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ABSTRACT

The tidal-marshes of eastern North America and their connected watersheds are
important transitional zones between terrestrial and marine communities (Reinhold
1977; Mitsch and Gosselink 1993). The Atlantic tidal marshes of North America support
the highest level of vertebrate endemism among similar habitats anywhere (Greenberg
and Maldonado 2006). The coastal location of tidal marshes, however, requires that
they compete with people for limited space, as over 60% of the residents of the United
States live along the coast (Burlington 1999). To better understand how the bird species
of tidal wetlands are being affected by encroaching human development point count
surveys were conducted during the breeding season on four watersheds on Mount
Desert Island in Maine. Our study included historical data beginning in 1999 and 2002
and concluding in 2010 and 2011. We determined rate of development by locating the
development on aerial photos for the years of the research. We calculated three
community metrics for each visit to a survey point: species richness, relative
abundance, and Simpson Index, as well as a species level abundance for Nelson’s
Sparrow (Ammodramus nelsoni subvirgatus) and Swamp Sparrow (Melospiza
georgiana). As percent of development within the watershed increased, the relative
abundance and the Simpson’s Index significantly decreased throughout all of the
watersheds, while species richness and the abundance of the wetland obligates showed
no significant changes. Future research and more periodic surveys will help to

understand how the development or other local changes to the wetland ecosystem is

Vii



affecting the bird populations. The information collected in this study will provide
information to developers and land planners to increase the knowledge of the
importance of watersheds and the birds that inhabit them. The data can also influence

land planning through-out coastal Maine and New England.
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INTRODUCTION

The tidal-marshes of eastern North America and their connected watersheds are
important transitional zones between terrestrial and marine communities (Reinhold
1977; Mitsch and Gosselink 1993). Tidal marshes absorb power from ocean storms
(Daiber 1986), improve estuarine water quality (Heinle and Flemer 1976; Valiela and
Teal 1979; Dame et al. 1992; Valiela et al. 2000; Koch and Gobler 2009), and support
the reproduction of many estuarine and marine organisms (Boesch and Turner 1984).
Furthermore, the Atlantic tidal marshes of North America support the highest level of
vertebrate endemism among similar habitats anywhere (Greenberg and Maldonado
2006). The preservation of this unique natural resource is therefore primarily an eastern

North American responsibility.

The coastal location of tidal marshes, however, requires that they compete with
people for limited space, as over 60% of the residents of the United States live along
the coast (Burlington 1999). This stress on coastal marshes has led to a loss of over
half of the wetland habitats within the United States, causing drastic declines in wetland-
dependent bird populations (Tiner 1984; Dahl1990). The risk of habitat degradation is
also high, because tidal marshes are subjected to anthropogenic disturbance from

terrestrial influences, such as housing or industrial development.

Urban development in wetland drainages degrades and fragments wetland

habitats (Benoit and Askins 1999). The list of potential causes of degradation is long,



but includes nitrogen loading from fertilizers (Bertness et al. 2002), contamination by
heavy metals (Shriver et al. 2006), the spread of invasive plants (Benoit and Askins
1999), increases in nest predation (Greenberg 2006), changes in salinity due to upland
damming (Sipple 1971), direct tidal manipulations (Diaber 1986; Erwin et al. 1994;
Wolfe 1996). There is also an increase in impervious surfaces, pollution from road salt,
and possible changes to the hydrology of the marsh (Ward et al. 2010). These changes
have the potential to disrupt bird community structure (Benoit and Askins 2002) and
cause declines in individual avian species, such as sharp-tailed sparrows
(Ammodramus spp.) that are specialized to the ecosystem. Today wetlands are mostly
protected against direct destruction from development, but development within the

watershed causes increased problems.

To maintain the integrity of remaining Atlantic tidal marshes at both local and
regional scales will require periodic monitoring of marsh health. These observations will
allow us to identify possible upland changes that can cause down-stream effects, so
that we may endeavor to avoid or reverse them in the future. Long term monitoring of
the birds that inhabit the marshes of Mount Desert Island will create a database that will

allow study of past, present and future alterations of the bird communities.

In this study, we use birds as indices of marsh health to assess historical
changes across four marshes and their surrounding watersheds in the greater Acadia
region. Each of these respective drainage basins has experienced different degrees of

human impact over the last decade, ranging from relatively undeveloped, increased



residential use, and changes in mixed residential and industrial use. Due to the close
proximity of these four sites to one another, all of the wetlands examined here have
experienced similar degrees of climatic impacts such as, storm surges and sea level
rise. By comparing the bird community composition of these four tidal marshes, we will
begin to understand (A) whether temporal changes in marsh integrity are caused by
regional drivers, (B) whether changes are caused by local upland land use and
development, and (C) what mitigating actions land owners and land use managers can

implement to lessen these affects.

Birds are excellent indicators of tidal marsh health (DeLuca et al. 2004), as they
are easy to detect and their reproductive output, which is relatively easy to quantify, is
sensitive to changes in marsh vegetation and hydrology (Wilson et al. 2007). Further,
birds are extremely sensitive to habitat disturbance from human development and
habitat fragmentation within a watershed. Studies of wetland habitats have shown that
bird populations reflect the influences from various land uses more than any other taxa
(Whited et al. 2000). Thus, understanding how marsh-bird communities have changed
over the past several decades will help assess changes in overall ecosystem health as
well as assist us in the future preservation of salt marshes throughout Maine and other

areas.

There are many species of birds that use the marshes of Mount Desert Island,
Maine, but nearly all of the birds that breed in or on the periphery of the marshes are

migratory. Recent declines in populations of these types of birds can be linked to habitat



loss, whether on the wintering grounds or breeding areas (Sillet & Holmes 2002). Many
of the Acadian marsh-breeding species, however, have wide ecological niches, and
thus variation in their populations reflects integrated changes across a number of
different ecosystems. To assess change in the overall health of the Acadian tidal
marshes, we focused on both a number of broad, bird-community indices as well as the
two most obligate, wetland breeders, Nelson’s Sparrows (Ammodramus nelsoni), and
Swamp Sparrows, (Melospiza georgiana), whose populations we presumed would be

more tightly tied to marsh integrity.

Nelson’s Sparrows inhabit marshes and wet meadows in three disjunct
populations in North America; one of these populations, (A. n. subvirgatus) breeds in
tidal marshes along the North American coast from Maine to Labrador and
Newfoundland (Shriver et al. 2011). Nelson’s Sparrows are extremely susceptible to
population changes due to altered habitats (Shriver et al. 2011), making them an
excellent candidate index for tidal-marsh health. In the greater Mount Desert Island

region, this species breeds only in tidal saltmarshes.

Swamp Sparrows are wetland-obligate breeders across eastern North America
(Mowbray 1997). Around our study areas, they breed both along the shrubby, brackish

fringes of tidal marshes and in a wider variety of freshwater marshes.

The tidal marshes of Mount Desert Island face the combined threats of sea-level
rise, climate change, and changes in the land use of their drainage basins. To predict

the future impacts of these threats, we visited three marshes that had been surveyed



eight to eleven years prior and one previously un-surveyed marsh to describe: (A) how
the tidal marsh bird community has responded to recent changes and (B) how current
watershed land uses affect avian populations. Understanding how bird communities of
the watersheds are responding to the change in land use practices will help to

understand any future changes due to climate change and sea-level rise.



METHODS

Study Areas

To determine possible changes in wetland avian populations related to
anthropogenic development practices we surveyed four wetlands on Mount Desert
Island (MDI hereafter). MDI is located in Hancock County (44°20'34.18”N,
68°18'25.6962"W), and is the largest island off the coast of Maine. Currently, MDI is
primarily residential, with many parts of the island still quite rural. Housing development
is the fastest-growing type of land use practice in the United States (Schlossberg et al.
2011). The total population of year-round residents on MDI was 9,571 during the 2010
US Census, down nearly a thousand people from the prior 2000 census (U.S Census
Bureau, 2010). Furthermore, these numbers only reflect the year-round residents of the
island; thousands more people spend the summer on the island and contribute to the
demand for housing development. These pressures bring increased stressors to

wetland bird populations.

The four wetlands surveyed for this project are located on Mount Desert Island in
Hancock County, Maine (Figure 1). Two of the marshes are at least partly located
within the boundary of Acadia National Park (Northeast Creek, NEC, and Bass Harbor
Marsh, BHM). Two additional marshes were surveyed outside the park: Babson Creek
(BAB), which is owned by a state-wide land trust, and Jones Marsh (JON), which is

privately owned (Figure 2).



Northeast Creek is found on the northwest part of MDI (44°25'6.68"N,
68°18'48.32"W), in the town of Bar Harbor. The marsh is estuarine wetland with riverine
and palustrine influences (Cowardin et al. 1979). There is a tidal creek that flows under
a state highway bridge, restricting the tidal flow that feeds the marsh. The saline part of
this marsh is relatively small, though the channel opens up into a large, tidal freshwater
marsh. Northeast Creek is the least saline of the marshes surveyed, but still has a
brackish, open sedge area bordered by shrubs and boreal forest (Wilson 2009). This
watershed was originally surveyed in 2002 by researchers funded by the National Park

Service. This wetland was resurveyed in 2010 and 2011.

Bass Harbor Marsh is an estuarine wetland with riverine and palustrine
components (Cowardin et al. 1979), bordered by a spruce-dominated boreal forest. It is
located on the south side of MDI in the towns of Southwest Harbor and Tremont
(44°15'24.15"N, 68°20'32.57"W). This wetland is completely located within the park
lands. Bass Harbor Marsh has the strongest tidal influence, and is the largest salt
marsh of all four marshes in this study. Above the salt marsh is a tidal freshwater
wetland. In this marsh there are two bridges that restrict tidal flow. One of the bridges
crosses Adam’s Brook on State Route 102 as it enters the main body of salt marsh, and
the other bridge restricts the riverine outflow from the entire marsh basin. This
watershed was originally surveyed in 1999 by the Maine Department of Inland Fisheries

and Wildlife and in 2002 by researchers funded by the National Park Service.



Jones Marsh lines the northern border of MDI near the bridge that connects the
island to the mainland in the town of Bar Harbor (44°25'10.59"N, 68°21'5.33"W) and has
an estuarine component that leads into a palustrine wetland (Cowardin et al. 1979).
State route 3 bisects the marsh and restricts tidal flow via a bridge and culvert system.
There is also a man-made salt pond at the top of the marsh closest to the ocean. This
watershed was originally surveyed in 1999 by the Maine Department of Inland Fisheries

and Wildlife.

In addition to these three historically surveyed marshes, we also surveyed
Babson Creek Marsh for the first time. This marsh was selected because of its similarity
to BHM and JON and its relatively high density of Nelson’s Sparrow. Babson Creek is
located along state route 102 in Mount Desert, Me (44°22'30.64"N, 68°19'37.67"W) at
the head of Somes Sound. Babson Creek is a 14.58 ha marsh with estuarine
components (Cowardin et al. 1979) that leads to forested wetlands. The entire outflow
of Babson Creek is also impacted by a bridge that restricts tidal flow, and a second

bridge restricts freshwater flow from a creek at the head of the marsh.

All of these marshes have similar characteristics. They are all strongly influenced
by tides, support many avian guilds, and are tidally restricted by bridges. They also
likely experience very similar regional stressors, as the distance between the two

furthest marshes (BHM and JON) is only 19 km.



Survey Methods

To quantify the change in the avian communities of three marshes (Northeast
Creek, Bass Harbor Marsh, and Jones Marsh and the state of the community at a fourth
marsh Babson Creek Marsh), we surveyed each marsh three times throughout the
breeding seasons (June, July and August) of 2010 and 2011 following methods

comparable to two historical surveys (Hodgman et al. 2001, Wilson et al. 2009).

Maine Department of Inland Fisheries and Wildlife (Maine IF&W) (Hodgman et al.
2001): — This project surveyed BHM and JON at fixed points placed greater than 200m
apart and 50m away from any upland edge. We matched our contemporary surveys to
these points using historically plotted GPS points and maps. Following the prior
researchers’ methods, the presence and distance (up to 200m) of birds that were seen
or heard using the saltmarsh were recorded for a 10-minute period. This included
feeding birds in flight if they were actively foraging in the marsh (e.g. terns and
swallows). Bass Harbor Marsh had four points that followed this protocol (all of which
were located in the salt-marsh section of the wetland; Figure 3) and JON had three
(Figure 4). We followed this methodology on the new marsh we surveyed (BAB) as
well, because of its similarities to BHM and JON. Babson Creek (Figure 5) had only
one point, because the marsh is fairly small and wouldn’t allow the distance needed
between points or the space from an upland edge for additional points. The original

surveys completed by Hodgman et al. (2001) were completed between June and



August. Our study followed the original timing of the surveys and visited all the points

three times.

National Park Service (NPS) (Wilson et al., 2009) — This study used a different method
for each year of their surveys (2001 and 2002) to survey BHM and NEC watersheds.
This study focused not only on the salt marsh but the entirety of the tidal zone into
freshwater marsh habitat. During the first year (2001) the researchers used a different
set of randomly selected points in each survey period, and during the second year they
used fixed points that were visited three times during the survey period. For the
purpose of our project, we visited the fixed, non-random points from 2002 for each of
our two seasons. We matched the location of contemporary surveys to the historical
points using original GPS points and maps with BHM having twelve points (Figure 6)
and NEC having fourteen (Figure 7). Some points were omitted because of GPS error
or inability to access. For the points conducted by Wilson et al. (2009), we recorded all
birds seen and heard within five minutes inside a 250 m, fixed-diameter circle.

Wilson et al. (2009) completed their point count surveys three times between late
May and the end of June. To get a better view of the breeding season with a lower risk
of sampling migrants, we shifted the time-frame of surveys to June to August. Only the
last two surveys of their project and the first two surveys of our project were analyzed
together. Also, for the 2002 surveys some points in BHM and NEC were omitted for
unknown reasons. We resurveyed all the points covered by Wilson et al. (2009) for both

watersheds.
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The surveys that took place in 1999 (Hodgman et al. 2001) and in 2002 (Wilson
et al.2009), followed different methodologies such as listening distance and time spent
listening. For our research we followed each original survey’s methods for each of their
original points. Points located in the salt marsh of Bass Harbor Marsh overlapped, but
were surveyed following the corresponding survey technique. Surveys following both
methodologies began a half hour before sunrise and finished within four hours after
sunrise, and surveys were not completed if it was raining, excessively foggy, or windy (>

30km/h).

GIS Methods

To compare watershed development rate to historical and contemporary survey
results, we determined how much of each watershed was developed versus
undeveloped using aerial photos from the Maine Office of GIS Data Catalog
(http://www.maine.gov/megis/catalog/). To get a baseline of the development before the
first survey began we used the 1996-1998 (USGS & MEGIS 2001) photo set to identify
developed areas present in 1998. The first survey was conducted in the summer of
1999. We then used the closest available aerial photos for the entire span of all the
projects used for this study to the current year (2003-2005) (USGS & MEGIS 2008),
2009 (USDA-FSA 2009) and 2011(USDA-FSA 2011). The two sets of aerial photos for
1996-1998 and 2003-2005 were photo sets that were taken between the years of 1996-

1998 and then the next were 2003-2005, while 2009 and 2011 were taken that year not

11



over multiple years. The only year the bird surveys were completed that had
corresponding aerial photos was 2011. To determine the development for the year
where the bird surveys were conducted, we assigned a level of development to each
site as the predicted amount of development for that year assuming a linear rate of
change in development between the nearest two sets of aerial photos. Using ArcMap 10
we defined watershed areas using the Watershed Boundaries of Mount Desert Island
and Lands of MDI Municipal Zones shape file (College of the Atlantic GIS Laboratory
1987), and added the area of the wetlands as defined by the United States Fish and
Wildlife Service’s National Wetland Inventory (U. S. Fish and Wildlife Service 2011).
Within each watershed area, we counted all buildings and created polygons for all
disturbed (whether it was urban, agriculture or industrial development) and undisturbed
areas (including the area of the wetland itself) for each photo year. From these data we
calculated the total amount and relative percentage of developed and undeveloped land

for each survey year. All GIS analysis was displayed using ArcMap 10.

Data Analysis Methods

We calculated three community metrics for each visit to a survey point: species
richness, relative abundance, and Simpson’s Index. We ran these three metrics for
every visit to a point with in the marsh surveyed including the previous survey’s
(Hodgman et al. 2001 & Wilson et. al. 2009) raw data. Our analytical results differed

from the previous studies by analyzing the three metrics. The two previous studies

12



goals were to determine the presence of all species associated with the wetlands. Their
methodology did not include preforming these metrics. We obtained the raw data from

each survey and ran the tests on that data as well as our current data.

To determine the species’ level effects, we also calculated the abundance of our
two wetland specialists: Nelson’s Sparrow and Swamp Sparrow. This analysis will help
to show if the two populations of the wetland dependent species are being altered by

the possible change to the habitat.

We constructed a series of repeated-measures mixed models in SAS 9.2 to
predict the results of individual point counts for both modern and historical surveys. We
used repeated-measures models to account for interdependence across multiple visits
to each point both within the year surveyed and across the years and a mixed model to
allow our intercepts to vary with the date of survey. Candidate fixed effects were year,
marsh, percent of development, absolute acreage of development, and all two-way

interactions with year.

We then selected the best performing model among all possible combinations of
our fixed effects (except for models including both percent development and absolute
development simultaneously) using the Akaike Information Criterion adjusted for small
sample size (AlCc), considering models with AAICc < 2.0 to be equivalent. We included
the random effect of sampling date and controlled for repeatedly sampling points, both

historical and modern, in all of our models, including the null. Post-hoc,

13



model-corrected means were calculated from the best performing models using least

squares means, and all reported means are presented with standard errors.

14



RESULTS

Changes in Marsh Conditions

Bass Harbor Marsh — Bass Harbor Marsh was the only marsh that was surveyed by
both past projects. In 1999, Maine IF&W (Hodgman et al. 2001) studied the saltmarsh
of BHM and recorded species that were seen using the marsh and found 15 species for
the season, with a mean of 3.33 species per point (Cl 1.19, SE. 0.54). We redid the
same points for 2010 and 2011 and found 20 species for the 2010 season, with a mean
of 5.33 species per point (Cl 1.45, SE. 0.61) and 12 species for the 2011 season with a

mean of 3.67 species per point (Cl 1.60, SE. 0.76) (Figure 8).

The NPS (Wilson et al. 2009), studied the entire wetland complex of BHM and
recorded species that were seen or heard using the wetlands and found 46 species for
the season of 2002 with a mean of 10.24 species per point (Cl 1.45, SE. 0.69). We
redid the same points for 2010 and 2011. We found 50 species in 2010 with a mean of
8.87 species per point (Cl 1.36, SE. 0.67) vs. 40 species for the 2011 season with a

mean of 6.70 species per point (Cl 1.17, SE. 0.57) (Figure 9).

Bass Harbor Marsh, despite being largely inside the boundaries of a national
park, showed increases in development within the watershed. The Bass Harbor
Watershed is 2157.00 ha. In 1998 the Bass Harbor Marsh watershed began with 90.56
ha (4.20%) of developed land. In the next four years (2003), development in Bass

Harbor Marsh watershed increased to 117.14 ha (5.43%). Ten years later (2009),

15



development within the watershed had increased to 138.75 ha (6.42%). By the final

year of the surveys, 146.35 ha (6.78%) of the watershed was developed (Figure 10).

Jones Marsh- The surveys conducted on the salt marsh section of Jones Marsh
were conducted in the years of 1999, 2010 and 2011. Maine IF&W (Hodgman et al.
2001, detected 16 species in 1999, with a mean of 4.00 species per point (Cl 2.24, SE.
0.97). We completed two more years of research at the same points and found 16
species in 2010, with a mean of 5.44 species per point (Cl 1.49, SE. 0.65), and 10
species using the marsh in 2011, with a mean of 4.33 species per point (Cl 1.54, SE.

0.67) (Figure 11).

The first survey for Jones Marsh was completed by Maine IF&W in 1999. Jones
Marsh is by far the smallest of the watersheds in area of all the watersheds sampled
with 163.64 ha. Being the smallest the developed areas are also closer to the survey
areas. In 1998, there were 154.54 ha of undeveloped land. Only 6.36 ha of the land
were developed, representing 2.87% of the entire watershed. Even though there were
not any point counts completed in 2002, we still analyzed development of the watershed
to compare to the other watersheds. The amount of developed land in 2003 was 18.02
ha (10%). The next year the avian surveys were completed was 2010. In 2009 the
development increased to 21.83 ha, with 12.42% of the watershed now developed.
Research ended in 2011 with the final year of point counts and development analysis.
The current amount of development in the watershed is 22.39 ha and a percent of 12.77

(Figure 12).

16



Babson Creek- Babson Creek’s salt marsh was the only wetland that wasn’t
visited in the past. Research on this marsh began with our project. There was one point
on this marsh that was visited three times from June to August in 2010 and 2011. We
recorded 12 species in 2010 with a mean of 7.00 species for the point (Cl 4.30, SE.
1.00), and 20 species with a mean of 8.67 species for the point (Cl 6.25, SE. 1.45)

species in 2011 (Figure 13).

The point count surveys for Babson Creek didn’t begin until 2010. There is only
two years of point count data for this watershed, although all the years of the
development data exist. The first year of development data is the same as the other
watersheds (1998). The total area of Babson Creek is 1023.27 ha. In 1999 the amount
of development of the marsh was 101.41 ha, with only 9.91% of the watershed actually
developed. The next year of development analysis was 2003. In these years the
development increased to 165.15 ha and the percent of development increased to
16.14. In 2009 the amount of development was 169.50 ha giving the watershed a 16.56
percent development. The final year of surveys for Babson Creek was 2011. In this final

year the amount of developed property was 173.64 ha (16.97%) (Figure 14).

Northeast Creek- Northeast Creek had a total of fourteen points (although not all
the points were visited in each survey period in 2002). In 2002 Wilson et al. (2009)
detected 46 species with a mean of 9.57 species for the point (Cl 1.53, SE. 0.75), and

we detected 51 species in 2010 with a mean of 6.83 species for the point (Cl 0.72, SE.
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0.36) and 42 species in 2011 with a mean of 5.40 species for the point (Cl 0.74, SE.

0.37) (Figure 15).

The point count survey of Northeast Creek didn’t begin until 2002, although we
assessed development starting in 1999 for comparison with the other marshes.
Northeast Creek is the largest of all the watersheds surveyed with 2678.05 ha.
Northeast Creek began 309.57 ha (11.56%) of developed land in 1998. In the next
three years, development in the Northeast Creek watershed increased to 389.36 ha
(14.55%). In the ten years (2009) since the original gathering of development data, the
watershed of Northeast Creek has increased development to 398.12 ha (14.87%). By
2011, 405.39 ha (15.14%) of the NEC watershed was developed (Figure 16). Of the
watersheds that have been included in all the point count surveys, Northeast Creek has
the highest percent increase of development, with a total of 15% in 2011. Northeast
Creek was also the marsh with the highest percent of development at the

commencement of the surveys.

Statistical Analyses

Abundance — The model that best predicted bird detections over our entire study period
included the effects of site (N = 231, X?= 3.51, P= 0.03), the percent development of
that site (X?= 4.41, P = 0.04), and their interaction (X*= 4.01, P = 0.02) (Table 1). This

model outperformed the null model (which included the random effect of date; AAICc =
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380). This model also out-performed the next highest ranked model (AAICc = 13.9),
which included the effect of year (also site, percent of the watershed developed, and the
interaction between year and site); this means that once we modeled the effect that
percent of development had on abundance there was no effect for year. In the top
model bird abundance decreased with development within each site (Figure 17).
Further, there was more variation in abundance in the marshes with less development,
such that largely undeveloped marshes possessed both relatively high and low bird
abundances. Although, the marshes surveyed that were relatively developed possessed

only low bird abundances.

Species Richness- The best model for species richness also included the effect of site,
percent development, and their interaction. This model outperformed both the null
(AAICc = 165.8), and the next highest ranked model (AAICc = 19.9) (Table 2), although
none of the variables in the top model were statistically significant when the effects of
site (N = 231, X*>=0.64, P = 0.53), the percent development of that site (X*=1.75, P =
0.19), and their interaction (X*>=0.24, P = 0.79) were included (Figure 18). Over the
twelve years of the survey period there was no significant change in the species

richness in any of the marshes surveyed.

Simpson Index- The highest ranked model for the Simpson Index was again the model

with site (N = 231, X?= 3.95, P = 0.02), percent development (X* 7.63=, P = 0.006),
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and their interaction (X*>= 3.35, P = 0.04). Species richness showed a relationship with
percent development within and across sites that was very similar to the pattern for the
abundance of birds detected (Figure 19), likely because there were no differences in
species richness (and the index combines abundance and species richness). This
model outperformed the null model (AAICc = 4.5) (Table 3), which was also the next

highest ranked model.

Wetland Specialist Species- Nelson’s sparrows were only detected in the saline
marshes (BAB, BHM, and JON). The highest ranked model for the number of Nelson’s
sparrows detected included the effects of site (N = 125, X?= 0.35, P = 0.55) and percent
development (X?= 0.59, P = 0.45). This model outperformed the null model (AAICc =
131.1) and the next highest ranked model (AAICc = 2.5), which included percent
development, year, and their interaction (Table 4). None of these final variables were
significant, however, and there appears to be no trends between Nelson’s sparrow

abundance and percent development (Figure 20).

Swamp Sparrows were only detected in the two marshes with shrub components
(NEC and BHM). The highest ranked model included the same three variables as the
best models for abundance and diversity which were site, percent development and
their interaction. This was the best model that predicted Swamp Sparrow detections
over our entire study period included the effects of site (N = 222, X>= 1.29, P= 0.26),

the percent development of that site (X°= 4.81, P = 0.03), and their interaction (X*>=
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0.72, P = 0.40) (Table 5). This model outperformed both the null model (AAICc = 112.8)
and the next highest ranked model, which included site and percent development
without their interaction (AAICc = 9.2) (Figure 21). In these two marshes, percent

development increased with the number of swamp sparrows detected.
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DISCUSSION

To determine possible future threats to the tidal wetlands of Mount Desert Island
we visited three tidal wetlands and resurveyed historical point counts (BHM, NEC,
JON); we also added one new marsh (BAB) to the monitoring effort. Although, Babson
Creek was newly added to the project we still looked at the percent development for the
entire timeframe of the project to get a wider view of the increased development on
MDI. We surveyed the four marshes to determine how tidal marsh bird community has
responded to recent changes in and how the current watershed uses have affected the

avian populations.

Other research has found that abundance of birds seems to reach its highest
amount as development increases. This is a result of an increase in the birds that take
advantage and thrive in the fragmented habitats of human areas (Tratalos et al. 2007;
McKinney et al. 2011). We found that on the watersheds surveyed on Mount Desert
Island the abundance of birds significantly decreased throughout the time of our project.
Our results showed that the percent of development near each of the marshes
increased with every time step, while the abundance of birds decreased. Our analysis
demonstrated that the increase of percent development was better at indicating
changes in abundance in the marsh bird communities than the change in time alone.
The results for the Simpson’s Index were similar to the results for abundance. We found

that the increase in the percentage of development also significantly decreased the
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Simpson’s Index. This leads us to believe that there is the possibility that regional
drivers such as the percent of development may be a factor or correlated with the cause

in the decrease of bird abundance and Simpson’s Index.

We did not find a significant relationship between species richness of the
selected wetlands, and the percent of development increase within the watersheds.
Northeast Creek also has the highest percent of development of the watersheds. In the
most current year of research, Northeast Creek was only 15% developed. Other
research has shown that species richness seems to reach its highest amount in low to
medium levels of development (Tratalos et al. 2007; McKinney et al. 2011). Our results
show that the amount of the development within all the watersheds surveyed is still at a
low enough percentage to not significantly affect the species richness of the marshes.
The possible ways in which the increased development might affect avian populations,
is there will be an increase in species diversity but a decrease in native bird diversity

(Blair 1996).

We also looked into the species of birds that are only found in the wetlands on
the island. The two species were Nelson’s Sparrow and Swamp Sparrow. Nelson'’s
Sparrows were not breeding or regularly seen in the Northeast Creek watershed but
they were present in the other three watersheds. They most likely were not found in
Northeast Creek because of the lack of appropriate habitat inside the point count area.
The Nelson’s Sparrow did not show any significant changes to their population on the

marshes surveyed. Swamp Sparrows were found in Northeast Creek and Bass Harbor

23



Marsh but not Babson Creek or Jones Marsh, also most likely due to lack of appropriate
habitat. Bass Harbor and Northeast Creek have both a fresh water shrub marsh that is
necessary for Swamp Sparrows (Mowbray 1997). The population of Swamp Sparrows
significantly increased with the increase of the percentage of development. This may be
because of the expansion of suitable habitat on the borders of the marsh. When
Hodgman et al. (2001) surveyed Bass Harbor Marsh in 1999 there were no Swamp
Sparrows recorded. The increased shrub component may be correlated with the
increase of the percent of development in the watersheds. Both of these marshes have
a fresh water shrub marsh that is a necessity for Swamp Sparrow (Mowbray 1997).
Possible reasons for an increase in Swamp Sparrows may be tidal restrictions to the
tidal inlets because of the construction of bridges and other anthropomorphic changes
to the flow of the tide. The plants in a marsh are set in a strict zonation from low marsh
cordgrass (Spartina alterniflora), high marsh marsh hay (Spartina patens) then rushes
are located along the terrestrial border (Bertness et al. 2002). Shrubs are also located at
the terrestrial border. Bertness et al. (2002) has shown that shoreline and watershed
development can cause an increase in nitrogen, this increase and the effects from
restricting the tidal flow to the marsh may be a reason for increased shrubs. The
increase in Swamp Sparrows may be because they are taking advantage of the
encroaching shrubs.

The marshes we selected to study are located very close to each other and
located on an island where a large percentage is owned by the National Park Service or

other types of conservation agencies. This limits the allotted space that development
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can occur over time on the island and keeps most development away from the wetlands
surveyed, though some areas of the watershed are not protected and development
abuts the wetlands. We are assuming that any development inside the watersheds of
the selected wetlands will have an impact on the avian communities that use the
wetlands. Impacts from housing developments are far reaching throughout ecosystems.
They affect the patterns of land cover, even when the numbers of houses is small
(Tratalos et. al 2007). Most new development on the island seems to be completed in
clustered neighborhoods with the highest increase between the years of 1999 and
2003. There have been additional studies that have shown that bird populations have
been declining in the last few decades. As stated earlier the increase of development
affects the bird population by altering the species composition within the urbanized area
(Blair 1996). Abundance also seems to reach its highest amount as development
increases. This is a result of an increase in the bird species that are able to take
advantage and thrive in the fragmented habitats of human areas (Tratalos et al. 2007,
McKinney et al. 2011). Some examples of birds moving into habitats that they were
previously not found in are Northern Cardinal (Cardinalis cardinalis), Tufted Titmouse
(Baeololphus bicolor) and Song Sparrow (Melospiza melodia) (USGS 2012) this could

be a partial reason for changes to the marsh bird communities.

It has been stated that birds may be increasing their northern ranges due to
climate change creating new habitats for them. As some avian species are increasing
northward they are not increasing southward and on average some North American bird

species are increasing their northern ranges by 2.35 km per year (Hitch & Leberg 2007).
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While doing other work on Bass Harbor Marsh, we observed species that might be
showing northern range increases. We observed a Saltmarsh Sparrow (Ammodramus
caudacutus) and a Little Blue Heron (Egretta caerulea), both species that breed in
southern Maine but not on MDI. Both of these species were not found in multiple years
and were not present for the entire breeding season (pers. obs.). Northern Cardinals
were observed during the point counts on Bass Harbor Marsh in 2010 and 2011
throughout the entire season. They were not recorded in any of the previous surveys.
This movement of birds northward may be changing the species composition within the

watersheds.

As well as new species possibly moving into the watersheds, some bird species
have been recorded arriving on the breeding ground significantly earlier (Miller-Rushing
et al, 2008). We studied how the percent of development may alter the marsh
ecosystem, but another possible influence on the tidal marsh bird community may be
climate change. Impacts on birds that may be due to climate change include earlier
breeding, increased survival, larger clutches and earlier nesting, change in diet and
increased ranges northward (Murphy-Klassen et. al. 2005). Some species that are not
arriving significantly earlier are nesting earlier. This means that when a bird arrives at its
breeding grounds it is under immediate pressure to start nesting (Murphy-Klassen et. al
2005). Both Nelson’s and Swamp Sparrows might start to breed earlier. The previous
studies on the marshes have found Nelson’s Sparrows arriving during the first to second
week in June (Wilson et. al. 2009 and Hodgman et. al. 2002). In 2010 we observed our

first Nelson’s Sparrow May 24. Doing periodic surveys early and late into the breeding

26



season may give more information on the populations of the wetland birds for future
research. By continuing with this research by adding future years of data, there will be a
better understanding of how the percent of development or other possible regional
stressors on the island is affecting the birds with in the watersheds and the connected

wetlands.

Global climate change is predicted to increase sea levels. As sea levels rise tidal
mud flats will be converted into salt marshes. Research in the United Kingdom, has
focused on the increase of Spartina species of grass and have found a rapid decrease
in Dunlin (Calidris alpine) (Galbraith et al. 2002). Other areas of Europe have also
experienced the decrease of shorebird numbers as mudflats are changed to salt
marshes (Galbraith et al. 2002). The quickness and unpredictability of global climate
change will cause a change in the available habitats for the birds on Mount Desert
Island. This will require birds to adapt to the new habitats or they might be extirpated

from the island.

To continue preserving the wetlands on Mount Desert Island the priority of
conservation should not only be on the wetlands themselves but include the entire
watershed. Our research shows that while the wetland specialists have not showed any
significant decline in their populations, overall bird abundance has significantly
decreased as the percent of development increases in the watersheds. These results
show that the focus of conservation should be on the entire watershed not only the

wetlands. Future research and more periodic surveys will help to understand how the
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development or other local changes to the wetland ecosystem is affecting the bird
populations and help to understand what is the driving force in the possible decline of
birds that use the watershed as a breeding ground. The information collected in this
study will provide information to developers and land planners to increase the
knowledge of the importance of watersheds and the birds that inhabit them. The data

can also influence land planning through-out coastal Maine and New England.
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Tables

Table 1. AICc model predictor showing the best model for determining change in bird
abundance is the percent of development for each site.

Model AlCc AAICc
site % develop site*% develop 1796.5 0
year % develop site site*year 1810.4 13.9
year year*develop develop site site*year 1824.3 27.8
year year*site develop site 1829 32.5
site % develop 1836.8 40.3
year year*% develop % develop 1844.2 47.7
year year*develop develop site 1844.3 47.8
site develop site*develop 1847 50.5
site develop 1855.2 58.7
% develop 1857.4 60.9
develop 1871.5 75
year year*develop develop 1876.3 79.8
year year*site site 2140.9 344.4
site 2156.8 360.3
null 2176.5 380
year year*% develop % develop site NA

year % develop % develop *year site site*year NA

* indicates interaction
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Table 2. AICc model predictor showing the best model for determining change in species
richness is the percent of development for each site.

Model AlCc AAICc
site % develop site*% develop 1162 0
year % develop site site*year 1181.9 19.9
site % develop 1191.7 29.7
year year*% develop % develop 1199.1 37.1
site develop 1208 46
year year*develop develop site 1212.3 50.3
site develop site*develop 1212.5 50.5
develop 1227.8 65.8
year year*develop develop 1232.4 70.4
prctdev 1253.2 91.2
year year*site site 1322.8 160.8
null 1327.8 165.8
site 1336.7 174.7
year year*site develop site NA

year year*develop develop site site*year NA

year year*% develop % develop site NA

year % develop % develop *year site site*year NA

* indicates interaction
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Table 3. AICc model predictor showing the best model for determining change in Simpson’s
Index is the percent of development for each site.

Model AlCc AAICc
site % develop site*% develop -187.1 0
null -182.6 4.5
site -179.1 8
year year*site site -166.2 20.9
% develop -165 22.1
site % develop -165 22.1
year % develop site site*year -162.5 24.6
year year*% develop % develop -160.1 27
year year*develop develop site site*year -155.5 31.6
site develop -149.7 37.4
develop -144.9 42.2
year year*site develop site -144.4 42.7
site develop site*develop -136.6 50.5
year year*develop develop site -132.2 54.9
year year*develop develop -121.8 65.3
year year*% develop % develop site NA

year % develop % develop *year site site*year NA

* indicates interaction
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Table 4. AICc model predictor showing the best model for determining change in Nelson’s
Sparrow is the percent of development for each site.

Model AlCc AAICc
site % develop 444.9 0
year year*% develop % develop 447.4 2.5
% develop 448.5 3.6
year year*site develop site 455.9 11
site develop 462.1 17.2
site % develop site*% develop 463.4 18.5
site develop site*develop 463.4 18.5
year year*develop develop site site*year 466.5 21.6
develop 469.2 24.3
year year*develop develop site 469.6 24.7
year year*develop develop 476.9 32
site 547.9 103
year year*site site 554.5 109.6
null 576 131.1
year % develop site site*year NA

year year*% develop % develop site NA

year % develop % develop *year site site*year NA

* indicates interaction
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Table 5. AICc model predictor showing the best model for determining change in Swamp
Sparrow is the percent of development for each site.

Model AlCc AAICc
site % develop site* % develop 623.9 0
site % develop 633.1 9.2
year % develop site site*year 635.7 11.8
% develop 638.2 14.3
year year* % develop % develop 641.2 17.3
site develop 650.1 26.2
year year * site develop site 653.2 29.3
develop 656.3 32.4
site develop site *develop 658.6 34.7
year year* develop develop site 666.4 42.5
year year * develop develop 676.9 53
site 694.9 71
year year * site site 706.2 82.3
null 736.7 112.8
year year * develop develop site site * year NA

year year* % develop % develop site NA

year % develop % develop * year site site*year NA

* indicates interaction
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Figure 1. The location of Mount Desert Island in the state of Maine.
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Figure 2. Location of the Jones Marsh, Northeast Creek, Babson Creek and Bass
Harbor Marsh watersheds on Mount Desert Island.
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Figure 3. Location of Maine Inland Fisheries and Wildlife (1999, 2010, and 2011) point
count stations in Bass Harbor Marsh.
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Figure 4. Location of Maine Inland Fisheries and Wildlife (1999, 2010, and 2011) point

count stations on Jones Marsh.
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Figure 5.

Location of point count station for Babson Creek Watershed (2010 and 2011)
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Figure 6. Location of National Park Service point count station for Bass Harbor Marsh
Watershed (2002, 2010 and 2011)
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Location of National Park Service point count station for Northeast Creek
Watershed (2002, 2010 and 2011)
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Figure 8. Number of species counted during each sampling seasons from 1999 to 2011
of the Maine Inland Fisheries and Wildlife designated points for Bass Harbor
Marsh, with the mean per point. Error bars represent the 95% confidence
interval.
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Figure 9. Number of species counted during each sampling seasons from 2002 to 2011
of the National Park Service designated points for Bass Harbor Marsh, with
the mean per point. Error bars represent the 95% confidence interval.
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Figure 10. Land use of Bass Harbor Marsh 1998 to 2011, representing the increase of
development within the watersheds
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Figure 11. Number of species counted during each sampling seasons from 1999 to
2011 of the Maine Inland Fisheries and Wildlife designated points for Jones
Marsh, with the mean per point. Error bars represent the 95% confidence
interval.

50



0 100 200
Meters

1998

-%-
®  Buildings 1998

B Development 1998

[ Road [

400 Wetland 0 100 200

I undeveloped

2003

Meters

Buildings 2003

®  Buidings 1998
Il Undeveloped

Il Oevelopment 1998

B Development 2003

7] Road

Wetland

aa

2009

+  Buildings 2009

Buildings 2003
©  Buidings 1998 N .
I Developement 1998

I Oevelopment 2003
Development 2009

2011

*  Buildings 2011
+  Buildings 2009
Buildings 2003

® Buildings 1998
Il undeveloped
I Development 1998
I Oevelopment 2003
[] Development 2009
[ Development 2011

FLELE 1 I Undeveloped
0 100 200 400 Road 0 100 200 ] Roa
Meters Wetland Meters Wetland

Figure 12. Land use of Jones Marsh 1998 to 2011, representing the increase of

development within the watershed
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Figure 13. Number of species counted during each sampling seasons of 2010 and
2011 of Babson Creek Watershed, with the mean per point. Error bars
represent the 95% confidence interval.
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Figure 14. Land use of Babson Creek 1998 to 2011, representing the increase of

development within the watersheds
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Figure 15. Number of species counted during each sampling seasons of 2002 to 2011
of Northeast Creek Watershed, with the mean per point. Error bars represent
the 95% confidence interval.
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Figure 16. Land-use of Northeast Creek Watershed from 1999 to 2011 representing the
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Figure 17. Model-corrected mean for bird abundance and the increase of the percent of
development on the four watersheds from 1999 to 2011.
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Figure 18. Model-corrected mean for species richness and the increase of the percent
of development on the four watersheds from 1999 to 2011.
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Figure 19. Model-corrected mean for Simpson’s Index and the increase of the percent
of development on the four watersheds from 1999 to 2011.
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Figure 20. Model-corrected mean for Nelson’s sparrow abundance and the increase of
the percent of development on the watersheds they were present from 1999
to 2011.
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Figure 21. Model-corrected mean for Swamp Sparrow abundance and the increase of
the percent of development on the watersheds they were present from 1999
to 2011.

60



