesticus 0.004 0.174 0.21 L 0]
Phasianus colchicus 0.053 0.780 0.14 L o)
Pheucticus ludovicianus 0.035 0.126 0.12 L 0]
Quiscalus quiscula 0.015 0.062 0.31 L 0
Sturnus vulgaris 0.019 0.692 0.23 L O
Colaptes auratus 0.005 0.670 0.21 Sh |
Scolopax minor 0.003 0.674 0.26 Sh I
Catoptrophorus
semipalmatus 0.026 0.158 0.16 Sh 0]
Gallinago delicata 0.007 0.573 0.17 Sh 0
Mergus serrator 0.000 0.641 0.37 W C
Anas americana 0.043 0.857 0.22 w 0
Anas crecca 0.002 0.142 0.24 w 0)
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Table 4.4. Table listing the number of times each land-cover metric was significantly
associated to avian species occurrence in this study. Of the total observations, positive
and negative associations are also listed.

Total number of Number of Number of
Land-Cover Variable species associated positive negative

with variable associations associations
Percentage of Forest 4 3 1
Percentage of Human-used land 2 0 2
Percentage of Wetland 2 1 1
Percentage of Roads 5 1 4
Fractal Dimension of Agriculture 4 0 4
Fractal Dimension of Forest 4 2 2
Fractal Dimension of Human- 1 0 1

used land
Fractal Dimension of Wetlands 5 1 4
Clumpiness of Agriculture 3 0 3
Clumpiness of Forest 6 1 5
Clumpiness of Human-used land 2 0 2
Clumpiness of Wetland 0 0 0
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more informative to examine the relationships between landscape structure and species
occurrence in terms of the type of land: Forest variables were significant among 13
species, agriculture and wetland variables were both significant for 7 species, while

human-used lands and roads were significant for 5 species each.

Functional Groups and Trophic Groups

Due to the small amount of avian species for which occurrence was significantly
explained in this study, trends were difficult to examine in terms of functional group
(Table 4.3.1 and 4.3.2) and trophic group (Table 4.5.1 and 4.5.2). The most apparent
trends were of which birds were predicted, rather than which variables were found to be
important.

Out of the 29 species for which occurrence models were developed, 22 were
landbirds, 4 were shorebirds, 3 were waterfowl, and no seabirds were significantly related
to land-cover at all. Far more landbirds were associated with landscape structure than any
other group, with many of these species being forest species of the Order Passeriformes.
This is expected, as there are far more land-bird species on the island than any of the
other functional groups. Although there were individual species differences, the 22
landbird species tended to relate to agricultural and forest variables more than other land-
cover types.

The association between occurrence and the land-cover metrics did not show any
discernable pattern among species when occurrence was examined by trophic group. Of
the 29 species that showed association with the land-cover metrics, 4 were carnivores, 10
were insectivores, 14 were omnivores, and one was an herbivore. These insectivores and

omnivores were primarily composed of the Order Passeriformes. Species did not appear
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Table 4.5.1 Avian species models developed in this study using logistic regression, sorted by trophic group (C = Carnivore, O =
Omnivore, H = Herbivore, I = Insectivore). Included in this table is the list of variables used in this study (See Table 4.1. for the key to
abbreviations). ClumpyWet was nonsignificant for all species, and is not shown in this table. Variables chosen in models are shown as
coefficients, with signs to indicate the effect (positive or negative) on species occurrence. Also included is sampling effort (Hours per
individual per sampling cell) and the model Y-intercept. Model statistics such as Hosmer and Lemeshow’s goodness-of-fit test and the
likelihood ratio test are shown in the following tables. Table is continued on subsequent page.
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Bubo virginianus C 8799 -0.53 . -92.87 . 0.17 .
Haliaeetus leucocephalus C 9.16 3.04 0.04 . . . . . . -13.28
Strix varia C 15231 -0.33 . -162.38 -0.16 . .
Mergus serrator C 6732 -067 -19.79 . 96.29 . . . 0.16
Perdix perdix H 6885 0.93 -64.74
Confopus virens I -1611 1.35 11.21 .
Dendroica fusca | 8.21 1.96 . -9.10
Dendroica pensylvanica I 1432 1.63 -14.00 .
Dendroica virens | -1.75 157 . . -0.16
Passerculus sandwichensis | -2826 200 219 15.29
Regulus satrapa | 8765 013 3.57 . . -19.40 -81.48 . . . . .
Sphyrapicus varius I 6910 0.39 -71.13 . . . . . . . . -1.81
Vermivora ruficapilla | -3.86 0.82 . 0.03
Colaptes auratus I 36.01  0.65 -27.86
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Table 4.5.1 Continued
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Scolopax minor | 5943 -103 295 -77.03
Dumetella carolinensis O -524 135 0.04 .
Euphagus carolinus O 024 1.46 . 2.11
Melospiza georgiana O -1573 0.72 . . 11.68
Molothrus ater O 8577 129 . -76.86 -12.15 .
Parula americana 0] 6.49 115 2.03 -12.22
Passer domesticus O 2026 043 . -15.20
Phasianus colchicus O 7489 0.27 . -82.16
Pheucticus ludovicianus 0] 114 076 . -0.03
Quiscalus quiscula O 5642 110 -42.81 .
Sturnus vulgaris O -562 1.00 3.60
Catoptrophorus semipalmatus O 64.55 0.84 . -73.83
Gallinago delicata 0O 7170 047 -76.59 .
Anas americana O -012 209 . -1.42
Anas crecca O 2433 1.06 -16.50 -2.16
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Table 4.5.2 Table depicting model statistics for species detailed in Table 4.4.1, sorted by
trophic group. The likelihood ratio test (model accepted if p < 0.05) determines the
significance of the nested model in comparison to the constant-only model. The Hosmer-
Lemeshow test determines whether the model fits the data (model fits if score > 0.05).
Nagelkerke’s R provides an approximation of the amount of variance explained in the
model. Characteristics of the species are shown, such as Functional Group (L = Landbird,
W = Waterfowl, Sh = Shorebird, Se = Seabird), Trophic Group (C = Carnivore, O =
Omnivore, H = Herbivore, I = Insectivore). Table is continued on subsequent pages.

Likelihood Hosmer- Nagelkerke's Functional Trophic

Species ratiotest Lemeshow R® Group Group
Bubo virginianus 0.006 0.538 0.22 C L
Haliaeetus leucocephalus 0.001 0.445 0.3 C L
Strix varia 0.002 0.964 0.31 C L
Mergus serrator 0.000 0.641 0.37 C W
Perdix perdix 0.004 0.798 0.19 H L
Contopus virens 0.004 0.481 0.18 l L
Dendroica fusca 0.006 0.685 0.17 | L
Dendroica pensylvanica 0.008 0.387 0.18 I L
Dendroica virens 0.002 0.679 0.2 | L
Passerculus sandwichensis 0.002 0.281 0.35 | L
Regulus satrapa 0.001 0.831 03 | L
Sphyrapicus varius 0.020 0.481 0.19 | L
Vermivora ruficapilla 0.039 0.729 0.12 | L
Colaptes auratus 0.005 0.670 0.21 | Sh
Scolopax minor 0.003 0.674 0.26 | Sh
Dumetella carolinensis 0.034 0.318 0.14 (0] L
Euphagus carolinus 0.041 0.443 0.15 0] L
Melospiza georgiana 0.007 0.334 0.17 0] L
Molothrus ater 0.001 0.594 0.26 0] L
Parula americana 0.004 0.765 0.22 0] L
Passer domesticus 0.004 0.174 0.21 0] L
Phasianus colchicus 0.053 0.780 0.14 0] L
Pheucticus ludovicianus 0.035 0.126 0.12 0] L
Quiscalus quiscula 0.015 0.062 0.31 0] L
Spizella passerina 0.010 0.452 0.12 0] L
Sturnus vulgaris 0.019 0.692 0.23 0] L
Catoptrophorus

semipalmatus 0.026 0.158 0.16 O Sh
Gallinago delicata 0.007 0.573 0.17 O Sh
Anas americana 0.043 0.857 0.22 0] w
Anas crecca 0.002 0.142 0.24 0] w
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to respond to landscape structure in any discernable pattern, although insectivores were

associated to marginally more forest-related variables than the others.

4.5 DISCUSSION

Overall, this study showed that landscape structure significantly affected the
occurrence of many avian species in Prince Edward Island, and to varying degrees. We
explored the effects of several land-cover metrics on the occurrence of avian species
known to breed in Prince Edward Island. The occurrence of 29 out of 156 avian species
was associated with landscape structure, which was considerably less than was
anticipated. Earlier avian studies on Prince Edward Island were conducted at small spatial
scales (Makepeace, 1989). While the findings in these studies were suitable to answer
specific questions regarding small-scale occurrence and watershed-level issues, they were
not designed to examine questions about broad-scale variability in the occurrence of
species (Weins, 1989). Other studies focused on particular focal groups such as
waterfowl, and ignored the remaining avifauna on the island (Dibblee & Guignion, 1974;
Bateman & Dibblee, 2000; Stevens et al., 2003). Thus, this is the first study that was
designed to examine the patterns of occurrence of avian species at a large or regional
spatial scale in Prince Edward Island.

Fifty-four species were removed from the analysis because they occurred in less
than 10% or more than 90% of our sampling cells. Most species that occurred in less than
10% of sampling cells were rare (23) or uncommon (13) as denoted by ACCDC (2004;
Table 4.6), while a few were possibly under sampled. Most of the species that were
excluded from this study were rare or uncommon. Therefore, the findings in this study do

not reflect the patterns of occurrence of rare avian species. In further studies, a larger
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Table 4.6. List of species removed from the analysis due to high (> 90%) or low (< 10%)
occurrence, in alphabetical order. Characteristics of the species are shown, such as
Functional Group (L = Landbird, W = Waterfowl, Sh = Shorebird, Se = Seabird), Trophic
Group (C = Carnivore, O = Omnivore, H = Herbivore, I = Insectivore) and mean body
size. S-Ranks denote provincial status from ACCDC (2004). S-rankings are: (S1)
extremely rare; (S2) rare; (S3) uncommon; (S4) usually widespread; (S5) demonstrably
widespread; (SE) exotic; (SZ) zero occurrences; (B) breedings; (N) non-breeding; (S?)
Unranked; (SA) Accidental; (SZ) long-distance migrant. Multiple entries indicate no
consensus on S-Rank delineation. Table is continued on subsequent page.

5 g
O > o
. -é § % Trophic
Species S 3 5 Group S-Rank
o8 5
= 5
L

Accipiter gentilis 0.09 L Cc S4B
Aegolius acadicus 0.09 L Cc S5B,S2N
Anas clypeata 0.06 w 0] S3B
Ardea herodias 0.08 Sh C S4B
Asio flammeus 0.02 L C S$1,82B
Asio otus 0.01 L C $1,82
Aythya americana 0.02 W H SAN
Aythya marila 0.01 W 0] SAB,S3M,S1N
Bartramia longicauda 0.02 Sh | S1B
Buteo jamaicensis 0.05 L C S2B
Buteo platypterus 0.01 L c S1B
Carduelis pinus 0.08 L H $2B,S3,S4N
Carpodacus mexicanus 0.03 L H SE
Catharus minimus 0.02 L 0] SAN
Cepphus grylle 0.07 Se c S2B
Certhia americana 0.07 L | S58
Chaetura pelagica 0.01 L | S1B
Charadrius semipalmatus 0.03 Sh | S5N
Chordeiles minor 0.03 L i S$1,S2B
Coccyzus erythropthalmus 0.02 L I S4B
Dendroica caeruilescens 0.07 L | S4B
Dendroica striata 0.01 L | SAN
Dryocopus pileatus 0.02 L i S2
Empidonax flaviventris 0.07 L 1 S5B
Empidonax traillii 0.02 L ] S1B
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Table 4.6 Continued

Sz ©
S5 65 Trophic
Species 52 B9 Grgup S-Rank

a9 SO

o8 =

a
Eremophila alpestris 0.02 L 0] S2B,S5N
Fulica americana 0.01 L (0] S2B
Hirundo pyrrhonota 0.01 L | S3B
Icterus galbula 0.05 L | S2B
Larus argentatus 0.08 Se 0] S5B,S5N
Larus delawarensis 0.03 Se (0] S$1B,S5N
Loxia curvirostra 0.01 L H 82,83
Melospiza melodia 0.93 L - H S5B
Mergus merganser 0.01 w C S4N
Mimus polyglottos 0.03 L o S2B
Myiarchus crinitus 0.01 L | SAB
Numida meleagris 0.01 L H S
Passerella iliaca 0.02 L | SZB
Perisoreus canadensis 0.09 L O S3
Phalacrocorax auritus 0.08 Se C S5B
Phalacrocorax carbo 0.08 Se C S3B
Picoides arcticus 0.09 L | S3
Picoides tridactylus dorsa 0.01 L | S1
Pinicola enucleator 0.04 L (0] S$2,83
Pooecetes gramineus 0.06 L H $1,528
Rallus limicola 0.02 L (0] S2B
Seiurus noveboracensis 0.08 L C S3B
Sialia sialis 0.02 L | S1B
Sitta carolinensis 0.06 L H S5
Sterna paradisaea 0.05 Se 0] S17B
Turdus migratorius 0.93 L o S5B
Tympanuchus phasianellus 0.05 L H SE
Vireo philadelphicus 0.04 L I S2B
Wilsonia pusilla 0.04 L | S4B
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spatial scale extent may be needed to examine these species in more detail (Vaughan &
Ormerod, 2003).

Similarly to the previous chapter in this thesis, landscape structure explained less
of the variation in species occurrence than we had originally expected. The relatively low
number of species successfully associated with landscape structure in our study may be
related to the spatial scale of our analysis, inadequate delineation of the land-covers, or
there was simply a true weak association. It is possible that more finely divided
delineations may have yielded more accurate explanations, particularly in the wetland
land-type, and possibly in the forest land-type. Avian species may respond differently to
bogs than they would to marshes and salt marshes, and to deciduous forests differently
than to coniferous forests. The difficulty in defining land-types in this fashion lies in
finding metrics to explain their attributes. For example, defining coniferous and
deciduous stands as different land-types may result in a perceived discontinuity of land-
cover that may not truly exist. The edges between two closely-related land-types may not
be as clearly defined as in coarser landscape delineations. Because of this, the shape as
defined by the fractal dimension may not be as accurate when land-types are delineated in
too fine a fashion, and the aggregation of habitat as defined by the clumpiness metric
becomes a less clear measure. The five land-cover types used in this study were the most
distinguishable habitat types that we could delineate using indices of size, shape, and
aggregation, and adding or removing different land-cover types would have to be done

with caution.
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Functional Groups

Shorebird species can be common on Prince Edward Island, due to the broad,
sandy shores surrounding most of the province. In general, landscape structure was not a
major determinant of the occurrence of shorebird species. Also, because only four species
were significantly associated with landscape structure, no meaningful trends in important
variables could be assessed. This is not to imply that landscape structure is not important
to this functional group, but that precisely which metrics that directly affect occurrence
are not possible to interpret using our data and methodology. Human-influenced land in
the form of recreational beaches has known to have a strong effect on the survival of
shorebird populations (Flemming et al., 1988; Maclvor et al., 1990), but this was not
reflected in our results.

In Prince Edward Island, seabirds are normally colonial nesters that live on
offshore islands, cliff-faces on the North shore of Prince Edward Island (Schreiber &
Burger, 2001). Few seabirds are known to breed on Prince Edward Island, and none were
significantly associated with landscape structure in this study. The most common species
are the seagulls (Larus spp.) that are found ubiquitously throughout the island, and
cormorants (Phalacrocorax auritus and Phalacrocorax carbo), that live in colonies on
cliff-faces of the northern shore of Prince Edward Island (Erskine, 1992). Habitat loss
and fragmentation due to agriculture and forestry is not likely to have adverse effects
upon colonial cliff-nesting seabirds such as cormorants, simply because they are not
generally in the same regions. This may explain why we didn’t find significant
associations between the land-cover metrics species studied here. However, some seabird
species (e.g. Brachyramphus marmoratu; Raphael et al., 2002) are known to breed

inland, in places that could be affected by habitat fragmentation. Therefore, though
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seabirds were not significantly associated with landscape structure in this study, these
results do not mean they should be discounted in studies of habitat fragmentation.

Waterfowl diversity has declined through the past two centuries in Prince Edward
Island, which is thought to be due to over-harvesting and the conversion of wetlands into
agricultural fields (Stevens ef al., 2003). Waterfowl species have been linked to wetland
habitats in Prince Edward Island, both in terms of diet and preferred breeding habitat
(Stevens et al., 2003). In our study, only three waterfowl species were significantly
associated with landscape structure. Surprisingly, only one species was associated with a
wetland metric. One possibly explanation for this finding is the coarseness of the
landscape classification scheme used in this study. MacFaden & Capen (2002) found that
more specific land-classifications at smaller scales yielded greater predictions of species
occurrence. In our study, dunes, salt-marshes, bogs and marshes were grouped together in
order to create a parsimonious representation of the wetlands of Prince Edward Island. It
is possible that this amalgamation has diluted the effect that any particular wetland type
may have on avian species occurrence (Turner et al., 2001a; Beever et al., 2006).

As expected, more landbird species were associated with landscape structure than
any other functional group. These findings also support other studies that have
demonstrated relationships between landscape structure and the occurrence of avian
species (Trzcinski et al., 1999; Rodewald & Brittingham, 2002; Fahrig, 2003; Estrada &
Coates-Estrada, 2004; Rodewald & Matthews, 2005). Though there were more landbird
species associated to landscape structure than the other functional groups, there were still
few discernable trends as to which metrics were more important than others. Also, rarely
were species affected by more than two specific landscape metrics. Very generally, it can

be seen that variables related to forest configuration (shape, size, and aggregation of
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patches) were important for many landbird species, but due to correlation among
variables, importance of specific metrics should not be interpreted above the importance
of the overall land-type. Some of the forest metrics were inversely proportional to metrics
related to the agriculture land-type. Therefore, they may still be important in relation to
avian species occurrence, despite their lack of representation within the occurrence
models. Occurrence of landbirds has been known to be positively related to the fractal
dimension of agricultural fields, indicating that landbirds in some other places are likely
to occur in agricultural areas where the perimeter of the fields is much larger than the

area of agricultural patches (Hughes et al., 2002; Naidoo, 2004).

Trophic Groups

No specific trends were observed within the trophic groups. Due to the small
number of species successfully associated with landscape structure in this study, there is
too little information to make definitive statements as to what groups respond to which
variable in a consistent manner. For example, only one herbivore (Perdix perdix) was
signiﬁcaptly associated with landscape structure in this study, and it was negatively
associated with the aggregation of agriculture. However, without many more species of
this functional group, no trends could be adequately analyzed. This is also true of the
other trophic groups to a lesser extent, but some general observations can still be made.

Carnivores seemed to be less dependent on landscape structure than other bird
groups, as there were only four species significantly associated with landscape structure
in this study. Of those four species, variables related to wetland and forest land-types
seemed to be the most important metrics. It is important to recognize that in this study,

piscivorous species were included within the carnivore trophic group, and so results may
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change should these groups be examined separately (Brawley et al., 1998; Benoit &
Askins, 2002). It is also possible that the occurrence of many carnivorous species on the
island may be independent of landscape structure, and be more related to characteristics
that describe their prey species (Haskell et al., 2002).

Several landscape metrics were significantly associated with the occurrence of the
omnivorous avian species in this study. The observations of specific variables associated
with omnivore occurrence were similar in nature to that of the landbird functional group,
in that few species were associated with more than two given land-cover metrics. They
were more random in relation to landscape structure than insectivores, possibly due to
their more genéric diets.

Insectivores were found throughout the province, and along with omnivores are
some of the most easily recognized and abundant avian species on Prince Edward Island
(Domm, 2002). Insectivores were primarily related to forest variables in this study, and
should be considered to be a subset of the landbird functional group in that they are
primarily small species of the Order Passeriformes (Erskine, 1992). It is likely that this
result is related to the food resources that insectivores rely upon (Jones et al., 2005).
Bélisle ef al., (2001) found similar results when examining the dispersal of avian
insectivores at small spatial scales. Their studies demonstrated that birds would forage for
insects in the agricultural fields while rarely straying too far from the protective edges of
the forest. Similar results were found by Gaston and Evans (2004), who examined
songbird abundance in English farm fields. They found high abundances of insectivorous
songbirds were found along ecotones that border both woodlots and agricultural fields,

with insect abundance increasing with greater edge complexity.
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5. GENERAL DISCUSSION

The conclusion of any project, and more specifically this thesis, can be turned into
a profitable affair by considering future opportunities; both what needs to be done in
order to make similar projects more successful in the future, and also the types of
research that can follow from the findings of a project. The first and most evident of
these is to supplement the dataset. Due to the large number of avian species that were
considered in this study, it was inevitable that there would be missing information. It
should be mentioned that this is typical of most macroecological studies (Brown, 1995).
However, it is important to recognize that even though this lack of information might not
have significantly altered the trends observed in this study for common species, our
findings do not provide much information on the factors that determine the occurrence of
rare or uncommon species. This is important because it has been recently been suggested
that that the factors that determine the abundance and occurrence of rare species differ
from those that determine the abundance and occurrence of common species (La Sorte,
2006). Therefore, it is clear that future studies should consider focusing on rare and
uncommon spécies by collecting more thorough data on their abundance, as well the
factors that determine their presence or absence.

It is also especially pertinent that attention be drawn to the biasing effect of
sampling effort in Erskine (1992), as Bird Studies Canada is currently in the process of
collecting data using an identical methodology for an updated publication. The atlas
would have even greater applications if it contained more accurate estimates of
population abundances (within provinces).

With respect to the methodology, the inclusion of many biologically relevant

variables meant there were issues of collinearity between similar variables. A different
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approach to analyze the patterns of species richness which may warrant investigation, if
only for comparative purposes, would be to use Principal Components (McGarigal ef al.,
2000) in combination with multiple regression. This would remove the effects of
collinearity, and amalgamate the variables into compound variables that could act as
broad surrogates for such insular descriptor categories as "physical’, 'ecological’ and
'human effects'. However, biological interpretation of principal component axes is not
always easy, and any analysis would have to be carefully planned to obtain biologically
relevant results.

This study has examined several factors that determine species richness and
occurrence of birds breeding on Prince Edward Island at a regional spatial scale. What is
required now is a process-orientated investigation of some of these factors, especially
those associated with anthropogenic activities. Such an approach would be best served
by exploring the biology of individual species (autoecology) and how they interact with

the physical geography of their environments.

General Observations

The combined study of species richness and species occurrence in avian species is
not a common procedure in ecology. Examining these two processes is usually for very
separate purposes. Ecologists often examine species richness in order to assess overall
biodiversity, often in conjunction with measures of population abundance. Species
occurrence is most often examined for particular species to determine relative
commonness or rarity. This is done to investigate whether or not a species is in danger of
extinction, and to determine which species are in need of protection or of further study.

The difficulty in combining these two different patterns is a problem of both disparate
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spatial scales and of finding adequate landscape metrics to fully describe both patterns.
Additionally, agricultural variables were known to be inversely related to forest variables
in many places on Prince Edward Island, and so their effects would be necessary to

examine at the same time as forest variables.

Species Richness

Landscape structure was not as powerful a predictor of avian species richness on
Prince Edward Island as was originally expected. Due to the collinearity of the many of
the explanatory variables, generalizations had to be made as to what specific variables
were important in explaining species richness. The shape, size, and aggregation of forest
patches were important for many groups of birds, with the result that any studies
involving avian species richness on Prince Edward Island must keep the spatial
composition of the forests firmly in mind. Body size and latitude added considerable
explanatory power to the models explaining variation in species richness, both factors

which are usually thought to explain larger-scale patterns in species richness.

Species Occurrence

The investigation into the effects of landscape structure on avian species
occurrence yielded results that may fuel future studies of avian species occurrence upon
Prince Edward Island. Though few species were successfully associated with landscape
structure in this study (29 out of a possible 102), many rare species were not examined
for methodological reasons, which should be rectified in the future. Species that were

associated with landscape structure tended to show now trends, other than a tendency for

forest variables to be important in landbirds, omnivores and insectivores (many of the
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latter two of which belong to the first group). Although community-based trends were not
apparent, the knowledge of how each of the 29 species were associated with landscape
structure in this study can be the basis for many further studies, in effort to refine and
improve these models. Altogether, this study marks the first broad-scale quantitative
study at the species level for birds on Prince Edward Island. The information found in

this study will provide baseline knowledge for the use of future studies in landscape

ecology in the province.

Conservation Implications and Philosophical Significance

This is the first landscape-scale study on avian community ecology on Prince
Edward Island. A blended approach to the study of avian communities is useful to
wildlife managers, conservation biologists, and ecologists alike. The study of species
richness and occurrence attempt to answer different and yet related questions: Why do we
have so many species in one place and not another (Hutchinson, 1959), and why is a
particular species in one place and not another (MacArthur, 1972)?

Wildlife managers and conservation biologists may seek to increase the
biodiversity of a region, or may desire to protect a specific endangered species.
Knowledge of what determines the species richness and occurrence of species is not
complete, therefore every study performed in answer to these questions will help these
managers and biologists perform their tasks with more efficiency. Studies have been
performed globally in response to these questions, from the Galapagos (Darwin, 1859) to
the Red Sea (Azeria, 2004), to Australia (Rozensweig, 1995) and beyond. The knowledge
that many patterns of species richness and occurrence vary with spatial scale (Rahbek and

Graves, 2001) has been acknowledged. Ecologists have since examined variation in
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species richness and occurrence across spatial scales, allowing a more complete answer
to the questions of Hutchinson and MacArthur than has previously been known (Brown
& Maurer, 1989; Currie, 1991; Currie & Francis, 1999; Cardillo, 2002). Each of these
studies may therefore indirectly help increase the biodiversity of an area, or save an |
endangered species from local extinction. Recommendations given to landscape
managers and ecologists would vary depending upon their focus and intentions. The dual
nature of this thesis lends itself to two very different directions. For purposes of
conservation, our findings show that the highest species richness of birds on Prince
Edward Island is likely to occur (albeit with a large margin of error) in areas with an
abundant amount of forests with plenty of core area in relation to their perimeter, and
areas of complex agricultural fields with a low perimeter-to-area ratio.

Altogether, this study marks the first broad-scale quantitative study at the
landscape level for birds on Prince Edward Island. The simultaneous examination of
species richness and occurrence is not a new approach (Rahbek, 2001; Jetz & Rabhbek,
2002), but is not one that is widespread. Combining these two studies has given a broader
and more comprehensive examination of the ecological effects of landscape structure,
body size and latitude on avian species. These findings may prove useful for
conservationists, in that managers wishing to use the landscape structure of Prince
Edward Island to optimize the diversity of birds can use the models found within to assist
in doing so. In addition, those that wish to find the impacts of landscape change on
particular species can do so in a similar fashion. These findings may also be of use to
ecologists in general, in that Prince Edward Island has now successfully been used as a

case-study region in landscape ecology.

100

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6. LITERATURE CITED

Agriculture, Fisheries, Aquaculture, and Forestry. (2003) Agriculture on Prince Edward
Island. Government of Prince Edward Island, Canada.
http://www.gov.pe.ca/af/fagweb/index.php3?number=71208. Accessed January,
2006.

Aitcin, P.C. (2002) Built to last: the Confederation Bridge, Canada. Concrete, 36: 38-40.

Akaike, H. (1973) Information theory and an extension of the maximum likelihood
principle. In 2nd International Symposium of Information Theory. Edited by
Petrov, B.N. & Czaki, F. Budapest, Akad. Kiadé.

Andrén, H., Angelstam, P., Linstrom, E., & Widen, P. (1985) Differences in predation
pressure in relation to habitat fragmentation: an experiment. Oikos, 45: 273-277.

Arrhenius, O. (1921) Species and man. Journal of Ecology, 9: 95-99.

Aspinall, R. & Matthews, K. (1994) Climate change impact on distribution and
abundance of wildlife species: an analytical approach using GIS. Environmental
Pollution, 86: 217-23.

Atlantic Canada Conservation Data Centre (2003) Sub-national element rank definitions.
http://www.accdc.com/data/ranks.html. Accessed August, 2006.

Azeria, E.T. (2004) Terrestrial bird community patterns on the coralline islands of the
Dahlak Archipelago, Red Sea, Eritrea. Global Ecology and Biogeography, 13:
177-187.

Bagster, C.B. (1891) The progress and prospects of Prince Edward Island. Johnings-
Queen's Printer, Charlottetown, Prince Edward Island.

Bain, F. (1890) The natural history of Prince Edward Island. G. Herbert Haszard,
Charlottetown, Prince Edward Island.

Bateman, M. C. & Dibblee, R.L. (2000) Waterfowl surveys on Prince Edward Island,
1997-1999: progress report. Canadian Wildlife Service and PEI Fish & Wildlife
Division, Sackville, New Brunswick.

Bayne, E.M. and Hobson, K.A. (1997) Comparing the effects of landscape fragmentation
by forestry and agriculture on predation of artificial nests. Conservation Biology,
11: 1418-1429.

Beever, E.A., Swihart, R K, & Bestelmeyer, B.T. (2006) Linking the concept of scale to
studies of biological diversity: evolving approaches and tools. Diversity and
Distributions, 12: 229-235.

101

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


http://www.gov.pe.ca/afi'agweb/index.php3?number=71208
http://www.accdc.com/data/ranks.html

Bélisle, M., Desrochers, A., & Fortin, M.-J. (2001) Influence of forest cover on the
movements of forest birds: a homing experiment. Ecology, 82: 1893-1904.

Bellamy, P.E., Hinsley, S.A., & Newton, 1. (1996) Factors influencing bird species
numbers in small woods in south-east England. Journal of Applied Ecology, 33:
249-262.

Benoit, L.K. & Askins, R.A. (2002) Relation between habitat area and the distribution of
tidal marsh birds. The Wilson Bulletin, 114: 314-323.

Bergmann, C. (1847). Uber die Verhaltnisse der Warmeokonomie der Thiere zu ihrer
Grosse. Gottinger Studien, 3: 595-708.

BirdLife International (2006) Gymnogyps californianus. In: TUCN 2006. 2006 IUCN Red
List of Threatened Species. www.iucnredlist.org. Accessed May 2006.

Blackburn, T.M., & Gaston, K.J. (1998) Some methodological issues in macroecology.
American Naturalist, 151: 68-83.

Blackburn, T.M. & Gaston, K.J. (1996) Spatial patterns in the geographic range sizes of
bird species in the New World. Philosophical Transactions of the Royal Society,
London B, 351: 897-912.

Blackburn, T.M., Gaston, K.J., & Loder, N. (1999) Geographic gradients in body size: a
clarification of Bergmann’s rule. Diversity and Distributions, 5: 165-174.

Blackburn, T.M., Gates, S., Lawton, J.H., & Greenwood, J.J.D. (1994) Relations between
body size, abundance and taxonomy of birds wintering in Britain and Ireland.
Philosophical Transactions: Biological Sciences, 343: 135-144.

Blair, R.B. (1996) Land use and avian species diversity along an urban gradient.
Ecological applications, 6: 506-519.

Bohning-Gaese, K. (1997) Determinants of avian species richness at different spatial
scales. Journal of Biogeography, 24: 49-60.

Boulinier, T., Nichols, J.D., Hines, J.E., Sauerer, J.R., Flather, C.H., & Pollock, K.H.
(2001) Forest fragmentation and bird community dynamics: interference at
regional scales. Ecology, 82: 1159-1169.

Boyne, A. (2000) Update COSEWIC Status Report on Piping Plover (Charadrius
melodus). Unpublished report prepared by Canadian Wildlife Service,
Environment Canada - Atlantic Region, Sackville, NB for the Committee on the
Status of Endangered Wildlife in Canada.

Brawley, A .H., Warren, R.S., & Askins, R.A. (1998) Bird use of restoration and
reference marshes within the Barn Island Wildlife Management Area, Stonington,

102

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


http://www.iucnredlist.org

Connecticut, USA. Environmental Management, 22: 625-633.
Brown, J.H. (1995) Macroecology. University of Chicago Press, Chicago.

Brown, J.H. (1984) On the relationship between abundance and distribution of species.
The American Naturalist, 124: 255-279.

Brown, J.H. (1981) Two decades of homage to Santa Rosalia: toward a general theory of
diversity. American Zoologist, 21: 877-888.

Brown, J.H., Mehlman, D.W., & Stevens, G.C. (1995) Spatial variation in abundance.
Ecology, 76: 2028-2043.

Brown, J.H., Marquet, P.A. & Taper, M.L. (1993) Evolution of body size: consequences
of an energetic definition of fitness. The American Naturalist, 142: 573-584.

Brown, J.H. & Maurer, B.A. (1989) Macroecology: the division of food and space among
species on continents. Science, 243: 1145-1150.

Brown, J.H. & Nicoletto, P.F. (1991) Spatial scaling of species assemblages: body
masses of North American land mammals. The American Naturalist, 138: 1478-
1512.

Brown, J.H., Stevens, G.C., & Kaufman, D.M. (1996) The geographic range: size, shape,
boundaries, and internal structure. Annual Review of Ecology and Systematics, 27:
597-623.

Bruun, H-H. (2000) Patterns of species richness in dry grassland patches in an
agricultural landscape. Ecography, 23: 641-650.

Burkey, T.V. (1993) Edge effects in seed and egg predation at two neotropical rainforest
sites. Biological Conservation, 66: 139-143.

Burnham, K.P. & Anderson, D.R. (1998) Model Selection and Inference. A Practical
Information-Theoretic Approach. Springer-Verlag, New York Inc., New York,
NY.

Burrough, P.A. (1986) Principles of geographic information systems for land resources
assessment. Oxford University Press, New York, New York.

Burrough, P.A. (1981) Fractal dimensions of landscapes and other environmental data.
Nature, 294: 240-242.

Cadman, M.D., Eagles, P.F.J., & Helleiner, F.M. (1988) Atlas of the Breeding Birds of
Ontario. University of Waterloo Press, Waterloo.

Caicco, S.L., Scott, J.M., Butterfield, B & Csuti, B. (1995) A Gap Analysis of the
management status of the vegetation of Idaho (U.S.A.). Conservation Biology, 9:

103

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



498-511.

Campi, M.J. & MacNally, R. (2001) Birds on edge: avian assemblages along forest-
agricultural boundaries of central Victoria, Australia. Animal Conservation, 4.
121-132.

Canadian Wildlife Service Waterfowl Committee (2004) Migratory Game Bird Hunting
Regulations in Canada: July 2004. Canadian Wildlife Service Migratory Birds
Regulatory Report, 12.

Canterbury, G.E., Martin, T.E., Petit, D.R., Petit, L.J., & Bradford, D.F. (2000) Bird
communities and habitat as ecological indicators of forest condition in regional
monitoring. Conservation Biology, 14: 544-558.

Cardillo, M. (2002) Body size and latitudinal gradients in regional diversity of New
World birds. Global Ecology and Biogeography, 11: 59-65.

Carlson, A., and Hartman, G. (2001) Tropical forest fragmentation and nest predation -
an experimental study in an Eastern Arc montane forest, Tanzania. Biodiversity
Conservation, 10: 1077-1085.

Clark, Andrew Hill. (1959) Three Centuries and the Island. A Historical Geography of
Settlement and Agriculture in Prince Edward Island, Canada. Toronto:
University of Toronto Press.

Coker, D.R. & Capen, D.E. (1995) Landscape-level habitat use by brown-headed
cowbirds in Vermont. Journal of Wildlife Management, 59: 631-637.

Currie, D.J. (1991) Energy and large-scale patterns of animal- and plant-species richness.
The American Naturalist, 137 27-49.

Currie, D.J. & Francis, A.P. (1999) Some general propositions about the study of spatial
patterns of species richness. Ecoscience, 6: 392-399.

Currie, D.J., Mittelbach, G.G., Cornell, H.V., Field, R., Hawkins, B.A., Kaufman, D.M.,
Kerr, J.T., Oberdorff, T., O’Brien, E., & Turner, J.R.G. (2004) Predictions and
tests of climate-based hypotheses of broad-scale variation in taxonomic richness.
Ecology Letters, 7: 1121-1134.

Curry, G.N. (1991) The influence of proximity to plantation edge on diversity and
abundance of bird species in an exotic pine plantation in north-eastern New South
Wales. Wildlife Research, 18: 299-313.

Daily, G.C., Herlich, P.R., & Sanchez-Azofeifa, G.A. (2001) Countryside biogeography:
utilization of human dominated habitats by the avifauna of southern Costa Rica.
Ecological Applications, 11: 1-13.

Darwin, C. (1859) The origin of species by means of natural selection. J. Murray,

104

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



London.

Debinski, D.M. & Holt, R.D. (2000) A survey and overview of habitat fragmentation
experiments. Conservation Biology, 14: 342-355.

Dibblee, R., & Guignion, D. (1974) Breeding records of the Gadwall on Prince Edward
Island. The Canadian Field-Naturalist, 88: 365—-366.

Domm, J.C. (2002) Formac Pocketguide to Prince Edward Island Birds. Formac
Publishing Company Limited, Halifax, Nova Scotia.

Donézar, J. A., Gangoso, L., Forero, M. G. & Juste, J. (2005) Presence, richness and
extinction of birds of prey in the Mediterranean and Macaronesian islands.
Journal of Biogeography, 32: 1701-1713.

Donovan, T.M., Beardmore, C.J., Bonter, D.N., Brawn, J.D., Cooper, R.J., Fitzgerald,
J.A., Ford, R., Gauthreaux, S.A., George, T.L., Hunter, W.C., Martin, T.E., Price,
J., Rosenberg, K.V., Vickery, P.D., & Wigley, T.B. (2002) Priority research needs
for the conservation of Neotropical migrant landbirds. Journal of Field
Ornithology, 73: 329-339.

Drake, D.R., Mulder, C.P.H., Towns, D.R. & Daugherty, C.H. (2002) The biology of
insularity: an introduction. Journal of Biogeography, 29: 563-569.

Drapeau, P., Leduc, A., Giroux, J.-F., Savard, J.-P.S., Bergeron, Y., & Vickery, W.L.
(2000) Landscape-scale disturbances and changes in bird communities of boreal
mixed-wood forests. Ecological Monographs, 70: 423-444.

Dunning, J.B., JR. (1993) CRC Handbook of Avian Body Masses.: CRC Press Inc., Boca
Raton, Florida.

Edenius, L. & Elmberg, J. (1996) Landscape level effects of modern forestry on bird
communities in North Swedish boreal forests. Landscape Ecology, 11: 325-338.

Elton, C. (1927) Animal Ecology. New York: Macmillan.

Enoksson, B., & Nilsson, S.G. (1983) Territory size and population density in relation to
food supply in the nuthatch Sitta europaea (Aves). Journal of Animal Ecology,
52: 929-935.

Environmental Systems Research Institute. (1999) ESRI Data and Maps [CD-ROM].
Environmental Systems Research Institute, Redlands, California.

Erskine, A.J. (1992) Atlas of the Breeding Birds of the Maritime Provinces. Nova Scotia
Museum and Nimbus Publishing Limited, Halifax, N.S., Canada.

Estades, C.F. & Temple, S.A. (1999) Deciduous-forest bird communities in a fragmented

105

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



landscape dominated by exotic pine plantations. Ecological Applications, 9: 573-
585.

Estrada, A. & Coates-Estrada, R. (2004) Diversity of neotropical migratory landbird
species assemblages in forest fragments and man-made vegetation in Los Tuxtlas,
Mexico. Biodiversity and Conservation, 14: 1719-1734.

Evans, K.L., Duncan, R.P., Blackburn, T.M. & Crick, H.Q.P. (2005). Investigating
geographic variation in clutch size using a natural experiment. Functional
Ecology, 19: 616-624.

Fahrig, L. (2003) Effects of habitat fragmentation on biodiversity. Annual Review of
Ecology, Evolution, and Systematics, 34: 487-515.

Fahrig, L. (1997) Relative effects of habitat loss and fragmentation on population
extinction. Journal of Wildlife Management, 61: 603-610.

Federal-Provincial-Territorial Task Force on the Importance of Nature to Canadians.
(2000) The importance of nature to Canadians: the economic significance of
nature-related activities. The Minister of the Environment, Ottawa, Canada.

Fleishman, E., Murphy, D.D., & Sjogren-Gulve, P. (2002) Modeling species richness and
habitat suitability for taxa of conservation interest. In Predicting Species
Occurrences: Issues of Accuracy and Scale. Edited by Scott, J.M., Heglund, P.J.,
Morrison, M.L., Haufler, J.B., Raphael, M.G., Wall, W.A., & Samson, F.B.,
Island Press, Washington, DC, USA.

Flemming, S.P., Chiasson, R.D., Smith, P.C., Austin-Smith, P.J., & Bancroft, R.P. (1988)
Piping plover status in Nova Scotia related to its reproductive and behavioural
responses to human disturbance. Journal of Field Ornithology, 59: 321-330.

Foppen, R.P.B., Chardon, J.P. and Liefveld, W. (2000) Understanding the Role of Sink
Patches in Source-Sink Metapopulations: Reed Warbler in an Agricultural
Landscape. Conservation Biology, 14: 1881-1892.

French, D.D. & Picozzi, N. (2002) Functional groups of bird species, biodiversity and
landscapes in Scotland. Journal of Biogeography, 29: 231-259.

Fu, C., Wu, J., Wang, X., Lei, G., & Checn, J. (2004) Patterns of diversity, altitudinal
range and body size among freshwater fishes in the Yangtze River basin, China.
Global Ecology and Biogeography, 13: 543-552.

Fuller, D.O. (2001) Forest fragmentation in Loudoun County, Virginia, USA evaluated
with multitemporal Landsat imagery. Landscape Ecology, 16: 627-642.

Furness, R.W. & Monaghan, P. (1987) Seabird ecology. Chapman and Hall/Methuen,
Inc., New York, New York, USA.

106

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Gascon, C., Lovejoy, T.E., Bierregaard, R.O., Malcolm, J.R., Stouffer, P.C.,
Vasconcelos, H.L., Laurance, W.F., Zimmerman, B., Tocher, M. & Borges, S.
(1999) Matrix habitat and species richness in tropical forest remnants. Biological
Conservation, 91: 223-229.

Gaston, A.J. (2004) Seabirds: A Natural History New Haven:Yale University Press, CT,
USA.

Gaston, K.J. & Blackburn, T.M. (2000) Pattern and Process in Macroecology. Blackwell
Science, Oxford.

Gaston, K.J. & Blackburn, T.M. (1996a) Global scale macroecology: interactions
between population size, geographic range size and body size in the
Anseriformes. Journal of Animal Ecology, 65: 701-714.

Gaston, K.J., & Blackburn, T.M. (1996b) Conservation implications of geographic range
size-body size relationships. Conservation Biology, 10: 638-646.

Gaston, K.J. & Blackburn, T.M. (1995a) Birds, Body Size and the Threat of Extinction.
Philosophical Transactions: Biological Sciences, 347: 205-212.

Gaston, K.J. and Blackburn, T.M. (1995b) Mapping biodiversity using surrogates for
species richness: Macro-Scales and New World Birds. Proceedings: Biological
Sciences, 262: 335-341.

Gaston, K.J., Blackburn, T.M., Greenwood, J.J.D., Gregory, R.D., Quinn, R.M., and
Lawton, J.H. (2000) Abundance-occupancy relationships. Journal of Applied
Ecology, 37: 39-59.

Gaston, K.J. & Evans, K.L. (2004) Birds and people in Europe. Proceedings of the Royal
Society, London B, 271: 1649-1655.

Gaston, K.J., Williams, P.H., Eggleton, P. & Humpbhries, C.J. (1995) Large scale patterns
of biodiversity: spatial variation in family richness. Proceedings of the Royal
Society of London Series B, 260: 149-154.

Germaine, S.S. & Vessey, S.H. (1997) Effects of small forest openings on the breeding
bird community in a Vermont hardwood forest. Condor, 99: 708-718.

Gill, F.B. (1994) Ornithology, 2nd edition. W .H. Freeman and Company, New York, NY.

Gillespie, T.W. & Walter, H. (2001) Distribution of bird species richness at a regional
scale in tropical dry forest of Central America. Journal of Biogeography, 28: 651-
662.

Glazier, D.S. (1987) Energetics and taxonomic patterns of species diversity. Systematic
Zoology, 36: 62-71.

107

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Golden, D.M., & Crist, T.O. (2000) Experimental effects of habitat fragmentation on
rove beetles and ants: patch area or edge? Oikos, 90: 525-538.

Greenwood, J.J.D., Gregory, R.D., Harris, S., Morris, P.A., & Yalden, D.W., (1996)
Relations between abundance, body size and species number in British birds and
mammals. Philosophical Transactions: Biological Sciences, 1337: 265-278.

Grinnell, J. (1917) The niche-relationshiop of the California thrasher. Auk, 34: 427-433.

Guisan, A. & Zimmermann N.E. (2000) Predictive habitat distribution models in ecology.
Ecological Modeling, 135: 147-186.

H-Acevedo, D. & Currie, D.J. (2003) Does climate determine broad-scale patterns of
species richness? A test of the causal link by natural experiment. Global Ecology
& Biogeography, 12: 461-473.

Hagan, J.M., McKinley, P.S., Meehan, A.L., & Grove, S.L. (1997) Diversity and
abundance of landbirds in a northeastern industrial forest. Journal of Wildlife
Managament, 61: 718-735.

Hagan, J.M., Vander Haegan, W.M., & McKinley, P.S. (1996) The early development of
forest fragmentation effects on birds. Conservation Biology, 10: 188-202.

Haig, S.M. (1993) Distribution and abundance of piping plovers: results and implications
of the 1991 international census. The Condor, 95: 145-156.

Haig, S.M., Ferland, C.L., Cuthbert, F.J., Dingledine, J., Goossen, J.P., Hecht, A., &
McPhillips, N. (2005) A complete species census and evidence for regional
declines in piping plovers. Journal of Wildlife Management, 69: 160-173.

Haig, S.M., Mehlman, D.W., & Oring, L.W. (1998) Avian movements and wetland
connectivity in landscape conservation. Conservation Biology, 12: 749-758.

Haila, Y. (2001) A conceptual geneology of fragmentation research: from island
biogeography to landscape ecology. Ecological Applications, 12: 321-334.

Hargis, C.D., Bissonette, J.A. & David, J.L. (1998) The behavior of landscape metrics
commonly used in the study of habitat fragmentation. Landscape Ecology, 13:
167-186. '

Harrell, F.E., Jr. (2001) Regression modeling strategies: with applications to linear
models, logistic regression, and survival analysis. Springer-Verlag New York
Inc., New York, New York.

Harrison, S. & Fahrig, L. (1995) Landscape patterns and population conservation. /n

Mosaic landscapes and ecological processes. Edited by Hansson, L., Fahrig, L. &
Merrian, G. Chapman Hall, London.

108

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Haskell, J.P., Ritchie, M.E., & OIff, H. (2002) Fractal geometry predicts varying body
size scaling relationships for mammal and bird home ranges. Nature, 418: 527-
530.

Hawkins, B.A., Field, R., Cornell, H.V., Currie, D.J., Guégan, J.-F., Kaufman, D.M.,
Kerr, J.T., Mittelbach, G.C., Oberdorff, T., O'Brien, E.M., Porter, E.E., & Tumner,
JR.G. (2003) Energy, water, and broad-scale geographic patterns of species
richness. Ecology, 84:3105-3117

Hawkins, B.A. & Pausas, J.G. (2004) Does plant richness influence animal richness?: the
mammals of Catalonia (NE Spain). Diversity and Distributions, 10: 247-252.

Hawrot, R.Y. & Niemi, G.J. (1996) Effects of edge type and patch shape on avian
communities in a mixed conifer-hardwood forest. The Auk, 113: 586-598.

Helzer, C.J. & Jelinski, D.E. (1999) The relative importance of patch area and perimeter-
area ratio to grassland breeding birds. Ecological applications, 9: 1448-1458.

Heske, E.J., Robinson, S.K., & Brawn, J.D. (1999) Predator activity and predation on
songbird nests on forest-field edges in east-central Illinois. Landscape Ecology,
14: 345-354.

Hicklin, P.W. (1987). The migration of shorebirds in the Bay of Fundy. Wilson Bulletin,
99: 540-570.

Higgs, A.J. (1981) Island biogeography theory and nature reserve design. Journal of
Biogeography, 8: 117-124.

Hillebrand, H. (2004) On the generality of the latitudinal diversity gradient. The
American Naturalist, 163: 192-211.

Hobbs, R.J., Saunders, D.A., & Arnold, G.W. (1993) Integrated landscape ecology: a
Western-Australian perspective. Biological Conservation, 64: 231-238.

Hobson, K.A. & Villard, M.A. (1998) Forest fragmentation affects the behavioural
response of American Redstarts to the threat of cowbird parasitism. Condor, 100:
389-394.

Hosmer, D.W., Jr. & Lemeshow, S. (1989) Applied Logistic Regression. John Wiley,
New York.

Hughes, J.B., Daily, G.C. & Ehrlich, P.R. (2002) Conservation of tropical forest birds in
countryside habitats. Ecology Letters, 5: 121-129.

Hurlbert, A.H. & Haskell, J.P. (2002) The effect of energy and seasonality on avian
species richness and community composition. The American Naturalist, 161: 83-
97.

109

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Hutchinson, G.E. (1959) Homage to Santa Rosalia or Why are there so many kinds of
animals? The American Naturalist, 870: 145-159.

Hutchinson, G.E. & MacArthur, R.H. (1959) A theoretical ecological model of size
distributions among species of animals. The American Naturalist, 93: 117-125.

Jaeger, J.A.G., Bowman, J., Brennan, J., Fahrig, L., Bert, D., Bouchard, J., Charbonneau,
N., Frank, K., Gruber, B., & von Toschanowitz, K.T. (2005) Predicting when
animal populations are at risk from roads: an interactive model of road avoidance
behaviour. Ecological Modelling, 185: 329-348.

James, F.C., Johnston, R.F., Wamer, N.O., Niemi, G.J., & Boecklen, W.J. (1984) The
Grinellian niche of the wood thrush. American Naturalist, 124: 17-47.

James, F.C. & Wamer, N.O. (1982) Relationships between temperate forest bird
communities and vegetation structure. Ecology, 63: 159-171.

Jetz, W. & Rahbek, C. (2001) Geometric constraints explain much of the species richness
in African birds. Ecology, 98: 5661-5666.

Johnson, C.M. & Krohne, W.B. (2002) Dynamic patterns of association between
environmental factors and island use by breeding seabirds. In Predicting Species
Occurrences: Issues of Accuracy and Scale. Edited by: Scott, J.M., Heglund, P.J.,
Morrison, M.L., Haufler, J.B., Raphael, M.G., Wall, W.A., & Samson, F.B. Island
Press, Washington, DC, USA.

Johnson, W.C., & Collinge, S.K. (2004) Landscape effects on black-tailed prairie dog
colonies. Biological Conservation, 115: 487-497.

Johnson, F. & Williams, K. (1999) Protocol and practice in the adaptive management of
waterfowl] harvests. Conservation Ecology, 3: 8

Jones, G.A., Sieving, K.E., & Jacobson, S.K. (2005) Avian diversity and functional
insectivory on north-central Florida farmlands. Conservation Biology, 19: 1234-
1245.

Kadlec, J.A., & Smith, L.M. (1992) Habitat management for breeding areas. In Ecology
and management of breeding waterfowl. Edited by Batt, B.D.J., Afton, A.D.,
Anderson, M.G., Ankney, C.D., Johnson, D.H., Kadlec, J.A. & Krapu, G.L.
University of Minnesota, Minneapolis.

Kattan, G.H., Alvarez-Lopez, H, & Giraldo, M. (1994) Forest Fragmentation and Bird
Extinctions: San Antonio Eighty Years Later. Conservation Biology, 8: 138-146.

Kerr, J.T. & Currie, D.J. (1999) The relative importance of evolutionary and
environmental controls on broad-scale patterns of species richness in North
America. Ecoscience, 6: 329-337.

110

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Kerr, J. T. & Packer, L. (1997) Habitat heterogeneity as a determinant of mammal
species richness patterns in high-energy regions. Nature, 385: 252-254.

Kochmer, J.P., & Wagner, R.H. (1988) Why are there so many kinds of passerine birds?
Because they are small. A reply to Raikow. Systematic Zoology, 37: 68-69.

Krebs, C.J. (1985) Ecology: The experimental analysis of distribution and abundance.
Harper & Row, New York.

Krishnamani, R., Kumar, A. & Harte, J. (2004) Estimating species richness at large
spatial scales using data from small discrete plots. Ecography, 27: 637-642.

Krummel, J.R., Gardner, R.H., Sugihara, G., O’Neill, R.V., & Coleman, P.R. (1987)
Landscape patterns in a disturbed environment. Oikos, 48: 321-324.

La Sorte, Frank A. (2006) Geographical expansion and increased prevalence of common
species in avian assemblages: implications for large-scale patterns of species
richness. Journal of Biogeography, 33: 1183-1191.

Lawrence, E. (1997) Henderson’s dictionary of biological terms, 11" edition. Addison
Wesley Longman Limited, Harlow, England.

Lewis, S., Sherratt, T.N., Hamer, K.C., & Wanless, S. (2001) Evidence of intra-specific
competition for food in a pelagic seabird. Nature, 412: 816-819.

Li, H. & Reynolds, J.F. (1993) A new contagion index to quantify spatial patterns of
landscapes. Landscape Ecology, 8: 155-162.

Lomolino, M.V. (2000) A call for a new paradigm of island biogeography. Global
Ecology and Biogeography, 9: 1-6.

Lomolino, M.V., Riddle, B.R., & Brown, J.H. (2006) Biogeography, third edition.
Sinauer Associates, Inc. Sunderland, MA.

Lovejoy, S. (1982) Area-perimeter relation for rain and cloud areas. Science, 216: 185-
187.

MacArthur, R.H. (1972) Geographical Ecology. Patterns in the Distribution of Species.
Harper & Row, New York, New York.

MacArthur, R.H. & MacArthur, J.W. (1961) On bird species diversity. Ecology, 42: 594-
598.

MacArthur, R.H., Recher, H.F., & Cody, M.L. (1966) On the relation between habitat
selection and species diversity. American Naturalist, 100: 319-332.

MacArthur, R.H. & Wilson, E.O. (1967) The theory of island biogeography. Princeton
University Press, Princeton, New Jersey.

111

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



MacDonald, M.A. & Kirkpatrick, J.B. (2003) Explaining bird species composition and
richness in eucalypt-dominated remnants in subhumid Tasmania. Journal of
Biogeography, 30: 1415-1426.

Mace, G.M. & Harvey, P.H. (1983) Energetic constraints on home-range size. The
American Naturalist, 121: 120-132.

MacFaden, S.W. & Capen, D.E. (2002) Avian habitat relationships at multiple scales in a
New England forest. Forest Science, 48: 243-253.

Maclvor, L.H., Melvin, S.M., & Griffin, C.R. (1990) Effects of research activity on
piping plover nest predation. Journal of Wildlife Management, 54: 443-447.

MacKenzie, D.I. & Nichols, J.D. (2004) Occupancy as a surrogate for abundance
estimation. Animal Biodiversity and Conservation, 27: 461-467

Maestas, J.D., Knight, R.L. & Gilgert W.C. (2003) Biodiversity across a rural land-use
gradient. Conservation Biology, 17: 1425-1434.

Makepeace, S. (1989) Avian surveys of managed and unmanaged forest stands in the
Montague River Watershed and Forest Hill Wildlife Manaqement Area.
Unpublished report.

Marini, M.A., Robinson, S.K., & Heske, E.J. (1995) Edge effects on nest predation in
the Shawnee National Forest, Southern Illinois. Biological Conservation, 74:
203-213.

Marzluff, J.M. & Dial, K.P. (1991) Life history correlates of taxonomic diversity.
Ecology, 72: 428-439.

Maurer, B.A. & Brown, J.H. (1988) Distribution of biomass and energy use among
species of North American terrestrial birds. Ecology, 69: 1923-1932.

Maurer, B.A., Brown, J.H., & Rusler, R.D. (1992) The micro and macro of body size
" evolution. Evolution, 46: 939-953.

May, R.M. (1986) The search for patterns in the balance of nature: advances and retreats.
Ecology, 67: 115-1126.

McGarigal, K., Cushman, S.A., Neel, M.C. & Ene, E. (2002). FRAGSTATS: Spatial
Pattern Analysis Program for Categorical Maps. Computer software program
produced by the authors at the University of Massachusetts, Amherst. Available at
the following web site: www.umass.edu/landeco/research/fragstats/fragstats.html

McGarigal, K., Cushman, S., & Stafford, S. (2000) Multivariate statistics for wildlife and
ecology research. Springer-Verlag New York, Inc. New York, New York

112

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


http://www.umass.edu/landeco/research/fragstats/fragstats.html

McGarigal, K. & Marks, B.J. (1995) FRAGSTATS: spatial pattern analysis program for
quantifying landscape structure. USDA Forest Service, Pacific Northwest
Research Station, General Technical Report PNW-GTR-351. Portland, Oregon.

McGarigal, K. & McComb, W.C. (1995) Relationship between landscape structure and
breeding birds in the Oregon coast range. Ecological Monographs, 65: 235-260.

McIntosh, R.P. (1967) An index of diversity and the relation of certain concepts to
diversity. Ecology, 48: 392-404. ’

Mclntyre, N.E. (1995) Effects of forest patch size on avian diversity. Landscape Ecology,
10: 85-99.

Mein, S. & Dayan, T. (2003) On the validity of Bergmann’s rule. Journal of
Biogeography, 30: 331-351.

Miller, J.R. & Cale, P. (2000) Behavioural mechanisms and habitat use by birds in a
fragmented agricultural landscape. Ecological Applications, 10: 1732-1748.

Milne, B.T. (1991) Lessons from applying fractal models to landscape patterns. In
Quantitative methods in landscape ecology. Edited by Turner, M.G. & Gardner,
R.H. Springer-Verlag, New York.

Minot, E.O. (1981) Effects of interspecific competition for food in breeding blue and
great tits. Journal of Animal Ecology, 50: 375-385.

Monkkdnen, M. (1992) Life history traits of Palearctic and Nearctic migrant passerines.
Ornis Fennica, 69: 161-172.

Monkkénen, M., Forsman, J.T. & Bokma, F. (2006) Energy availability, abundance,
energy-use and species richness in forest bird communities: a test of the species—
energy theory. Global Ecology and Biogeography, 15: 290-302.

Monkkénen, M, & Viro, P. (1997) Taxonomic Diversity of the Terrestrial Bird and
Mammal Fauna in Temperate and Boreal Biomes of the Northern Hemisphere.
Journal of Biogeography, 24: 603-612.

Moore, D.S. & McCabe, G.P. (2004) Introduction to the practice of statistics. W.H.
Freeman and Company, New York, New York.

Moran, P.A.P. (1948). The interpretation of statistical maps. Journal of the Royal
Statistical Society, Series B, 10: 243-251.

Morrison, S.A. & Bolger, D.T. (2001) Lack of an urban edge effect on reproduction in a
fragmentation-sensitive sparrow. Ecological Applications, 12: 398-411.

Nagelkerke, N.J.D. (1991). A note on general definition of the coefficient of
determination. Biometrika, 78: 691-692.

113

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Naidoo, R. (2004) Species richness and community composition of songbirdsina
tropical forest-agricultural landscape. Animal Conservation, 7: 93-105.

Naka, L.N., Rodrigues, M., Roos, A.L., & Azevedo, M.A.G. (2002) Bird conservation on
Santa Catarina Island, Southern Brazil. Bird Conservation International, 12: 123-
150.

Nichols, J.D., Johnson, F.A., & Williams, B.K. (1995) Managing North American
waterfowl in the face of uncertainty. Annual Revew of Ecology and Systematics,
26: 177-199

Olsen, E.R., Ramsey, R.D., & Winn, D.S. (1993) A modified fractal dimension as a
measure of landscape diversity. Photogrammetric Engineering and Remote
Sensing, 59: 1517-1520.

O’Neill, R.V., Krummel, J.R., Gardner, R.H., Sugihara, G., Jackson, B., DeAngelis, D.L.,
Milne, B.T., Turner, M.G., Zygmunt, B, Christensen, S.W., Dale, V.H., &
Graham, R.L. (1988) Indices of landscape pattern. Landscape Ecology, 1: 153—
162.

Owens, L.P.F. & Bennett, P.M. (2000) Ecological basis of extinction risk in birds: Habitat
loss versus human persecution and introduced predators. Proceedings of the
National Academy of Science, 22: 12144-12148.

Owens, I.P.F., Bennett, P.M. & Harvey, P.H. (1999) Species richness among birds: body
size, life history, sexual selection or ecology? Proceedings of the Royal Society of
London B, 266: 933-939.

Paton, P.W.C. (1994) The effect of edge on avian nest success: how strong is the
evidence? Conservation Biology, 8: 17-26.

Pautasso, Marco & Gaston, Kevin J. (2005) Resources and global avian assemblage
structure in forests. Ecology Letters, 8: 282-289.

Pearson, R.G., Dawson, T.P. and Liu, C. (2004) Modelling species distributions in
Britain: a hierarchical integration of climate and land-cover data. Ecography, 27:
285-298.

Peters, R.H. (1983) The ecological implications of body size. Cambridge University
Press, New York, New York.

Peterson, A.T., Egbert, S.L., Sanchez-Cordero, V., & Price, K.P. (2000) Geographic
analysis of conservation priorities using distributional modelling and

complementarity: endemic birds and mammals in Veracruz, Mexico. Biological
Conservation, 93: 85-94.

114

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Pianka, E.R. (1966) Latitudinal gradients in species diversity: a review of concepts. The
American Naturalist, 100: 33—46.

Pimm, S.L. & Askins, R.A. (1995) Forest Losses Predict Bird Extinctions in Eastern
North America. Proceedings of the National Academy of Sciences of the United
States of America, 92: 9343-9347.

Polo, V. & Carrascal, L.M. (1999) Shaping the body mass distribution of passeriformes:
habitat use and body mass are evolutionarily and ecologically related. Journal of
Animal Ecology, 68: 324-337.

Pulliam, R.H. (1988) Sources, sinks and population regulation. The American Naturalist,
132: 652-661.

Pulliam, R.H. & Danielson, B.J. (1991) Sources, sinks, and habitat selection: a landscape
perspective on population dynamics. The American Naturalist, 137: S51-S66.

R Development Core Team (2005). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.
http://www.R-project.org. Accessed July 2005.

Rahbek, C. (1997) The relationship among area, elevation, and regional species richness
in Neotropical birds. The American Naturalist, 149: 875-902.

Rahbek, C. & Graves, G.R. (2001) Multiscale assessment of patterns of avian species
richness. Proceedings of the National Academy of Sciences, 98: 4534-4539.

Rahbek, C. & Graves, G.R. (2000) Detection of macro-ecological patterns in South
American hummingbirds is affected by spatial scale. Proceedings of the Royal
Society of London, 267: 2259-2265.

Raphael, M.G.; Mack, D.E., Marzluff, J.M., and Luginbuhl, J.M. (2002) Effects of forest
fragmentation on populations of the marbled murrelet. Studies in Avian Biology,
25:221-235.

Rapoport, E.H. (1982) Areography: geographical strategies of species. B. Drausal,
translator. Pergamon Press Ltd., Oxford, UK

Raymond, C.W., McClellan, J.B. & Rayburn, J.A. (1963) Land utilization in Prince
Edward Island. Queen's Printer and Controller of Stationary, Ottawa, Ontario.

Reijnen, R. & Foppen, R., (1994) The effects of car traffic on breeding bird populations
in woodland. 1. Evidence of reduced habitat quality for willow warblers

(Phylloscopus trochilus) breeding close to a highway. Journal of Applied
Ecology, 31: 85-94.

115

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


http://www.R-project.org

Reijnen, R., Foppen, R., & Meeuwsen, H. (1996) The effects of traffic on the density of
breeding birds in Dutch agricultural grasslands. Biological Conservation, T5:
255-260.

Reijnen, R., Foppen, R., Ter Braak, C., & Thissen, J. (1995) The effects of car traffic on-
breeding bird populations in woodland. III. Reduction of density in relation to the
proximity of main roads. Journal of Applied Ecology, 32: 187-202.

Reijnen, R., Foppen, R., & Veenbaas, G. (1997) Disturbance by traffic of breeding birds:
evaluation of the effect and considerations in planning and managing road
corridors. Biodiversity Conservation, 6: 567-581.

Rey, P.J. (1995) Spatio-temporal variation in fruit and frugivorous bird abundance in
olive orchards. Ecology, 76: 1625-1635.

Rich, A.C., Dobkin, D.S., & Niles, L.J. (1994) Defining forest fragmentation by corridor
width: The influence of narrow forest-dividing corridors on forest-nesting birds in
Southern New Jersey. Conservation Biology, 8: 1109-1121.

Ricketts, T.H. (2001) The matrix matters: effective isolation in fragmented landscapes.
American Naturalist, 158: 87-99.

Ricklefs, R.E. (1997) The Economy of Nature, 4th Edition. W .H. Freeman and Company,
New York, USA.

Rodewald, A.D. & Yahner, R.H. (2001) Influence of landscape composition on avian
community structure and associated mechanisms. Ecology, 82: 3493-3504

Rodewald, P.G. & Brittingham, M.C. (2002) Habitat use and behaviour of mixed species
landbird flocks during fall migration. The Wilson Bulletin, 114: 87-98.

Rodewald, P.G. & Matthews, S.N. (2005) Landbird use of riparian and upland forest
stopover habitats in an urban landscape. The Condor, 107: 259-268.

Rogers, J. P., & Patterson, J.H. (1984) The black duck population and its management.
Transactions of the North American Wildlife and Natural Resources Conference
49: 527-534,

Rohde, K. (1992) Latitudinal gradients in species diversity: the search for the primary
cause. Oikos, 65: 514-527.

Root, R.B. (1967) The niche exploitation pattern of the blue-gray gnatcatcher. Ecological
Monographs, 37: 317-350.

Rosenzweig, M.L. (1995) Species diversity in space and time. Cambridge University
Press, Cambridge.

Saab, V. (1999) Importance of spatial scale to habitat use by breeding birds in riparian

116

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



forests: a hierarchical model. Ecological Applications, 9: 135-151.

Sanderson, J. & Harris, L.D. (2000) Landscape Ecology: A Top-Down Approach. Lewis
Publishers, Boca Raton, Florida.

Schmiegelow, F.K.A. & Monkkonen, M. (2002) Habitat loss and fragmentation in
dynamic landscapes: avian perspectives from the boreal forest. Ecological
Applications, 12: 375-389.

Schoener, T.W. (1988). The ecological niche. In Ecological Concepts. Edited by Cherrett,
J.M. Oxford: Blackwell Scientific Publications.

Schreiber, E.A: & Burger, J. (2001) Biology of Marine Birds, Boca Raton:CRC Press.

Scott, S.L. (1995) Field guide to the birds of North America. National Geographic
Society, Washington, DC.

Secretariat of the Convention on Biological Diversity (2001) Handbook of the
Conventionon Biological Diversity. Earthscan Publications, London.

Sibley, C.A. & Monroe, Jr., B.L. (1990) Distribution and Taxonomy of Birds if the
World. United States. Yale University Press, Connecticut.

Silva, M. (2001) Abundance, diversity, and community structure of small mammals in
forest fragments in Prince Edward Island National Park, Canada. Canadian
Journal of Zoology, 79: 2063-2071.

Silva, M. (1996) Patrons de variation de la densité des populations des mammiferes
terrestres. PhD Thesis - Departement de Sciences Biologiques, Faculté des arts et
des sciences. L’Université de Montréal, Montréal, Québec, Canada.

Silva, M., Hartling, L., Field, S.A., & Teather, K. (2003) The effects of habitat
fragmentation on amphibian species richness of Prince Edward Island. Canadian
Journal of Zoology, 81: 563-573.

Silva, M., Hartling, L. & Opps, S. (2005) Small mammals in agricultural landscapes of
Prince Edward Island (Canada): Effects of habitat characteristics at three different
spatial scales. Biological Conservation, 126: 556-568.

Simberloff, D. & Dayan, T. (1991) The guild concept and the structure of ecological
communities. Annual Review of Ecology and Systematics, 22: 115-143.

Smith, R.L. & Smith, T.M. (1998) Elements of Ecology, fourth edition. The
Benjamin/Cummings Publishing Company, Inc. Menlo Park, CA.

Sobey, D. (2002) Early descriptions of the forests of Prince Edward Island: A source-
book. Part 1: The French period - 1534-1758. University of Ulster, Jordanstown,
UK.

117

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Southwood, T.R.E. (1976) Bionomic strategies and population parameters. J» Theoretical
Ecology. Edited by May, R.M. Blackwell Scientific, Oxford, UK.

Spies, T.A., Ripple, W.J., & Bradshaw, G.A. (1994) Dynamics and pattern of a managed
coniferous forest landscape in Oregon. Ecological Applications, 4: 555-568.

Stanislaw, T. (2002) Different bird strategies and their responses to habitat changes in an
agricultural landscape. Ecological Research, 17: 339-359.

Statistics Canada (2001a) Population and Dwelling Counts, for Canada, Provinces and
Territories, 2001 and 1996 Censuses - 100% Data. Government of Canada,

Canada.
http://www12.statcan.ca/english/census01/products/standard/popdwell/Table-
PR.cfm. Accessed July, 2005.

Statistics Canada (2001b) 2001 Census of Agriculture, 95F0301XIE.
http://www.statcan.ca:80/english/freepub/95F0301XIE/. Accessed July, 2005.

St. Clair, C.C., Bélisle, M., Desrochers, A. & Hannon, S. (1998) Winter responses of
forest birds to habitat corridors and gaps. Conservation Ecology, 2: 13.

Stevens, C. E., Gabor, T. S. & Diamond, A.W. (2003) Use of Restored Small Wetlands
by Breeding Waterfowl in Prince Edward Island, Canada. Restoration Ecology,
11:3-12.

Stevens, G.C. (1992) The elevational gradient in altitudinal range: an extension of
Rapoport’s latitudinal rule to altitude. The American Naturalist, 140: 893-911.

Stewart, J. (1806) An account of Prince Edward Island. W. Winchester and Son, London,
UK.

Sugihara, G., & May, R.M. (1990) Applications of fractals in ecology. Trends in Ecology
and Evolution, 5: 79-86.

Summerville, K.S., & Crist, T.O. (2001) Effects of experimental habitat fragmentation on
patch use by butterflies and skippers (Lepidoptera). Ecology, 82: 1360-1370.

Sutherland, G.D., Harestad, A.S., Price, K., & Lertzman, K.P. (2000) Scaling of natal
dispersal distances in terrestrial birds and mammals. Conservation Ecology, 4: 16.

Taylor, P.H. & Gaines, S.D. (1999) Can Rapoport's rule be rescued? Modeling causes of
the latitudinal gradient in species richness. Ecology, 80: 2474-2482.

Temple, S. (1986) Predicting impacts of habitat fragmentation of forest birds: a
comparison of two models. /n Wildlife 2000: modeling habitat relationships of

terrestrial vertebrates. Edited by Verner, J., Morrison, M. & Ralph, C.J.
University of Wisconsin Press, Madison, Wisconsin.

118

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


http://wwwl
http://www.statcan.ca:80/english/fi:eepub/95F0301XIE/

Tews, J., Brose, U., Grimm, V., Tielborger, K., Wichmann, M.C., Schwager, M., &
Jeltsch, F. (2004) Animal species diversity driven by habitat
heterogeneity/diversity: the importance of keystone structures. Journal of
Biogeography, 31: 79-92.

Trzcinski, M.K., Fahrig, L., & Merriam, G. (1999) Independent effects of forest cover
and fragmentation on the distribution of forest breeding birds. Ecological
Applications, 9: 586-593.

Turner, M.G., Dale, V.H., & Gardner, R.H. (1989) Predicting across scales: Theory
development and testing. Landscape Ecology, 3: 245-252.

Turner, M.G., Gardner, R.H., & O'Neill, R.V. (2001a) Landscape ecology in theory and
practice: pattern and process. Springer, New York.

Turner, R.M., Omar, R.Z. & Thompson, S.G. (2001b) Bayesian methods of analysis for
cluster randomized trials with binary outcome data. Statistics in Medicine, 20:

453-472.

United States Geological Survey (2001) Breeding Bird Atlas data. Patuxent Wildlife
Research Center Laurel, MD, USA. http://www.pwrc.usgs.gov/bbs/index.html,
Accessed June, 2006

van den Berg, L.J.L, Bullock., J. M., Clarke, R.T., Langston, R.H.W., & Rose, R.J. (2001)
Territory selection by the Dartmouth warbler (Sylvia undata) in Dorset, England:
the role of vegetation type, habitat fragmentation and population size. Biological
Conservation, 101: 217-228.

van de Poll, H. (1983) Geology of Prince Edward Island. The Queens Printer,
Charlottetown, Prince Edward Island.

Vaughan, I.P. & Ormerod, S.J. (2003) Improving the Quality of Distribution Models for
Conservation by Addressing Shortcomings in the Field Collection of Training
Data. Conservation Biology, 17. 1601-1611.

Verzani, J. (2002) Using R for introductory statistics. CSI Math department. Staten
Island, NY. http://www.math.csi.cuny.edu/Statistics/R/simpleR. Accessed

August, 2005.

Villard, M.A., Trzcinski, M.K., & Merriam, G. (1999) Fragmentation effects on forest
birds: relative influence of woodland cover and configuration on landscape
occupancy. Conservation Biology, 13: 774-783.

Virkkala, R., Luoto, M., Heikkinen, R.K., & Leikola, N. (2005) Distribution patterns of
boreal marshland birds: modelling the relationships to land cover and climate.
Journal of Biogeography, 32: 1957-1970

119

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


http://www.pwrc.usgs.gov/bbs/index.html
http://www.math.csi.cuny

Virkkala, R., Luoto, M., & Rainio, K. (2004) Effects of landscape composition on
farmland and red-listed birds in boreal agricultural-forest mosaics. Ecography, 27:
273-284.

Wadsworth, R.A., Collingham, Y.C., Willis, S.G., Huntley, B. & Hulme, P.E. (2000)
Simulating the spread and management of alien riparian weeds: are they out of
control? Journal of Applied Ecology, 37: 28-38.

Whittaker, R.J., Willis, K.J., & Field, R. (2001) Scale and species richness: towards a
general, hierarchical theory of species diversity. Journal of Biogeography, 28:
453-470.

Wiens, J.A. (1995) Landscape mosaics and ecological theory. In Mosaic landscapes and
ecological processes. Edited by Hansson, L., Fahrig, L. & Merriam, G. Chapman
& Hall, London.

Wiens, J.A. (1989) The ecology of bird communities. Volume 2. Processes and
variations. Cambridge studies in ecology. Cambridge University Press,
Cambridge, UK.

Wiens, J.A. (1973) Pattern and Process in Grassland Bird Communities. Ecological
Monographs, 43: 237-270.

Wiggins, D.A., & Muller, A.P. (1997) Island size, isolation, or interspecific competition?
The breeding distribution of the Parus guild in the Danish archipelago. Oecologia,
111: 255-260.

Wilcove, D.S., McLellan, C.H., & Dobson, A.P. (1986) Habitat fragmentation in the
temperate zone. In Conservation Biology: Science of Scarcity and Diversity.
Edited by Soule, M.E. Sinauer Associates, Sunderland, MA.

Wilcox, B.A., & Murphy, D.D. (1985) Conservation strategy: the effects of
fragmentation on extinction. American Naturalist, 125: 879-887.

Wilson, E.O. (1996) In search of nature. Island Press, Washington, D.C.
Winter, M., Johnson, D.H., Shaffer, J.A., Donovan, T.M., & Svedarsky, W.D. (2006)

Patch size and landscape effects on density and nesting success of grassland birds.
Journal of Wildlife Management, 70: 158-172.

120

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7. APPENDICES
Appendix 1. List of avian species used in this study.

Table 7.1 Attribute information of each species used in the study.

Species name Common name Family Order gt:gﬁgonal m::: (@) g::ﬂ;c
Accipiter striatus Sharp-shinned Hawk Accipitridae Falconiformes Landbird 138.5 Carnivore
Aix sponsa Wood Duck Anatidae Anseriformes Waterfowl 658 Omnivore
Ammodramus Nelson's Sharp-tailed
caudacutus Sparro Emberizidae Passeriformes Landbird 19.25 Omnivore
Anas americana American Wigeon Anatidae Anseriformes Waterfowl 755.5 Omnivore
Anas crecca Green-winged Teal Anatidae Anseriformes Waterfowl 341 Omnivore
Anas platyrhynchos Mailard Anatidae Anseriformes Waterfowl 1082 Omnivore
Anas strepera Gadwall Anatidae Anseriformes Waterfowl 919.5 Herbivore
Bombycilla cedrorum Cedar Waxwing Bombycillidae Passeriformes Landbird 31.85 Omnivore
Bonasa umbellus Ruffed Grouse Phasianidae Galliformes Landbird 576.5 Omnivore
Botaurus lentiginosus American Bittern Ardeidae Ciconilformes Shorebird 706 Carnivore
Branta canadensis Canada Goose Anatidae Anseriformes Waterfowl 3564 Herbivore
Bubo virginianus Great Horned Owl Strigidae Strigiformes Landbird 1543 Carnivore
Carduelis tristis American Goldfinch Fringillidae Passeriformes Landbird 12.9 Omnivore
Carpodacus purpureus  Purple Finch Fringillidae Passeriformes Landbird 249 Omnivore
Catharus guttatus Hermit Thrush Turdidae Passeriformes Landbird 31 Omnivore
Catharus ustulatus Swainson's Thrush Turdidae Passeriformes Landbird 30.8 Omnivore
Catoptrophorus
semipalmatu Willet Scolopacidae  Charadriiformes Shorebird 215 Omnivore
Charadrius melodus Piping Plover Charadriidae =~ Charadriiformes Shorebird 55.2 Invertivore
Charadrius vociferus Kiildeer Charadriidae =~ Charadriiformes Shorebird 96.55 Omnivore
Coccothraustes
vespertinus Evening Grosbeak Fringiliidae Passeriformes Landbird 11.25 Omnivore
Colaptes auratus Northern Flicker Picidae Piciformes Landbird 132  Invertivore
Columba livia Rock Dove Columbidae Columbiformes Landbird 354.5 Omnivore
Contopus borealis Oiive-sided Flycatcher Tyrannidae Passeriformes Landbird 32.1 Invertivore
Contopus virens Eastern Wood-Pewee Tyrannidae Passeriformes Landbird 14.1  Invertivore
Corvus brachyrhynchos  American Crow Corvidae Passeriformes Landbird 448 Omnivore
Cyanocitta cristata Biue Jay Corvidae Passeriformes Landbird 86.8 Omnivore
Dendroica castanea Bay-breasted Warbler Parulidae Passeriformes Landbird 12.6 Omnivore
Dendroica coronata Yellow-rumped Warbler  Parulidae Passeriformes Landbird 12.55 Omnivore
Dendroica fusca Blackburnian Warbler Parulldae Passeriformes Landbird 9.75 Invertivore
Dendroica magnolia Magnolia Warbier Parulidae Passeriformes Landbird 8.7 Invertivore
Dendroica palmarum Paim Warbler Parulidae Passeriformes Landbird 10.3 Invertivore
Dendroica
pensylvanica Chestnut-sided Warbier  Parulidae Passeriformes Landbird 9.6 Invertivore
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Table 7.1 Continued

Functional ~ Mean Trophic
Species name Common name Family Order Group mass (g) Group
Dendroica petechia Yellow Warbler Parulidae Passeriformes Landbird 9.5 Invertivore
Dendroica tigrina Cape May Warbler Parulidae Passeriformes Landbird 11 Invertivore
Black-throated Green
Dendroica virens Warbler Parulidae Passeriformes Landbird 8.8 Invertivore
Dumetella carolinensis ~ Gray Catbird Mimidae Passeriformes Landbird 36.9 Omnivore
Empidonax alnorum Alder Flycatcher Tyrannidae Passeriformes Landbird 12.9 Invertivore
Empidonax minimus Least Flycatcher Tyrannidae Passeriformes Landbird 10.3 Invertivore
Euphagus carolinus Rusty Blackbird Icteridae Passeriformes Landbird 59.75 Omnivore
Falco columbarius Merlin Falconidae Falconiformes Landbird 180.5 Camivore
Falco sparverius American Kestrel Faiconidae Falconiformes Landbird 115.5 Carnivore
Gallinago delicata Wilson's Snipe Scolopacidae  Charadriiformes Shorebird 122 Omnivore
Haliaeetus
leucocephalus Bald Eagle Accipitridae Falconiformes Landbird 4740 Camnivore
Junco hyemalis Dark-eyed Junco Emberizidae Passeriformes Landbird 19.6 Omnivore
Larus marinus Great Black-backed Gull Laridae Charadriiformes Seabird 1658.5 Omnivore
Loxia leucoptera White-winged Crossbill Fringillidae Passeriformes Landbird 26.55 Herbivore
Megaceryle alcyon Belted Kingfisher Alcedinidae Coraciiformes Landbird 148 Carnivore
Melospiza georgiana Swamp Sparrow Emberizidae Passeriformes Landbird 17  Omnivore
Melospiza lincolnii Lincoln's Sparrow Emberizidae Passeriformes Landbird 17.4. Omnivore
Red-breasted
Mergus serrator Merganser Anatidae Anseriformes Waterfow! 1021.5 Carnivore
Black-and-White
Mniotilta varia Warbler Parulidae Passeriformes Landbird 10.8 Invertivore
Molothrus ater Brown-headed Cowbird Icteridae Passeriformes Landbird 43.9 Omnivore
Oporornis philadelphia ~ Mourning Warbler Parulidae Passeriformes Landbird 12.5 Invertivore
Pandion haliaetus Osprey Pandionidae Falconiformes Landbird 1485.5 Carnivore
Parula americana Northern Parula Parulidae Passeriformes Landbird 8.6 Invertivore
Black-capped
Parus atricapillus Chickadee Paridae Passeriformes Landbird 10.8 Omnivore
Parus hudsonicus Boreal Chickadee Paridae Passeriformes Landbird 9.8 Omnivore
Passer domesticus House Sparrow Passeridae Passeriformes Landbird 503.5 Omnivore
Passerculus
sandwichensis Savannah Sparrow Emberizidae Passeriformes Landbird 20.05 Invertivore
Perdix perdix Gray Partridge Phasianidae Galliformes Landbird 389.5 Herbivore
Phasianus colchicus Ring-necked Pheasant Phasianidae Galliformes Landbird 1135 Omnivore
Pheucticus Rose-breasted
ludovicianus Grosbeak Emberizidae Passeriformes Landbird 45.6 Omnivore
Picoides pubescens Downy Woodpecker Picidae Piciformes Landbird 27 Invertivore
Picoides villosus Hairy Woodpecker Picidae Piciformes Landbird 66.25 Invertivore
Podilymbus podiceps Pied-billed Grebe Podicipedidae Podicepediformes Waterfow! 453 Camivore
Regulus calendula Ruby-crowned Kinglet Regulidae Passeriformes Landbird 6.65 Invertivore
Regulus satrapa Golden-crowned Kinglet  Regulidae Passeriformes Landbird 6.2 Invertivore
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Table 7.1 Continued

Functional Mean Trophic

Species name Common name Family Qrder Group mass (g) Group
Riparia riparia Bank Swallow Hirundinidae Passeriformes Landbird 14.6 Invertivore
Scolopax minor American Woodcock Scolopacidae  Charadriiformes Shorebird 197.5 Invertivore
Seiurus aurocapillus Ovenbird Parulidae Passeriformes Landbird 19.4 Invertivore
Setophaga ruticilla American Redstart Parulidae Passeriformes Landbird 8.3 Omnivore
Sitta canadensis Red-breasted Nuthatch Sittidae Passeriformes Landbird 9.8 Omnivore

Yellow-bellied
Sphyrapicus varius Sapsucker Picidae Piciformes Landbird 50.3 Invertivore
Spizella passerina Chipping Sparrow Emberizidae Passeriformes Landbird 18.98 Omnivore
Stemna hirundo Common Tem Laridae Charadriiformes Seabird 120 Carnivore
Strix varia Barred Owl Strigidae Strigiformes Landbird 716.5 Carnivore
Stumus vulgaris European Starling Sturnidae Passeriformes Landbird 82.3 Omnivore
Tachycineta bicolor Tree Swallow Hirundinidae Passeriformes Landbird 20.1 Omnivore
Tringa macularia Spotted Sandpiper Scolopacidae  Charadriiformes Shorebird 40.4 Invertivore
Troglodytes troglodytes  Winter Wren Troglodytidae  Passeriformes Landbird 8.9 Invertivore
Tyrannus tyrannus Eastern Kingbird Tyrannidae Passeriformes Landbird 43.6 Omnivore
Vermivora peregrina Tennessee Warbler Parulidae Passeriformes Landbird 10 Omnivore
Vermivora ruficapilla Nashville Warbler Parulidae Passeriformes Landbird 8.75 Invertivore
Vireo olivaceus Red-eyed Vireo Vireonidae Passeriformes Landbird 16.7 Omnivore
Wiisonia canadensis Canada Warbler Parulidae Passeriformes Landbird 10.4 Invertivore
Zonotrichia albicollis White-throated Sparrow  Emberizidae Passeriformes Landbird 32  Omnivore
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Appendix 2. Scatterplots of the pooled species richness of birds on Prince Edward Island
against land-cover variables.

Figure 7.1 Scatterplot of Species Richness and Total Area of Land in Sampling Cell
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Figure 7.2 Scatterplot of Species Richness and Percentage of Forest
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Figure 7.3 Scatterplot of Species Richness and Percentage of Human-Influenced Lands
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Figure 7.4 Scatterplot of Species Richness and Percentage of Wetlands
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Figure 7.5 Scatterplot of Species Richness and Percentage of Roads
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Figure 7.6 Scatterplot of Species Richness and Fractal Dimension of Agriculture
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Figure 7.7 Scatterplot of Species Richness and Fractal Dimension of Forest
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Figure 7.8 Scatterplot of Species Richness and Fractal Dimension of Human-Influenced

Lands
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Figure 7.9 Scatterplot of Species Richness and Fractal Dimension of Wetlands
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Figure 7.10 Scatterplot of Species Richness and Clumpiness of Agriculture
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Figure 7.11 Scatterplot of Species Richness and Clumpiness of Forest
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Figure 7.12 Scatterplot of Species Richness and Clumpiness of Human-Influenced Lands
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Figure 7.13 Scatterplot of Species Richness and Clumpiness of Roads
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Figure 7.14 Scatterplot of Species Richness and Sampling Hours
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Appendix 3. Raw Pearson correlation outputs examining the statistical association of land-cover metrics. Analyses computed using
SAS v.8.3. Variables used in correlation analysis: TA = Total Area; AGR_PLAND = Percentage of agricultural land in a cell;
AG_PAFRAC = Fractal dimension of agriculture; AGR_CLUMPY = Aggregation of agriculture; FOR_PLAND = Percentage of
forest in a cell; FOR_PAFRAC = Fractal dimension of forest; FOR_CLUMPY = Aggregation of forest; INF_ PLAND = Proportion of
human-used land in cell; INF_PAFRAC = Fractal dimension of human-used land; INF_CLUMPY = Aggregation of human-used land,
WET_PLAND = Proportion of wetland in cell; WET _PAFRAC = Fractal dimension of wetland; WET CLUMPY = Aggregation of
wetland; ROAD_PLAND = Proportion of roads in a cell; ROAD_CLUMPY = Aggregation of roads in a cell; Richcell = Species
richness of birds in a sampling cell; Longitude = Longitudinal coordinates of primary sampling location in cell; Latitude = Latitudinal
coordinates of primary sampling location in cell; Hours = Sampling effort (hours per individual per cell)

Pearson Correlation Coefficients
Prob > |r| under HO: Rho=0
Number of Observations

AGR_ AGR_ FOR_ FOR_
TA  AGR_PLAND PAFRAC CLUMPY  FOR_PLAND PAFRAC CLUMPY

TA 1.00000 0.03718  -0.08523 0.16641 0.16068 0.09539 0.21457
0.7498 0.4672 0.1508 0.1656 0.4124 0.0627

76 76 75 76 76 76 76

AGR_PLAND 0.03718 1.00000 0.22660  -0.76490 -0.89281 0.67498  -0.33447
0.7498 0.0506 <.0001 <.0001 <.0001 0.0031

76 76 75 76 76 76 76

AGR_PAFRAC -0.08523 0.22660 1,00000  -0.15998 -0.20960 0.34308 0.02788
0.4672 0.0506 0.1704 0.0711 0.0026 0.8123

75 75 75 75 75 75 75

AGR_CLUMPY 0.16641 -0.76490  -0.15998 1.00000 0.67395  -0.50313 0.55979
0.1508 <.0001 0.1704 <.0001 <.0001 <.0001

76 76 75 76 76 76 76

FOR_PLAND 0.16068 -0.89281  -0.20960 0.67395 1.00000  -0.68835 0.41440
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FOR_PAFRAC

FOR_CLUMPY

INF_PLAND

INF_PAFRAC

INF_CLUMPY

WET_PLAND

WET_PAFRAC

0.1656
76

0.09539
0.4124
76

0.21457
0.0627
76

-0.31797
0.0051
76

-0.24346
0.0353
75

TA

0.05307
0.6489
76

-0.40925
0.0002
76

0.30588

<.0001 0.0711 <,0001
76 75 76 76
0.67498 0.34308 -0.50313 -0.68835
<,0001 0.0026 <.0001 <,0001
76 75 76 76
-0.33447 0.02788 0.55979 0.41440
0.0031 0.8123 <.0001 0.0002
76 75 76 76
0.00738 -0.00574 0.06989 -0.39002
0.9495 0.9610 0.5486 0.0005
76 75 76 76
0.24930 0.15816 -0.29509 -0.25850
0.0310 0.1753 0.0102 0.0251
75 75 75 75

The CORR Procedure
Pearson Correlation Coefficients
Prob > |r| under HO: Rho=0

Number of Observations

AGR_ AGR_
AGR_PLAND PAFRAC CLUMPY FOR_PLAND
-0.18554 -0.09467 0.35894 0.01985
0.1086 0.4192 0.0015 0.8649
76 75 76 76
-0.26207 -0.01382 0.16880 -0.14714
0.0222 0.9063 0.1449 0.2047
76 75 76 76
0.11315 -0.10404 -0.12687 0.05800
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<.0001
76

1.00000
76

-0.28040
0.0142
76

0.21003
0.0686
76

0.16053
0.1689
75

FOR_
PAFRAC

-0.18358
0.1124
76

-0.04539
0.6970
76

-0.07453

0.0002
76

-0.28040
0.0142
76

1.00000
76

-0.27091
0.0179
76

0.00729
0.9505
75

FOR_
CLUMPY

0.17011
0.1418
76

-0.07439
0.5230
76

-0.04517
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TA

AGR_PLAND

AGR_PAFRAC

AGR_CLUMPY

FOR_PLAND

FOR_PAFRAC

FOR_CLUMPY

The CORR

INF_PLAND

-0.31797
0.0051
76

0.00738
0.9495
76

-0.00574
0.9610
75

0.06989
0.5486
76

-0.39002
0.0005
76

0.21003
0.0686
76

-0.27091
0.0179

Procedure

Pearson Correlation Coefficients

Prob > |r| under HO: Rho=0

INF_
PAFRAC

-0.24346
0.0353
75

0.24930
0.0310
75

0.15816
0.1753
75

-0.29509
0.0102
75

-0.25850
0.0251
75

0.16053
0.1689
75

0.00729
0.9505

INF_
CLUMPY

0.05307
0.6489
76

-0.18554
0.1086
76

-0.09467
0.4192
75

0.35894
0.0015
76

0.01985
0.8649
76

-0.18358
0.1124
76

0.17011
0.1418

Number of Observations

WET_PLAND

-0.40925
0.0002
76

-0.26207

0.0222
76

-0.01382
0.9063
75

0.16880
0.1449
76

-0.14714
0.2047
76

-0.04539
0.6970
76

-0.07439
0.5230

WET_
PAFRAC

0.30588
0.0076
75

0.11315
0.3338
75

-0.10404
0.3744
75

-0.12687
0.2781
75

0.05800
0.6211
75

-0.07453
0.5251
75

-0.04517
0.7004
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WET_
CLUMPY

-0.15871
0.1709
76

-0.19276
0.0953
76

0.02104
0.8578
75

0.24111
0.0359
76

-0.00576
0.9606
76

-0.02136
0.8547
76

0.22808
0.0475

ROAD_
PLAND
-0.18135

0.1169
76

0.37942
0.0007
76

-0.06141
0.6007
75

-0.30242
0.0079
76

-0.45623
<.0001
76

0.19985
0.0835
76

-0.39756
0.0004
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.INF_PAFRAC

76

INF_PLAND 1.00000

76

0.05024
0.6686
75
INF_CLUMPY 0.48948
<.0001
76
WET_PLAND 0.47659
<.0001
76

INF_PLAND
WET_PAFRAC -0.24877
0.0314
75
WET_CLUMPY 0.22927
0.0463
76
ROAD_PLAND 0.35474
0.0017

75

0.05024
0.6686
75

1.00000
75
-0.35409
0.0018
75
0.01738

0.8824
75

Pearson Correlation Coefficients

76 76
0.48948 0.47659
<.0001 <.0001
76 76
-0.35409 0.01738
0.0018 0.8824
75 75
1.00000 0.13900
0.2311
76 76
0.13800 1.00000
0.2311
76 76

The CORR Procedure

Prob > |r| under HO: Rho=0

INF_
PAFRAC

0.01939
0.8688
75

-0.01886
0.8724
75

0.18258
0.1169

Number of Observations

INF_
CLUMPY  WET_PLAND
-0.07785 -0.36339
0.5068 0.0014
75 75
0.09663 0.47830
0.4063 <.0001
76 76
0.03178 -0.04067
0.7852 0.7272

75

-0.24877
0.0314
75

0.01939
0.8688
75

-0.07785
0.5068
75
-0.36339

0.0014
75

WET_
PAFRAC

1.00000
75
-0.71129
<.0001
75

-0.00448
0.9696

135

76

0.22927
0.0463
76

-0.01886
0.8724
75

0.09663
0.4063
76

0.47830

<.0001
76

WET_
CLUMPY

-0.71129
<.0001
75
1.00000

76

-0.03671
0.7529

76

0.35474
0.0017
76

0.18258
0.1169
75

0.03178
0.7852
76

-0.04067
0.7272
76

ROAD_
PLAND

-0.00448
0.9696
75

-0.03671
0.7529
76

1.00000
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The CORR Procedure

Pearson Correlation Coefficients
Prob > |r| under HO: Rho=0
Number of Observations

ROAD_

CLUMPY Richcell Longitude Latitude Hours

TA 0.13271 0.36417 0.15830 -0.09452 0.28780
0.2531 0.0012 0.1720 0.4167 0.0117

76 76 76 76 76

AGR_PLAND -0.18015 -0.02035 -0.19664 -0.08633 0.20837
0.1194 0.8615 0.0887 0.4584 0.0708

76 76 76 76 76

AGR_PAFRAC -0.19710 0.12174 0.02592 -0.08657 0.01629
0.0901 0.2981 0.8253 0.4602 0.8897

75 75 75 75 75

AGR_CLUMPY 0.31623 0.06724 0.21737 -0.00396 -0.20619
0.0054 0.5638 0.0593 0.9729 0.0739

76 76 76 76 76

FOR_PLAND 0.09757 0.03081 0.23163 0.01837 -0.20839
0.4017 0.7916 0.0441 0.8748 0.0708

76 76 76 76 76

FOR_PAFRAC -0.30776 -0.03580 -0.02482 0.00149 0.20452
0.0068 0.7588 0.8314 0.9898 0.0764

76 76 76 76 76

FOR_CLUMPY 0.06497 0.02883 -0.17509 0.28293 -0.21413
0.5771 0.8047 0.1303 0.0133 0.0632

76 76 76 76 76

INF_PLAND 0.07922 -0.06654 -0.10251 0.05006 0.04504
0.4964 0.5680 0.3782 0.6676 0.6993

76 76 76 76 76

INF_PAFRAC -0.11607 -0.21655 -0.28600 0.15333 -0.02834
0.3214 0.0620 0.0129 0.1891 0.8093

75 75 75 75 75

INF_CLUMPY 0.17483 -0.01147 0.04799 0.04643 0.05374
0.1309 0.9216 0.6806 0.6904 0.6448

76 76 76 76 76

WET_PLAND 0.18388 0.02289 -0.05793 0.18861 -0.01161
0.1118 0.8444 0.6191 0.1027 0.9207

76 76 76 76 76
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The CORR Procedure

Pearson Correlation Coefficients
Prob > |r| under HO: Rho=0
Number of Observations

ROAD_
CLUMPY Richcell Longitude Latitude Hours
WET_PAFRAC 0.18113 0.13519 0.01910 -0.12458 0.17800
0.1199 0.2475 0.8708 0.2869 0.1265
75 75 75 75 75
WET_CLUMPY -0.07618 0.01211 -0.05202 0.20316 -0.13136
0.5131 0.9173 0.6554 0.0784 0.2580
76 76 76 76 76
ROAD_PLAND 0.19946 -0.09597 -0.10734 -0.06962 0.06043
0.0841 0.4096 0.3560 0.5501 0.6041
76 76 76 76 76
ROAD_CLUMPY 1.00000 -0.01051 -0.00406 0.00294 -0.02676
0.9282 0.9722 0.9799 0.8185
76 76 76 76 76
Richcell -0.01051 1.00000 0.31549 -0.33265 0.35608
0.9282 0.0055 0.0033 0.0016
76 76 76 76 76
Longitude -0.00406 0.31549 1.00000 -0.66142 0.16096
0.9722 0.0055 <.0001 0.1648
76 76 76 76 76
Latitude 0.00294 -0.33265 -0.66142 1.00000 -0.23185
) 0.9799 0.0033 <.0001 0.0439
76 76 76 76 76
Hours -0.02676 0.35608 0.16096 -0.23185 1.00000
0.8185 0.0016 0.1648 0.0439
76 76 76 76 76
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