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GENERAL ABSTRACT

Concern over recent declines in many wetland-dependent bird species has
led to a need to monitor marsh bird populations in response to anthropogenic
activities. I conducted point counts and vegetation surveys at 26 coastal wetlands
in the Laurentian Great Lakes Region of Canada from 2006-2008 to determine 1)
effective methods to monitor marsh birds, and 2) the impacts of land use
surrounding coastal wetlands on marsh bird communities. The first part of this
dissertation showed that call-broadcasts are effective tools for monitoring marsh
birds and that point counts for marsh birds should be conducted from both the
shoreline and from the interior of large marshes. Because of the species-area
relationship for wetland birds in southern Ontario, sampling effort should increase
proportionally with wetland area to attempt the detection of all species present. In
the second part of this thesis, I showed that marsh obligate-nesters preferred
wetlands in rural areas as opposed to urban areas, while generalist marsh-nesting
species showed no apparent difference in use. The Index of Marsh Bird
Community Integrity (IMBCI), a biological index used to indicate wetland health,
was significantly higher in rural than in urban marshes. Marsh isolation was also
an important factor in predicting the marsh bird community, with more isolated
wetlands containing fewer obligate species and associated with a lower IMBCI
value. Wetlands of Georgian Bay were found to have quite different bird and
plant communities than wetlands of Lake Ontario. Even though wetlands of Lake

Ontario were considerably more degraded than those in Georgian Bay (according
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to land use alteration and degree of water quality impairment), these two regions
produced similar IMBCI scores, and this draws into question the applicability of
some indicators on a basin-wide scale. The results of this thesis indicate how
survey protocols in existing wetland bird monitoring programs should be
modified and support current literature that urbanization negatively affects the

marsh bird community.
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PREFACE

The following Ph.D. thesis consists of manuscripts that are already
submitted or will be submitted for publication in peer-reviewed journals.
Chapters 1, 2 and 3 have already been submitted for publication and the
remaining chapters are being prepared for submission to peer reviewed scientific
journals. The following are proper citations for these papers, including co-

authorship.

Smith, L.A, and P. Chow-Fraser. The influence of call-broadcasts and edge versus
interior surveys in detecting secretive wetland birds.

Smith, L.A, and P. Chow-Fraser. Implications of the species-area relationship on
sampling effort and conservation of marsh birds in southern Ontario.

Smith, L.A, and P. Chow-Fraser. Impacts of adjacent land use and isolation on
marsh bird communities.

Smith, L.A, and P. Chow-Fraser. Application of the index of marsh bird
community integrity to coastal wetlands of Georgian Bay, Ontario.

Smith, L.A, and P. Chow-Fraser. The influence of watershed land use and

wetland water quality on marsh bird communities.
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GENERAL INTRODUCTION
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Wetlands

Wetlands are difficult to define due to their dynamic nature, but
definitions usually include three main characteristics: the presence of water,
unique soils that differ from adjacent habitats, and the ability to support
hydrophytic vegetation (Mitsch and Gosselink 1993). The Canadian Wetland
Classification System classifies wetlands into five main types including bogs,
fens, marshes, swamps, and shallow open water, differing mainly in water quality,
vegetation, and hydrology (National Wetlands Working Group 1988). Bogs are
primarily nutrient-poor peatlands fed by precipitation with a low pH and support
ericaceous shrubs and trees. Fens are also peatlands but instead are fed primarily
by groundwater and are associated with predominately nutrient-rich water and
sedges, grasses, and mosses (Mitsch and Gosselink 1993). Marshes are areas of
wet or periodically wet land where the water is often nutrient-rich (but can be
oligotrophic) and are often subject to lake water exchange or slow-moving waters.
Vegetation includes reeds, cattails, sedges, rushes, and submergent species in
deeper areas. Swamps are similar to marshes but contain predominantly woody
vegetation (trees and shrubs) and most often standing water. Shallow water is the
final wetland class and includes areas which have a water depth of less than 2m
and less than 25% cover of vegetation in mid-summer.

Wetlands are unique habitats with many important functions, values, and
benefits. Some physical/hydrological functions include controlling floods

through reduced stream flow and temporary storage of run-off water, also



Ph.D. L.A. Smith McMaster-Biology

providing erosion protection by absorbing wave energy (Williams 1990, Phillips
1996). Additional physical functions include helping to control atmospheric and
climatic fluctuations, trapping sediments, and recharging aquifers. Wetlands also
perform various chemical functions including trapping toxic residues such as
heavy metals, herbicides, and pesticides, and filtering nitrogen and phosphorus
from upland sources (Williams 1990, Mitsch and Gosselink 1993).

Over the past 30 years, studies on the biological functions of wetlands
have propelled them to a previously unseen status, as they are now recognized as
one of the most productive ecosystems in the world, just short of tropical rain
forests (Mulamoottil et al. 1996). While wetlands cover only 6.4% of the Earth’s
surface, they perform 24% of the world’s primary production (Williams 1990).
The other very important biological function they provide is to contribute habitat
for a variety of plants and animals. The awareness of this function was one of the
main drivers for the conservation of wetlands in many parts of the world,
including Canada (National Wetlands Working Group 1988, Williams 1990).

In 1971, Canada took part in the Ramsar Convention on Wetlands which
resulted in an international agreement making wetlands the very first ecosystem to
be protected by a global environmental treaty. This international treaty pledges to
use wetlands wisely in Canada and in the rest of the world (Matthews 1993). The
Canadian Federal Policy on Wetland Conservation was developed in 1991 and
provides seven strategies to protect wetlands (Government of Canada 1991).

These strategies are to increase public awareness, manage wetlands, promote
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conservation, enhance cooperation, conserve significant wetlands, use sound
scientific basis for policy, and promote international actions for wetland
conservation.

In Ontario, provincial policies have been developed in an attempt to limit
development and site alteration in, or adjacent to, provincially significant
wetlands (Provincial Policy Statement 2005). Significant wetlands refer to
“Provincially Significant Wetlands”, which receive this status only after having
undergone a lengthy site evaluation process (OMNR 1993). Specifically, the
policy states that development and site alteration shall not be permitted in, or
adjacent to (within 120m), significant coastal wetlands, significant wetlands in
ecoregions SE, 6E, and 7E, and significant wetlands on the Canadian Shield north
of ecoregions 5E, 6E, and 7E (OMNR 1999). On the surface, this policy appears
to provide sufficient protection, but the policy goes on to state that development
may be allowed if it can be shown that there will be no destruction or disruption

of fish habitat, or degradation of water quantity and quality.

Coastal marshes of the Laurentian Great Lakes

Canada’s Great Lakes are relatively new geological features, formed
10,000 years ago by the retreating Wisconsin glacier (Fig. i-1). Today, these
lakes represent some of the largest lakes in the world by volume, and hold a
disproportionate 20% of the world’s fresh water. Lake Superior, alone, is large

enough to swallow the other four lakes and Lake Erie a second, third, and fourth
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time (Annin 2006). The Great Lakes provide many socio-economic benefits and
values including providing us with water for personal, municipal, and industrial
uses, along with non-consumptive values such as navigation and transportation,
and for recreational and spiritual reasons.

Coastal marshes represent a small fraction of all wetlands but are unique
because they control the interactions between land and water (Burton 1985).
While performing all of the similar functions as other wetlands, coastal marshes
are forced to deal with intense wind and wave action, often from large water
bodies, and fluctuating lake water levels. Coastal marshes are of higher
importance in controlling water quality, as they are the last to filter out nutrients
and pollutants before water finally enters lakes. They are also important habitats
as spawning grounds for fish, and nesting and migratory stopover sites for birds

(Jude and Pappas 1992, Smith et al. 2007).

Stressors

The Great Lakes lie at the end of the most heavily populated river
drainage basin in Canada and are subject to additional pressures from the heavily
populated United States coast (Williams 1990). Wetland loss statistics are
staggering along the southern Ontario shoreline, with up to 90% of pre-settlement
wetlands lost (Snell 1987). Agriculture is considered to be the cause of the
majority of wetland losses in southern Ontario (Bardecki 1982), with coastal

industrialization and urbanization also adding pressure (Pinder and Witherick
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1990). Remaining wetlands within these urban and agricultural contexts are
forced to deal with increased nutrient loading, turbidity, and human waste (Chow-
Fraser 2006).

At the start of the twentieth century, the majority of the human population
lived in rural areas, with few in cities (UNFPA 2002). With the growing human
population, more and more people are living in urban areas, and 58% of the
world’s population is projected to be living in urban areas by 2025 (UNFPA
2002). Between 2015 and 2020, the urban population is expected to outnumber
the rural population for the first time in history (UNFPA 2002). Since the human
population is expected to reach 9 billion by 2050, the need for food, water, and
urban infrastructure will continue to rise (Cohen 2003), and the pressures on the
Great Lakes will follow suit.

In addition to land use threats, the Great Lakes face other challenges
including exotic invasive species and water diversions. The creation of the St.
Lawrence Seaway and Erie canal have facilitated the spread of many non-
indigenous species, such as the infamous zebra mussel (Dreissena polymorpha),
throughout the Great Lakes, and has caused economic losses estimated to be in
the billions of dollars (Mills et al. 1994, Vitousek 1997). Exotic species disrupt
natural systems and send repercussions throughout the food web, altering natural
system functions. Water diversions will probably be one of the most severe
threats to the Great Lakes in the future. Dropping water levels, as a result of

water diversions and climate change, could potentially dry up wetlands and



Ph.D. L.A. Smith McMaster-Biology

important wildlife habitat (Manny 1984). Integrated water resource management
is the only way that our water resources can be managed in a sustainable and

equitable manner (United Nations 2006).

A case for the birds

While there is a myriad of species suffering silently by the plight of
humans, I have chosen to focus on birds for my research. Birds are very
important participants in ecosystems providing many functions ranging from seed
dispersal to ecosystem engineering (Sekercioglu 2006). Seed dispersal and pollen
transfer are likely their most important functions, with plants relying heavily on
birds as seed vectors. Both seed dispersal and pollen transfer make birds
important as “genetic linkers”, linking genes between individuals, or dispersing
genes far from the parent plant (Sekercioglu 2006).

The role of birds in controlling herbivorous insects has been estimated to
be USD $1820 per square kilometre per year (Takekawa and Garton 1984).
Removal of insectivorous birds has been shown to cause an increase in foliage
damage and even a decrease in crop yields, demonstrating the importance of birds
as natural biological controls (Mols and Visser 2007). In addition to biological
controls, birds provide humans with many other benefits such as providing down
for garments, game for consumption, crop seed dispersal, scavenging carcasses,

controlling vertebrate pest populations, fuelling the economy due to the billion
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dollar birding industry, and the spiritual and religious values they hold
(Sekercioglu 2002, 2006).

Regardless of these important functions and values, an estimated one-
quarter of bird species globally have been driven to extinction by human activities
over the last two millennia, and of those species remaining, 11% are at risk of
extinction (Steadman 1995, Barbault and Sastrapradja 1995). The statistics in
North America echo that trajectory with 30% of all species showing significant
declines between 1966 and 2007 according to the North American Breeding Bird
Survey (Sauer et al. 2008). Reasons for these declines include predominantly
habitat loss (Robbins et al. 1989, Bender et al. 1998, Owens and Bennett 2000)
but also migration hazards such as the continued use of banned, poisonous
pesticides on wintering grounds (Finch and Martin 1995), food shortages on
stopover sites, and severe weather (Newton 2006). Some of the repercussions of
habitat loss and fragmentatibn are increased predation rates by nest predators and
increased parasitism rates by Brown-headed Cowbirds (Molothrus ater) on

breeding grounds, and are dominant forces driving declines (Robinson et al.

1995).

Wetland breeding birds in southern Ontario coastal marshes
Coastal marshes of the Great Lakes have been primarily recognized for
their importance as waterfowl nesting and breeding grounds and migratory habitat

(National Wetlands Working Group 1988). These habitats are also important
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nesting and breeding grounds for several wetland-dependent rails, bitterns, and
songbirds. Wetland-breeding birds have also shown continental declines, with
40% showing negative trend estimates between 1966 and 2007 (Sauer et al.
2008). Wetland-dependent species require marsh for nesting and feeding, often
building floating nests and foraging primarily in the moist soil or aquatic areas for
invertebrates and small fish. Solitary living in the dense marsh habitat has led to
the evolution of primarily vocal communication methods (Kaufmann 1971). This
solitary nature makes rails quite shy and uneasy to detect by conventional avian
survey methods, such as passive point counts (Ralph 1981).

In the United States and Canada, there have been two main protocols
established to monitor wetland bird populations. The Standardized North
American Marsh Bird Monitoring Protocol, which is used primarily in the United
States, and the Marsh Monitoring Program (MMP) protocol, which was
established in Canada and is increasingly being established south of the border.
The North American Protocol was only recently published in 2005, and was
created to allow for detecting changes in population size over time and to alert
managers quickly. The MMP was also developed to detect changes in population
numbers; however, this program has been in use since 1995. These protocols are
similar, but do differ based on several parameters (Table i-1). The MMP has
already provided a 10-year report with a summary of population trends and shows
significant declines over the past ten years for many wetland-dependent species in

the Great Lakes region (Fig. i-2).
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Thesis objectives

The primary objective of my research is to contribute sound, scientific
information to monitoring-program leaders and policy makers, which will help to
monitor population trends effectively and preserve marsh habitat for wetland
birds. This research is important because it examines aspects of marsh
monitoring protocols that are very understudied and could have implications for
monitoring programs. I also examine the impact of land use surrounding
wetlands on marsh birds on a broad scale in southern Ontario, and this approach is
unique for this region.

In Chapter 1, I examine several aspects of marsh bird monitoring
protocols. The first is to determine the effectiveness of passive versus active
surveys, and species response patterns to broadcasts. Second, I determine if
survey location within the wetland affects which of the species are detectable;
specifically if there is a difference between shoreline (edge) point counts and
marsh interior point counts. I then examine the impact of point count location on
the Index of Marsh Bird Community Integrity (IMBCI; DeLuca et al. 2004)
which is used to determine the integrity, or health, of a wetland. The results of this
chapter will be applicable to wetland bird monitoring programs, future scientific
studies, and wetland conservation or restoration plans.

Chapter 2 examines various aspects and applications of the species-area
relationship (SAR) for wetland birds. I first determine if a SAR exists for marsh

birds in southern Ontario, and then determine if an integrity-area relationship is

10
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present as well, suggesting that larger marshes have a higher integrity. Area-
sensitive requirements for many species are not well known, and in this chapter I
determine which marsh bird species display area-sensitive distributions. The
SAR was originally intended to be used to determine how many samples are
needed to survey the plant community accurately (Arrhenius 1921), and in the
chapter I apply this to marsh bird sampling requirements. These results allow for
recommendations as to the size of marshes that should be preserved based on the
avian community and also contribute methodological recommendations.

Chapter 3 investigates the impact of surrounding land use on marsh bird
communities. [ examine the impact of a forested buffer zone and the land use
adjacent to that forested buffer on the abundance and richness of marsh birds.
Specifically, I look at how land use affects obligate marsh-nesting birds (those
that require marsh for nesting), generalist marsh-nesting birds (those that can nest
in marshes and other habitats), synanthropic species (those living in a symbiotic
relationship with h