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ABSTRACT

Salt marshes and their associated wildlife populations have been identified as priorities for restoration
and conservation in north-eastern North America. Three distinct bio-physical regions of salt marshes
occur in the Maritime Provinces: Bay of Fundy, Atlantic Coast and Gulf of St. Lawrence. Surveys of
salt marsh birds were conducted on 160 marshes located throughout the Maritime Provinces by
Canadian Wildlife Service (CWS) staff and volunteer naturalists during 2000-2002. These surveys
utilised ten minute point counts spaced 200 m apart, a protocol similar to that used in New England.
Information on habitat characteristics such as vegetation type at the point count location, number and
total area of salt ponds, marsh area, and presence of dykes or ditches were collected by CWS staff.
Landscape-level descriptors of habitat such as proximity to adjacent houses, salt marshes, and
dykelands were derived based on air photos and wetland inventory maps.

It was observed that Bay of Fundy study marshes were larger and less isolated compared to study
marshes in the Gulf of St. Lawrence or those along the Atlantic Coast. Analysis of Maritime Wetland
Inventory data revealed a similar trend. An analysis of study marshes for all biophysical regions
showed that species richness was greater on larger salt marshes. Moreover, the density of Nelson's
Sharp-tailed Sparrows and Savannah Sparrows was positively correlated with marsh area. This
relationship was asyomptotic with no increase in density of Nelson’s Sharp-tailed Sparrows for
marshes greater than 10 ha. Willet density was not influenced by marsh area but was positively
influenced by pond area, which was in turn correlated to marsh area.

Proximity to other marshes, or the number of dwellings within 125 m of the study marsh did not affect
any aspect of bird use. Nelson's Sharp-tailed Sparrow density was positively influenced by the
presence of adjacent dykeland. Phragmites is not widespread in the Maritimes and was therefore not a
useful predictor of avian habitat use. A review of findings from studies across north-eastern North
America indicates that (1) the size of the marsh is important for many species of salt marsh birds, (2)
habitat quality is determined at multiple spatial scales by salt marsh birds and (3) marsh protection
policies as well as conservation and restoration activities need to specifically address the collective
habitat requirements and conservation concerns for individual bird species and locales.




RESUME

Les marais salés et la faune qui leur est associée ont été identifiés comme priorité pour la restauration
et la conservation en Amérique du Nord. Les marais salés se catégorisent en trois régions bio-
physiques distinctes dans les provinces maritimes: la baie de Fundy, la cOte atlantique et le golfe du
Saint-Laurent. Le Service canadien de la faune (SCF) a mené avec 1’aide de ses employés et de
nombreux bénévoles des recensements d’oiseaux de marais salés dans 160 marais des provinces
maritimes entre 2000 et 2002. Ces recensements ont été réalis€s selon un protocol similaire a celui
utilisé en Nouvelle-Angleterre, constitué de points d’écoutes de 10 minutes espacés de 200 métres. Des
données sur les caractéristiques de 1’habitat tel que le type de végétation, le nombre et la superficie
d’étangs salés, la superficie des marais et la présence de digues et de chenaux ont également été
relevées par les employés du SCF. Par ailleurs, des informations supplémentaires sur 1’habitat telle que
la proximité des habitations, des marais salés et des terres endiguées ont été tirées a partir de photos
aériennes et de cartes d’inventaire des marais.

Cette étude a démontré que les marais salés de la baie de Fundy sont plus étendus et moins isolés que
ceux du golfe du Saint-Laurent et de la cdte atlantique. Les données provenant de I’Inventaire des
terres humides des Maritimes (Maritime Wetland Inventory) tendent & appuyer ces observations.
L’analyse de la diversité d’espéces dans 1I’ensemble de ces régions biophysiques a démontré que celle-
ci est fonction de la superficie des marais. A cet effet, une corrélation positive a été établie entre la
superficie des marais et la densité du Bruant de Nelson et du Bruant des prés. Cette relation devient
asymptotique en revanche dans le cas du Bruant de Nelson dont la densité cesse de croitre dans les
marais dont la taille est supérieure & 10 ha. La densité du Chevalier semipalmé est influencée, elle, par
le nombre d’étangs plutdt que par la superficie des marais, bien que la corrélation entre ces deux
¢léments soit positive. :

La proximité d’autres marais ou habitations aux zones d’étude dans un rayon inférieur ou égal 4 125 m
ne semble pas influencer I’utilisation que font les oiseaux de ces milieux. La densité du Bruant de
Nelson augmente en fonction du nombre de digues avoisinantes. Les Phragmites n’ont pu servir
d’indicateur pour prédire I’utilisation aviaire de 1’habitat en raison de leur faible abondance dans les
Maritimes. Une revue des études réalisées dans I’est de 1’Amérique du nord démontre que 1) la
superficie des marais est un facteur important pour de nombreuses especes d’oiseaux des marais salés;
2) la qualité de I’habitat est déterminée a différentes €chelles par les oiseaux de marais salés; 3) les
politiques de protection des marais ainsi que les initiatives de conservation doivent viser
spécifiquement les besoins collectifs des oiseaux en matiére d’habitat ainsi que les besoins spécifiques
des especes individuelles en matiére de conservation.
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INTRODUCTION

Salt marshes are unique ecosystems resulting from complex interactions between hydrology,
sedimentation, salinity, tidal amplitude and periodicity, and primary productivity (Bertness 1999). The
same physical and biological features that make salt marshes one of the most productive ecosystems in
the Temperate Zone, also supported European settlements during colonization of northeastern North
America (hereafter Northeast). Human use of salt marshes for agricultural purposes was widespread
throughout the Northeast during the 1600s-1900s. Practices ranged from dyking in the Canadian
Maritime Provinces (hereafter referred to as the Maritimes) to ditching, draining, and filling in New
England. Since European settlement, increasing human populations and expanding cities and towns
have resulted in the continued draining, infilling, and alteration of salt marshes. Loss of coastal
wetlands in the United States has been substantial, ranging from 30%-40% (Horwitz 1978) with salt
marsh habitat in New England being particularly imperiled (Tiner 1984). Upwards of 50% of tidél
wetlands have been lost in Connecticut since European settlers arrived (Niering and Bowers 1966). In
Canada, the amount of salt marsh lost in some local areas is upwards of 85% (Reed and Smith 1972),

although national statistics are not available (Glooschenko ef al.. 1988).

Despite the magnitude of habitat change, only recently have agencies concerned with wildlife
conservation begun to systematically survey salt marsh avifauna in north-eastern North America.
Most of the research on the habitat function of salt marshes in eastern North America has focused on
fish (e.g. Weinstein and Kreeger 2000). Therefore, quantitative information about species occurrence,
relative abundance, and density of key wildlife species is unknown. The North American Breeding
Bird Survey does not provide adequate coverage for many breeding bird species, especially habitat
specialists, such as salt marsh birds with their inherently patchy distributions (Sauer ef al. 2000). Bird
distributions and, most importantly, population trends are poorly estimated by these data. Inadequate
information on the status and distribution of salt marsh bird populations limits the utility of North
American Bird Conservation Initiative (NABCI) prioritization, and is the primary reason for many salt
marsh bird species being listed as species of high conservation concern (Pashley et al. 2000). In the
Northeast, species such as Nelson's Sharp-tailed Sparrow, Saltmarsh Sharp-tailed Sparrow, and Willet

have been identified as species of concern by state, provincial, and federal agencies.



Habitats within landscapes are altered at varying levels of intensity as human demand for space and
natural resources increases. This results in reduced habitat area and changes in the spatial arrangement
of habitat across the landscape, i.e. fragmentation (Saunders et al.. 1991). Habitat fragmentation can
be manifest on the landscape via the direct loss of habitat, reduction in size of remaining patches,
increased isolation, and loss of habitat diversity (Fahrig 1997; Saunders ef al.. 1991; Sisk and Battin
2002). Primary influences on avian community diversity include the quality, juxtaposition, and
connectivity of suitable habitat on the landscape. Fragmentation of habitat such as: forests (Askins et
al. 1987, Fauth et al.. 2000, Flather and Sauer 1996, Hannsson and Angelstam 1991, Robbins et al..
1989), grasslands (Johnson and Igl 2001), and freshwater wetlands (Brown and Dinsmore 1986,
Fairbairn and Dinsmore 2001, Naugle ef al.. 2001) has been implicated as a principal threat to most
bird species in the temperate zone (Wilcove ef al.. 1986) and a primary contributor to the population
decline of many North American birds (Askins 2000, Askins ef al. 1990). Salt marshes are
intrinsically patchily distributed across the landscape and hence fragmentation may not have a big

influence on habitat suitability compared to loss of habitat.

Saltmarshes provide habitat for a variety of bird species during all stages of their annual cycle
(breeding, migration, wintering). Salt marshes are important habitat for many birds in the Northeast
because of the continuum from grassland to wetland, the heterogeneous distribution of micro-scale
habitat features, and relatively high productivity found within. This importance is despite the tendency
of salt marshes to be dominated by relatively few species of emergent vegetation. Differences in
species distributions in the Northeast may result in different responses of the bird community to habitat
and landscape features among regions (Johnson and Igl 2000). Habitat suitability studies have
indicated that for wading and water birds the presence and configuration of open water habitat is
important (Burger and Shisler 1978, Erwin ef al.. 1994, Hansen 1979). Many passerines have been
shown to be sensitive to features of the vegetation, such as: species composition, height, and
- configuration, as well as tidal inundation (DiQuinzio et al.. 2002, Marshall and Reinert 1990, Reinert
1995).

A knowledge of habitat requirement of salt marsh birds requires an understanding of both within-patch
and landscape configuration of patches. This knowledge is critical in order to evaluate the desired

beneficial effects of human activities (e.g. coastal land use policies and regulations, habitat acquisition,




and habitat restoration) as well as potential negative impacts (e.g. infilling, drainage, disturbance) on
bird communities. Understanding salt marsh bird habitat requirements is also critical to estimating the
effects of long term (sea-level rise) and short term habitat changes (weather, tidal cycles) on breeding
bird distribution, abundance, and population trends. The effects of habitat and landscape features on
salt marsh bird species richness in one region may not be the same in other regions, making large-
scale, multi-region, coordinated studies and syntheses an important component in determining

priorities for conservation and management options within regions.

This report summarizes information collected on salt marshes and their bird communities in the
Maritime Provinces. The differences in salt marsh distribution and land use among eco-physical
regions is described, and patterns of salt marsh habitat area, isolation, human influence, and vegetative
characteristics among regions are discussed as well as relationships between bird use and habitat
characteristics.

METHODS

Description of Study Area

Within the Maritime Provinces (Figure 1) three different biophysical regions of salt marshes can be
recognized: Bay of Fundy, Atlantic Coast, and Gulf of St. Lawrence. (Roberts and Robertson 1986,
Wells and Hirvonen 1988). These regions differ substantially in geology, tidal amplitude, latitude, and
human impacts on salt marsh habitats. Habitat use by salt marsh birds represents tradeoffs between
habitat preferences that have been influenced by natural selection and habitat availability that has been

influenced by geophysical processes and human activity.

Bay of Fundy

The Bay of Fundy is the northeastern most extension of the Gulf of Maine. It is located between the
Canadian provinces of New Brunswick and Nova Scotia, and covers an area of 16,000 km”. The Bay
of Fundy is a macro-tidal system with a tidal range of 6 m in the outer bay to 16 m at the head of the
bay in Cumberland and Minas Basins (Desplanque and Mossman 2000). A single tidal flow into the

Bay of Fundy involves 104 km® of water. Thus, during a single day, the volume of water moving in an



out of the Bay of Fundy is equivalent to four times the combined discharge of the world’s rivers
(Desplanque and Mossman 2004). In addition to the huge tidal range, other factors result in the
absolute level of mean high water (MHW) to vary by as much as 5 m at a given location (Palmer 1979,
Gordon and Desplanque 1983, Desplanque and Mossman 2004. This temporal variation in MHW is
greater than tidal amplitude for most other locations in northeastern North America {Gordon et. al
1985). Variation in MHW results in high marsh zone elevations to be greater than 1 m above MHW
and only flooded by the highest spring tides (Gordon and Cranford 1994).

High water column sediment concentrations are observed in the upper Bay of Fundy, ranging from 50-
100 mg/l (Amos 1987, Gordon and Crandford 1994). This combination of high tidal amplitude and
sediment concentrations, results in relatively high rates of sediment accretion and elevation change in
Bay of Fundy salt marshes (Van Proosdij ef al. 2000, Schostak et al. 2000, Chmura and Hung 2004,
Chmura et al. 2001).

High marsh in the Bay of Fundy is typically dominated by Spartina patens (Ganong 1903, Chapman
1960, Van Zoost 1970, Morantz 1976, Thannheiser 1981, Thomas 1983, Wells and Hirvonen 1988
Chmura et al.. 1997, Van Proosdij et al. 1999). Only 3% - 4% of the tides per year, for an average
duration of 30 minutes, flood the high marsh in the upper Bay of Fundy (Gordon et al.. 1985, Van
Proosdij et al.. 1999). Low marsh is dominated by Spartina alterniflora and can be found at elevations
between MHW and approximately 1.2 m below MHW (Van Proosdij et al.. 1999). A mid-marsh zone
which is a transitional zone between high marsh and low marsh has been described (Wells and
Hirvonen 1988, Van Proosdij et al.. 1999) and can be dominated by Plantago maritima in some
marshes (Chmura 1997). Another climatic/physical feature of Bay of Fundy salt marshes is the role of
ice in creating salt marsh pannes, exporting detritus, and importing sediment (Bleakney and Meyer

1979, Gordon and Desplanque 1983, Gordon and Cranford 1994, Van Proosdij ef al.. 2000).

Salt marsh plant growth in the Bay of Fundy occurs during May and October (Cranford et al.. 1989)
and is similar for salt marshes in the other coastal regions in the Maritimes. Latitudinal decline in salt
marsh productivity due to decreasing solar radiation has been documented (Turner 1976) and data

from the Bay of Fundy conforms to this trend (Gordon et al.. 1985). Primary productivity estimates



for Bay of Fundy salt marshes are lower than those for the Atlantic Coast perhaps due to the irregular

and brief inundation of the high marsh (Patriquin and McLung 1978, Smith ef al.. 1980).

European settlement along the shores of the Bay of Fundy began in 1604. The process of dyking and
draining salt marsh for conversion to agricultural fields was initiated in the 1630s along the Annapolis
River and in the 1670s in the upper Bay of Fundy, with dykes being maintained to this day (Milligan
1987). By 1920, it has been estimated that 80% of all salt marsh in the Maritimes had been converted
to agricultural land (Reed and Smith 1972), a major difference in land use patterns compared to other

areas in the Northeast.

The draining and utilization of wetlands through the use of dykes and water control structures is very
prevalent in Canada with 222,000 ha of argricultural land behind dykes (Papadopoulus 1995).
Currently in the Bay of Fundy there are 35,000 ha of dykeland created through conversion from salt
marsh. Recently, dykelands have reverted back to salt marsh in the upper Bay of Fundy where dykes
and water control structures have failed and not have been repaired or replaced. In the 1980’s, less
than 65% of original salt marsh area remained behind dykes compared to 80% in the 1920s (Milligan
1987, Austin-Smith 1998). It has been estimated that 35% of New Brunswick's 141 Bay of Fundy salt
marshes were formerly dyked (Reed and Smith 1972, Roberts 1993).

The Maritime Wetlands Inventory estimates that in the early 1980s there were 11,599 ha of salt marsh
in the Bay of Fundy (Table 1, Hanson and Calkins 1996). In recent years most of the dykeland has
been used for forage production or pasture (Collette 1995). This non-intensive agricultural use of the
dykeland can provide habitat for grassland birds (Nocera 2002). Based on samples submitted to
Saltonstall (2003) both invasive and naturalised forms of Phragmites are found in the Maritimes.

Phragmites is not widely distributed or found in large stands (pers obs.).



Nova Scotia Atlantic Coast

The Nova Scotia Atlantic Coast is a high energy system, experiencing the effects of ocean swells, with
a tidal range of 2 m (Wells and Hirvonen 1988, Davis and Browne 1996a). Salt marshes along this
coastline are most often small protected pocket wetlands or part of a few large complexes associated
with estuaries (Scott 1980, Chagué-Goff et al.. 2001). The Nova Scotia Atlantic Coast is a drowned
coastline and has been subsiding for 7,000 years (Fensome and Williams 2001) and is characterized by

drumlins and terminal moraines (Roland 1982).

The productivity of Atlantic Coast salt marshes has been estimated at 429 g dry wt/m* (Roberts 1989).
The vegetative zones in these marshes have been described as consisting of Spartina alterniflora in
low marsh, Spartina patens in the middle marsh, and Juncus gerardii, and sedges in the high marsh
(Wells and Hirvonen 1988 Austin-Smith et al.. 2000). Although some have reported Spartina
cyanosuroides in the high marsh (MacKinnon and Scott 1984, Wells and Hirvonen 1988) this may
have resulted from a misidentification of Spartina pectinata (pers obs., see also Zinc 1998, Hinds

2000, Fleurbec 1985).

Human land use patterns differ between the Bay of Fundy and the Nova Scotia Atlantic Coast.
Historically there was little dyking along the Nova Scotia Atlantic Coast (Kuhn-Campbell 1979). In
south-western Nova Scotia, where the coastal plain gradually grades to below sea-level, salt marshes
wefe hayed and grazed without the use of dykes. The drowned coastline of the Atlantic Coast results
in the land rising steeply from the shoreline in most locales and this has resulted in little infilling of
salt marsh for construction of human infrastructure. The Nova Scotia Atlantic Coast is estimated to

have 2,285 ha of salt marsh. (Table 1, Hanson and Calkins 1996).

Gulf of St. Lawrence

The Gulf of St. Lawrence is a low energy system compared to the Atlantic Coast and has a much
smaller tidal range compared to the Bay of Fundy (Roland 1982). Tidal ranges are 2-4 m with mixed
components of semidiurnal and diurnal influences. In the western section the tides are mainly diurnal

with a period of 25 hours hence on some days tides can remain high for 12 hours (Davis and Browne



1996b). The Gulf of St. Lawrence coast consists of a low elevation plain (Fensome and Williams
2001) and is influenced by the transport of sandy materials, with many barrier islands, dunes, lagoons
and barachois ponds (Reinson 1980). Residential development, resulting in the infilling of salt
marshes and alteration of adjacent habitat, is the primary land use alteration affecting salt marsh
habitat in the Gulf of St. Lawrence due to the presence of sandy beaches, warm water and flat
topography (Roberts 1993, Maillet 2000, Milewski ef al.. 2001). There has been little dyking and
reclamation of salt marsh in the Gulf of St. Lawrence although some old hand dug dikes can still be
seen. Coastal marshes were however hayed and grazed and were also considered very important to
early agricultural activities (Hatvany 2001). Marshes were ditched to drain ponds and created drier

soils for livestock and equipment.

It has also been noted that estuarine productivity is lower when compared to other shallow salt marsh
estuaries along the eastern seaboard of the United States (Couture and Sinclair 1982). Hatcher (1977)
estimated net aerial production of S. alterniflora to be 931 g/m?/yr and for S. patens to be 453 g/m?/yr.
Roberts (1989) estimated low marsh productivity to be 821 g dry wt. m* and high marsh to be 345 g
dry wt. m>. Interestingly the pattern for Baie Verte Creek, a nearby marsh, was 536 g dry wt. m 2 for
low marsh and 765 g dry wt. m 2 for high marsh.

The vegetative community has been described as S. alterniflora in the low marsh, S. patens in the
middle marsh and Juncus gerardii in the high marsh (Wells and Hirvonen 1988; Roberts 1989). The
Carex palacea (scaly sedge) and S. pectinata (sloughgrass) zones in Gulf of St. Lawrence salt marshes
makes them somewhat different than New England salt marshes (Gauvin 1979). The vegetative zones
and ecology of Gulf of St. Lawrence marshes have received little study to date compared to the Bay of
Fundy. The Gulf of St. Lawrence has 11,878 ha of salt marsh (Table 1, Hanson and Calkins 1996).
The combination of relative low land elevations, intensive coastal zone development and erosive soils
makes this area highly susceptible to sea-level rise damage (Shaw et al.. 1994). Sediment and organic
matter accretion rates in relation to apparent sea-level rise remains largely unquantified (Chmura and

Hung 2003).



Survey Methods

Data to estimate avian species richness, abundance, dominant vegetation, surface water area, previous
human activity, adjacent land use, and proximity to adjacent salt marsh were collected on salt marshes
in the Maritimes using techniques similar to those previously used throughout the Northeast (Benoit

and Askins 1999, 2002; Shriver 2002).

Aerial photography and Maritime Wetland Inventory maps were used to identify potential salt marsh
survey sites (Hanson and Calkins 1996). To survey resident breeding bird communities, 100 m radius
point counts (1 - 46 points/marsh) were conducted within each marsh, during 2000-2002. Each point
was visited at least two times annually between 10 June — 30 July, with at least 10 days between visits
(Ralph et al.. 1995). The number of points located in a marsh was determined by marsh size, with
more points in larger marshes. All point centers were > 200 m from any other point center and at least
50 m from an upland edge. For small marshes, where the 100-m-radius point extended into adjoining

upland habitat, only birds detected within the marsh were counted.

Observers sampled for 10 minutes at each point and recorded all birds seen and heard within 100 m.
Surveys were conducted from dawn to 1100 hrs on days with low wind (< 10 km/hr) and clear
visibility. All observers were proficient in bird identification (by sight and sound) prior to this study
and were trained in identification of salt marsh bird species. Differences among observers in ability to

see and hear birds were not quantified.

The vegetative composition of each marsh was characterized by estimating the percent areal cover of
each macrophyte species in a 5 m radius centered on the survey point, and a 5 m wide transect between
survey points. To reduce inter-observer variation vegetation surveys were conducted by the author in
2001 and 2002 (n=137) and a summer student in 2000 (n=24). The presence of common reed
(Phragmites australis), old ditches, or dikes were noted if they occurred within the marsh. To
summarize the amount of salt marsh meadow vegetation, the variable COVER was calculated by
summing the percent cover of S. patens, S. pectinata, Carex paleacea, and Juncus gerardii. Wetland
inventory maps (Hanson and Calkins 1996), National Topographic Series maps (1:50,000 scale) and

the most recent air photos were used to determine landscape level features. Marsh boundaries were



determined by paved roads, or water channels greater than 100 m wide. This definition of marsh

boundaries ensured that the salt marsh is a relatively homogeneous patch within the landscape matrix

(Forman 1995).

A proximity index was determined using wetland inventory maps and data (Hanson and Calkins 1996).
Because the Maritime Wetland Inventory data was point-based, the proximity index was derived by
summing the ratio of size (ha) of an adjacent salt marsh divided by its distance (km) to study marsh for
all marshes within 1 km of the boundary of the study marsh. This proximity index was based on the
total marsh area of adjacent marshes and therefore could be greater than 10, with values of 0 - 131
being derived. Similar to Shriver (2002), a proximity index of 0 represents an isolated marsh with no
marshes within 1 km of the marsh boundary, with higher values representing more adjacent marsh
habitat. The number of buildings within 125 m, 250 m, and 500 m radii was determined as an index of
human disturbance. The number and total area (ha) of ponds in the marsh, the presence of dykes or
ditches in the marsh, and the presence of adjacent (25 m) and nearby (250 m) agricultural fields were

determined based on air photos.

Species richness in marshes was based on 3 guilds: (1) obligate wetland birds, (2) wading birds, and
(3) passerines. Similar to Shriver (2002) these bird species were dependent on salt marshes during the
breeding season. Birds that were classified as being infrequent or opportunistic users of salt marsh
habitat were not included in calculations of species richness, even though they may have been recorded
during the surveys. These species were not assigned a guild in Appendix A. The total number of
species detected per marsh was used as an index to species richness (SPP) whereas an area-
independent estimate of species richness was the mean number of species detected per survey point in
each marsh (RICHNESS).

With the notable exception of Willets, few obligate salt marsh breeding bird species occur throughout
the entire Northeast. Saltmarsh Sharp-tailed Sparrows reach their northern limit at the Weskeag Marsh
near Thomaston, Maine and Nelson’s Sharp-tailed Sparrows reach their southern limit in northern
Massachusetts (Hodgman et al. 2002). Models were developed to attempt to explain the occurrence
and abundance of Willets and Nelson’s Sharp-tailed Sparrows in relation to landscape and patch scale

variables in the Maritimes because they were observed in many marshes throughout the region, nesting



in or in close proximity to the marsh, and are a conservation priority (Pashley et al.. 2000). Models
were also developed to attempt to explain the abundance of Savannah Sparrows which are also

routinely found in salt marshes in the Maritimes.

Statistical Analysis

General linear models (GLMs) were used to determine which marsh-level and landscape-level features
were significantly related to the mean number of birds or number of species observed per survey point
in each marsh (SAS 2001). Whereas sample size was relatively small for the Atlantic Coast, and these
deterministic models should apply to salt marshes for all study regions, data were pooled for all study
regions, and region was not included as a class variable in GLMs. The mean number of individuals
per survey point will be referred to as density. Separate models were developed for Nelson’s-sharp-
tailed Sparrow, Willet, Savannah Sparrow densities as well as species richness. Logistic regression
was used to determine the importance of vegetative community on the presence of a given species at a
survey point (Proc LOG; SAS 2001). Proportional data were arcsine transformed prior to analysis,
count data were square root transformed, and other variables log-transformed prior to statistical
analysis (Zar 1999).
RESULTS

Summary data for most of the survey marshes are presented in Appendices A.1 - E.6

The results from bird surveys are provided on the CD in the Excel file entitled ‘Avian Survey Results’.
The Results Worksheet contains the data, the Metadata Worksheet describes the variables, and the
AOU Codes Worksheet provides the American Ornithologist’s Union Species Codes.

The results from the vegetation surveys are provided on the CD in the Excel file entitled ‘Vegetation

Survey Results’. The Results Worksheet contains the data, whereas the Metadata Worksheet describes

the variables.

10




Although care has been taken to ensure the veracity of these data, there may be still be errors in these
data. Please note that no publication or citation of these raw data may be undertaken without

the written permission of the Canadian Wildlife Service.

Salt Marshes in the Maritimes

Surveys were conducted on 160 marshes throughout the Canadian Maritime Provinces.

The previously described regions differed in distribution of marsh size, the extent of human
disturbance, and vegetation composition. Fewer salt marshes were surveyed along the Atlantic Coast
(n = 16) compared to Bay of Fundy (n = 71) or Gulf of St. Lawrence (n = 72; Table 2). Salt marshes
surveyed in the Bay of Fundy were larger compared to salt marshes surveyed along the Atlantic Coast,
consistent with the size distribution of salt marshes reported by the Maritime Wetlands Inventory
(Hanson and Calkins 1996). Old dykes or ditching was present in 36% and 47% of Bay of Fundy salt
marshes, respectively. Old dykes or ditching was not present in study marshes along the Atlantic
Coast whereas along the Gulf of St. Lawrence they were present in 14% and 17 % of the marshes

studied.

Gulf of St. Lawrence salt marshes had a greater number of buildings within 500 m, compared to salt

marshes along the Atlantic Coast or Bay of Fundy (Table 2). Gulf of St. Lawrence marshes also had a
greater number and greater total area of ponds. Approximately 75% of the surveyed marshes in the

Gulf of St. Lawrence had Spartina pectinata present (Table 2).

Nelson's Sharp-tailed Sparrow density was similar for study marshes among all three regions (Table
2). The density of Willets was higher for Atlantic Coast marshes compared to Gulf of St. Lawrence
marshes, and markedly higher than observed for Bay of Fundy marshes (Table 2). Savannah Sparrow
density was lower in Bay of Fundy marshes compared to those along the Gulf of St. Lawrence or

Atlantic Coast.

Two salt marshes, Flat island and Sandy Point, were surveyed on the island of Newfoundland (see data

on CD). Nelson’s Sharp-tailed Sparrows were not recorded on any surveys in these locations in
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accordance with reports from breeding bird distributions in Canada. Willets were quite common in

both marshes with approximately 6 pairs (Winsor unpubl report).

Landscape and Patch Level Effects

Individual bird species differed in their response to landscape-level and patch level descriptors of
habitat. Marsh area was an important determinant of Nelson's Sharp-tailed Sparrows and Savannah
Sparrows densities, and species richness (Tables 3-5). The density of Nelson’s Sharp-tailed Sparrow
increased with increasing marsh size with no further apparent increase in density for marshes > 10 ha
(Figure 3). Nelson’s Sharp-tailed Sparrow density in marshes < 5.0 ha (0.33 £ 0.07, X + SE) was less
than that for marshes > 5 ha (1.07 = 0.09, P = 0.000005). Willet density was not influenced by marsh
area but was positively influenced by pond area. It should be noted that salt marsh area was correlated
with pond area (R? = 0.73) and density of Willets was positively associated with marsh area in models

which included marsh area but not pond area (unpubl. data).

The density of Savannah Sparrows was negatively affected by pond area. The average amount of salt
marsh meadow vegetation (COVER) in the marsh positively influenced the density of Willets and
species richness (Tables 4, 5). The number of dwellings within 500 m also positively influenced
species richness. The proximity index or the number of dwellings within 125 m of the study marsh did

not affect any of the bird habitat use response variables.

The presence of old dykes and old ditches on the marsh itself, or the presence of dykeland nearby, did
not affect the density of Willets or Savannah Sparrows or species richness. The density of Nelson's

Sharp-tailed Sparrows per survey point was positively influenced by the presence of adjacent dykeland
(Table 6).

Effects of Vegetative Composition

The density of Willets was positively associated with pond area, as previously mentioned, as well as
the presence of Juncus gerardii, Spartina alterniflora, and Spartina patens (Table 7). The use of

Aikake’s Information Criterion (Burnham and Anderson 1998) indicated many potential best models
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using various combinations of these variables (Hanson unpubl data). Nelson's Sharp-tailed Sparrows
and Savannah Sparrows were not affected by salt marsh meadow cover or individual plant species
(Tables 7, 8). For Savannah Sparrows, models which included the amount of S. patens and Carex

palacea as well as marsh and pond area had the lowest AICc scores (Hanson unpubl data).

Species richness was influenced by S. alterniflora, S. patens, and S. pectinata as well as marsh area
and dwellings as indicated earlier (Table 8). The model with the lowest AICc score included these

four variables (Hanson unpubl data).

Whereas great heterogeneity can be observed in vegetation and the number of birds among survey
points within a marsh, an analysis was conducted at the spatial scale of the individual survey point.
Variables such as marsh size and pond area have previously been shown to be important and are the
same for all survey points within a marsh and hence their significance in logistic models will not be
further discussed. The presence of one or more Willets at a given survey point was positively
correlated with pond area, S. patens, S. alterniflora, and Carex palacea, and a negative correlation
with marsh area, and S. pectinata (Table 9). The presence of Nelson's Sharp-tailed Sparrow at a
sur