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ABSTRACT

A recently publish species distribution model (SDM) has shown a positive link between agricultural landscapes and breeding American Black Duck (Anas rubripes) in Maritime Canada. This trend is contradictory to research in other parts of Canada. To better understand this connection, a more detailed study was conducted in the Annapolis Valley agricultural region of Nova Scotia to determine the relationship between specific land uses and waterfowl habitat quality and breeding activity.Indicated breeding pair (IBP) surveys, brood surveys, water chemistry and invertebrate sampling were conducted within 2x2km survey plots. High-resolution imagery was combined with ground truth survey data in order to generate a land cover map for the study area. Given landscape characteristics, the model predicted high numbers of Black Duck IBP. However, IBP observations from the 2x2km survey revealed a lower number of pairs. By contrast, Mallard observations were in excess of model predictions. Mallards were linked to habitats with a high specific conductance, and Black Ducks demonstrated a positive relationship with total phosphorus. However, food supplies and nutrients were not limiting to the success of breeding and rearing waterfowl and there was no solid evidence for competitive exclusion or density dependence between the two species. Mallard breeding pairs showed a negative relationship with the proportion of cropland, and a positive correlation with the diversity of land use and proportion of woodland. Mallard broods demonstrated a negative correlation to the proportion of salt marsh. Black Duck IBP and broods demonstrated a significant positive relationship with the proportion of water and urban area. In addition, Black Duck breeding pairs were negatively correlated with Orchard. Coastal wetlands along the eastern portion of the study area may be of particular importance for conservation of the Black Duck. 
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CHAPTER 1: INTRODUCTION

1.1 – Project background 
This work has benefited greatly from the support of many partners and funders who are working in collaboration on associated waterfowl habitat projects (both past and present) at several different scales throughout the Maritime Provinces of Canada (Maritimes). It is therefore important to explain how these projects are connected in order to provide context to the importance of this particular study. 

Hanson (2001) set an example for one of the first landscape-scale studies of chemical limnology of wetlands in the Maritimes. The purpose was to use landscape-scale variables such as soil geology and climate to evaluate the effects on water limnology and habitat selection by Black Ducks. Hanson’s (2001) Maritime model showed that derived soil pH was positively associated with agricultural land cover and recommended testing agricultural land use for its correlation to other variables.

A recently published paper by Lieske et al. (2012) used five years of 5x5km surveys of waterfowl breeding pairs to construct spatially-explicit models of Black Duck habitat in the Maritimes. The results showed that year, lake area (km2), wetland diversity, proportion of active agriculture, and wetland area (km2) were the best predictors of breeding pair numbers. The high correlation between agricultural land and breeding pairs provided evidence that low intensity Maritime agriculture constitutes a net benefit for American Black Duck. The study therefore further merited a rationale to more closely evaluate the effect of agricultural activity on Black Duck habitat in the Maritimes. 

Funding was provided by the American Black Duck Joint Venture, Ducks Unlimited, and provincial departments of natural resources (New Brunswick, Nova Scotia and PEI) towards this master’s project at Mount Allison University in order to study the relationship between land use and waterfowl breeding activity. The purpose is to determine whether there are specific types, combinations, or levels of intensity of agriculture that enhance habitat quality for American Black Ducks.  It was decided that the Annapolis Valley agricultural region of Nova Scotia would serve as a case study to coincide with ongoing brood research in the region by Dr. Soren Bondrup-Nielsen of Acadia University.  

The project at Acadia was initiated in 2008 to help meet the goals of the Eastern Habitat Joint Venture (EHJV), with the assistance of the Department of Natural Resources of Nova Scotia. The principal goal was to evaluate the biodiversity value of wetlands in the upper Annapolis Valley of Nova Scotia, and identify factors influencing habitat selection and waterfowl brood success. More specifically, their project seeks to compare measurable values of wetlands with and without broods, as well as to differentiate between the relative productivity of farm ponds and ponds created by Ducks Unlimited Canada. Preliminary results of brood and invertebrate surveys indicated that wetlands with brood have greater invertebrate biomass than those wetlands without broods. 

The 2012 field season involved a continuation and an expansion of previous years’ work with the addition of 15 new study sites. In addition, water chemistry values were measured to complement invertebrate measurements. The Department of Natural Resources of Nova Scotia (DNRNS) which has a history of partnership with Acadia University was instrumental in providing resources throughout the field season. With the assistance of DNRNS, 2x2km breeding pair surveys were flown in the spring to correspond with the study area. High-resolution satellite imagery was also collected, and students conducted ground truth surveys of land-use in order to support Frances McKinnon of DNRNS in the creation of a land use map of the study area. 

It was decided that information would be assessed at multiple scales in order to facilitate a more holistic approach as well as to share data and responsibility among partners. Acadia University would continue with analysis at the site level, while this master’s project through Mount Allison University would focus on evaluation at the landscape scale. More specifically, this project seeks to determine the effects of land-use by aggregating the site-level information to the 2x2km plots. 
1.2. Waterfowl Conservation in North America and Eastern Canada
Waterfowl managers have long struggled over how to maintain population numbers in the face of major human impacts on waterfowl habitat such as wetland drainage and intensified land use. Out of concern for continental waterfowl populations in the 1970s and 80s, North American researchers suggested that urgent preservation, restoration, development, maintenance, and enhancement of habitat was needed (Dwyer 1970, Kaminski 1981). Borden and Hochbaum (1966:85) suggested the need to enhance productivity by producing more birds per square mile on remaining habitat in North America (Dwyer, 1970). In 1986, The North American Waterfowl Management Plan (NAWMP) was established by the federal governments of Canada and the United States. The plan’s purpose was to promote habitat conservation with the aim of restoring waterfowl populations to 1970 levels. In 1994 The NAWMP was updated to include Mexico and it has become the basis for coordinating and implementing waterfowl conservation initiatives across North America (U.S. Department of the Interior and Environment Canada 1986, Williams et al. 1999). Since the implementation of the NAWMP, many duck species have exceeded population goals (Kelley et al. 1998). This was primarily achieved through changes in agricultural practices and policies, hunting restrictions, and cooperative habitat conservation between public and private partners (Williams et al. 1999). However, some species such as the Northern Pintail and the American Black Duck still remain under threat. 

The NAWMP  has been carried out primarily through “joint ventures,” which are regional partnerships between private and public members to meet area-specific conservation goals. There are currently 10 habitat Joint ventures in the United States and 3 in Canada
. In eastern Canada, the Eastern Habitat Joint Venture (EHJV) covers six provinces and approximately 39% of Canada’s wetlands including a diversity of breeding and staging habitats (Williams et al. 1999, Eastern Habitat Joint Venture 2010). The Black Duck is a priority species for the plan as the EHJV area encompasses 95% of the North American breeding population which is currently at a deficit of > 90,000 IBP.
The main focus of the EHJV is to “improve the capacity of the landscape to support nesting waterfowl pairs and improve duckling survival” based on the assumption that brood survival and wetland loss are the major limiting factors in waterfowl conservation in the region (Eastern Habitat Joint Venture 1995, Williams et al.  1999). Landscape capacity is typically improved through habitat enhancement and increasing protection from predators. Examples include wetland restoration, beaver (Castor Canadensis) pond management, the creation of dyked impoundments, installation of water control structures, construction of earthen berms, invasive species control, increasing plant cover of native species,  creating artificial nesting islands and deploying nest structures. Priority areas have been identified for strategic conservation and restoration of habitat in order to maximize the benefit to waterfowl. 

The Annapolis Valley of Nova Scotia (the study area) is one of the key program areas for focus within the EHJV. The original wetland area of the Annapolis Valley has declined approximately 90% by way of agricultural intensification (Ducks Unlimited Canada, Banks 2013). The EHJV plan has recognized wetlands within agricultural landscapes, such as the Annapolis Valley, as high priority areas for conservation where management efforts can readily enhance habitat quality. 

The EHJV Implementation Plan 2007-2012 mandates conservation activities specific to agricultural landscapes:

"Upland areas associated with wetlands are secured and nesting areas enhanced with modified agricultural techniques including conservation tillage practices, livestock grazing practices and alternate watering systems. The use of flushing bars on hay mowing equipment reduces the probability that nesting females will be killed during mowing and provides the hens with opportunities to re-nest. Establishment of cover on marginal lands provides upland nesting cover, and native tree and shrub planting increases habitat diversity" (Eastern Habitat Joint Venture 1995).
Several popular waterfowl habitat enhancement methods have been successfully utilized in North America. Resource manipulation tactics such as added plant cover, artificial nests, wetland enrichment and restorations have been designed to improve the success of local breeding populations. (Nudds 1983, Williams et al. 1999). In smaller managed wetlands such as potholes, optimal conditions for duckling survival can be created by manipulating water levels during drought (Sayler and Willms 1997, Gendron 2002). In the world renowned book, Ducks, Geese and Swans of North America, Bellrose (1980) wrote that waterfowl conservation consists of for key components: habitat preservation and enhancement, harvest regulations that maintain healthy population numbers, disease control, and propagation. Bellrose (1980) felt that since the effects of habitat destruction are so enduring, habitat preservation and enhancement are the most important to conservation. 

In their review of the NAWMP, Williams et al. (1999) notes that there remains a need to prioritize conservation initiatives more carefully, maintain broader partnerships, and increase public knowledge of the connection between habitats and biological processes. Waterfowl conservation under the NAWMP has been expensive and challenging, however the potential long-term benefits are expected to be tremendous (Williams et al. 1999). Unfortunately, there remains a lack of existing protected habitat for most endangered species and Canada’s endangered species legislation is likely not sufficient to protect remaining habitat or yield significant conservation results (Kerr and Cihlar 2004). The 2010 report of the EHJV noted that the subsequent 25 years will be a critical time for securing the future of waterfowl in North America (Eastern Habitat Joint Venture 2010).  

1.3 – American Black Duck and Mallard  biology
1.3.1 - Anatini tribe

Although the tribe Anatini contains 3 genera and approximately 40 species, the genus Anas is the only genus found in North America and contains 11 species. They are better known as a group of ducks called Dabbling Ducks or ‘Dabblers’ because they reside in shallow water and feed by upending with their tails above water. They are differentiated from diving ducks by their feet which are set farther forward on their body as well as their ability to take flight directly upward from the water rather than running (Johnsgard 1992). Ducks in the Anatini tribe range in size from 1 to 3 pounds (Johnsgard 1992).


Dabbling ducks are predominately migratory. Their ability to make extremely long migratory flights and their generalized survival requirements have allowed them to become broadly distributed and abundant in a wide variety of environments, from the arctic to the tropics (Johnsgard 1992, p 130). For this reason, they are considered the most successful genus of waterfowl. 

During migrations, Dabblers travel at an average speed of 50 miles an hour and reach heights up to 20,000 feet above mean sea level. Distance traveled and navigational abilities vary between species as well as within species populations. For example, Mallards travel relatively short distances in comparison with the long distances traveled by the Blue-Winged Teal; they exhibit different use of sun and star cues in order to navigate
 (Bellrose 1980). There are also segments of species 
that only travel very short distances or do not migrate at all depending on climatic conditions. Both Mallards and Black Ducks exhibit strong homing abilities during migration which direct them to the same areas visited the previous year (Bellrose and Crompton 1970) 
1.3.2 - Breeding behaviour

Dabbling Ducks reach maturity and begin the breeding process within one year of age, whereas Divers typically delay breeding until the following season (Bellrose 1980). Black Ducks and Mallards begin to pair in late summer, and breeding pairs peak in early April following their arrival to breeding areas just before the breeding seasons begins (Brasher 2002). Both Mallard and Black Duck males are known to remain near to their mate while she builds her nest in order to defend the territory of their clutch (Vernon 1960, Anderson and Titman 1992, Petrie 2012). As laying and incubation progresses females spend more time at their nests, and the male, which typically plays no role in rearing the young (Johnsgard 1992), gradually deserts the female (Vernon 1960, Brasher 2002).  The pairing bond is eliminated, and some males go on to pair again with re-nesting females (Johnsgard 1992, Brasher 2002). Duck population sex-ratios are biased towards males (Aldrich 1973) and as such some males are not successful in pairing (Humburg et al. 1978, Ohde et al. 1983, Brasher 2002). Male promiscuity is common during breeding season when they will pursue and compete for both mated and unmated females no matter their own status (single or grouped, mated or unmated). 

Short incubation and fledging periods are common (Johnsgard 1992). The average breeding process spans a period of approximately 98 days; 12 days to build a nest and lay eggs, 26-29 days for incubation, and on average 60 days to raise ducklings to flight status. Some ducks will raise more than one brood during the breeding season and re-nesting is quite common in the event the first clutch is unsuccessful. For example, females may be forced to abandon their nest due to predation or flooding (Vernon 1960). 

Black Ducks nest primarily in wooded areas rather than fields and marshes and their nests are typically made up of material from their surrounding environment such as leaves, grass, twigs, and pine needles (Vernon 1960). Distance between nests and nest density can vary depending on available cover (Vernon 1960). They tend to nest on the ground within 100m of water (Bellrose 1976, Johnsgard 1992
). 

1.3.3 – Identification
Although the Black Duck and Mallard bear a strong resemblance in their body form, size, and manner of flight, they are quite easily differentiated by differences in plumage. The Black Duck can be distinguished by their darker plumage in comparison to the paler-hued “molted straw-brown” of the hen Mallard. In addition, the Black Duck exhibits a slight color contrast between its black-brown body and its lighter brown head whereas the contrast is much less marked in the hen mallard. Perhaps a more obvious distinction between the two species is that the Black Duck does not feature the white pigmentation of the tail feathers and two white bands which border the violet-blue speculum of the Mallard (Bellrose 1980, page 252). The plumage of Mallard and Black Duck hybrids can vary as they may exhibit characteristics of both species. The Black Duck is the only common waterfowl species in eastern North America for which both sexes are nearly identical in appearance (Bellrose 1980, pg 252). Their sex and age can be determined largely by the colour of the bill and legs
 (Bellrose 1980, pg 252). 

1.4 – Habitat requirements and population distribution
1.4.1 - Factors Influencing population and survival
Factors influencing waterfowl survival can be highly variable as many studies show contradictory and sometimes inconclusive evidence, although this may be attributed to natural spatiotemporal variation between study sties (Gendron 2002). Many studies have described substantial spatiotemporal variation in duckling survival (Rotella and Tatti 1992, Mauser et al. 1994, Grand and Flint 1996, Sayler and Willms 1997), for which many hypotheses have been proposed (Gendron 2002).

The 2010 report for the EHJV lists key limiting factors for each of its priority waterfowl species. Overall, brood survival and pair settlement are the most important across species. For breeding Black Ducks key limiting factors include hen productivity, hen breeding, brood survival, and interspecific competition. For staging black ducks the most limiting factor is spring body condition. Adult survival is most important for wintering black duck. For breeding mallard key limiting factors include nest success, pair settlement, and brood survival. For staging mallard, adult survival and harvest mortality play an important role (Eastern Habitat Joint Venture 1995).

Duckling mortality is known to be most severe during the first 2 weeks of life (Ball 1975, Gendron 2002) and approximately 65% of Black Duck ducklings do not reach 1 year of age (Geis et al. 1971, Bellrose 1980). Black Ducks have an uneven sex ratio amongst their population, with an estimate of 1.23 drakes per hen in the fall. This might be explained by the fact that adult males have an approximately 25% lower mortality rate than adult females (Bellrose 1980). The primary factors reported in limiting Mallard survival are density-dependent factors such as breeding success and mortality (Hill 1984 ) 

Longcore (1998) stated that wetland fertility is an important component of duckling survival and also cited wetland fertility, wetland size, macrophyte diversity   (Ringelman and Longcore 1982b, Staicer et al. 1994), invertebrate densities (McNicol and Wayland 1992, Parker et al. 1992), and presence of fish (Mallory et al. 1994) as important among the literature. Seasonal decline in duckling survival and clutch size is common, particularly in association with periods of inferior habitat conditions (Vernon 1960, Orthmeyer and Ball 1990, Rotella and Ratti 1992a, Guyn and Clark 1999, Krapu et al. 2000). This might be attributed to temporal reduction in food ability and cover, or extended overland travel during dry periods (Ball et al. 1975, Torella and Ratti 1992b, Guyn and Clark 1999
).  

Predation is a key factor influencing survival as it causes duckling mortality (Talent et al. 1983
) and reduces recruitment rates (Duebert and Lokemoen 1980, Sargeant et al. 1984, Cowardin et al. 1985, Johnson et al. 1987a). Crows are known to be the main predator of the dabbling duck; however there are many others such as raccoons, skunks, and foxes (Vernon 1960, Gendron 2002).

Additional factors influencing population and survival such as weather (Johnson et al. 1992, Rotella and Ratti 1992,  Korschgen et al. 1996, Cox et al. 1998, Bolduc et al. 2008, Zimpfer and Conroy 2006, Schummer et al. 2011) and overall wetland condition (Mayhew 1955, Crissy 1969, Stoudt 1971, Smith 1971, Dzubin and Gollop 1972, Nichols et al 1982, Rotella and Ratti 1992a, Krapu et al. 2000, Gendron and Clark 2002). Mallard body fitness (Mayhew 1955, Crissy 1969, Stoudt 1971, Smith 1971, Dzubin and Gollop 1972), and annual survival rates (Nichols et al. 1982) have been positively associated with the condition of wetlands in both spring and summer (Leitch and Kaminski 1985), particularly with food availability of wetlands (Krapu et al. 1983, Cowardin et al. 1985, Eldridge and Krapu 1988). The condition of wintering waterfowl also has an effect on over winter survival (Morton 1990, Haramis et al. 1986, Conroy et al. 1989), susceptibility to hunting mortality (Greenwood et al. 1986, Hepp et al. 1986, Conroy et al. 1989), the timing of mate-pairing (Hepp 1986), as well as reproductive ability the following spring (Ankney and MacInnes 1978, Raveling 1979, Krapu 1981, Morton et al. 1990).  It has been debated as to whether or not the fitness of the mother hen influences duckling survival (e.g., Talent et al. 1983, Likemoen et al. 1990, Morton et al. 1990, Orthmeyer and Ball 1990, Dzus and Clark 1997a, Lepage et al. 1998, Guyn and Clark 1999). For example, Juvenile Females are thought to be disadvantaged in breeding due to their tendency to have lower lipid levels which have a strong link to clutch size. (Reinecke et al. 1982, Morton et al. 1990).

While the population and survival of North American waterfowl is in delicate balance, habitat management techniques and predator control can be successfully employed to improve recruitment rates. (Kantrud 1986, Duebbert and Likemoen 1980, klett et al. 1988)

1.4.2 - Black Duck distribution and population decline
The Black Duck ranges throughout eastern North America. They breed predominately from northeastern Manitoba and the Hudson Bay to Northern Quebec and Labrador at the limit of the boreal forest and southeast through the Atlantic Provinces of Canada and New England states to North Carolina. (Stewart, 1958, Vernon 1960). Their wintering range extends from the Great Lakes and Atlantic Canada south through the Mississippi River basin to the Gulf Coast (Stewart, 1958, Vernon 1960, Bellrose 1980).  Where Mallard and Black Duck range overlap, both species are found to exist together in flocks. Pure flocks of Black Ducks may be found in the far east where their ranges do not overlap, and typically contain between 5 – 25 individuals (Bellrose 1980, page 252). 

The largest breeding populations of Black Duck in Canada are in the mixed-wood forest surrounding the Great Lakes, St. Lawrence, and Acadia (Atlantic Canada) (Reed 1968, Bellrose 1980 page 253). In Atlantic Canada, principal breeding habitat is characterized as “brackish tidal marshes and barrier ponds” in Nova Scotia and Prince Edward Island, and as “floodplains of rivers [and] inland lakes” in New Brunswick (Bellrose 1980, page 253).

The population of the American Black Duck declined at a rate of approximately 3% per year since the 1950s as indicated by the midwinter survey inventory (Rusch et al. 1989; Rogers and Patterson 1984, Anon 1985, Anfrtdon
 1987
, U.S. Fish and Wildlife Service).  Although numbers in central Ontario appear to be stable (Merendino, 1994), Black Duck population in Eastern Canada is currently at a deficit of > 90,000 IBP
. Conservation initiatives through the EHJV have been set in place to reduce the deficit. 
Concern over the declining productivity of Black Ducks brought about the “Black Duck Symposium” (Barske 1968, Anderson 1987) and the subsequent 1971 “Black Duck Report” (Geis et al. 1971, Anderson 1987), and the Black Duck Joint Venture, a subset of the EHJV. Since the improvement of hunting regulations in 1983, the population of Black Duck has stabilized across North-America (Longcore and Clugston 1997
). Despite population declines indicated by the Mississippi Flyway midwinter survey, the midwinter count in Ontario has increased and it is speculated that a population shift could have contributed to declining trends in other regions (Brook 2009).  

Many factors influencing population decline of the Black Duck have been suggested. Among the most common are human disturbance (Morton 1998, Maisonneuve et al. 2006)  and habitat change (Heusmann 1974, Ankney et al. 1987, McAuley et al. 1998) including the degradation of waterfowl breeding habitat (Dennis et al. 1985, Diefenbach and Owen 1989,  Maisonneuve et al. 2006), excessive harvest (Gabrielson 1947, Reed and Boyd 1974, Grandy 1983, Krementz et al. 1988, Parker 1991, McAuley et al. 1998, Longcore et al. 2000
), and competition with Mallards. 

1.4.3 - Mallard distribution and range expansion

The majority of Mallards winter in the south-central United States (Johnson 1988). However, Mallards are known for their adaptability, and have been recorded wintering as far as central Alaska at temperatures near -50*F and are common in small numbers in Alberta, Saskatchewan, and North Dakota (Gabrielson and Lincon 1959, Bellrose 1980 page 40).

Prior to European arrival in North America, migrant and wintering Mallards were common throughout the Atlantic flyway. They were especially abundant in the south, but had been recorded as far north as Portland, Maine (Alison 1982, Levett 1905, Heusmann 1991). However, following colonization, populations were greatly reduced due to hunting (Bent 1962). In the mid-17th century and early 18th century, the Mallard was recorded as being rare or virtually absent in the northeast (
Samueles 1870, Howe and Sturtevant 1899, Allen 1909, Forbush 1912, Knight 1980, Eaton 1910, Heusmann 1991).

In an attempt to compensate for the population decline hunting regulations were set in place, and hand-reared stocks of Mallards were released into the wild in the 1900’s by park owners, game commissioners, and private citizens (Huntington 1910, Job 1915, Commissioners on Fisheries and Game 1919, Forbush 1925 and 1929, Browne 1971, Pratt 1971, Heusmann 1991). The large-scale release of these semi-domesticated birds was the main source of the present-day establishment of the Mallard as a breeding bird in the Atlantic flyway (Huesmann and Burrell 1984, Longcore et al. 1987, Vringnan 1960, Heusmann 1991). The population increase in the east has also been facilitated by an eastward expansion of wild Mallard range from the west (Johnson 1959, Johnsgard and Di Silvestro 1976).


 Habitat modification by change in agricultural and land use practices (Laperle 1974, Vringnan 1960, Munro 1968, Dennis et al. 1984), urbanization(Figley and VanDruff 1982, Heusmann 1991), and forestry are believed to have made the habitat more attractive to breeding Mallards, especially in Canada (Heusmann 1991). Over the past century, the status of Mallards in New England and eastern Canada has transformed drastically, from a rare sight to one of the most common nesting ducks (Spencer et al. 1982, Courlter and Miller 1968, Robbins et al. 1986, Leck 1975, Collins 1974, Loncore et al. 1987, Griscom 1949, Ross et al. 1984).

In Canada, the eastward expansion of the Mallard was most marked in Ontario (Collins, 1974, Ross et al. 1984, McCracken et al. 1981, Merendino et al. 1994), increasing as much as 60% from 1951 – 1971 in the south of the province (Collins 1974) and now exceeding 60 pairs/100km2 in areas of central Ontario (Merendino et al. 1994). Even more recently, Mallards have substantially increased in the Atlantic Provinces where they were once considered absent or very rare (Bartlett 1987, Erksine 1987, Goudie 1987
). According to the history of brood:pair ratios, Mallard increases reportedly began during 1962-1964 in New Brunswick, 1974-76 in Nova Scotia, 1977-1979 in Prince Edward Island, and 1980-1982 in Newfoundland/Labrador {{G.R. Parker and W.R. Barrow (the status of the Mallard in Atlantic Canada, unpubl. Rep., Can. Wildl. Serv., Sackville, N.B., 1988)}}. It was suspected that these early increases represented a “seasonal influx of mallards from Ontario, Quebec, and the Atlantic seaboard states” as the increase in banding and harvest records was not reflected in the breeding records. 

One of the main concerns among conservationists is that the rather recent and rapid increase in Mallard abundance in the east has also been concurrent with a major decline in Black Duck population. (e.g. Bellrose 1976, Collins 1974, Dennis et al. 1989, Merendino et al. 1993, Ankney et al. 1987, Petrie et al. 2012).  Mallards now greatly outnumber Black Ducks in many regions that were historically predominately dominated by Black Duck (Dennis 1974, Dennis et al. 1984). Subsequently, there has been a great deal of interest and controversy over the interaction between the Mallard and Black Duck. 
1.5 – Competitive interactions between Mallards and Black Ducks
1.5.1 - Breeding competition, hybrids, and genetics
Mallards and Black Ducks readily hybridize (Goodwin 1956, Johnsgard 1961, Johnsgard 1967, Heusmann 1974, Johnsgard and Di Silvestro 1976, Brodsky and Weatherhead 1984, Heusmann 1974) and produce fertile offspring (Cade 1983, Phillips 1915, Avise 1990).  Many speculate that this tendency may represent a breakdown in Black Duck species integrity, especially considering the negative impacts of Mallard range expansion into Black Duck territory. Hybridization between the two species has been a key argument explaining Black Duck population decline.

A common theory is that frequent hybridization occurs because male Mallards are more aggressive than male Black Ducks (Brodsky et al. 1988; Broodsky et al. 1989, Seymour 1990) and are therefore superior in competing for Black Duck females (Broodsky and Weatherhead, 1984, Merendino et al. 1993). Some have suggested that the bright colours of the male Mallard are more attractive to the Black Duck female in comparison with the relatively more “drab” male Black Duck (Heusmann 1974). Yet, evidence for this is inconclusive. Other studies, by contrast, show that Mallards are not dominant to Black Ducks (Hoysak and Ankney 1996), and that Black Ducks can successfully compete with Mallards for Black Duck females and for wetlands (McAuley et al. 1998). McAuley et al. (1998) noted that there is a lack of thorough investigations on aggressive interactions between wild Mallards and Black Ducks during the breeding season, with the exception of D’Eon et al. (1994) who found evidence of interspecific aggression only prior to the establishment of territories. 

 
However, hybridization and a significant reduction in genetic variation between species has been concurrent with a significant increase in sympatry following European colonization of North America (Mank, 2004). Johnsgard (1967) predicted that if the Mallard continued to expand its range eastward that the Black Duck gene pool would ultimately blend with that of the Mallard. In a relatively recent genetic analysis, Mank (2004) compared genetic variation between modern and museum specimens that were living before 1940 and found a marked decrease in genetic variation, noting that modern Black Ducks are no longer more “distinct from Mallards than their southern conspecifics.”

Many describe the Black Duck as a “direct descendant” (Heusmann 1974, Johnsgard 1967)  or  “melanistic morph” of the Mallard (Ankney et al. 1986), a “recent evolutionary derivative of a more broadly distributed Mallard-Black ancestor” (Avise 1990). This view is supported by genetic study (e.g., Ankney et al. 1986, Avise 1990). According to the theory, a group of the historical Mallard population was isolated in the northeast by glaciation during the Pleistocene for a long enough period to adapt to the differences in environment through generations of natural selection (Kendeight 1961). Black Ducks of darker plumage eventually arose from the northeastern environmental niche of generally more acidic soil and water, and poorer fertility of costal bays and shadowy wooded ponds and bogs (Heusmann 1974). Johnsgard (1967) attributed the visual similarity between male and female Black Ducks to the strong tendency for males of geographically isolated Mallard-like ducks and island-nesting species to lose their secondary sexual characteristics becoming “non-dimorphic in plumage” {[ Johnsgard, Handbook of waterfowl behavior pg 165}}(Williams et al. 2002). The geographical separation was of a short enough duration that Black Ducks and Mallards remain morphologically and behaviorally very similar, especially in their feeding habits, courtship habits, and ability to interbreed (Heusmann 1974).

Despite debate over the taxonomic status of the Black Duck, the consensus is one of concern for its conservation status. Heusmann (1974) warned that while the Mallard is adapting to thrive under human modification of the environment, the Black Ducks very existence could be threatened if the more specific habitat niche they evolved to fill continues to be altered or destroyed. Ankney et al. (1986) also hypothesized that as hybridization continues, the Black Duck will proceed to decline. 
1.5.2 - Competition for quality habitat

A major topic of debate in Mallard-Black Duck interactions has been the speculation that as Mallards move east, they are outcompeting Black Ducks for the most fertile wetlands (Ankney et al. 1986 & 1987, Merendino et al. 1993,  Seymour 1992 Dwyer and Baldassarre 1992 and 1993 and1994, Merendino and Ankney 1994, Longcore et al. 1998, Petrie et al. 2012). This “competitive exclusion” (Lack 1974) has been suggested as the key culprit of long term Black Duck population decline (Merendino et al. 1993). Other studies have found inverse population trends in Mallard and Black Duck population in areas of sympatry through time (Collins 1974, Ankney et al. 1987, Dennis et al. 1989, Petrie 1998, Merendino et al. 1993).

Seymour (1992) found that the two species regard one another as conspecifics and as such they are able to exclude one another from preferred territories they defend during breeding season (Seymour and Titman 1978, Titman. 1983, McAuley et al. 1998). Competition for breeding habitat is likely because Black Ducks and Mallards tend to favor similar habitat characteristics (Dwyer and Baldassare 1994, Petrie et al. 2012) such as high productivity, high shoreline index, and small size with enough open water (Merendino and Ankney 1994) as well as microhabitat characteristics such as foraging ecology (Eadie et al. 1979, Nudds and Bowlby 1984, Tremblay and Couture 1986, Belanger et al. 1988). Petrie et al. (2012) found evidence of competitive exclusion of the Black Duck in New Brunswick. From 1990-1994 they conducted brood surveys on 59 wetlands and found that the total number of Black Duck broods declined by over 50% during the study period, whereas the number of Mallard broods increased by over 50%. Petrie et al. (2012) also observed that upon the removal of Mallards from wetlands a Black Duck pair would occupy the site within 24 hours. The authors suggested that competitive exclusion could be worrisome for the Black Duck population, especially in cases where there is limited habitat available, or they do not successfully partition breeding resources with Mallards (Merendino et al. 1993, Petrie et al. 2012).
DuBowy (1988) studied resource partitioning of dabbling ducks throughout different seasons and determined that interspecific competition for resources varied temporally and was contingent upon resource abundance.  The likelihood for competition, especially for food, was much more pronounced when resources were limited during the winter than during the summer months when resources are more readily available (DuBowy 1988). 
Nevertheless, skepticism surrounding the competitive exclusion hypothesis remains high, and many have been hesitant to conclude that the Mallard are responsible for declines in Black Duck population (D’Eon et al. 1984, Hoysak and Ankney 1996, Nudds et al. 1997, McAuley et al. 1998, Petrie et al. 2012). Some point out that there is a lack of field data to validate competitive exclusion (Carriere 1991) and that no cause-and effect relationship has been documented (McAuley et al.  1998). A number of studies have shown that Mallards are not dominant over Black Ducks (D’Eon et al. 1984, Hoysak and Ankney 1996, McAuley et al. 1998) and can successfully compete for fertile wetlands (McAuley et al. 1998).

In New Brunswick, D’Eon et al. (1994) found that both species were equally successful in defending their territories during breeding season. McAuley et al. (1998) also concluded that Black Ducks were not disadvantaged in competing for wetlands and pointed out that the majority of aggressive interactions observed in their study were between species conspecifics, not interspecifics. Similarly, in Nova Scotia, Seymour (1990, 1992) noted only two possible instances of Black Ducks displaced by Mallards from a wetland during a 19-year study period (McAuley et al. 1998). 
Additional contradictory evidence includes many areas of Black Duck and Mallard sympatry, such as northwest Ontario (Nudds et al. 1996) that have continued to maintain a stable Black Duck population, while Black Ducks have declined in areas where Mallards are rare or absent (McAuley et al. 1998). Furthermore, reproductive success between the two species is said to be similar when they breed sympatrically (Laperle 1974, Krementz et al. 1992, Dwyer and Baldassare 1993, Longcore et al. 1998, Petrie et al. 2000, Petrie et al. 2012).

Those who doubt the validity of the widely held view that Mallards are the source of long-term Black Duck decline suggest that additive hunting mortality (Francis et al. 1998) is a more reasonable explanation, notably since populations have stabilized following the gradual reduction of Black Duck harvest rate in the United States and Canada since 1983 (Serie 1992, Longcore and Clugston 1997, Serie et al. 1997, McAuley et al. 1998). McAuley et al. (1998) stated that the occurrence of Mallard population increase in concurrence to Black Duck decline is simply “coincidental.” 
Petrie et al. (2012) supposed that areas in which Black Duck populations have remained stable may have habitat resources that are adequate to support the needs of both species. Toft et al. (1982) suggested that slight differences in classes of wetlands and time of reproduction may enable resource partitioning through time rather than space.

Longcore et al. (1998) support the idea that wetland fertility is not a crucial limiting factor for breeding Black Ducks (Porter’s 1993), as they tend to use a wider variety of wetlands than Mallards (Ross 1987, Ross and Dillman 1990) including wetlands with low fertility (McNiol et al. 1987, Parket et al. 1992, Staicer et al. 1994, Longcore et al. 1998). In Nova Scotia, Seymour and Jackson (1996) found that Black Duck females raising broods were equally successful on both high and low fertility wetlands (Seymour and Jackson 1996, Longcore et al. 1998).

While the main source of fluctuation in Black Duck population remains inconclusive, recommendations for population conservation management also vary greatly.  For example, Petrie et al. (2012) suggest that the possible effects of the Mallard should be considered in an adaptive management framework, while McAuley et al. (1998) recommend that research efforts should not link Mallard and Black Duck biology. Others, such as Longcore et al. (1998), support the maintenance of Black Duck population through adaptive harvest management.
1.6 – Land use and wetlands in North America
Wetland as defined by the province of Nova Scotia is “Land commonly referred to as marsh, swamp, fen or bog that either periodically or permanently has a water table at, near or above the land's surface or that is saturated with water, and sustains aquatic processes as indicated by the presence of poorly drained soils, hydrophytic vegetation and biological activities adapted to wet conditions” (Environment Act as amended in 2006 (http://www.gov.ns.ca/nse/wetland/)].v). Wetlands are not only important habitat for waterfowl and a buffer zone between terrestrial and aquatic ecozones (Reddy and Gale 1994), per unit area they are also considered to be one of the most valuable environmental resources, both ecologically and economically (Reddy and Gale 1994, Spieles and Mitsch 2000). However, despite increased awareness of the benefits of wetlands, they continue to disappear from the landscape. Wetlands in North America are rapidly declining as their value is habitually disregarded due to competing demands for agriculture, industrialization, and urbanization (Kaminski and Prince 1981, Hansson et al. 2005). 

In areas that have been significantly shaped by a historical land use change such as in eastern North America (Russell et al. 1993, Whitney 1994, Foster et al. 1988, Foster 1999 and 2000, McLachlan et al. 2000), many authors recommend understanding land use history and integrating it into ecological models which support policies and the management of biological reserves (Motzkin et al. 1993, Bratton and Miller 1994, Foster and Motzkin 1999, Eberhardt et al. 2003). Along the Atlantic Coast of North America, European settlement beginning in the 1600’s instigated considerable loss of wetlands particularly along the coast and in agricultural areas. By the 1900’s more than 65% of coastal wetlands had been lost due to dyking and ditching, over 45,000km of streams had been altered, approximately 2.4 million acres of land were drained for agriculture in Quebec’s Saint Lawrence River Valley, and in agricultural areas of Ontario more than 90% of wetlands were lost (Eberhardt et al. 2003). 

The condition of forests in eastern North America has evolved through a complex history of variables ({{100 Trani,Margaret K. 2001;}}). There has been a history of forest decline in the east. Trani (2001) looked at the condition of early successional forests in 33 states in the eastern United States from 1946 to 1998 and found evidence of long term declines in the north-eastern and north-central states. An overall imbalance in the distribution of early successional forests was attributed to selective harvesting, fire suppression, urban sprawl, and lack of agricultural abandonment. A major challenge to the status of young forests in the East is the predominance of private land ownership combined with lack of proactive management of these lands which could lead to further declines
 (Trani et al. 2001).

However, it is important to note that not all land use practices have been harmful. For example, for waterfowl that feed in agricultural sites, food availability has been increased during migration and wintering stages (Kaminski and Prince 1981). In addition, land use change through time has not been completely uniform across space. Although there has been a general shift in North America towards the conversion of forest to agricultural and pasture land, others areas show a reverse trend with a shift of agricultural land to forested land due to farm abandonment and re-colonization of second-growth forests (Trani et al. 2001). For example, Bürgi and Turner (2002) examined land-cover change for a sixty year period between 1932 and 1992 in a 8800km2 area dominated by agriculture along the lower Wisconsin river in the United States and found a general conversion from agricultural land use to forest. Through a socio-economic analysis, this trend was attributed to agricultural abandonment and declines in farming intensity (Bürgi and Turner 2002). 

The interaction between wetlands and agriculture varies across landscapes, and little is known about the current rate of wetland loss and landscape change (Pearse et al. 2012). Globally, the Ramsar Convention on Wetlands has initiated an assessment of the relationship between wetlands and agriculture through its triennial Conference of Parties (Rebelo et al. 2009). In Eastern Canada, wetland landscapes are deteriorating more rapidly than direct retention and restoration programs are able to protect them. It has been determined that these programs will not be sufficient in achieving a goal towards “no net wetland loss”. For this reason, wetland loss and landscape change will be central to future habitat management and monitoring. The focus should be on adapting land-use policies of agriculture, forestry, industry, and urban expansion in order to make them more beneficial to waterfowl and protect remaining habitats that are vulnerable to land-use change (Eastern Habitat Joint Venture 2010). 

Kerr and Cihlar’s (2003) review of land use combination in Canada shows that similar to most countries, Canada has a large diversity of land use with an “array of agricultural, natural, and urban uses”. What makes land cover in Canada unique is the fact that most of the territory is forested, while only about 5% (68 million hectares) is adequate for farming (Raymond and Wolfgang 2005). Crops and modified pasture land account for about two-thirds of agriculture in Canada while the rest is made up of natural pastures and other land covers (Raymond and Wolfgang 2005). Agricultural intensity varies across the country. The vast majority of agriculture in Canada occurs in two regions: The vast croplands of the central Prairies are home to about 80% of Canadian agriculture, and the area surrounding the Great Lakes and the St. Lawrence River are also intensively farmed. Other zones of concentrated livestock production are found along the Peace River north-west of the prairies, in British Columbia, and the southern parts of Alberta and Ontario and Quebec while smaller intermittent concentrations characterize the eastern maritime provinces (Janzen et al. 1998, Kerr and Cihlar 2003, Raymond and Wolfgang 2005). The prevalence of certain crop types varies across regions of the country; however intensive croplands and pasture are generally the most widespread form of agriculture in Canada (Kerr and Cihlar 2003). The west of Canada - the prairies and Peace River valley - is recognized for grain and oilseed fields such as wheat barley, canola seeds, and sunflower seeds; eastern Canada is known for corn, soybean, and grains and alfalfa which are often included with pasture (Kerr and Cihlar 2003).

Motha and Wolfgang (2005  estimated that approximately 75% of land in the highly industrialized United States could be classified as devoted to agriculture, including cropland, pasture and grazing land, and forestry (National Assessment Synthesis Team 2000, Raymond and Wolfgang 2005). The area of US cropland, however, has trended towards an overall decline since conservation efforts in the 1990s were set in place which removed approximately 15 million hectares of the most sensitive and erodible lands from the cropping systems (US Department of State 1997, Raymond and Wolfgang 2005). 
1.7 – Species distribution models and remote sensing
Species distribution models are common tools for ecological conservation and management, particularly for species of concern (Newbold et al. 2009). In general, species distribution models are used to predict species distribution over a study area by relating data of species occurrence with environmental variables (reviewed by Wintle et al. 2005, Newbold et al. 2009) They can therefore help identify priority areas for conservation. For example, Beazley (2005) found that approximately 62% of Nova Scotia should be managed for conservation in order to maintain genes, species and ecosystems throughout time. 

Species distribution models are supported as an accurate tool, however the accuracy of models may vary across species (Newbold et al. 2009). Newbold et al. (2009) stressed that predictions in species distribution models must be thoroughly evaluated. Although independent data surveys can be laborious and costly (Wintle et al. 2005), their use (even on a small scale) is recommended to test and improve model accuracy (Newbold et al. 2009).

 A large proportion of species distribution data on species distributions comes from museums, natural history collections, and literature (Graham et al. 2004). Together, they make up a very valuable source of data and can be used to make useful predictions about species range (Peterson et al. 2002, Raxworthy et al. 2003). These sources are often limited by poor locational accuracy which may slightly impact the overall accuracy of the model (Graham et al. 2004, Newbold et al. 2009). In addition, they tend to be biased spatially, temporally, and taxonomically. For example, data may be biased towards more accessible areas, towards times when research was more abundant, or towards species that have higher detectability (Soveron 1999, Hijmans et al. 2000, Reddy and Davalos 2003, Newbold et al. 2009). Finally museum and natural history data typically do not contain absence records (Graham et al. 2004), however this can be compensated through the use of special modeling techniques (Wintle et al. 2005), or generating “pseudo-absence” data (Ferrier and Watson 1997). Species absence is difficult to confidently infer, and may require many site visits to confirm (Kery 2002, MacKenzie et al. 2002).In the case that there is a great deal of uncertainty over the reliability of absence data, presence only models may be the best option (Newbold et al. 2009).

It is important to test the accuracy of species distribution model predictions in order to identify and eliminate bias and error. Testing the models ability to correctly predict the data upon which it was built (goodness-of fit) is the simplest check for model accuracy (Fielding and Bell 1997). However this method does not always capture a species true response and has a tendency to over-estimate model accuracy (Chatfield 1995){{Newbold et al. 2009}}. The approach taken by most studies is to partition the data by building the model using a large portion of the dataset and another portion to test it against (Fielding and Bell 1997, Hernandex et al. 2008, Franklin et al. 2009, Newbold et al. 2009). While this is a better approach than a simple goodness-of-fit method, model accuracy can also be inflated using the data-partitioning method if bias is prevalent through the data (Chatfield 1995). The best approach to evaluate species distribution models is to collect new, independent data on species occurrence from inside the study area (Chatfield 1995, Newbold et al. 2009). This approach reduces bias as much as possible, particularly bias of environmental space (Wintle et al. 2005, Newbold et al. 2009). However it is difficult in practice as the collection independent datasets is both labourous and expensive (Wintle et al. 2005, but see Loyn et al. 2001, Elith 2020, Ferrier et al. 2002, Elith et al. 2006, Newbold et al. 2009, Williams et al. 2009).

Many authors have examined differences in the accuracy of distribution models among species (E.g., Kadmon et al. 2003, Berg et al. 2004, Seoane et al. 2005, Hernandez et al. 2006, Newbold et al. 2009b, Newbold et al. 2009). Species that have a smaller range tend to produce more accurate distribution models (Newbold et al. 2009). Despite lower detectability rates, these species may occupy a higher proportion of suitable habitat due to distinct environmental preferences, making them more predictable (Brotons et al. 2004, Hernandez et al. 2006). On the other hand, species that are more broadly distributed may demonstrate local preferences or adaptation across space (Stockwell and Peterson 2002, Brotons et al. 2004, Segurado and Araujo 2004, Hernandez et al. 2006, Newbold et al. 2009b). 
Species distribution models (SDMs) represent a spatial information approach to wildlife ecology which greatly depends upon the ability to measure the correlation between species istribution and abundance data with environmental variables (McDermid et al. 2010). A rapid improvement in Earth observation technology has greatly improved the capacity of SDM through its ability to collect a wealth of environmental information at scales from local to global. Remote sensing is an extremely important source of environmental information which can be readily integrated with other data and is a foundation numerous ecological applications (Robinson 1985; Graetz 1990; Franklin 2001; Lewis 2003, McDermid et al. 2010).
Remote sensing involves measuring the electromagnetic radiation that is reflected, refracts, or emitted by the Earth’s surface. This is conducted by specially designed air or space-borne earth observation devices such as satellites (McDermid et al. 2010). Remote sensing is divided into two broad categories: passive and active. Passive remote sensing instruments capture the visible portion of the electromagnetic spectrum, that is, infrared light emitted by the sun and are most commonly used in ecological studies. Active remote sensing devices emit and capture their own sources of radiation such as lidar and radar and are becoming more frequently applied (McDermid et al. 2010).
Each remote sensing source comprises different qualities. For users, spatial resolution tends to be highly important. Spatial resolution is essentially the equivalent of the pixel size of an image and can also be defined by two main categories: High-resolution and low-resolution (McDermid et al. 2010). The spatial resolution chosen for a particular study tends to be dependent upon the object of interest in the scene (McDermid et al. 2010). High-resolution imagery is well-suited for classification because it shows a large amount of spatial information and local variability (Burnett and Blaschke 2003, Benz et al 2004, McDermid et al. 2010). The pixels are usually smaller than the objects of study and can be placed into distinct categories and information classes. Low-resolution imagery is used for various sub-pixel analysis as pixels are larger than the object of study (McDermid et al. 2010). Low and medium-resolution products tend to be low-cost and made widely available through government and public organizations such as NASA and the European Space Agency (McDermid et al. 2010). High-resolution imagery, on the other hand, is largely monopolized by private corporations which employ strict copyright policies and high-costs for data thereby limiting its availability. In order to obtain high-resolution imagery, remote sensors must be ‘tasked’ to collect information for the area of interest (McDermid et al. 2010).
Advancements in Earth Observation technology and a tremendous increase in the accessibility of remote sensing data have provided new opportunities for wildlife ecology and habitat characteristics to be modeled, predicted, and monitored throughout time and space (Mumby et al. 2004, Treitz 2009, Ardli et al. 2009, Rebelo et al. 2009, McDermid et al. 2010). Image processing of high-resolution satellite data offers many advantages in comparison with traditional mapping based on photo-interpretation (Long and Skewes 1996; Mumby et al. 1999; Mas 2004, Ardli et al. 2009). Mapping using remote sensing and geographic information systems (GIS) has enabled researchers to gather, archive, display, analyze, and model data over extensive areas (Stanbury and Starr 1999, Greenberg et al. 2002, Ardli et al. 2009, Forcey et al. 2011). Remote sensing information provides important information on ecological properties at many scales from land cover condition to specific nutrient concentrations and overall productivity and biomass {{McDermid et al.}}. Habitat condition can be compared with species distribution and abundance as they change throughout time (Long and Skewes 1996){{63 Ardli, Erwin 2009;}}. 

Land cover can be predicted using remote sensing technology and has served as an important baseline in assessing species habitat suitability, environmental monitoring, and conservation planning (Frolking et al. 1999; Hurtt et al. 2001, Kerr and Cihlar 2003, McDermid et al. 2010). Land cover is typically classified through the categorization of image pixels based on their spectral signature into specific land cover classes. This process can be enhanced through the use of ground truth analysis which serves as specified training data to ‘supervise’ the categorization of image pixels (supervised classification, Richards and Jia 2006, McDermid et al. 2010) Ardli et al. 2009, Rebelo et al. 2009,). 
Land cover maps can be generated over large geographic areas. For example, The Ramsar Convention on Wetlands prompted the development of a global wetland inventory using remote sensing and GIS techniques (Rebelo et al. 2009). Kerr and Cihlar (2003) developed a Canadian national database of land use and agricultural intensity using SPOT data which can be used for a number of environmental monitoring and conservation applications. A national land cover database for the united stands and land cover map of Great Britian are also made publically available (Mucher et al. 2000, Kerr and Cihlar 2003). 

Biodiversity and ecosystem health is increasingly affected by human activities and land cover change (e.g. Daszak et al. 2001, Farnsworth et al. 2005, McDermid et al. 2010). Birds in North America are highly influences by landscape variables (Cushman & McGarigal, 2002; Lichstein et al., 2002), which have been found to be the most important predictors of bird presence (Saab 1999, Forcey et al. 2011). For many years, remote sensing even of low-resolution has been used as a cost-effective supplementation for fieldwork in bird and other wildlife-habitat studies (E.g., Cannon et al. 1982, Palmeririm 1988, Choen and Goward 2004, Gottschalk and Huettmann 2006, McDermid et al. 2010). particularly for areas that are difficult to access (Miller and Conroy 1990). Land cover data is used to link habitat assemblages with bird species richness and predict abundances (e.g, Miller and Conroy 1990, Cardillo et al. 1999) including waterfowl and migratory bird patterns (e.g, Dechka et al. 2002). It is also used in combination with other information, such as topography, to enhance existing bird species distribution models (e.g., Peery et al. 1999, Luoto et al. 2004). Land cover information derived from remote sensing has been shown to augment the explanatory power of species population models (McDermid et al. 2010) and is an effective means for assessing habitat over large areas (Cardillo et al. 1999). 
Despite the obvious improvements to ecological studies offered by remote sensing imagery, it also has some inherent technical limitations. These confines may lessen the capacity to elucidate the associations between waterbird abundance and environmental covariates. For example, water depth and seasonal variances in emergent vegetation are important influences on duck presence but not available through remote sensing (Linz et al. 1996, Murkin et al. 1997, Forcey et al. 2011). Land cover classification errors can occur during image processing resulting in incorrect classifications of some cover types, particularly those that are rare (Forcey et al. 2011). There is a strong influence of scale in classification accuracy and landscape analysis. Landscape effects should therefore be examined at multiple scales so as to not overlook cross-scale relationships (Urban, 2005, Forcey et al. 2011).
The largest difficulty with the use of remote sensing technology in ecological studies is the misuse of information when the correct tools and techniques are not applied leading to misinterpretation of findings and disappointment with the product (e.g., Plummer 2000; Thogmartin et al. 2004; Gottschalk and Huettmann 2006, McDermid et al. 2005; Fassnacht et al. 2006). The ecological community would significantly profit through the implementation of a standard methodological framework that matches ecological information with the most suitable approach to remote sensing and data processing. This would require consensus between users and producers regarding the competences and limitations of the tools (McDermid et al. 2010).
Although many studies have related land cover classification to wildlife populations in order to characterize their habitat, few have done so at a regional scale with high-resolution imagery and specific agricultural classes (McDermid et al. 2010). 
1.8 – Study goals and objectives
In a study by Lieske et al. (2012), a 5x5km model of waterfowl breeding habitat throughout the Maritimes linked the presence of American Black Duck to agricultural areas. The model, however, was conducted at a macro scale and did not contain information on the type of agriculture (e.g, corn and wheat fields). This work attempts to investigate the impacts of land use in more detail and at a finer scale in order to determine if there are certain land use categories or combinations which attract breeding Black Ducks. The goal is to characterize niche habitat for breeding Black Ducks and Mallards in the Annapolis Valley of Nova Scotia in order to facilitate better habitat management decisions, specifically in site selection for the creation of new impoundments. 

Other objectives include determining how site-level factors such as water chemistry and invertebrate indices influence habitat selection at the landscape scale as well as examining the possibility of competition between Mallards and Black Ducks for quality breeding habitat. For example, is there a significant difference in Mallard and Black Duck distributions? Is there a significant difference in the fertility of wetlands used by Black Ducks and Mallards at the landscape level? 

1.9 – Overview of the thesis

This Chapter (Chapter 2) is meant to serve as an overall introduction and literature review on topics covered throughout the remainder of the thesis. It is meant to provide the background of this project and the partners involved, and a general introduction to Black Duck and Mallard biology. An overview of the literature surrounding competitive interactions between Mallard and Black Duck, waterfowl ecology and conservation, land use in North America, and how remote sensing data is used in ecological studies is also provided. Chapter 3 provides a detailed description of the study area, and provides materials and methods used throughout each stage of the project from fieldwork to data analysis. Chapter 4 is a largely descriptive chapter presenting the number and distribution of breeding and rearing American Black Duck and Mallards in the Annapolis Valley of Nova Scotia. Results of a predictive model for indicated breeding pair numbers are also presented here.  Chapter 5 discusses in detail the spatial patterns of invertebrate densities and key water chemistry values such as pH, total phosphorus, conductivity, and temperature. The models incorporate data from the breeding pair model and brood surveys in order to explore Mallard-Black Duck competition and niche habitat. Chapter 6 focuses on describing land cover in the Annapolis Valley and evaluates the impacts of land use combinations on Black Duck and Mallard populations. Chapter 7 serves as an overall summary of the findings in each chapter. Concluding remarks and recommendations are provided. 

CHAPTER 2: METHODS AND STUDY AREA

2.1 – Study area: Maritime wetlands and the Annapolis Valley
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Figure 2.1 – Context map of the study area

The study area encompasses thirty-two 2x2km sample plots in agricultural zones 
of the Annapolis Valley of Nova Scotia (figure 2.1). The Canadian province of Nova Scotia has a land area of approximately 48,800km2 (Beazley et al. 2005). The unique coastal land mass is a peninsular form that protrudes into the Atlantic Ocean, connected to North America only by a 24km wide isthmus (Beazley et al. 2005). Considering its relatively small size and temperate climate, Nova Scotia hosts an unusually high diversity of species and landscapes (Davis and Browne 1996, Beazley et al. 2005). However, development, climate change, and ineffective conservation management has threatened the natural diversity of the province (Beazley et al. 2005).
The Annapolis Valley is situated between two parallel mountain ranges along the north-west shore of Nova Scotia near the Bay of Fundy and the Minas Basin. The Bay of Fundy has the greatest tidal range on Earth, a product of its unique coastal configurations.  Water levels can vary up to 16m as the tides surge in and out of the Minas Basin at velocities up to 7km/hr (Butzer 2002). As a result, substantial amounts of red silt and clay are deposited in the estuarine mudflats and swept upstream to fertilize the floodplains (Butzer 2002). These highly fertile tidal deposits and glacial sedimentary soils favor the Annapolis Valley as a mixed agricultural region comprised primarily of small towns and family-owned farms, orchards, crop fields, and vineyards. The relatively flat land is also rich in freshwater wetlands and coastal salt marshes, making it particularly conducive to breeding and rearing habitat for waterfowl. The majority of natural wetlands in the Annapolis Valley have been lost to urban and agricultural development. As such, wetlands in the study area are typically characterized as farm ponds used for irrigation or built impoundments created by Ducks Unlimited Canada designed to enhance waterfowl production.  
2.2. Field Methods
2.2.1. – Site Selection

Forty-six wetlands from previous years of brood and invertebrate studies by Acadia University were encompassed within a 2x2km sampling frame for the purpose of aerial surveys (figure 2.2). Fifteen additional wetlands were selected from within the 2x2km frame for study in the 2012 field season for a total of sixty-one study sites contained with thirty-one 2x2km plots across the Annapolis Valley (124km2). Potential new study sites were identified using aerial photos of the survey plots. The fifteen study sites were selected in such a way as to ensure wide spatial coverage within the existing 2x2 sampling frame.  Selection priority was given to 2x2km plots containing only one wetland from previous years study.  The goal was to evenly sample the study area across a variety of land use types. The new study sites were visited in the spring of 2012 prior to the beginning of field work in order to ensure their viability. In the event a site was not accessible or no longer existed, an alternate site was then chosen. 
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	Figure 2.2 – Map of the study area showing the 2x2km sampling frame for indicated breeding pair surveys, as well as the location of 61 wetland study sites used for brood surveys. 


2.2.2 Indicated breeding pair (IBP) surveys

Indicated breeding pair surveys were flown in May 2012 by the Department of Natural Resources of Nova Scotia as breeding pairs begin to emerge. Thirty plots encompassing Acadia University’s brood survey points were surveyed by helicopter for a total of 120km2 (figure 2.2). This was meant to facilitate a link for comparison between breeding pair data and ongoing brood study data.

2.2.3. Brood surveys

Each of the sixty-one wetlands was visited once a week from May 21, 2012 – June 22, 2012 for a total of five visits (figure 2.2).  Surveys took place Monday – Friday from 6:00AM EST – 10:00AM EST. Wetlands were always visited on the same day of the week, however the order they were visited was reversed each week in order to minimize bias attributable to time of day and order of visitation. Surveyors remained at each wetland for a minimum of 5 minutes for smaller wetlands, and 10 minutes for larger wetlands. For very large area wetlands, two or more survey positions were necessary. At each visit, surveyors recorded the presence of individual species, number of ducklings, as well as their age and sex when it could be determined. Brood ages were recorded using the Gallop and Marshall technique (1954). Additional parameters such as onsite weather conditions, temperature, percent cloud cover, and presence of other bird and wildlife species were recorded. 
2.2.4. – Invertebrate and water chemistry sampling 
A subsample of thirty study sites was selected for water chemistry and invertebrate sampling. The first two weeks of brood survey data was used in order to select an approximately even number of sites that were in use and sites that were not in use by broods (brood presence and absence).  As there were conveniently fifteen sites with brood presence, they were all selected for the subsample. From the remaining forty-six sites where broods were absent, 15 were randomly selected to be added to the subsample for a total of 30 wetlands. 
Each of the thirty wetlands was sampled two times bi-weekly from June 7 - July 6. Invertebrate traps were made from cylinder PVC pipe 10cm diameter by 30cm length. A dual funnel-like structure was created by placing mosquito screening at both ends of the pipe with a circular opening of approximately 1-2cm. The funnels were attached to 4m poles and set a minimum of 16m apart at the edge of the shore. The traps were collected again after 48 hours. For small wetlands, two traps were set, while for larger wetlands four traps were set. The specimens were collected onsite and put into 70% ethanol and 30% water solution and later identified according to family and measured for dry weight in the lab. Water chemistry samples were collected at the same time and location where invertebrate traps were set. Samples were placed into labeled containers and taken to the lab to be processed for key values such as pH, nitrogen, phosphorous, and chlorophyll a. Conductivity and water temperature were recorded onsite using a small conductivity meter. The reader may refer to Banks (2013) for further detail on chemistry sampling methods, nutrient and chemical analysis of samples, as well as analysis of invertebrate samples.  

2.2.5. – Satellite imagery and land use data collection
In August 2012, high resolution satellite WorldView imagery was collected for the entire study area in order to characterize land use and waterfowl habitat (figure 2.3).  In late June and early July approximately 900 ground-truth survey points were collected using handheld GPS (figure 2.4). These coordinates would serve as training points to support an automated land cover classification analysis using a program called E-Cognition (http://www.ecognition.com). Satellite imagery and training points were processed by Frances Mackinnon at the Department of Natural Resources of Nova Scotia (DNRNS) in order to produce a land use map for the area that the imagery was purchased. 
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Figure 2.3 - Example of Worldview Satellite imagery (0.5 meters resolution)
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Figure 2.4 – Map of ground-truth points. Approximately 900 ground-truth points that were collected during the fieldwork season are displayed above. 
2.7 Data analysis and modeling 

2.7.1 – Breeding pair and brood survey data

Results from IBP and brood surveys were mapped using ArcMap 10 (ESRI 2013) to show spatial distributions and spatial relationships in the study area. Results from brood surveys were aggregated to the 2x2km scale to enable consistency and comparison with the IBP survey results. A cross-off method was used for brood survey results in order to eliminate over-estimation of brood numbers due to double-counts from repeated wetland visits.  This was done by looking at the age class of broods and the number of ducklings at each visit (Visit 1 through Visit 5) and ‘crossing off’ repeated recordings of what was determined to be the same brood. The outcome was a summary of habitat usage by broods during the study period. 

A recently published species distribution model (SDM) by Lieske et al. (2012) has shown a positive link between agricultural landscapes and breeding American Black Duck (Anas rubripes) in 5x5km plots throughout eastern Maritime Canada. The maritime model incorporated information on values such as water area, wetland diversity, proportion of active agriculture, and road density. IBP predictions for the 2x2km plots in the Annapolis Valley were made for both Mallard (Anas platyrhynchos) and Black Duck using the published 5x5km Maritime model (Lieske et al. 2012) and then downscaled to the 2x2km scale. The residuals were calculated by determining the difference between IBP survey observations and IBP model predictions. 
2.7.2 - Water chemistry and invertebrate data 
Results from water chemistry and invertebrate fieldwork were aggregated to the 2x2 km scale of the IBP sample frame in order to align the datasets for better comparison between breeding pair and brood data as well as to facilitate analysis at the landscape level.  This was done by averaging values across wetlands contained within 2x2km plot boundaries. Results were also averaged across Visit 1 and Visit 2 in order to better represent the underlying signal. Water chemistry and invertebrate variables were then individually mapped using ArcGIS and visually assessed for spatial correlations.  Moran’s I analysis (reference?) was also used in order to more accurately determine evidence for spatial autocorrelation of each of the water chemistry and invertebrate variables. 
IBP model residual results (see section 2.1.6.1) were divided into two categories for those above and below zero (‘better’ and ‘worse’, respectively). Residuals below zero (‘worse’) represented an over-prediction by the model in comparison to IBP survey observations, meaning fewer pairs were observed than predicted. Residuals above zero (‘better’) represented under-estimation by the model, meaning more pairs were observed than predicted (figure 4.1 & 4.2). Water chemistry and invertebrate variables were then compared between ‘better’ plots and ‘worse’ survey plots through the creation of boxplots and Wilcoxon-Mann-Whitney tests in order to assess for differences between the two groups. This was done for both Black Duck (ABDU_BETTER, ABDU_WORSE) and Mallard (MALL_BETTER, MALL_WORSE) residuals.  Although the population sample of IBP was thirty 2x2km plots (N=30), sample size was reduced for Wilcoxon-Mann-Whitney  tests as only 21 of the 30 plots were included within the water chemistry and invertebrate sub-sample (n=21). Thus, statistical analysis encompassed n=5 in the ABDU_BETTER category, n=16 in ABDU_WORSE, n=16 in MALL_BETTER, and n=5 in MALL_WORSE. 

Similarly, brood data was matched with 23 2x2km plots for which water chemistry and invertebrate sub-sampling was conducted (N=23) and then divided into ‘presence’ and ‘absence’ groups for both Black Duck (ABDU_PRESENCE, n=6;  ABDU_ABSENCE, n=17) and Mallard (MALL_PRESENCE, n=14; MALL_ABSENCE, n=9). ‘Presence’ was defined as plots which had ≥ 1 brood counts, and ‘absence’ was defined as plots with < 1 brood count over the study season.  Wilcoxon-Mann-Whitney  tests and box plots were used in order to compare water chemistry and invertebrate variables between ‘presence’ and ‘absence’ groups for each species. 

2.7.3 – Satellite imagery and land use data 
The area of each land use class was calculated per 2x2km survey plot using ArcGIS tools and then converted to proportions. The proportion of land use per plot was then compared between ‘better’ and ‘worse’ IBP groups and between brood presence and absence groups for both Mallard and Black Duck (see Chapter 5) using R statistical program software (R Core Development Team 201x). Wilcoxon Mann Whitney tests were conducted and boxplots were made for each land use category. Maps of each land use category were generated using ArcGIS. Plots having the highest numbers of IBP and broods for each species were individually mapped and examined in order to determine what these high-productivity areas consist of. 

CHAPTER 3: PATTERNS OF HABITAT USAGE DURING 
BREEDING AND REARING
3.1 – Introduction

3.1.1 – Population and distribution of the Black Duck and Mallard
*please refer to section 1.3.2 (Black Duck distribution and population decline) and section 1.3.3  (Mallard distribution and range expansion)
3.1.2 – Waterfowl settling patterns 
The distribution and abundance of living species exhibit spatial and temporal patterns. These patterns are important to understand for conservation purposes, and can also be indicators of ecosystem change (Chaulk, 2007). Mounting evidence has revealed that climate change can affect the timing of migration (Coppack and Both 2002, Huppop and Huppop 2003) and breeding (Both and Visser 2001, Brown et al. 1999, Crick and Sparks 1999. Crick et al. 1997) of waterfowl species (Chaulk 2007). Among waterfowl breeding grounds, there is a great amount of variation in species distribution, reproduction, and survival (Hansen and McKnight 1964, Calverley and Boag 1977, Derksen and Eldridge 1980, Johnson 1988).

The settling patterns of waterfowl and the forces that drive how they distribute themselves throughout their habitat  is an important area of study for waterfowl conservation at all scales (Johnson 1988). For example, estimates of the breeding population and measures of productivity can be combined to provide useful information on predicting fall population size (Martin et al. 1979). At the state level, managers utilize estimates of fall population size to dictate hunting regulations each season (Johnson 1988). At a local scale, evaluating inter-annual variation in returning duck numbers can aid in determining the success of land management practices in improving habitat (Hochbaum 1946, Johnson 1988). 

Viljugrein (2005) described the continental settling patterns of 10 duck species common in North America using annual survey results from 1955-1981. The study revealed that Dabbling Ducks were connected to unstable, unpredictable, and intermediate environments while Diving Ducks made use of predictable environments. Mallard, Gadwall, Blue-winged Teal, Redhead, and Canvasback had a tendency to first occupy available breeding habitat in the center of their range, wheras other species such as the American wigeon, green-winged Teal, Northern Sholver, Northen Pintail, and Lesser Scaup occupied their range as it was met through spring migration. In the same study, Viljugrein (2005) also noted that settling pattern varied with sex and age classes which may have been partially explained by the more specific resource requirements of breeding females to raise their young. 

Dabbling ducks allegedly function in a more density-independent manner than diving ducks because dabblers breed as yearlings, they assume more risk of reproductive failure, and tend to react more favorably towards enhanced habitats (Bellrose 1980, Bailey 1981, Vickery and Nudds 1984, Johnson and Grier 1988). However, even when observation errors in data are taken into account, studies have shown strong evidence for density dependence in Mallard populations (Hill 1984). Yet, it remains unclear how this “population mechanism” functions (Viljugrein 2005). During breeding season, density dependence in ducks may occur in order to defend resources as home ranges are established (Bellrose 1980, Nudds 1983, Johnson et al. 1992) Waterfowl mortality during winter and spring migrations is likely a density dependent factor that is influenced by the conditions on wintering grounds, agricultural practices, weather, disease and predator populations (Nichols 1991, Johnson et al. 1992, Viljugrein 2005). 
3.1.3 – Breeding chronology 
Hatch dates vary among sympatric duck species (Hochbaum 1944, Koskimies and Lahti 1964, Hines 1977, Toft et al. 1984, Monda and Ratti 1988), however there is little documented discrepancy between the breeding chronology of Black Ducks and Mallard; Both are known for their early nest initiation and hatch dates (Monda and Ratti 1988). Early hatching offers the advantage of higher survival, growth, and recruitment (Dzuz and Clark 1998, Blums and Clard 2004, Devries et al. 2008). For example, Longcore et al. (1998) observed that Black Ducks and Mallards in Maine had a nearly identical hatch date distribution in 1993. Broods in 1993 first hatched in early May, and peaked in early June. Hatch dates and peaks in 1994 did not change for the Black Duck, however Mallards hatched slightly later with no clear hatch peak (Longcore et al. 1998) In a study in southern Quebec, Maisonneuve et al. (2000), found that Mallard and Black Duck had similar median nest initiation date, clutch size, and nest success rate (Maisonneuve et al. 2000). Petrie et al. (2012) also found that hatch dates for Mallard and Black Duck did not differ
.
3.0.4 – Indicated breeding pair and brood counts 
Indicated breeding pairs and brood numbers are often quantified by aerial surveys (Parker et al. 1992, Brasher et al. 2002). Because not all individuals present within an area can be easily observed by survey personnel (nesting hens, for example), aerial surveys serve as an estimation of breeding population (Dzubin 1969, Brasher et al. 2002). Methods and standardized criteria have evolved to improve the accuracy of these assessments. For example, the presence of nesting females is inferred from observed males, and the male-biased sex ratios of duck populations are taken into account in order to prevent inflated estimates through the false enumeration of unpaired males (Brasher et al. 2002). Nonetheless, there is a need to further improve these estimates, and over-estimation remains common (Brasher et al. 2002). Brasher et al (2002) evaluated the accuracy of indicated breeding pair surveys to estimate Mallard breeding population and found an overestimation of roughly 7%. Overestimation of breeding pair numbers could have major implications such as excessive harvest. In order to improve accuracy, the authors suggested that correction factors should be employed along with corrections to survey standards (Brasher et al. 2002).
For over 50 years, brood counts have been a common method of “providing economic measures of waterfowl productivity” (Evans et al. 1952, Gollop and Marshall 1954, Pagano 2009). On an annual basis, brood populations of ducks in North America are estimated by combining the results of aerial and ground surveys. Brood population estimates are used in combination with breeding pair population estimates to help manage fall harvest regulations, evaluate population trends, and asses the progress of the North American Waterfowl Management Plan (U.S. Fish and Wildlife Service and Canadian Wildlife Service 1986, Cowardin and Blohm 1992, Brasher et al. 2002).
The probability of detecting broods varies amongst species of waterfowl due to differences in behavior and habitat preference. Detection probability can also vary temporally, or based on weather or ducking age (Devries et al. 2008, Pagano et al. 2009). For example, Devries et al. (2008) studied variables affecting the detection of waterfowl broods and found that Blue-Winged Teal had a low detection probability in comparison to Diving Ducks. And although detection probability was generally the highest in the morning and evening, there was no time of day to survey that would maximize detection probabilities for all species in the study (Devries et al. 2008). 

The general consensus among literature is that detection probabilities have a positive correlation with observer experience, brood size, abundance of broods, date, temperature, percent cloud cover, and time spent surveying (Ringelman and Flake 1980, Diem and Ly 1960, Giudice 2001, Pagano 2009).  Factors associated with decreased detection probability include wetland size, wind speed, and the amount and height of vegetation (Devries et al. 2008, Pagano et al. 2009). Some of these factors influencing detection probabilities have shown contradictory results in literature (Pagano 2009). For example, some studies have shown a negative relationship with wind speed (Diem and lu 1960, Ringelman and Flake 1980, Giudice 2001, Pagano et al. 2009). Ringelman and Flake (2008) concluded that cloud cover did not influence detectability and brood detection decreased at about 23°C. (Pagano et al. 2009). Giudance (2002) found that older broods had a lower detectability, while Ringelman and Plake (1989) found that older broods had higher detectability, and Pagano and Anthony (2009) did not find an effect for brood age and detectability (Devries et al. 2008, Pagano et al. 2009).
Using a mark-recapture technique, Devries et al. (2008) estimated that a typical brood survey would miss approximately 67.5% of broods and recommended that surveys include 2 or 3 replicate counts in order to increase the probability of detection (Devries et al. 2008, Pagano et al. 2009). Many endorse roadside surveys instead of the walk-up method in order to increase detectability because roadside surveys offer better observation points which are less likely to disturb broods to hide (Devries et al. 2008, Pagano et al. 2009).
Gallap and Marshall’s (1954) technique has become the standard method of recording ducklings during brood surveys (Eg.,  Schummer et al. 2011) based on size and feather development. Evrard (1996) conducted an experiment to test the probability of correctly classifying mallard brood age using the Gallop and Marshall method (1954). Findings suggested that the majority of personnel were able to correctly classify brood age using this technique; however there was a tendency for Class 1 brood age to be over-estimated. It was concluded that the Gallop and Marshall method (1954) is a suitable method to estimate mean brood ages and backdate them to determine accurate nest initiation and hatching curves (Evard 1996).

3.2 – Materials and methods
3.2.1 – Indicated breeding pair survey
Indicated breeding pair surveys were flown in May 2012 by the Department of Natural Resources of Nova Scotia as breeding pairs begin to emerge. Thirty plots encompassing Acadia University’s brood survey points were surveyed by helicopter for a total of 120km2 (see figure 2.2). This was meant to facilitate a link for comparison between breeding pair data and ongoing brood study data.

3.2.2 – Brood surveys
The 46 original wetland sites studied during previous years by Acadia University were the basis of study for the 2012 field season. However, 15 additional wetlands were selected for study from within the 2x2km frame in order to obtain a larger sample size of a total of 61 individual wetlands (see figure 2.2). This was done using aerial photography, and the goal was to more evenly sample the study area across a variety of land use types. Thus, the additional wetlands were selected in such a way as to ensure wide spatial coverage within the existing 2x2 sampling frame. 2x2km plots which contained only one original study site were given priority for selection of a new study site. The potential new sites were visited prior to the beginning of field work in order to ensure their suitability and accessibility. In the case that a site was not accessible or no longer existed as a viable wetland, an alternate site was then chosen. 

Each of the sixty-one wetlands was visited once a week from May 21, 2012 – June 22, 2012 for a total of five visits.  Surveys took place Monday – Friday from 6:00AM EST – 10:00AM EST. Wetlands were always visited on the same day of the week but the time they were visited was reversed each week to minimize bias attributable to order of visitation. Surveyors remained at each wetland for a minimum of 5 minutes for smaller wetlands, and 10 minutes for larger wetlands. For very large area wetlands, two or more survey positions were necessary. At each visit, surveyors recorded the presence of individual species, number of ducklings, age, as well as sex when it could be determined. Brood ages were recorded using the Gallop and Marshall technique (1954). Additional parameters such as onsite weather conditions, temperature, and cloud cover, and presence of other bird and wildlife species were recorded. 
3.2.3 – Data Analysis and Modeling 
Results from IBP and brood surveys were mapped using ArcMap 10 to show spatial distributions and spatial relationships in the study area. Results from brood surveys were aggregated to the 2x2km scale to enable consistency and comparison with the IBP survey results. A cross-off method was used for brood survey results in order to eliminate over-estimation of brood numbers due to double-counts from repeated wetland visits.  This was done by looking at the age class of broods and the number of ducklings at each visit (Visit 1 through Visit 5) and ‘crossing off’ repeated recordings of what was determined to be the same brood. The outcome is a summary of habitat usage by broods during the study period. 


A recently publish species distribution model (SDM) by Lieske et al. (2012) has shown a positive link between agricultural landscapes and breeding American Black Duck (Anas rubripes) in 5x5km plots throughout eastern Maritime Canada. The maritime model incorporated information on values such as water area, wetland diversity, proportion of active agriculture, and road density. IBP Predictions for the 2x2km plots in the Annapolis Valley were made for both Mallard and Black Duck using the published 5x5km Maritime model (Lieske et al. 2012) and then downscaled to the 2x2km scale. The residuals were calculated by determining the difference between IBP survey observations and IBP model predictions. 
3.3 – Results
3.3.1 – Indicated breeding pair survey results
A total of 47.5 American Black Duck breeding pairs were recorded in 16 out of 30 survey plots (figure 3.2). Mallard pairs were present in all 30 plots with a total of 99 Mallard breeding pairs (figure 3.3). These results show that Mallard presence was strong and widely dispersed throughout the landscape. Black Duck breeding pairs were comparatively scarce and tended to concentrate in the eastern coastal zone of the study area. 
3.3.2 – Brood survey results
Brood surveys found a total of 7 Black Duck broods in 6 of the 31 plots and 47 mallard broods in 19 of the 31 plots (figures 3.4 and 3.5). As expected, the average brood size for both species declined throughout the study period. However, the overall number of mallard broods steadily increased with time whereas there was no prominent increase in Black Duck broods.

3.2.3 – Data analysis and modeling results
Given landscape characteristics, the model predicted high numbers of Black Duck IBP. However, IBP observations from the 2x2km survey revealed a lower number of pairs than predicted. By contrast, Mallard presence was strong and widely dispersed throughout the valley in excess of model predictions (see figures 3.8, 3.9 and 3.10). 

The model predicted a total of 82 Black Duck breeding pairs and 74 mallard breeding pairs. The residuals revealed that the model over-predicted Black Duck breeding pairs in 24 of 30 plots with an average over-prediction of 1.2 breeding pairs per plot (figure 3.6). Mallards were under-predicted by the model in 20 of 30 plots with an average under-prediction of 0.8 per plot (figure 3.7). 
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Figure 3.1 - Mapped results of indicated breeding pair surveys for the Black Duck
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Figure 3.2 - Mapped results of indicated breeding pair surveys for the Mallard
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Figure 3.3 - Mapped results of brood surveys for the Black Duck
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Figure 3.4 - Mapped results of brood surveys for the Mallard
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Figure 3.5    - Black Duck IBP model residuals. Blue = under-prediction, light green = accurate within 1 IBP, and orange-red = over-prediction
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Figure 3.6 - Mallard IBP model residuals. Blue = under-prediction, light green = accurate within 1 IBP, and prance-red = over-prediction  
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Figure 3.7 - Box plot of breeding pair survey results and model prediction results for both Black Duck and Mallard
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Figure 3.8  -  Density distribution plots of breeding pair survey results, model predictions, and residuals for both Black Duck and Mallard
[image: image17.emf]Black Duck Survey

ibp_abdu

Frequency

0 2 4 6 8

0

5

10

15

Mallard Survey

ibp_mall

Frequency

1 2 3 4 5 6 7 8

0

4

8

12

Black Duck Predictions

y_pred_abdu

Frequency

1 2 3 4 5

0

2

4

6

Mallard Predictions

y_pred_mall

Frequency

0 2 4 6 8 10 12 14

0

4

8

12

Black Duck Residuals

res_abdu

Frequency

-4 -2 0 2 4

0

2

4

6

8

Mallard Residuals

res_mall

Frequency

-10 -5 0 5

0

2

4

6

8


Figure 3.9  -  Histograms showing the distribution of data for IBP survey results, model predictions, and residuals 
[image: image18.emf]2 3 4 5

0

2

4

6

Black Duck (Observed~Predicted)

model predictions

2x2km survey results


Figure 3.10 – Scatter plot of  Black Duck model predictions against IBP survey observations with a smoother line 
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Figure 3.11 - Scatter plot of Mallard model predictions against IBP survey observations with a smoother line
3.4 – Discussion/Conclusion
Mallards were both high in numbers and dispersed throughout space revealing that they have a strong presence in the Annapolis landscape. Black Duck breeding pairs were comparatively scarce and tended to concentrate in the eastern coastal zone of the study area, suggesting a more selective habitat usage or the possibility of competition. The overall number of Mallard broods steadily increased with time whereas there was no prominent increase in Black Duck broods suggesting that survivorship and recruitment of the Black Duck may be comparatively low.

According to the model, the study area is a highly favorable landscape to breeding Black Ducks. However, the observed presence of Black Duck was much lower than model predictions. By contrast, the model predicted a less favorable breeding habitat for Mallards than what was revealed by observations
. Low Black Duck observations could simply be a result of inter-annual variation. ‘Year’ was one of the best predictors of breeding pair numbers Maritime model by Lieske et al. (2012) suggesting that inter-annual variation is high in these landscapes.  However, other variables, such as site-level characteristics or land use may explain why Mallards appear to be so successful in comparison with Black Ducks and these topics are explored in Chapter 4 and Chapter 5. 
CHAPTER 4: LINKS BETWEEN INVERTEBRATE DENSITIES, WATER CONDITIONS, AND BREEDING AND BROOD REARING 
AMERICAN BLACK DUCKS AND MALLARDS

4.1 – Introduction
4.1.1 Waterfowl habitat selection and the importance of scale
“Migratory birds, by virtue of their mobility, have many options for selecting habitat in which to breed” (Johnson 1988)

Many studies have endeavored to identify the key components driving habitat selection within and among bird species. Habitat selection by definition is a choice that is made by individuals to occupy a particular area amongst available habitats in the absence of extrinsic factors such as predation and competition which could cause habitat to be differentially occupied (Klopfer 1969, Weins 1976, Weins 1977, Weins 1985, Kaminski and Weller 1992). Researchers have successfully linked bird species abundance and diversity with a variety of environmental variables, however, it is often challenging to control for extrinsic factors in field investigations. In addition, it is important to distinguish between habitat selection and habitat correlation (Wiens 1976, Kaminski 1981). Wiens (1976) defined a habitat correlation as a variance in species presence or abundance that is directly or inversely related to the presence or abundance of environmental variables. Habitat selection, although similar to a habitat correlation, is determined by the quantity of habitat and its accessibility.

Habitat selection is influenced by the effects of the physical and social environment (Hilden 1965). For migratory birds, habitat selection can be “envisioned as a hierarchical process from macro- to microhabitat scale”(Kaminski and Weller, 1992). For example, a ‘first-order’ selection (macro scale) occurs when waterfowl select a geographic/physiographic landscape, a ‘second-order’ selection within the geographic/physiographic landscape could include the selection of an upland or wetlands system and class (e.g., plaustrine, emergent marsh), and a “third-order” selection (micro scale) within the upland or wetland can also be made, such as a nesting site (Wiens 1973,  Cowardin et al. 1979, Johnson 1980). 

The scale of investigation can greatly influence observations in landscape analysis and patterns of habitat usage by waterfowl (Weins 1985, Kaminski and Weller 1992). Ideally, habitat selection should be studied hierarchically in order to recognize patterns across different scales (Weins 1985, Kaminski and Weller 1992, Urban 2005, Forcey et al. 2011). Some studies on the ecology of breeding and brooding of waterfowl focus on macro habitat (Stoudt 1971; Mack and Flake 1980, Swanson et al. 1984, Monda and Ratti 1988) while the majority emphasize the importance of investigation at the microhabitat scale (e.g. Clark and Weatherhead 1986, Murkin et al. 1997, Vierling 1999). 

Micro-scale habitat selection by waterfowl can have an observable impact at larger scales and vice versa. For example, habitat selection by dabbling ducks has been highly linked to habitat quality (Merendino and Ankney 1994) including food supplies, nutrients, predation, and wetland features (Johnson 1988). Although aquatic invertebrates are most commonly researched at the site-level, they can also be influential at the landscape scale by affecting the timing and location of migration for large populations of waterfowl (Bellrose 1980, page 40). At the macro-scale, birds across North America are significantly influenced by patterns in the landscape (Cushman and McGarigal 2002, Lichstein et al. 2002). Changes in the landscape of both natural and anthropogenic origins can in turn affect site level habitat suitability including the availability of nesting habitat, cover to escape predators, wetlands nutrients and the abundance and availability of food supplies. Bellrose (1980, page 40) noted a case in which thousands of Canada Geese and Mallards wintered several hundred miles north of their traditional wintering grounds in response to increased availability of cereal grains due to agricultural land conversion. In another case, Blue-winged and Green-winged Teal, Shovelers, Pintails, Gadwalls, and Wigeon wintered in coastal marshes in Louisiana rather than continuing across the Gulf of Mexico to Yucatan when hurricanes opened up dense vegetation and improved food resources for ducks.
Habitat selection by Mallard and Black Ducks is likely influenced by habitat quality (Merendino and Ankney 1994). Wetland characteristics such as vegetation, water level, water chemistry, food availability or any combination of these factors can impact the use of wetlands by brood rearing females and affect duckling survival (Dzus and Clark 1997). Johnson (1988) argued that there are two main components to habitat quality: (1) Ultimate quality factors such as food supplies, nutrients, and predation which affect long-term survival and reproductive success, and (2) proximate cues such as wetland features to identify suitable breeding areas. Ultimate quality factors of habitat quality may more strongly influence habitat selection than proximate cues (eg., Merendino et al. 1992), and can be particularly stringent during the vulnerable breeding and rearing life stages (Johnson 1988). For example, breeding waterfowl require a greater amount of protection from predators, and broods require sufficient supply of nutrients to meet their needs for growth and survival (Johnson 1988).
Many different species of waterfowl share the same habitat simultaneously, and are referred to as sympatric populations. In order to reduce ‘interspecific’ competition between sympatric species, many have evolved to utilize different niches within a habitat or to partition resources temporally and spatially. For example, clear ecological segregation in feeding behavior (Lack 1971) and resource utilization (e.g., Olney 1965, Bengtson 1972, Stott and Olson 1973, Sugden et al.1979) has been found between species of Anatidae (Danell and Sjöberg 1982). Understanding differences in environmental and resource utilization between species that are known to occur in sympatric populations may help to define subtle variances in niche habitat and thereby aid in species conservation.
4.1.2. Importance of water chemistry variables  
4.1.2.1. Total phosphorus, chlorophyll a, and trophic status
In wetlands, nutrient availability exerts a strong effect on primary production. Nutrients affect the abundance and diversity of flora and fauna (Ausden 2007)
Trophic status refers to... Trophic status is generally classified into different levels ranging from nutrient-poor to nutrient-rich: Ultra-oligotrophic, oligotrophic, mesotrophic, eutrophic, and ultra-eutrophic (table 4.1). The trophic status of freshwater systems can be assessed on the basis of total phosphorus and chlorophyll a concentrations (Dillon 1974, Vollenweider and Kerekes 1982, table 4.1). In Nova Scotia, freshwater lakes are generally oligotrophic; however trophic status varies, especially in relation to agricultural activity (Underwood et al. 1986). Water bodies may acquire nutrients (mainly phosphates and nitrates) naturally or artificially due to human activity such as fertilizer runoff and sewage discharge. This enrichment process is called eutrophication. 

Table 4.1 – Determining tropic status by total phosphorus and mean chlorophyll a values (Vollenweider and Kerekes 1982)
[image: image20.emf]
Phosphorus is generally a key limiting nutrient for primary productivity in fresh water systems (Kalff 2002), yet human enriched wetlands typically exhibit phosphorus concentrations 50-100 times greater than non-impacted wetlands (Stacier et al. 1994). Duck brood numbers (Longcore et al. 2006), breeding pairs (Dennis et al. 1989, Merendino et al. 1992), and production (Staicer et al. 1994) are often found to be highest in habitats with hyper-eutrophic conditions of anthropogenic input, likely because these wetlands also tend to support an abundance of aquatic macrophytes and invertebrates (Stacier et al. 1994, Longcore et al. 2006). However, there is some contradictory evidence to these claims (Longcore et al. 1998). For example, Seymour and Jackson (1996) found that Black Ducks were successful at raising broods on low fertility habitat sites in Nova Scotia, with phosphorus values between 0.01 – 0.025 mg/L. In addition, eutrophication can potentially have a negative impact on wetland systems. Phosphorus concentrations above 100 ug/l may support larger submerged macrophytes, however, this can also promote the domination of microscopic algae (phytoplankton). This may result in hypoxia, a depletion of oxygen in the water which is detrimental to aerobic organisims (Ausden 2007). The wetland may also no longer have the ability to support habitat for aquatic invertebrates, an important food source for waterfowl (Ausden 2007). 

Chlorophyll a indicates the level of phytoplankton and algal primary production (Florida Lakewatch 2004). Depending on variation in biochemical competition, light competition, and intensity of zooplankton grazing, wetland systems may be dominated by phytoplankton and algae or dominated by macrophytes (Scheffer 1990). The relative impact of phytoplankton, algae, and macrophytes is difficult to determine, however the presence of algae can impact nutrient concentrations as well as invertebrate biomass and species structure (van Donk and van de Bund 2002). Macrophyte presence can competitively reduce phytoplankton and algae content in mesotrophic to eutrophic wetlands; however this negative effect can be reduced by excess nutrients in eutrophic to hyper-eutrophic wetlands (van Donk and van de Bund 2002).
4.1.2.2. Specific conductance and salinity

Specific conductance is a standardized measure of the total amount of ionized material in water (total dissolved solids), and is commonly used to assess water quality (Gray 2004, New York Near-Real-Time Surface Water Quality Monitoring Network 2009). It is measures the waters ability to conduct electricity and is quantified in units of micro Siemens per centimeter (µS·cm-1). Specific conductivity can serve as an indication of salinity as electrically charged salt ions are also measured. High values of specific conductance in combination with high total phosphorus concentrations are generally associated with anthropogenic input (Staicer et al. 1994). For example, specific conductivity has been found to differ greatly between forested and agricultural environments. Dwyer (1979) conducted a study in southern Manitoba comparing forested to agricultural wetlands, and found that mean conductivity was much higher in the agricultural prairie potholes than in the surrounding forested areas (Dwyer 1970).

Conductivity may be limiting to Mallard broods at a value greater than 2000 microsiemens (μS cm-1), and exhibits such negative effects as reducing duckling growth or even death. (Swanson et al. 1984, Mitcham and Wobeser 1988, Dzus and Clark 1997). Conductivity appears to have less of an influence over Black Duck selection of wetlands (Ringelman and Longcore 1982). Nova Scotia wetlands tend to have high specific conductivity, which may be drawn from their relatively close proximity to marine sources (Underwood et al. 1986).

Black ducks apparently have higher tolerance for salinity than do mallards (Barnes and Nudds 1991). In the study by Barns and Nudds (1991), salt concentration of up to 1.5% was associated with higher survival and growth rates in Black Ducks versus Mallards. They also noted that consistent with Misan’s (1972) findings, tolerance to salt water increased with duckling age. Furthermore, Barnes and Nudds (1991) found that black duck-mallard hybrids seem to inherit this higher ability for salt tolerance. The authors speculated that as salt-tolerant hybrids continue to backcross with both Mallard and Black Duck, the Mallard will continue to expand its range east into black duck estuarine habitat.

4.1.2.3. Acidity 

Aquatic acidity can affect habitat quality and the food sources used by waterfowl (DesGranges and Houde 1989). In Nova Scotia, freshwater bodies are generally acidic (Underwood et al. 1986). Water bodies with low pH are associated with low invertebrate abundance, biomass, and density (Gagnon et al. 1990). However, this effect is often counteracted by the presence of nutrients (Kerekes et al., 1990). Invertebrate populations in acidic wetlands with high nutrient content have been found to be significantly higher in comparison to those with low nutrient content (DesGranges and Gagnon 1994), and total phosphorus is often found to be a better determinant of brood presence than pH (Staicer et al. 1994, Longcore et al. 2006). 

Atlantic Canada is highly vulnerable to the effects of acid rain and it has impacted a great portion of the region, particularly southwestern New Brunswick (Sergeant et al. 1981, Clair et al. 1982; Hawkins and Spavold-Tims 1984, Kerekes et al. 1986, Parker et al. 1992) Many species of waterfowl breed in forested areas where the combined effects of acid precipitation and soils with low acid-neutralizing properties (Environment Canada 1988) results in fairly acidic conditions (Bendell and McNicol 1995).

Acidity may dictate the presence or absence of acid-sensitive invertebrates and acid-sensitive competitors such as fish (Staicer et al. 1994). Insectivorous waterfowl compete with fish for food, and will nest or move their broods to areas where invertebrate resources are higher in the absence of large fish predators (Eriksson 1979, Eadie and Keast 1982, Pehrsson 1984,  Blancher et al. 1992, McNicol and Wayland 1992, Bendell and McNicol 1995). Reproduction, hatching success, and growth and survival of ducklings may be higher on fishless lakes or lakes without large fish predators. (Hunter et al. 1986, Hill et al. 1987, McNicol et al. 1990, Mallory et al. 1993 and 1994, Bendell and McNicol). Acid-sensitive fish and invertebrates are generally affected at a pH between 5 and 6 (McNicol et al. 1995, Bendell and McNicol 1995) and dabbling ducks apparently prefer wetlands of a moderate acidity (pH 5.5-6.0) which is high enough to reduce fish predation, and low enough to maintain an abundance of acid-tolerant invertebrates (Parker et al. 1992, Stacier et al. 1994).

In southern New Brunswick, Parker et al. (1992) measured the influence of acidity on fish and invertebrate abundance, and the overall influence on waterfowl distribution and abundance. The study found that insectivorous broods were mostly unaffected by acidity, however they had a negative relationship with fish presence, and positive relationship with the abundance of aquatic invertebrates.  Parker (1992) noted that at a young age, Black Ducks in particular were affected by the presence of fish and high wetland acidity, however this becomes less important as they mature and plants begin to comprise a more significant proportion of their diet (Parker et al. 1992).

Bendell and McNicol (1995) compared the diet of goldeneye, ring-necked duck, hooded merganser, and American Black Duck and found all four species of ducklings adjusted their diet with respect to lake acidity and fish presence. All four species consumed much more nektonic prey, specifically Notonectidae (Hemiptera) and Dytiscidae (Coleoptera??) in the absence of fish. On acidic lakes, all species, with the exception of Black Ducks, consumed more teneral 
Odonta. On non-acidic lakes, more Trichoptera larve was consumed by all species (Bendell and McNicol 1995). Black ducks in particular have frequently been observed successfully utilizing acidified and low fertility wetlands (McNicol et al. 1987, DeGranges 1989, Seymour and Jackson 1996, McAuley et al. 1998).

4.1.3. The diet of the dabbling duck and importance of aquatic invertebrates 
Aquatic invertebrates are an essential component to the diet of the dabbling duck at all life-stages; however they are especially central to the diet of egg-laying females, and young ducklings (Mendall 1949, Coulter 1955, Krapu 1979, Swanson et al. 1979, Reinecke and Owen 1980, Swanson 1985). The first two weeks of life is a critical time for ducklings when the risk of mortality is highest, and their diet depends almost exclusively on aquatic invertebrates that contain the protein necessary for growth and strength against the elements (Hill et al. 1986, Street 1977, Chura 1961, Perret 1962, Sugden 1973). Cox et al. (1998) found that the abundance of aquatic invertebrates was positively related to the body mass and mean growth ration of mallard ducklings (Cox et al. 1998).

Invertebrate availability is a particularly important limiting factor to the survival of American Black Duck ducklings. The Diet of the Black Duck may consist solely of aquatic invertebrates for up to six weeks of age (Stacier et al. 1994). During the breeding season, Black Ducks are known to avoid wetlands lacking invertebrate availability and risk higher mortality by travelling large distances with their young in search of adequate rearing sites (Merendino and Ankney 1994, Hill et al. 1986). Mallard broods most commonly feed on Dipterans from the Family Chironomidae which tend to peak in population early in the summer (Dzus and Clark 1997).

The presence of aquatic invertebrates has demonstrated a significant positive relationship with waterfowl presence and distribution (e.g., DesGranges and Houde 1989, Merendino and Ankney 1994, Stacier et al. 1994).  Food supplies can influence the timing and location of migration for large segments of waterfowl (Bellrose 1980, page 40). Invertebrate abundance is commonly thought to be the most important of biological variables effecting duck brood densities (Hill et al. 1986, Cox et al. 1998). 
It is rare for positive associations between waterfowl and invertebrate distributions not to be reported. Godin and Joyner (1981) and Kaminski and Prince (1981b) were among the few to find no obvious relationship (Danell, 1982). Seymour and Jackson (1996) claimed that there is no true evidence that the reproductive success of black ducks in Atlantic Canada is restricted by the quantity or quality of food availability, a view reiterated by McAuley et al. (1998).

Dietary overlap occurs for some sympatric species of ducklings; however this is reduced with age as they become more behaviorally and morphologically specialized (Aollias and Collias 1963, Sugden 1973, Nudds and Bowlby 1984, Nudds and Kaminski 1984, Monda and Ratti 1998). The Black Duck and Mallard exhibit virtually no differences in bill and tongue morphology, foraging behaviour or prey size selection (Eadie et al. 1979, Nudds and Bowlby 1984, Belanger et al. 1988), indicating that competition for food resources would be high when resources are limited. However, it has been suggested that the use of different classes of wetlands and timing of reproduction could allow Mallards and Black Ducks to partition resources “in time as opposed to space” (Toft et al. 1982, Petrie et al. 2012).

Species can partition resources temporally by feeding at different times of day (Ringelman and Flake 1980, Monda and Ratti 1998). Danell (1982) studied the feeding habits of breeding dabbling ducks in northern Sweden and found that duck feeding behavior varied across species depending on the time of day, weather, and food availability. The study, which included Pintails, Mallards, Teal and Wigeon, found that Mallards and Teal had the highest degree of flexibility in feeding behavior, something that is very advantageous to the species. Mallard changed their feeding behavior depending on food availability, feeding mostly above the surface in May when food supplies were present, and predominately below the surface from June – August when surface food was rarer (Danell and Sjöberg 1982). Similarly, Bendell (1995) found that differences in diet among species of waterfowl were associated with differences in foraging behavior, and hatch date (Bendell 1995). However, Petrie et al. (2012) found no evidence for temporal partitioning of habitat between Mallard and Black Duck. Black Ducks tend to use a wider variety of wetlands than Mallards (Ross 1987, Ross and Dillman 1990), and are often found on acidified wetlands with low fertility (McNiol et al. 1987, DeGranges 1989, Parket et al. 1992, Staicer et al. 1994, Longcore et al. 1998, Seymour and Jackson 1996, McAuley et al. 1998).

Aquatic invertebrates are most commonly considered in terms of biomass, diversity, and abundance and there are several types of standard measurements for these. Invertebrate dry weights (g) serve as a measure of biomass or invertebrate production. Species richness is a measure the number of species present. However, measuring richness does not take the relative abundance of different species into account (evenness). Therefore, richness gives as much weight to species which have very few individuals as to those which have many individuals. The Simpson Diversity Index is a measure of diversity which accounts for both species richness and evenness and is often used in ecology to quantify the biodiversity of habitat. The Shannon-Wiener Diversity Index is another diversity measurement commonly applied in ecology.  Similar to the Simpson Diversity Index, it accounts for species richness and evenness. (Shannon and Weaver 1949). Richness, the Simpson Diversity Index, and the Shannon-Wiener Diversity were all used to assess plot-level invertebrate biodiversity.
4.1.4 - Competition between Mallard and Black Duck

It has been speculated that Mallards outcompete Black Ducks for the most fertile wetlands and that this exclusion has contributed to the long-term population decline of the Black Duck (Brodsky and Weatherhead 1984, Ankney et al. 1986, Ankney et al. 1987, Merendino et al. 1993; Dwyer and Baldassarre 1992 and 1993 and 1994, Merendino and Ankney 1994, Seymour 1992; Longcore et al. 1998, Dwyer and Baldassare 1994, Petrie et al. 2012). This idea of “competitive exclusion” (Lack 1974) has been widely studied, and there is evidence for and against this operating in eastern populations of Mallards and Black Ducks. 

Evidence and theories in favour of active competition involve the following points: (1) There are inverse population trends in Mallard and Black Duck populations in areas of sympatry (Collins 1974, Ankney et al. 1987, Dennis et al. 1989, Merendino et al. 1993, Petrie 1998, Petrie et al. 1912); (2) Black Ducks and Mallards tend to favor similar types of habitats (Dwyer and Baldassare 1994, Petrie et al. 2012), such as those exhibiting high productivity, high shoreline index, and small size with sufficient open water area (Merendino 1994),  as well as exhibiting similar foraging ecology (Eadie et al. 1979, Nudds and Bowlby 1984, Tremblay and Couture 1986, Belanger et al. 1988); (3) Mallard and Black Duck treat each other as conspecifics and actively defend territories from the other, however Mallards are considered more successful at this (Seymour and Titman 1978, Titman 1983, Seymour 1992, McAuley et al. 1998); (4) Black Ducks have been shown to readily occupy territories upon the removal of Mallards (Petrie et al. 2012); (5) Mallards are more commonly found on wetlands with high fertility while Black Ducks are more commonly found on wetlands of low fertility (Merendino et al. 1994); (6) Black Duck decline has been most rapid in high fertility habitats (Dennis et al. 1989, Merendino et al. 1992).

Evidence and theories which contradict the competitive exclusion hypothesis include: (1) Black duck populations are stable, and breeding success similar, in many areas where Black Ducks and Mallards are sympatric (Laperle 1974, Krementz et al. 1992, Dwyer and Baldassare 1993, Nudds et al. 1996, Longcore et al. 1998; Petrie et al. 2000; Petrie et al. 2012); (2) There are areas were the Black Duck has continued to decline in the absence of Mallards (McAuley et al., 1998); (3) Hunting mortality is more important, as evidenced by the subsequent population rebound following reduction of harvest rates (Serie 1992, Longcore and Clugston 1997, Serie et al. 1997; McAuley et al. 1998); (4) Apparent coupling of Mallard population increase with Black Duck population decline is simply a coincidence (McAuley et al. 1998); (5) Wetland fertility is not a limiting factor for breeding Black Ducks (Porter 1993, Loncore et al. 1998), and that they are as successful at utilizing high and low fertility wetlands as Mallards (Seymour and Jackson 1996, McNicol et al. 1987, DeGranges 1989); (6) Both species are equally successful in competing for territories and defending them (D’Eon et al. 1984, Seymour 1990 and 1992, D’Eon et al. 1994, Hoysak and Ankney 1996, McAuley et al. 1998, Petrie et al. 2012); (7) There is a lack of field data and cause-and effect evidence to validate speculation (Carriere 1991, McAuley  1998); (8) The likelihood for competition, especially for food, is much more pronounced when resources are limited on wintering grounds than during the spring and summer months when they are more readily available (DuBowy 1988); (9) There is no difference in brood size for sympatric Black ducks and Mallards using a variety of wetland types and fertility (Loncore et al. 1998).
4.1.5 – Objectives
The influence of wetland fertility and productivity on waterfowl distribution and abundance is an important topic of study, particularly when considering the scope of habitat loss and modification as a result of human activity. For example, there is a clear difference in the effects on habitat condition between wetlands surrounded by forest and wetlands directly adjacent to high intensity agriculture (Hill et al. 1986). Massive land conversion to agriculture and urban usages over the past several hundred years has led to large inputs of nutrients into the water from the application of manure and chemical fertilizers (Berka et al. 2001, Sedler 2003, Guntenspergen and Stearns 1985) as well as an unprecedented loss of wetlands which act as a natural sink for these nutrients. (Braskerud et al. 2005, Bruland & Richardson 2006).

This chapter focuses on the ultimate factors of habitat selection by breeding and rearing American Black Ducks and Mallards and their influence on second-order habitat selection and population distribution. More specifically, the objectives are to (1) describe wetland characteristics utilized by Black Ducks and Mallards at the landscape (2 km x 2km) scale in the Annapolis Valley of Nova Scotia (2) assess correlations between breeding and brooding activity with water chemistry values and aquatic invertebrate measurements, and (3) determine whether Mallards and Black Ducks exhibit resource specialization and partitioning with respect to chemistry and invertebrate measurements.

4.2 – Methods
4.2.1 - Field methods
A subsample of 30 of the 61 field study sites were selected for water chemistry and invertebrate diversity and abundance. The subsample was selected by using the first 2 weeks of brood survey data in order to choose an approximately even number of use and non-use sites.  As there were conveniently 15 sites with brood presence, they were all selected for the subsample. From the remaining 46 sites where brood presence was absent, 15 were randomly selected to be added to the subsample for a total of 30 wetlands. 

Each of the 30 wetlands was sampled bi-weekly from June 7 - July 6 for a total of two visits (Visit 1 and Visit 2). Macro Invertebrate traps were set at the edge of the shore and collected again after 48 hours. The specimens were collected onsite and put into 70% ethanol and 30% water solution and later identified to family and measured for dry weight in the lab. Water chemistry samples were taken at the same time the invertebrate traps were set. Samples were placed into labeled containers and taken to the lab to be processed for key value such as pH, nitrogen, phosphorous, and chlorophyll a. Conductivity was recorded onsite using a small conductivity meter. For further information on the laboratory methods, see Banks (2012). 

4.2.2. - Statistical indices
4.2.2.1 - Invertebrate biodiversity 

The Simpson Diversity Index is a method of evaluating the dominance and abundance of each species in relation to one another (Hill 1973) and involves looking at the probability that two individuals randomly selected from a sample will be different species (Simpson 1949). The formula is as follows,

D = 1 – (∑ n(n-1)/N(N-1)

where n = the total number of individuals of a particular species and N= the total number of individuals across all species. The Simpson Diversity Index is quantified on a scale from zero to one (D value), where 0 represents no diversity and 1 represents infinite diversity. Diversity increases as species richness and evenness increase.  Therefore, a community dominated by one or two species would be considered less diverse than one in which several different species have a similar abundance. This is a particularly useful measurement in the case of eutrophic wetlands where conditions may favor the dominance of one species.

The Shannon Index quantifies the degree of uncertainty in predicting a species from a random sample of the dataset. For example, if a community is dominated by just one species it would have low diversity and the uncertainty of prediction is low, however, if there are many species present with equal abundance then both diversity and uncertainty are high.  
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Where pi represents the proportion of individuals belonging to the ith species in the dataset of interest. The proportion of species i relative to the total number of species (pi) is calculated, and then multiplied by the natural logarithm of this proportion (lnpi). The product is summed across species, and multiplied by -1. The species diversity index (H) which is quantified on a scale of 0 to 5, where 5 represents the highest diversity and a value approaching zero represents low diversity. It is especially beneficial in measuring rare species as it estimates the abundance of unique species (Peet 1974).

4.2.2.2
- Spatial Autocorrelation
Spatial autocorrelation is based on the concept that near things are more similar than distant things. Moran’s I is a common statistical measurement of spatial autocorrelation which can be used for polygons or points and continuous variables in a 2D or 3D setting. It is a useful tool for assessing the distribution of biological data throughout a study area.  The Moran’s I value varies on a scale between -1 to +1 and specifies whether or not data is spatially dispersed, randomly dispersed, or clustered. A value of -1 represents a high negative spatial autocorrelation, meaning values are uniformly dispersed. A Moran’s I of 0 indicates no spatial autocorrelation, or a random pattern. Finally, +1 represents a high positive spatial autocorrelation, with a clustered pattern. It is measured as follows:
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Where:
    N  is the number of observations (points or polygons)
    x̅   is the mean of the variable

    Xi   is the variable value at a particular location

    Xj is the variable value at another location

   wij is a weight indexing location of i relative to j 
4.2.3 - Data analysis and modeling 
Results from water chemistry and invertebrate fieldwork were aggregated to the 2x2 km scale of the IBP sample frame in order to align the datasets for better comparison between breeding pair and brood data as well as to facilitate analysis at the landscape level.  This was done by averaging values across wetlands contained within 2x2km plot boundaries. Results were also averaged across Visit 1 and Visit 2 in order to better represent the underlying signal. Water chemistry and invertebrate variables were then individually mapped using ArcGIS and visually assessed for spatial correlations.  Moran’s I analysis was also used in order to more accurately determine evidence for spatial autocorrelation of each of the water chemistry and invertebrate variables. 
IBP model residual results (see section 3.2.3.) were divided into two categories for those above and below zero (‘better’ and ‘worse’, respectively). Residuals below zero (‘worse’) represented an over-prediction by the model in comparison to IBP survey observations, meaning fewer pairs were observed than predicted. Residuals above zero (‘better’) represented under-estimation by the model, meaning more pairs were observed than predicted (figure 4.1 & 4.2). Water chemistry and invertebrate variables were then compared between ‘better’ plots and ‘worse’ survey plots through the creation of boxplots and Wilcoxon-Mann-Whitney  tests in order to assess for differences between the two groups. This was done for both Black Duck (ABDU_BETTER, ABDU_WORSE) and Mallard (MALL_BETTER, MALL_WORSE) residuals.  Although the population sample of IBP was thirty 2x2km plots (N=30), sample size was reduced for Wilcoxon-Mann-Whitney  tests as only 21 of the 30 plots were included within the water chemistry and invertebrate sub-sample (n=21). Thus, statistical analysis encompassed n=5 in the ABDU_BETTER category, n=16 in ABDU_WORSE, n=16 in MALL_BETTER, and n=5 in MALL_WORSE. 

Similarly, brood data was matched with 23 2x2km plots for which water chemistry and invertebrate sub-sampling was conducted (N=23) and then divided into ‘presence’ and ‘absence’ groups for both Black Duck (ABDU_PRESENCE, n=6;  ABDU_ABSENCE, n=17) and Mallard (MALL_PRESENCE, n=14; MALL_ABSENCE, n=9). ‘Presence’ was defined as plots which had ≥ 1 brood counts, and ‘absence’ was defined as plots with < 1 brood count over the study season.  Wilcoxon-Mann-Whitney  tests and box plots were used in order to compare water chemistry and invertebrate variables between ‘presence’ and ‘absence’ groups for each species. 

4.3 – Results
4.3.1 Total Phosphorus, chlorophyll a, and trophic status

Total phosphorus concentrations at the 2x2km scale (Table 4.4) had an overall mean of 126.32μg L-1. There were several extremely high outlier values in the data which can be seen in figure 4.4. Trophic status as determined by total phosphorus concentrations (Vollenweider & Kerkes 1982) ranged from mesotrophic to hyper-eutrophic, but was hyper-eutrophic on average. There was no obvious spatial pattern in total phosphorus concentrations (figure 4.3), although more southern plot seemed to have higher concentrations. Moran’s I analysis (table 4.3) indicated that total phosphorus values are slightly dispersed throughout the study area. Boxplot comparison of total phosphorus concentrations (figure 4.4) showed that ‘better’ plots for both Black Duck IBP were associated with lower mean values than ‘worse’ plots, however the difference was not significant (table 4.1). Mallard IBP appeared have the opposite response, with only slightly higher mean total phosphorus values on ‘better’ plots (figure 4.4 & table 4.1). Black Duck brood presence was associated with much higher total phosphorus values than brood absence, as shown by boxplots in figure 4.4, and the difference between groups was significant with an alpha value of 0.10. (table 4.1).  Mallard brood presence was also associated with a slightly higher mean total phosphorus levels (figure 4.4; table 4.3) however this was not significant (table 4.1). 

Chlorophyll a concentrations at the 2x2km scale (Table 4.4) had an overall mean of 11.36μg L-1. Trophic status based on cholophyll a results (Vollenweider and Kerkes 1982) revealed that plots were ultra-oligotrophic to hyper-eutrophic and were eutrophic on average.  Mapped results show a north-south gradient of tropic status, with oligotrophic plots parallel to the north of the valley, and eutrophic plots in the center and southern portions of the study area (figure 4.5). However, Moran’s I analysis hinted at a slight dispersion of the values rather than clustering. Boxplot results indicated that for both species, chlorophyll a values were slightly higher on ‘better’ plots than on ‘worse’ plots (figure 4.6). However, Wilcoxon-Mann-Whitney  results (table 4.2) showed that these results were not significant. Similarly, cholophyll a values appeared to be slightly higher in association with Mallard brood presence and lower within the absence group, however, for Black Duck broods there was no apparent difference between groups (figure 4.6). Wilcoxon-Mann-Whitney  tests did not support a significant difference between presence and absence groups for either duck species (table 4.2). 

4.3.2. Specific conductance and salinity

Specific conductivity values at the 2x2km scale in the Annapolis Valley (Table 4.4) were high with an overall mean of 781.16μS cm-1. Specific conductivity data contained several very high outlier values, however removing these extreme values from analysis did not significantly affect overall results. There was no clear spatial pattern for specific conductivity values (figure 4.7), and Moran’s I analysis indicated a nearly random distribution (table 4.3). Boxplots showed little difference between ‘better’ and ‘worse’ IBP groups for both duck species (figure 4.8) and Wilcoxon-Mann-Whitney  test were not significant (table 4.2). In comparing brood presence and absence, boxplots demonstrated that higher specific conductivity values in association with brood presence for both the Mallard and Black Duck (figure 4.8). Wilcoxon-Mann-Whitney  tests revealed that the difference was not significant for the Black Duck, however it was significant for the Mallard at an alpha value of 0.05 (table 4.2). 
4.3.3. Acidity 


Results at the 2 km x 2 km scale (Table 4.4) revealed that wetlands in the Annapolis Valley were slightly basic with a mean of 7.44 over all plots. Mapping of pH revealed a distinctive spatial pattern with the most acidic wetlands concentrated near the eastern coastal tidal zone (figure 4.9). However, this was not reflected in Moran’s I analysis which seemed to indicate a random pattern (table 4.3). Boxplots comparing pH between ‘better’ and ‘worse’ plots suggested a difference in IBP response between species (figure 4.10) but this was not statistically significant (table 4.2). Brood presence and absence showed a similar pattern in response to pH as IBP, but this was not statistically significant (table 4.2).

4.3.4. Invertebrate biomass and diversity

Invertebrate biomass (dry-weight) values at the 2 km x 2 km scale (Table 4.4) in the Annapolis Valley had a mean of 0.09g. The spatial arrangement of invertebrate biomass in the Valley (figure 4.11) appears to be random, with the most extreme values located in the east.  Moran’s I analysis confirmed a tendency towards a random distribution of values (table 4.3). Boxplot results comparing invertebrate biomass between ‘better’ and ‘worse’ plots show little difference between the two groups for both duck species. For Black Duck, invertebrate dry weights were only slightly higher on ‘better’ plots than on ‘worse’ plots. By contrast, results for Mallard indicated that ‘better’ plots had marginally higher dry weights than ‘worse’ plots. The Wilcoxon-Mann-Whitney test (table 4.1) confirmed that this difference was not significant for either Black Duck or Mallard. Results for brood presence and absence were similar. Boxplots showed that Black Duck presence appeared to be associated with slightly lower invertebrate biomass, while Mallard presence appeared to be associated with slightly higher values (figure 4.12). Again, the difference was not significant for either species (table 4.2). 

Invertebrate species richness had a mean of 8.07 (table 4.4).  Mapped results demonstrated a generally random spatial distribution of values (figure 4.13) which was confirmed by Moran’s I analysis (table 4.3). Boxplot (figure 4.14) results indicate that both Black Duck and Mallard IBP did better on plots with somewhat lower richness. Wilcoxon-Mann-Whitney tests results (table 4.2) revealed that this was not significant for Black Duck, however approached significance at the 90% confidence level for the Mallard. In comparing brood presence and absence groups, results were similar for the Black Duck which had a marginally lower average richness value on plots with presence (figure 4.14), and the difference was not significant (table 4.2). Mallard broods, however, appeared to demonstrate an opposite response compared to Mallard IBP;  Mallard brood presence was associated with higher invertebrate richness values than the absence group (figure 4.14) and Wilcoxon-Mann-Whitney tests revealed that this difference was approaching significance at an alpha value of 0.10 (table 4.2). 

Simpson Diversity Index (Table 4.4) had a mean of 0.58 and there were several very low outlier values. Mapped results suggested a random spatial pattern in the distribution of values throughout the Annapolis valley (figure 4.15) resembling the mapped results for Shannon Diversity Index (figure 4.17). Moran’s I analysis, however, indicated that the values were slightly dispersed. Boxplots (figure 4.16) indicated that for both Black Duck and Mallard, Simpson Diversity Index was nearly equal between ‘better’ and ‘worse’ groups and Wilcoxon-Mann-Whitney tests (table 4.2) confirmed that there was no significant difference. The values for Black Duck brood presence and absence groups appeared to be very similar, and Wilcoxon-Mann-Whitney tests confirmed no significant difference between groups. Mallard brood presence, however, appeared to have somewhat lower Simpson Index values than brood absence groups (figure 4.16) and Wilcoxon-Mann-Whitney tests showed that the difference between was approaching significance at an alpha value of 0.10.
Average Shannon Weiner Diversity Index (Table 4.4) was 1.27.  Mapped results revealed no clear spatial pattern in the distribution of Shannon Diversity values throughout the Annapolis valley (figure 4.17), and Moran’s I analysis indicated that values were slightly dispersed (table 4.3). Boxplots showed that Shannon Diversity Index was nearly equal between ‘better’ and ‘worse’ groups for both duck species (figure 4.18) and Wilcoxon-Mann-Whitney tests confirmed no significant difference between groups for either species (Table 4.2). There appeared to be a slight difference between brood presence and absence groups with both Black Duck and Mallard presence having a marginally lower Shannon Diversity index (figure 4.18), however these results were not significant (table 4.2). 

4.3.5. Competition between Mallard and Black Duck
It is expected that if direct competition for habitat were occurring between Mallards and Black Ducks, there would be an observable response in Black Duck numbers with increasing Mallard density. In particular, we expect a negative response if Black Ducks tend to be competitively inferior to Mallards as suggested by Ankney et al. (1986 and 1987), Merendino et al. (1993),  Seymour (1992), Dwyer and Baldassarre (1992, 1993 and1994), Merendino and Ankney (1994), Longcore et al. (1998), Petrie et al. (2012). However, density dependence plots between Mallard and Black Duck breeding pairs (figure 4.19) and broods (figure 4.20) showed no positive or negative trend. There is therefore no clear evidence of wetland competition between these two species.  Wilcoxon-Mann-Whitney tests do not necessarily support or disprove a resource competition hypothesis between Black Duck and Mallards, although there is some evidence for niche partitioning (table 4.2). Mallard breeding pairs tend to select areas of low invertebrate richness. Mallard broods show a clear preference for habitats with high specific conductivity, invertebrate species richness and Simpson Diversity Index, while Black Duck broods are attracted to high phosphorous concentrations. 
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pH 23 0.179 43 0.8417 51 1 82 0.2496

total phosphorus 31 0.495 34 0.6599 77 0.07364 47 0.3361

chlorophyll a 55 0.2398 54 0.2748 56 0.7592 81 0.2766

Specific conductivity 48 0.5476 30 0.4451 68 0.1545 96 0.03874

Species richness 35 0.7088 21.5 *0.1352 47.5 0.8329 89 *0.1065

Invert dry weight 43.5 0.8043 33.5 0.6202 58 0.649 60 0.8748

Shannon Diversity Index 49 0.495 41 0.9681 51 1 49 0.4029

Simpson Diversity Index 49 0.4826 46 0.6496 45 0.7001 39 *0.1387

          at an a=0.10

BETTER Vs. WORSE

   a = 0.05

              ABDU_BETTER (n= 5)

              MALL_WORSE (n= 5)

PRESENCE Vs. ABSENCE

Black Duck Mallard Black Duck Mallard

             MALL_ABSENCE (n= 9)

             ABDU_PRESNECE (n= 6)

   a= 0.10

              ABDU_WORSE (n= 16)              ABDU_ABSENCE (n = 17)

  * =  values approaching significance

              MALL_BETTER (n= 16)              MALL_PRESENCE (n = 14)



Table 4.2 – Wilcoxon-Mann-Whitney tests results comparing plots with more breeding pairs than expected ('better') and fewer ('worse'), as well as those with broods present and absent. Measures included: pH, total phosphorus,  chlorophyll a, specific conductivity, invertebrate species richness, invertebrate dry-weights (biomass), Shannon Diversity Index, and Simpson Diversity Index.
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pH 0.0993

total phosphorus -0.2100

chlorophyll a -0.1621

Specific conductivity -0.0779

Species richness 0.0025

Invert dry weight -0.0981

Shannon Diversity Index -0.2054

Simpson Diversity Index -0.2141


Table 4.3 – Moran’s I test results for spatial autocorrelation of water chemistry and invertebrate variables
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Figure 4.1 – Model residuals for the Mallard ordered from lowest to highest. The ‘zero’ line represents the divide between over and under prediction by the model. The majority of residuals are shown to be above zero, indicating an overall underestimation of Mallards by the model in comparison to IBP observations. 
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Figure 4.2– Model residuals for the Black Duck ordered from lowest to highest. The ‘zero’ line represents the divide between over and under prediction by the model. The majority of residuals are shown to be below zero, indicating an overall overestimation of Black Ducks by the model in comparison to IBP observations
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Figure 4.3 – Map of total phosphorus values based on trophic status (Vollenweider and Kerkes 1982). Trophic status based on total phosphorus concentrations are mesotrophic to hyper-eutrophic. There is no definite spatial pattern in phosphorus concentrations, although plots with high values appear to be more southern. 
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Figure 4.4 - Boxplots comparing total phosphorus values between ‘better’ and ‘worse’  breeding pair groups and between brood presence and absence groups for both Black Ducks and Mallards. 
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Figure 4.5 – Map of chlorophyll a values based on trophic status (Vollenweider and Kerkes 1982). Trophic status based on chlorophyll a concentrations ranges from ultra-oligotrophic to hyper-eutrophic. There appears to be a slight north-south spatial gradient with oligotrophic plots near the north mountain of the Valley, and eutrophic wetlands in the center and south. 
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Figure 4.6 - For both Black Duck and Mallard, chlorophyll a tends be slightly higher on ‘better’ plots than on ‘worse’’ plots, although this was not significant. 
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Figure 4.7 – Map of specific conductivity at the 2 km x 2 km scale in the Annapolis valley of Nova Scotia. Categories are displayed based on ‘natural breaks’ in the data. Values appear to be evenly distributed throughout the Valley. 
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Figure 4.8 - Boxplots comparing specific conductivity measurements between ‘better’ and ‘worse’ plots.\
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Figure 4.9 – Map of pH results. On average, wetlands in the Annapolis Valley are slightly basic, with a clear spatial pattern of acidity near the eastern tidal shore. 
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Figure 4.10 - Boxplots comparing pH between plots that had a higher and lower observed number of Black Duck and Mallard IBP than predicted by the model (‘better’ and ‘worse’, respectively). 
[image: image35.jpg]Invertebrate Biomass

Legend
Invertebrate biomass
dry-weight (g)

[ Joo2-003

[ 004-005

[ 006 -0.10

-020
21046

unsampled plots

LY v 10
ki

Date: September 9, 2013

Created by: Megan Macintosh  Coordinate System: NAD 1983 UTM Zone 20N

Projecton: Transverse Mercator

Unit: Meter





Figure 4.11– Map of aquatic invertebrate biomass (dry weights) displayed by natural break categories. No spatial pattern in the results is evident. 
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Figure 4.12- Boxplots comparing invertebrate dry weights between plots that had a higher and lower observed number of Black Duck and Mallard IBP than predicted by the model (‘better’ and ‘worse’’, respectively). 
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Figure 4.13 – Map showing the Richness of aquatic invertebrates per 2x2km survey plot. Values ranged from 3.5 to 10.5, and appear to be randomly distributed throughout space, although a possible grouping of higher value plots in the eastern coastal section of the study area is evident. 
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Figure 4.14 - Boxplots comparing invertebrate species richness between ‘better’ and ‘worse’ groups for Black Ducks and Mallards. Species richness for both Black Ducks and Mallards was slightly lower on ‘better’ plots than on ‘worse’’ plots.
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Figure 4.15 – Map of Simpson Diversity Index of aquatic invertebrates.  Values range from very low to very high. Plots containing similar values tend to be adjacent to one another, and there is a concentration of high value plots along the eastern tidal shore, however, spatial distribution of values overall appears to be random. 
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Figure 4.16 – Boxplots comparing Simpson Diversity Index between ‘better’ and ‘worse’ groups for Black Ducks and Mallards. For Black Duck, Simpson Diversity Index was slightly lower on ‘better’ plots than on ‘worse’’ plots, whereas for Mallard, ‘better’ plots had a slightly higher index than ‘worse’’ plots. 
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Figure 4.17 – Map of Shannon Diversity Index of aquatic invertebrates. Values range from very low to very high, and appear to be randomly distributed throughout space, although plots containing similar values seem to be in close adjacency. 
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Figure 4.18 - Boxplots comparing Shannon Diversity Index between ‘better’ and ‘worse’ groups for Black Ducks and Mallards. Shannon Diversity Index is nearly equal between groups for both species.
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Figure 4.19 – Plot graph of IBP density dependence between Black Duck and Mallard in 2x2km plots. Mallard IBP numbers are shown on the x axis plotted against Black Duck model residuals on the y axis. 
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Figure 4.20 – Plot graph of density dependence between Black Duck and Mallard broods in 2x2km plots. Mallard brood numbers are shown on the x axis plotted against Black Duck brood numbers on the y axis. 

4.4 – Discussion

Wetlands in the Annapolis valley were found to be very rich in nutrients overall which is likely a product of agricultural and urban runoff.  Conductivity, total phosphorus, and chlorophyll a values were notably high, placing most wetlands within the eutrophic to hyper-eutrophic category. Excessive nutrient availability can have a negative impact on wetland biodiversity (Guntenspergen and Stearns 1985, Sedler 2003), still, there is no evidence to suggest that wetland or waterfowl productivity in the Annapolis valley is negatively affected by excess nutrients (Banks 2013).  

Total phosphorus appeared to be a more important variable to Black Ducks than to Mallards. Interestingly, Black duck IBP numbers were higher than predicted on sites with lower total phosphorus concentrations, yet brood presence was associated with higher phosphorus concentrations. These contrary results are not necessarily surprising given that Black Ducks are known to make effective use of a variety of wetlands (McNiol et al. 1987, Ross 1987, DeGranges 1989, Ross and Dillman 1990, Parker et al. 1992, Staicer et al. 1994, Seymour and Jackson 1996), but could suggest that successful brooding may be more dependent on nutrient availability. Chlorophyll a had little significance as a measure of IBP and brood habitat selection, however both species showed a slight tendency towards plots with higher values. 

Specific conductivity values were high, which was characteristic of wetlands in Nova Scotia (Underwood et al. 1986). While specific conductivity did not appear to be an important variable for breeding pairs, it became much more important for broods, especially Mallard broods which demonstrated a significant positive correlation with specific conductivity at an alpha value of 0.05. Since specific conductivity is a general indication of nutrients overall (not simply phosphorus), this might indicate that brooding is more successful in habitats with higher nutrient content. This is also consistent with literature as Mallards are more commonly found on wetlands with high fertility (Merendino et al. 1994) while conductivity appears to have less of an influence over Black Duck selection of wetlands (Ringelman and Longcore 1982)

Wetlands in the Annapolis valley were slightly basic on average, a result which was anticipated given that Atlantic Canada is known to be highly vulnerable to the effects of acid rain (Sergeant et al. 1981, Clair et al. 1982, Hawkins and Spavold-Tims 1984, Kerekes et al. 1986, Parker et al. 1992), and Nova Scotia wetlands in particular are recognized as generally acidic (Underwood et al. 1986). Overall, pH did not reach levels low enough to significantly impact acid-sensitive fish and invertebrates which tend to be affected at pH between 5 and 6. (McNicol 1992, McNicol et al. 1995). There was an exception of two plots on the eastern shore of the study area, FS181 and FS182 (figure 3.1.1A), which had an average pH of 5.74 and 5.94 on Visit 2 respectively. 

Wetlands with high nutrient conditions tend to support an abundance of  aquatic macrophytes and invertebrates and are often correlated with increased productivity of breeding and rearing ducks (Mendall 1949, Coulter 1955, Chura 1961, Perret 1962, Sugden 1973, Street 1977, Krapu 1979, Swanson et al. 1979, Reinecke and Owen 1980, Swanson 1985, Swason et al. 1988, Dennis et al. 1989, Stacier et al. 1994, Merndino et al. 1992 and1994, Hill et al. 1986, Dzus and Clark 1997, Cox et al. 1998 Longcore et al. 2006). Invertebrate availability is thought to be a particularly important limiting factor to the survival of American Black Duck ducklings (Stacier et al. 1994) and is known to have a significant positive relationship with waterfowl presence and distribution (e.g., DesGranges and Houde 1989, Merendino and Ankney 1994,  Stacier et al. 1994). Black Ducks have been documented to avoid wetlands lacking invertebrate availability (Merendino and Ankney 1994). However, Banks (2013) found that invertebrate measures were not significantly affected by water chemistry at the site level in the Annapolis valley. In addition, there was little evidence of correlation between IBP and brood presence with invertebrate measures at both the site-level (Banks, 2013), and the landscape level (2x2km). At the 2x2km scale, invertebrate variables were apparently more important for the Mallard IBP and broods which tended to have much lower p-values associated with invertebrate dry weight, diversity measures, and richness than Black Duck IBP and broods. Invertebrate species richness and Shannon Diversity Index had a nearly significant positive correlation to Mallard brood presence at a 90% confidence level. This suggests that invertebrate variety and diversity may have an impact on wetland selection by Mallard broods, with a preference for choosing habitats with a high number of species present.  

There is evidence among literature to indicate that Black Ducks have not benefited as equally from newly created habitats as the Mallard (Rusch et al. 1989), even in areas of Maine which were historically restricted to Black Duck range prior to Mallard range expansion (Longcore et al. 1987, Belanger 1994). Interestingly, when comparing wetland characteristics at the site-level in the Annapolis Valley between farm ponds and impoundments created by Ducks Unlimited (DU), Banks (2013) found that pH and conductivity values were higher on DU ponds with a p-value approaching significance of p=0.10, and p=0.09, respectively, while farm ponds were found to have higher Shannon-Wiener Diversity of invertebrate species. Unfortunately, Black Duck Broods were not present in sufficient enough numbers to facilitate statistical comparison of type of wetland utilized between species; however it is possible that created habitats tend to be linked to certain wetland characteristics, such as higher pH and specific conductivity values, which are more attractive to Mallards than Black Ducks. Given the history of immense exchange of natural wetlands in favor of farm ponds and impoundments in the Atlantic Provinces paralleling the expansion of Mallard range into the region, this topic may be of interest for future studies during years of higher Black Duck presence. 
Black Ducks and Mallards favour similar types of habitats and exhibit similar foraging ecology in the Annapolis Valley, which is consistent with the literature on the ecology of these species (Eadie et al. 1979, Nudds and Bowlby 1984, Tremblay and Couture 1986, Belanger et al. 1988, Dwyer and Baldassare 1994, Petrie et al. 2012). If detectable resource competition were to occur, we would expect it would occur when resources are limited (DuBowy 1988). However, In Atlantic Canada, previous research has concluded that food quantity or quality is not limiting, and hence, not significantly impacting the reproductive success of Black Ducks (Seymour and Jackson 1996, McAuley et al. 1998). In this study, the lack of statistical differences in resource variables and absence of evidence for competitive exclusion suggests that nutrient and invertebrate availability is uniformly high throughout the Annapolis Valley.  


Despite what appears to be uniformly high nutrient availability, high invertebrate availability, and a lack of evidence for direct competition between Black Ducks and Mallards, Black Duck IBP and brood numbers were substantially lower than expected and Mallard IBP and brood numbers significantly higher. This observation is based on the application of the model of Lieske et al. (2012) which encompassed landscape characteristics such as wetland area to predict the number of breeding pairs. It is necessary to conclude that some other factor (or set of factors) are in operation, for instance  anthropogenic disturbance.  

4.5 – Conclusion

Wetlands in the upper Annapolis Valley of Nova Scotia can be described on average as eutrophic to hyper-eutrophic, slightly basic, and high in invertebrate abundance, richness, and diversity with variable chlorophyll a and specific conductance values. It is a highly fertile landscape which is not limited in food supplies or nutrients necessary for the success of breeding and rearing waterfowl.  High nutrient levels may be counteracting the effects of low pH on invertebrate communities. 

There was no solid evidence for competitive exclusion of Black Duck by the Mallard. There was no density dependence between Black Ducks and Mallards, and water chemistry and invertebrate measures were not effective in explaining why the Annapolis Valley is a particularly conducive habitat for the Mallard, while low numbers of Black Duck IBP and broods were observed. 

Mapping suggested that pH values differed from east to west in the study area and chlorophyll a had a north-south spatial gradient,  however there was no statistical evidence of clustering. The remainder of wetland variables (total phosphorus, specific conductivity, invertebrate biomass, Invertebrate species richness, Shannon Diversity Index, Simpson Diversity Index) had a random or dispersed spatial distribution of values throughout the study area. 

 Although there was no significant evidence of ecological segregation between Black Duck and Mallard in the Annapolis Valley, subtle niche partitioning may still occur. Breeding Mallards were attracted to more basic and fertile wetlands with high specific conductance, invertebrate species richness and Simpson Diversity Index, while coastal estuarine sites with low pH may be particularly important to Black Duck breeding pairs, and high phosphorus levels were attractive to Black Duck broods. 

The Eastern coastal zone of the study area may be a special site for further focus and conservation. Further investigation will be necessary in order to explain low numbers of Black Duck observation. Due to inter-annual variation, research during years of higher Black Duck brood presence will be advantageous in exploring evidence for niche habitat partition between Black Ducks and Mallards. Comparison of wetland characteristics across a wider variety of landscapes in Atlantic Canada such as different intensities of agriculture, forested environments, urban sites, and coastal areas may help to more accurately determine niche habitat correlations for the American Black Duck. 
4.6 – References

4.7 – Appendix
Table 4.4 – Summary information of water chemistry and Invertebrate variables for ‘better’ and ‘worse’ IBP groups as well as brood presence and brood absence groups for both the Black Duck and Mallard
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CHAPTER 5: IMPACTS OF LANDSCAPE CHARACTERISTICS AND HUMAN LAND USE
5.0 – Introduction
5.0.1. Background
Agricultural intensification and land use change over the past century has had major implications for waterbird abundance, distribution, and conservation in North America. Accordingly, assessment of the interaction between wetlands and agriculture has become increasingly important. Advances in Earth observation systems have made remote sensing a commonly-used tool to collect land cover data and land cover maps for large areas which can be assessed in conjunction with ecological studies. Land cover is often an important predictor of biological diversity and waterfowl presence and there is evidence to suggest that the intensity of land use is correlated with waterfowl density and survival/success. A recently published paper by Lieske et al. (2012) found that the number of American Black Duck (Anas rubripes, hearafter ‘Black Duck’) breeding pairs were higher in agricultural regions of the Canadian Maritime provinces. This finding was contrary to other more intensively farmed regions of Canada such as southern Ontario and Quebec, where literature indicates that agriculture has a negative impact on both Mallards (Anas platyrhynchos) and Black Ducks. It also suggests that some aspects of agricultural land in Maritime Canada are particularly conducive to breeding Black Ducks. This suggestion warrants further investigation. To this end, this Chapter begins by reviewing the literature surrounding the relationship between land cover and avian fauna, particularly Black Ducks and Mallards.  An analysis of the relationship between land use in the Annapolis Valley of Nova Scotia, Canada and breeding Black Ducks and Mallards is then presented and discussed. 
Since the 1990’s, approximately 50% of the world’s natural wetlands have disappeared to make way for agriculture, industry, and urbanization (Finlayson and Davidson 1999, Czech and Parsons 2002). The majority of this wetland loss took place in northern latitudes during the first half of the 20th century and, currently, a vast amount of the world’s wetlands now support agricultural activities (Rebelo et al. 2009). As natural wetlands continue to decline worldwide, waterbirds are increasingly making use of agricultural wetlands, which can be defined as wetlands that have been drained, modified, or artificially created to produce or enhance agricultural crops (Czech and Parsons 2002). Waterbirds utilizing agricultural wetlands are generally at greater risk of habitat destruction, exposure to contaminants, and predation (Czech and Parsons 2002). The relationship between wetlands and agriculture is therefore of interest globally (Finlayson et al. 2005, Rebelo et al. 2009).
Overall, Canada has a large diversity of land use with an “array of agricultural, natural and urban uses” (Kerr and Cihlar 2003). However, only about 5% (68 million hectares) of Canada’s land is adequate for farming, while most of the territory is forested (Raymond et al. 2005). Crops and modified pasture land account for about two-thirds of agriculture in Canada while the remainder is made up of natural pastures and other land covers (Raymond et al. 2005).  Agricultural intensity varies across the country. The central Prairies and the area surrounding the Great Lakes and St. Lawrence River are intensively farmed, while smaller intermittent concentrations of agriculture characterize the eastern Maritime Provinces and are known for corn, soybean, and some grains and alfalfa typically included with pasture. (Janzen et al. 1998, Kerr and Cihlar 2003, Raymond et al. 2005). Among these intermittent eastern agricultural concentrations is the Annapolis Valley of Nova Scotia, the study area. 
Results from the first Canadian national database of land use indicate that agricultural land intensity is highest in the center of the country on the periphery of the Great Plains and in Southern Ontario and Quebec (Kerr and Cihlar 2003). The reproductive success of both Black Ducks and Mallards is also relatively low in these regions (Maisonneuve et al. 2000, Maisonneuve et al. 2006). By contrast, Lieske et al. (2012) found a positive association between breeding Black Ducks and agricultural land use in the Maritimes. These findings suggest that there may be something special about the lower intensity agricultural landscapes of the Maritimes which is attractive to Black Ducks in particular. 
As land use and environmental factors continue to change, understanding the 
interaction between waterbirds and land use will be pivotal in predicting future waterbird distributions and abundance as well as supporting more effective management policies (Forcey et al. 2011).  The projected impact of climate change on agricultural production in the United States and Canada is variable by latitude with the largest reductions anticipated in southern crop regions due to warmer temperatures and decline in water availability (Raymond and Wolfgang 2005). In the north, an increase in crop yields and commercial agriculture is expected due to a longer frost-free growing season. Studies on global climatic change scenarios suggest warming for most of Canada according to the comprehensive Canada Country Study (Raymond and Wolfgang 2005). The Canadian Praries, Ontario, and Quebec are all projected to have the growing season extended by 3 to 5 weeks. However, soil moisture deficits due to evapotranspiration could lead to severe farming situations, especially in Ontario (Raymond and Wolfgang 2005). Paradoxically, nitrous oxide emissions produced by agricultural livestock and cultivation are one of the main sources of greenhouse gases in the atmosphere. Effective land and forest management is important in order to reduce the greenhouse effect of climate change by dealing directly with the sources and sinks of greenhouse gases (Raymond and Wolfgang 2005).
Increasingly, land use data and land cover maps are regarded as fundamental to research, management, and planning in conservation. A particular emphasis has been placed on Earth Observation technology in order to better understand the interface between land use and ecology, including agricultural wetlands and waterfowl (Mumby et al. 2004, Rebelo et al. 2009). A combination of remote sensing and ground-truth techniques is typically used to gather land cover information (Rebelo et al. 2009). Image processing of high-resolution imagery offers many advantages over traditional photo-interpretation methods and is an effective method to derive land cover data over large areas (Anderson et al. 1976, Long and Skewes 1996, Mumby et al. 1999, Mucher et al. 2000, Kerr and Cihlar 2003, Mas 2004, Treitz 2004, Ardli and Wolff 2009). However, the cost-effectiveness of different approaches continues to be compared, and it remains uncertain how land use models can be more effectively translated to other agricultural landscapes (Rebelo et al. 2009).
Advancements in these technologies have significantly improved our ability to identify, describe, and map the distribution of wetlands and waterfowl habitat both locally and globally
.  (Schagian and Melack 1996 Darras et al. 1999, Lehner and Dool, 2004, Fernandez-Prieto et al. 2006, Rebelo et al. 2009). Land use data has become an important foundation for environmental monitoring and policies (Frolking et al. 1999; Hurtt et al. 2001, Kerr and Chilar 2003). For example, the first national database on land use and agricultural intensity in Canada was developed using SPOT satellite imagery and is used for a range of environmental monitoring purposes (Kerr and Cihlar 2003). In addition, the creation of a global wetland inventory has been supported through advances in Earth observation systems including the application of new satellite and remote sensing data (Fernandez-Prieto et al. 2006; Davidson and Finlayson, 2007; Rosenqvisit et al., 2007, Rebelo et al. 2009). Land use data contains information on habitat loss due to agriculture and land use intensity which can be used as a supplementary index of agricultural pollution (Kerr and Cihlar 2004).

Landscape variables are important predictors of waterfowl abundance (Fairbairn and Dinsmore 2001, Forcey et al. 2011). In fact, landscape features have been found to be the best predictors of bird presence amongst habitat variables at multiple scales (Saab, 1999). Difficulties in accounting for national land-use policies have been identified as a barrier in evaluation the North American Waterfowl Management Plan at regional and continental scales (Byron et al. 1999). Among landscape variables, the percentage of wetland or water area is typically the strongest determinant of water bird abundance (Naugle et al. 2000 and 2001, Newbold and Eadie, 2004). However, other variables, including agriculture, are also important. 
5.0.2. General Impacts: Land Conversion and Fragmentation
Intensive anthropogenic land use can cause substantial environmental damage and directly impact ecosystem condition (Nielsen, 1999). For example, nutrient-rich agricultural runoff causes eutrophication of nearby aquatic ecosystems (Kerr and Cihlar). Agricultural intensification compromises the ecological heterogeneity through homogenization and monoculture (Benton et al. 2003), and is shown to be the main cause of widespread declines in farmland biodiversity (Piha et al. 2007, Kerr and Cihlar 2004). In Canada this negative effect is well-documented at both local and macro scales (e.g. Donald et al. 2001). For this reason, land use is strongly linked with the presence of endangered species (Kerr and Cihlar 2004). 
Agricultural conversion of grassland habitats has been accompanied by population declines in many farmland bird species, likely owing to ecosystem change effects on survival and recruitment (Chamberlain et al. 2000; Donald et al. 2001, Vickery et al. 2001, Newton 2004, Roodbergen, van der Werf and Hotker 2012, Kentie et al. 2013). For example, Kentie et al. (2013) compared the condition, growth, and survival of black-tailed godwit (Limosa limosa) chicks between monocultures, herb-rich meadows, and dairy farmland. The study found that chicks hatched on monocultures had significantly lower survival and growth rates, implying that they were at a higher risk for starvation and predation due to lower food quality typically found in monoculture fields (Schekkerman and Beintema 2007, Kleihn et al. 2010, Kentie et al. 2013)
Nevertheless, habitat fragmentation can have both negative and positive effects on biodiversity (Fahrig 2003).  Lower impact traditional agriculture can facilitate a species-rich mosaic of habitats (Duelli 1997). The combination of “semi-natural habitats and keystone structures embedded in a matrix of intensively used fields or meadows” can be beneficial towards species richness (Steffan-Dewenter et al. 2002, Duelli and Obrist 2003, Tews et al. 2004). Agricultural abandonment has been found to have various undesired negative effects of species diversity at the landscape scale (Purtauf et al. 2001). Therefore, in agricultural regions, a certain level of land use intensity may be linked to higher species richness. 
The relatively recent expansion of the Mallard range eastward into Black Duck range may have been facilitated by a history of human alteration to the landscape. From the mid-1800s onward, widespread deforestation, urbanization, change in agricultural practices, and the construction of human-made wetlands (including farm ponds) was common in New England (Murno 1968, Heusmann 1974, Dennis et al. 1984, Figley and VanDruff 1982, Heusmann 1987, Longcore et al. 1987, Heusmann 1991, Belanger et al. 1994))  . The Mallard is considered an extremely adaptable generalist species at several habitat scales (Belanger 1994). The aforementioned habitat modifications are believed to have provided a ‘corridor’ for the Mallard by making eastern habitat more attractive, especially in Canada (Laperle 1974
, Heusmann 1974 and 1991). For example, Vringnan (1960) reported a large increase in Mallards in Southern Ontario during the 1950’s and attributed it to the release of hand-reared birds, the creation of impoundments, and a change in habitat from forest to agriculture. Longcore et al. (1987
) reported that most of the increase in Mallard broods in Maine had taken place near urban and agricultural areas. Parker and Barrow (1988
) also supported this, noting that in Atlantic Canada, Mallards were most abundant in agricultural regions and in semi-domestic flocks in urban areas (Heusmann 1991).

By consequence, Black Ducks and Mallards are no longer distinguished in the three main ways species are typically isolated from one another: range, habitat, and feeding ecology (Lack 1971). There is some evidence, however, that Black Ducks and Mallards may exhibit slightly different niche habitat preferences. The ability to more accurately defining these subtle differences could greatly aid in the conservation of the Black Duck.  Literature indicates that Black Ducks tend to prefer wooded areas, salt marsh, and pasture land while Mallards appear to be habitat generalists among all landscape types (Bellrose 1980 page 253, Vernon and Davis 1960, Stanley et al. 1981, Maisonneuve et al. 2006). 

For example, there is some evidence to indicate that Black Ducks have not benefited as equally from newly created habitats as the Mallard (Rusch et al. 1989; 393, Belanger et al. 1994). For example, Longcore et al. (1987) studied impoundments created in the 1960s in Maine that were historically Black Duck breeding range. They found that the impoundments were more productive for Mallards than for Black Ducks (Belanger et al. 1994).

5.0.3. Impact of Specific Agricultural Land Uses and Types of Land Cover

Most studies indicate that agricultural operations such as seeding, grazing, tillage, and spraying can limit waterfowl production in cropland (Milonski 1958, Duennert and Kantrud 1974, Higgins 1977, Cowan 1982), especially in nesting habitat (Cowardin et al. 1985, Klett et al. 1988, Greenwood et al. 1995, Richkus 2002) and even more so for early nests (Devries et al. 2008). Nevertheless, nesting waterfowl are known to make use of croplands, and low-to-moderate impact agricultural activities may make habitat more attractive and increase nest success for breeding dabblers (Goelitz 1918, Earl 1950, Milonski 1958, Higgins 1977, Lokemoen and Beiser 1997, Devris et al. 2008). 
Bélanger et al. (1999) compared nesting waterfowl exposed to different amounts of grazing pressure on prairie islands along the St. Lawrence River in Quebec in 1993 and 1994. The study, which included Mallard and Black Duck, showed that grazing pressure greatly reduced the percentage of herbaceous vegetation and nest density by nearly tenfold. In addition, the degree of grazing pressure largely determined the type of dabbling duck species present. Bélanger et al. (1999) concluded that moderately grazed and un-grazed prairies were optimal habitat and intensively grazed lands were not suitable for waterfowl nesting. Several studies have found that intensive grazing activity has a limiting effect of waterfowl productivity, by reducing available nest cover (Bélanger et al. 1999). For example, Kirsch (1969) studied nesting dabbling ducks in North Dakota for 4 years and found that grazing negatively impacted breeding pairs, nest densities and nest success. West and Messemer (2006) found that winter grazing by livestock in Utah affected the habitat of early-nesting ducks such as Mallards, but did not affect late-nesting ducks such as Cinnamon Teal and Gadwall. By Contrast, Kaiser et al. (1979) argued that livestock grazing can be beneficial to nesting waterfowl (Kaiser et al. 1979, West and Messemer 2006).
In North America, managed pastures may have better vegetative structure in comparison with those that receive continuous grazing pressure.  They are also known to improve the profitability of ranching operations thereby discouraging the conversion of grassland to more intensive crops (Bryon et al. 1999). In Canada, pasture is a prevalent and important component of land use. In Eastern Canada, Alfalfa crops included with pasture are widespread (Kerr and Cihlar 2003). The alfalfa is generally cut bi-annually and fed to livestock (Kerr and Cihlar 2003).  Rotational grazing and planted cover have been used to ease the negative effects of farming, grazing, and dredging activities on nest cover and brood-rearing habitats. These initiatives have shown to increase nest densities and duckling survival rates along the Saint Lawrence (Melanson 1997).
A study evaluating the nesting potential of different types of cropland in Saskatchewan found that nest densities and nest survival were higher in fall-seeded crops such as winter wheat and fall rye than in spring-seeded crops. The authors speculated that fall-seeded crops provide better protective nesting habitat because they remain relatively undisturbed throughout the nesting season. They found that nest survival was not affected by the characteristics of the surrounding landscape but was positively correlated with average wetness (Devries et al. 2008). Fall-seeded crops are recommended as a strategy to reduce agricultural destruction of waterfowl nests in croplands. (Macaulay 1981).
In order to promote high and interspersed production of Black Ducks, the maintenance of adequate cover early in the season over broad habitat area is necessary (Vernon and Davis 1960, Kirsch 1969). It is also suggested that livestock grazing is minimized, particularly over the winter and early spring in order to reduce negative impact on nesting habitat (Vernon and Davis 1960, Kirsch 1969, West and Messmer 2006). Idled fields and the practice of delayed-haying are believed to produce higher nest densities and recruit more ducks (Byron et al 1999). However, it has also been suggested that applied agricultural management schemes such as delayed mowing are not effective but rather promote ‘maladaptive habitat choice’ by birds (Kentie et al. 2013). According to this point of view, conservation efforts should focus instead on enhancing natural habitats (Kentie et al. 2013). 

There is some skepticism surrounding the argument that habitat change is the main cause of Black Duck Decline (e.g., Petrie et al. 2000). The Black Duck is known to be abundant in dairy farming regions of Quebec where farmland has slowly reverted to forest (Belanger and Grenier 2002, Maisonneuve et al. 2006).  However, this trend is not apparent in other regions of the province such as the southern portion of the St. Lawrence where an increase in corn production has replaced a more heterogenic land use combination of hayland, fodder crops, and pastureland (Statistics Canada 1997, Maisonneuve et al. 2006). The intensification of agriculture has reduced available forest habitat and destroyed valuable marginal farmland habitats which are used by nesting Black Ducks within agricultural areas such as fencerows, hedgerows, fallow lands, and riparian strips (Maisonneuve et al. 2000, Belanger et al. 1998, Maisonneuve et al. 2006).



Salt marshes may be a land cover category which is particularly beneficial for breeding Black Duck (Bellrose 1980, page 253). Belanger et al. (1994) compared the use of coastal impoundments and tidal saltmarshes between sympatric populations of Black Ducks and Mallards from spring to fall along Quebec’s lower St. Lawrence Estuary. The study found that while Black Ducks made use of both habitat types, saltmarshes were much more important during spring and summer. The highest Mallard-Black Duck ratio was found on impoundments in the spring. In the fall, Black Duck use of salt marshes declined, however these results were likely affected by hunting pressure (Belanger et al. 1994). Belanger et al. (1994) noted that results of similar studies (Conroy et al. 1987, Morton et al. 1989a and 1989b,  Parker 1990)  have shown a clear year-round importance for impoundment habitat, but that the presence of sufficient tidal saltmarshes are necessary for coastal impoundments to be truly beneficial habitat. 
In a similar study, Maisonneuve et al. (2006) evaluated the relationship between land use and Mallard and Black Duck in 343 2x2km study plots. Indicated breeding pair helicopter surveys were conducted within the study plots and land cover classification was derived from 8 Landsat-Thematic Mapper. The study found that at the landscape level, Black Duck numbers were significantly higher in ‘dairy farm’ (hayland and pasture) and forested landscapes than in landscapes dominated by cropland while Mallard IBP densities were comparable for all landscape categories. In particular, the authors concluded that the amount of corn and ploughed fields had a negative effect upon Black Duck presence (Maisonneuve et al. 2006
).
Orchards and urban area have been found to be negatively associated with abundance of Mallards in California (Newbold and Eadie 2004). In a study comparing the distribution, abundance, and food habitats of overwintering waterfowl, Stanley et al. (1981) found that Mallards did not show any significant preferences among types of land use (Hirst and Easthope 1981). 
5.0.4. Importance of Nest Cover

Bellrose (1980) noted that although dabbling ducks are flexible when selecting nesting areas, most require some form of nest cover. Adequate vegetation provides isolation and protection from predators and is especially important for the nest initiation and incubation portion of the breeding cycle (Vernon 1960, Dwyer et al. 1970, Bélanger et al. 1998, Maisonneuve et al. 2000). Vegetation cover is directly related to land cover because different kinds of vegetative communities such as forests and meadows provide varying density, height, and species of plants. Certain land use practices such as agriculture and urbanization can impact the type and abundance of vegetation cover. There is a consensus within literature that dabbling duck nest densities and nesting success is positively correlated with the availability of undisturbed, dense grass, forbs, shrub, and wooded areas  (e.g., Vernon and Davis 1960, Duebbert and Lokemoen 1976, Kirsch et al. 1978; Livezey 1981a and 1981b, Duebbert 1982; Likemoen et al. 1984; Sugden and Beyersbergen 1987).
Mallards are known to require an abundance of tall nesting cover, especially during the spring (Bellrose 1990)].  Forcey et al. (2011) also found a strong positive relationship between herbaceous vegetation and Mallard abundance was attributed to species preference for good nesting cover (Drilling et al. 2002; Rohwer et al. 2002). Mainsonneuve et al. (2000) noted that both Mallard and Black Duck in Southern Quebec had a similar preference for nesting habitat in abandoned farmlands, hedgerows, and riparian areas. Mainsonneuve et al. (2000) highlighted the importance of peat-land habitats, having a nesting success of 100%. Nest cover and forested areas may be especially important for breeding Black Ducks. Longcore et al. (1988) observed that 87% of Black Duck broods from his study in Maine were found in the forested landscapes; however brood size did not vary between forested and agricultural wetlands (Longcore et al. 1988). Belanger (1998) found that Black Duck hens initiated their nests 10 days earlier in covers of mixed trees and bushes than other types of cover, and that woodlots, peat bogs and shrub-land also yielded the highest clutch sizes (Bélanger et al. 1998). Nesting success in these habitat types was found to be 3 times higher than other sites and their conservation was highly recommended. Vernon and Davis (1960) found that the majority of Black Duck nests were located in upland areas; the rest were located in marshes and duck blinds (Vernon and Davis 1960). Results were attributed to the greater cover and isolation provided by wooded areas early in the nesting season (Vernon and Davis 1960). 

Some speculate that adequate nesting cover may even trump the importance of wetland fertility. Dwyer et al. (1970) compared habitat use of multiple duck species between non-forested agricultural potholes and forested non-agricultural land potholes in the prairies of southwestern Manitoba. They found that the non-agricultural forested areas were much more attractive to dabblers and recorded more than twice as many dabbler broods (including Mallard) in these areas. The authors speculated that dabblers were attracted to the abundance of undisturbed nesting cover despite agricultural land containing more fertile conditions (Dwyer et al. 1970). In Mainsonneuve’s (2000) study in southern Quebec, both Black Ducks and Mallards tended to avoid agricultural fields in the early spring when nesting cover was lacking (Maisonneuve et al. 2000). Mainsonneuve et al. (2000) found that these habitats are better utilized later on in the season by re-nesting hens when nesting cover is more prominent.

5.1- Methods
The Annapolis Valley of Nova Scotia was selected as a study area owing to its wealth of breeding waterfowl, diversity of agriculture and land use, and variety of wetland types including marsh, farm ponds, created impoundments, salt marsh, riparian zone, and natural fresh water wetlands.

 Indicated breeding pair surveys were conducted in May, 2012 within thirty 2x2km plots. Throughout June and July, brood surveys were conducted at sixty-one individual wetland sites contained within the plot boundaries (For further information on field methodology and site selection please refer to Chapter 2). IBP predictions were made for both Mallard and Black Duck using the published 5x5km Maritime model (Lieske et al. 2012) and down-scaling it to the 2x2km scale. The residuals were calculated by determining the difference between IBP survey observations and IBP model predictions (for maps and data please see Chapter 3).
In August, WorldView high-resolution imagery was collected for the entire study area to characterize land use and waterfowl habitat (e.g., figure 2.3). In late June and July of the same year, approximately 1000 ground-truth points were collected using a handheld GPS throughout the study area to serve as training points supporting an automated land cover classification (figure 2.4). A land use classification map was completed by the Department of Natural Resources of Nova Scotia (DNRNS). The training points collected in the field were used in a program called E-Cognition (http://www.ecognition.com) which generated a categorized map of land use in the Annapolis Valley study area.  Some manual editing was also done by DNRNS in order to eliminate error and achieve more concise categories. Worldview imagery was selected as the focus of study. E-cognition classification results of Worldview imagery were grouped into 17 distinct land use categories which are listed and defined in table 5.1.

The area of each land use class was calculated per 2x2km survey plot using ArcGIS tools and then converted to proportions. The proportion of land use per plot was then compared between ‘better’ and ‘worse’ IBP groups and between brood presence and absence groups for both Mallard and Black Duck (see Chapter 4) using R statistical program software. Wilcoxon-Mann-Whitney tests were conducted and boxplots were made for each land use category. Maps of each land use category were generated using ArcGIS. Plots having the highest numbers of IBP and broods for each species were individually mapped and examined in order to evaluate in more detail what these highly-productivity areas are made up of.
Table 5.1 - Land use classification categories and definitions

	Land Use Classification
	Definition

	Forest_Clearing
	Areas where the forest is cut. Added through manual editing

	Hayland
	Cut and uncut hayland had distinct signatures, but were merged together for one class. 

	Highbush_Bluberries
	Areas of high bush blueberries.  There may be some confusion with orchards. 

	Wheat
	Wheat crops which had a unique low vegetation signature. Some more densely vegetated wheat may have been included in the medium and strong-growth crop categories. 

	Medium_Growth_Crops
	Crops with a medium-level signature of vegetation including alfalfa, broccoli, cabbage, carrot, corn, potato, soybean, strawberry, and wheat. 

	Urban_Vegetation
	Lawns, grass, golf courses, roadside ditches, and recreation areas such as baseball and soccer fields. 

	Orchard 
	Traditional apples, high density apples, pear, and grapes. 

	Pasture
	Pasture for cattle, horses, and sheep. 

	Plowed_Field_Low_Growth_Crops
	Plowed fields and crops with very little or no vegetation signature including alfalfa, broccoli, cabbage, carrot, onion, potato, soybean, squash/pumpkin, and strawberries. 

	Shrubland_Rough_Cover
	Shrubs, elders, old fields. 

	Salt_Marsh
	Salt marsh areas

	Corn 
	Corn with a strong signature of vegetation that was distinct from other strong-growth crops. This included the majority of corn fields. Other low-density corn may be classified into medium and low-growth crop categories. 

	Strong_Growth_Crops 
	Crops with a strong vegetation signature including alfalfa, carrot, clover, potato, soybean, squash/pumpkin, strawberry, and wheat. Corn is not included in this category because it had  a unique signature. 

	Woodland
	Harwood, softwood, and mixed wood stands, as well as less dense treed areas. 

	Urban
	Areas of roads, buildings, and places with little to no vegetation such as yards and parking lots. 

	Wetland_Riverchannel
	Areas of open water, wetlands, river channels, aquatic vegetation and sphagnum, and riparian zones.  

	Other
	A class containing all other land uses such as greenhouses, clouds and cloud shadow, gravel pits. 


5.2 – RESULTS
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Shannon Diversity Index 78 0.6555 42 0.0146 48 0.2297 76 0.1853

Simpson Diversity Index 81 0.5455 40 0.01054 48 0.2297 77 0.2

Woodland

64 0.8135 145 0.02119 41 *0.1156 111 0.9171

Shrubland_Rough_Cover

34 0.7038 80 0.5125 100 0.1578 144 0.1345

Hayland

63 0.773 91 0.8747 76 0.8597 113 0.8513

Medium_Growth_Crops

62 0.7331 60 *0.1146 48 0.2297 95 0.6021

Urban

103 0.07061 88 0.7695 105 0.09253 146 *0.1134

Plowed_Field_Low_Growth_Crops

55 0.4774 46 0.02415 59 0.5267 75 0.1715

Pasture

55 0.4774 97 0.9461 51 0.2962 100 0.7546

Wheat

69 1 90 0.836 50 0.2639 99 0.7184

Strong Growth Crops 

49 0.3023 27 0.00113 78 0.7812 93 0.5451

Corn

63 0.773 66 0.1946 41  *0.1156 111 0.9171

Orchard 

37 0.09033 100 0.8393 70 0.938 74 0.1561

Wetland_RiverChannel

119 0.00518 97 0.9461 106 0.0824 88 0.4150

Urban_Vegetation

71.5 0.9141 83.5 0.6133 97 0.1851 133 0.2793

Salt Marsh

81 0.41096 100 0.7833 98 0.1517 134 0.04886

Highbush_Bluberries

57 0.3019 57 0.00411 75.5 0.7824 102 0.6936

Forest_Clearing

48 0.14116 114 0.2714 83 0.4628 120 0.5114

Other

78 0.5422 87.5 0.6688 85 0.3821 111 0.8865

          at a=0.10

  * =  values approaching significance

              MALL_BETTER (n= 19)              MALL_PRESENCE (n = 18)

              MALL_WORSE (n= 10)              MALL_ABSENCE (n= 12)

   a = 0.05

              ABDU_BETTER (n= 6)              ABDU_PRESNECE (n= 6)

   a= 0.10

              ABDU_WORSE (n= 23)              ABDU_ABSENCE (n = 24)

BETTER Vs. WORSE PRESENCE Vs. ABSENCE

Black Duck Mallard Black Duck Mallard



Table 5.2 – Wilcoxon-Mann-Whitney test results comparing land use proportions per plot between IBP ‘better’ and ‘worse’ groups and between brood presence and absence groups for both Black Duck and Mallard. 

5.2.1 – Land Cover in the Annapolis Valley
There is a highly diverse mosaic of land use represented in the Annapolis Valley of Nova Scotia (figure 5.3). Shannon Diversity Index values ranged from 1.262 - 2.552 per plot, and Simpson Diversity Index values ranged from 0.575 - 0.916 per plot (figures 5.5 and 5.7). The landscape is dominated by vegetation with woodland (‘Woodland’) making up the largest proportion of land use in the study area (0.282) followed by shrubland and rough cover (‘Shrubland_RoughCover’, 0.091; figure 5.2). 


Mapping of land use categories suggested some definite differences between the east (upper) and west (lower) Annapolis Valley. The upper valley appeared to have very high Shannon and Simpson diversity of land use (figures 5.3 and 5.5), particularly in the eastern central region which has sparse woodland area (figure 5.7) and is dominated by ‘Shrubland_RoughCover’ (figure 5.9) and a mixture of crops including wheat (‘Wheat’, figure 5.21), medium-growth crops (‘Medium_Growth_Crops’, figure 5.13), plowed field and low-growth crops (‘Plowed_Field_Low_Growth_Crops’, figure 5.17). The upper Annapolis valley is more densely urban (‘Urban’, figure 5.15) than the lower region of the valley; urban vegetation (‘Urban_Vegetation, figure 5.31) appears to be more common there as well. The coastal area is distinctly rich in salt marsh (‘Salt_Marsh’, figure 5.33) and water area (‘Wetland_RiverChannel’, figure 5.29) due to its proximity to the tidal waters. The lower Annapolis valley is much denser in hayland (‘Hayland’, figure 5.11) than the upper Annapolis valley. Although orchard (‘Orchard’, figure 5.27) and pasture land (‘Pasture’, figure 5.19) are relatively evenly distributed, the lower valley is abundant in these categories as well. Strong growth crops (‘Strong_Growth_Crops’ figure 5.23) and ‘Woodland’ are evenly distributed throughout the valley, however ‘Woodland’ is relatively sparse in the center of the valley where farming is more intense. The most densely wooded areas are found at higher elevations moving up the north and south mountains. The remainder of land cover classifications (‘Highbush_Blueberries’,‘Forest_Clearing’, and ‘Other’) represent relatively small and uninfluential land uses (figure 5.35, 5.37, and 5.39 respectively)
5.2.2 – Links between land cover and brood numbers and IBP residuals

Mallard IBP showed a significant negative relationship to Shannon and Simpson diversity of land use as well as the proportion of ‘Plowed_Field_Low_Growth_Crops’, strong-growth crops and ‘Highbush_Blueberries’ with an alpha value of 0.05 (table 5.2). A negative relationship with ‘Medium_Growth_Crops’ was also nearly significant at an alpha value of 0.10. In addition, Mallard IBP showed a positive interaction with the proportion of ‘Woodland’ at an alpha value of 0.05 (table 5.2). These effects were much less pronounced for Mallard brood presence. Mallard broods had a significant negative correlation to the proportion of ‘Salt_Marsh’ at an alpha value of 0.05 (table 5.2). Mallard broods showed a positive interaction with ‘Urban’ land use and a negative interaction with ‘Shrubland_RoughCover’ which were both nearly significant at an alpha value of 0.10 (table 5.2)

American Black Duck IBP and broods had a significant positive association with the proportion of ‘Wetland_RiverChannel’, unexpectedly, with the proportion of ‘Urban’ land use at an alpha value of 0.10 (table 5.2). Additionally, there was a negative relationship between Black Duck IBP and the proportion of ‘Orchard’ at an alpha value of 0.10. The proportion of ‘Woodland’ showed no evidence of correlation with IBP numbers, however, there was some evidence that ‘Woodland’ was positively associated with Black Duck brood presence although this was not quite significant at an alpha value of 0.10 (table 5.2). Both ‘Corn’ and ‘Shrubland_RoughCover’ showed a possible negative correlation with brood presence which was also not quite significant at an alpha value of 0.10 (table 5.1). Neither species appeared to be impacted by the proportion of ‘Hayland’, ‘Pasture’, ‘Wheat’, ‘Urban_Vegetation’, or ‘Other’ categories. 

5.2.3 - Case study plots 

As concluded in Chapter 4, water chemistry and invertebrate variables were largely uniform and non-significant in determining brood and IBP numbers. However, they have been included in table 5.3 solely for the purposes of comparison. Water chemistry and invertebrate variables differed among plots with the highest IBP and brood numbers, but were generally nutrient rich with a slightly basic pH and will not be discussed further. 

The two plots with the highest observed Black Duck IBP (FP185 and FR181) bear some similarities, but also differ quite greatly (table 5.3). Visually, both plots have a water course running through them and appear to be surrounded by urban area. Plot FR181 (figure 5.45) has a very high diversity of land use, with ‘Shrubland_RoughCover’ as its most dominant category. The northern portion of the plot is rich in ‘Woodland’, while ‘Medium_Growth_Crops’ are prevalent in the southern portion. Plot FP185 (figure 5.44), which also had the highest amount of Mallard broods, is characterized by a low diversity of land use, seemingly because it is dominated by ‘Woodland’ and ‘Urban’ area.  Similar to Plot FP185, the three plots that were selected to represent Black Duck broods (FO182, FP181, FF185) all demonstrate a relatively low diversity of land use with ‘Woodland’ as the dominant landscape feature (table 5.3). Plot FF185 (figure 5.48) also has a high amount of ‘Hayland’, and is intersected by quite a large wetland area. Plot FP185 (figure 5.44) is a mosaic, with ‘Wheat’ as its second dominant category and several medium-sized wetland areas. Plot FO182 (figure 5.46) is dominated secondarily by ‘Urban_Vegetation’ and also contain a small variety of agricultural fields. 

The two plots with the highest Mallard breeding pairs (FK183 and FT184) also differ (table 5.3). FK183 (figure 5.41) is a diverse mosaic of land use which is dominated by Woodland and interspersed by ‘Medium_Growth_Crops’ and ‘Plowed_Field_Low_Growth_Crops’. The most prominent feature in Plot FT184 (figure 5.42) is a large tidal channel which runs through the center. The land on both sides is covered by agricultural land use, especially ‘Hayland’, giving it a very high diversity index of land use.  Finally, the other plot with a high number of Mallard broods (Plot FE185, figure 5.43), is also dominated by ‘Woodland’. However, it has a high diversity of land use and is dominated by ‘Hayland’ secondarily. It also contains several medium-sized wetland areas (Wetland_RiverChannel). 
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Figure 5.1 – Map showing Worldview land use classification results and the complexity of land use in the Annapolis Valley of Nova Scotia. 
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Figure 5.2 – Histogram of land use by proportion ordered from largest to smallest. 
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Figure 5.3 – Map representing the Shannon Diversity Index of land use per 2x2km plot. Numbers are represented in quintiles. 
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Figure 5.4 – Boxplots comparing the Shannon Diversity of land use between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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 Figure 5.5 – Map representing the Simpson Diversity Index of land use per 2x2km plot. Numbers are represented in quintiles. 
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Figure 5.6 – Boxplots comparing the Simpson Diversity of land use between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.7 – Map representing woodland in the study area (Woodland)
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Figure 5.8 – Boxplots comparing the proportion of ‘Woodland’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.9 – Map representing shrubland and rough cover in the study area (Shrubland_RoughCover)
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Figure 5.10 – Boxplots comparing the proportion of ‘Shrubland_RoughCover’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.11 – Map representing ‘Hayland’ in the study area
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Figure 5.12 – Boxplots comparing the proportion of ‘Hayland’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.13 – Map representing medium-growth crops in the study area (Medium_Growth_Crops)
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Figure 5.14 – Boxplots comparing the proportion of ‘Medium_Growth_Crops’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.15 – Map representing urban land use in the study area
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Figure 5.16 – Boxplots comparing the proportion of ‘Urban’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.17 – Map representing plowed fields and low growth crops in the study area (Plowed_Field_Low_Growth_Crops)
[image: image65.emf]ABDU_BETTER ABDU_WORSE MALL_BETTER MALL_WORSE ABDU_PRESENCE ABDU_ABSENCE MALL_PRESENCE MALL_ABSENCE

0.00

0.05

0.10

0.15

Proportion of Plowed_Field_Low_Growth_Crops Boxplots for IBP Better/Worse and Brood Presence/Absence

Proportion of Plowed_Field_Low_Growth_Crops per 2x2km plot


Figure 5.18 – Boxplots comparing the proportion of ‘Plowed_Field_Low_Growth_Crops’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.19 – Map representing pasture land in the study area (‘Pasture’)
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Figure 5.20 – Boxplots comparing the proportion of ‘Pasture’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.21 – Map representing ‘Wheat’ in the study area 
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Figure 5.22 – Boxplots comparing the proportion of ‘Wheat’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.23 – Map representing strong-growth crops in the study area (Strong_Growth_Crops)
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Figure 5.24 – Boxplots comparing the proportion of ‘Strong_Growth_Crops’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.25 – Map representing corn in the study area
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Figure 5.26 – Boxplots comparing the proportion of ‘Corn’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.27 – Map representing ‘Orchard’  in the study area
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 Figure 5.28 – Boxplots comparing the proportion of ‘Orchard’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.29 – Map representing water area in the study area (Wetland_RiverChannel)
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Figure 5.30 – Boxplots comparing the proportion of ‘Wetland_RiverChannel’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.31 – Map representing urban vegetation in the study area (Urban_Vegetation)
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Figure 5.32 – Boxplots comparing the proportion of ‘Urban_Vegetation’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.33 – Map representing salt marsh area in the study area (Salt_Marsh)
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Figure 5.34 – Boxplots comparing the proportion of ‘Salt_Marsh’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Figure 5.35 – Map representing high-bush blueberries in the study area (Highbush_Blueberries)
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Figure 5.36 – Boxplot results of Wilcoxon Mann Whitney tests for the proportion of highbush blueberries
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Figure 5.37 – Map representing forest clearings in the study area (Forest_Clearing)
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Figure 5.38 – Boxplots comparing the proportion of ‘Forest_Clearing’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups.
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Figure 5.39 – Map representing ‘Other’ land uses in the study area 
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Figure 5.40 – Boxplots comparing the proportion of ‘Other’ between breeding pair ‘better’ and ‘worse’ groups and brood presence and absence groups. 
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Table 5.3. - A detailed look at plots with the highest amount of Black Duck and Mallard IBP and broods. Water chemistry results are also summarized where available. Classifications in brackets (very low – very high) are based on quintile distributions of the data in order to constitute high and low values within the dataset. Please refer to Chapter 4 for detail on water chemistry and invertebrate methods and results. 
[image: image89.jpg]Plot FK183

egend
¥ Wetiand study sites

lot FK183
induse classification

| Hayland
Medium_Growth_Crops
Orchard

Pasture
Plowed_Field_Low_Growth_Crops
Shrubland_RoughCover
Strong_Growth_Crops
Urban

Urban_Vegetation
Wetland_RiverChannel
Wheat

Woodland

075 1
Kilometers

o Princ Created by: Megan Macintosh  Coordinate system: NAD 1983 UTM ZONE 20N
NovAGoTIA Eminrent NOVSQOTIA e By EAMGUT ) e Mter Dt Niarsn 7. 2014
Bt Coneb ol Resuces "W o ovricose BIUNSWICK 1@ 5 projecion:Transverse Mereador





Figure 5.41 – Detailed land use map of plot FK183, highest Mallard IBP number (see figure 2.2 for context location)[image: image90.jpg]Plot FT184
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Figure 5.42 – Detailed land use map of plot FT184, highest Mallard IBP number (see figure 2.2 for context)
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Figure 5.43 – Detailed land use map of plot FE185, highest Mallard brood number (see figure 2.2 for context)
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Figure 5.44 – Detailed land use map of plot FP185, highest Mallard brood number and Black Duck IBP number (see figure 2.2 for context).
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Figure 5.45 – Detailed land use map of plot FR181, highest Black Duck IBP number (see figure 2.2 for context)
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Figure 5.46 – Detailed land use map of plot FO182, highest Black Duck brood number (see figure 2.2 for context)
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Figure 5.47 – Detailed land use map of plot FP181, highest Black Duck brood (see figure 2.2 for context)
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Figure 5.48 – Detailed land use map of plot FF185, highest Black Duck brood presence (see figure 2.2 for context location)
5.3 – Discussion
High Shannon and Simpson Diversity Indexes of land use demonstrate that the Annapolis Valley of Nova Scotia is a highly heterogeneous landscape
.‘Woodland’ and ‘Shrubland_RoughCover’ clearly dominate the landscape suggesting that agricultural land use is not as intense as other regions of Canada such as southern Ontario and Quebec. Instead, agriculture is fragmented and embedded within natural landscapes; a combination which is expected to positively affect biodiversity (Steffan-Dewenter et al. 2002, Duelli and Obrist 2003, Tews et al. 2004).  

Mapping of land use categories suggests that land cover varies in both diversity and makeup from east (upper valley) to west (lower valley). The upper valley has a higher diversity of land use. It is less wooded (‘Woodland’) and has a higher abundance of ‘Shrubland_RoughCover’, ‘Wheat’, and ‘Urban’ area. It is also rich in water channels (‘Wetland_RiverChannel’) and ‘Salt_Marsh’. The lower valley has a higher abundance of ‘Woodland’ and contains the majority of ‘Hayland’. These differences between land cover in the upper and lower Annapolis Valley are somewhat reflected in variations in breeding pair and brood response by Black Ducks and Mallards.  
Our study found a significant positive correlation between both Black Duck IBP and broods and ‘Urban’ area. This finding was unexpected and is contrary to what is dictated by most literature. Typically, Black Ducks are known to avoid urban disturbance in favour of wooded areas with a high proportion of nesting cover and protection from predators (Reed 1968, Bellrose 1980 page 253). They have also been documented to make use of Dairyland areas such as hayland and pasuture (Maisonneuve et al. 2006). In our study, Black Duck broods showed a possible negative correlation with the proportion of ‘Corn’ and possible positive correlation with ‘Woodland’, although neither was quite statistically significant at an alpha value of 0.10. Black Duck breeding pairs exhibited a statistically significant negative correlation with the proportion of ‘Orchard.’ These findings may be reflective of the species’ need for protection of dense vegetation cover which would not be strongly present in relatively sparse orchards and gaps of corn rows
. A negative effect of corn on Black Duck presence is documented in literature (e.g., Maisonneuve et al. 2006) and a study on Mallards in California found a negative effect of orchards (Newbold and Eadie, 2004).
In addition, Black Ducks exhibited a significant positive correlation with ‘Wetland_RiverChannel.’ This is consistent with the findings of previous studies which suggest that water area is a highly predictive variable of Black Duck abundance. Upon examination of study plots containing the highest numbers of Black Duck breeding pairs and broods (see detailed land use maps in figures 5.41 – 5.48) it appears as though there may be some covariance between water area and urban land uses. This would be a plausible explanation for the apparent relationship between Black Ducks and the proportion of ‘Urban’ land use; however, there is no statistical evidence for correlation between these two land use categories (see table 5.5 in the appendix). 
Mallards are known to thrive under urban conditions and are more generalist in their habitat use than the Black Duck. In landscape studies, Mallards are shown to have comparable densities across all landscape categories (Maisonneuve et al. 2006). Surprisingly, our study found that Mallard breeding pairs were attracted to survey plots with a lower Shannon and Simpson Diversity of land use. These plots are seemingly less diverse because they contain a larger proportion of ‘Woodland’ area and less cropland (Plowed_Field_Low_Growth_Crops’, and ‘Strong_Growth_Crops’). This suggests that Mallard breeding pairs are inclined to choose habitats with a higher proportion of wooded area, and are deterred by cropland uses. Mallard broods, however, did not demonstrate the same results. Woodland and crop land uses did not appear to have any significant influence on Mallard brood presence; rather, they appeared to be slightly attracted to ‘Urban’ plots and were deterred by plots containing a high proportion of ‘Salt_Marsh’. The importance of nesting cover during early portions of the breeding cycle may explain this difference in habitat preference between Mallard breeding pairs and broods (Bellrose 1990, Drilling et al. 2002, Rohwer et al. 2002, Forcey et al. 2011). Breeding dabbling ducks may be attracted to an abundance of undisturbed nesting cover despite agricultural land containing more fertile conditions (Dwyer et al. 1970). As the breeding season advances, mobile Mallard broods may become progressively more habitat generalist and make use of wetlands within fertile cropland and urban areas in the Annapolis Valley. For example, in Masonneuve’s (2000) study in southern Quebec, both Black Ducks and Mallards tended to avoid agricultural fields in the early spring when nesting cover was lacking. 

A negative correlation was found between Mallard broods and salt marsh. This is unsurprising considering Mallards are known to have a lower tolerance for salinity than Black Duck. The positive correlation found between Mallard IBP and ‘Highbush_Blueberries’ cannot be held with a high degree of certainty as ‘Highbush_Blueberries’ only represent a negligible proportion of total land use and are only found within two plots of the study area. 

5.4 – Conclusion

Land use classification from high resolution satellite imagery suggested that the Annapolis Valley of Nova Scotia is a highly diverse and heterogeneous landscape. Woodland and shrubland/rough cover make up the highest proportions of land use, interspersed with a variety of agricultural and urban land uses. 

 Although agricultural intensity is not as strong in comparison with other heavily farmed regions of Canada, an abundance of cropland appears to significantly impact habitat selection by Mallard breeding pairs. Mallard breeding pairs were significantly attracted to plots with greater proportion of woodland. This relationship may be attributable to the importance of nesting cover during early spring as Mallard broods did not demonstrate these habitat associations. Black Duck breeding pairs only exhibited a negative correlation to the proportion of orchard.
Surprisingly, Black Ducks were seemingly unaffected by the diversity of land use and proportion of woodland. Rather, our study found a significant positive correlation between both Black Duck IBP and broods and ‘Urban’ area. This relationship is difficult to explain as it is contrary to the findings of previous studies which describe the Black Duck as a more reclusive bird preferring habitat with a high abundance of vegetative cover (Reed 1968, Bellrose 1980 page 253).
 
In addition, both Black Duck breeding pairs and broods exhibited a significant positive response to the proportion of water area and river channels, which previous studies have shown to be a highly predictive variable of Black Duck abundance. Coastal wetlands along the eastern portion of the study area may be of particular importance for conservation. Mallards demonstrated a significant negative correlation to the proportion of salt marsh, and wetlands in these areas may represent a niche habitat for the Black Duck in the Annapolis Valley.
APPENDIX
Table 5.4 – Proportion of top two dominate land uses for each study plot. 
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Shannon 
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Index

Simpson 

Diversity 

Index

Dominant Land Use (1) Dominant Land Use (2)

FA186 1.53 0.65 Woodland (0.55) Hayland (0.18)

FE185 2.32 0.88 Woodland (0.19) Hayland (0.16)

FF184 2.02 0.82 Woodland (0.30) Hayland (0.19)

FF185 2.09 0.83 Woodland (0.34) Hayland (0.15)

FF188 1.52 0.62 Woodland (0.60) Wetland_RiverChannel (0.09)

FG183 1.56 0.63 Woodland (0.59) Pasture (0.10)

FG184 2.14 0.86 Woodland (0.22) Hayland (0.18)

FG187 1.89 0.75 Woodland (0.46) Orchard (0.12)

FH184 2.24 0.86 Woodland (0.26) Hayland (0.18)

FK183 2.14 0.85

Woodland (0.27) Medium_Growth_Crops (0.15)/ 

Plowed_Field_Low_Growth_Crops (0.14)

FN182 1.80 0.72 Woodland (0.49) Urban_Vegetation (0.11)/ Urban(0.10)

FO182 2.01 0.78 Woodland (0.43) Urban Vegetation (0.13)

FO183 2.28 0.88

Medium_Growth_Crops (0.17)/ 

Shrubland_Rough_Cover (0.17)

Woodland (0.13)

FO184 1.91 0.76 Woodland (0.44) Urban (0.14)

FP181 2.10 0.84 Woodland (0.31) Wheat (0.17)

FP182 2.28 0.88

Woodland (0.19) Plowed_Field_Low_Growth_Crops (0.15)/ 

Strong_Growth_Crops (0.15)

FP184 2.25 0.87 Woodland (0.25) Shrubland_RoughCover (0.15)

FP185 1.93 0.81 Woodland (0.29) Urban (0.23)

FQ184 2.17 0.87 Wheat (0.19) Woodland (0.16)

FR181 2.38 0.90

Shrubland_Roughcover (0.16) Medium_Growth_Crops (0.12) / 

Woodland (0.12)

FR182 2.23 0.88 Wheat (0.17) Corn (0.16)/Strong_Growth_Crops (0.16)

FS181 2.35 0.89

Shrubland_Roughcover(0.17)/ 

Woodland(0.16)

Wheat (0.10)

FS182 2.39 0.89

Shrubland_Roughcover (0.15)/ 

Corn(0.15)

Salt_Marsh (0.14)

FS183 2.35 0.88 Shrubland_Roughcover  (0.22) Plowed_Field_Low_Growth_Crops (0.13)

FS184 2.55 0.92

Shrubland_Roughcover (0.13) Wetland_RiverChannel (0.12) / 

Plowed_Field_Low_Growth_Crops (0.12)

FT184 2.36 0.89 Wetland_RiverChannel (0.19) Hayland (0.14)

FT185 2.15 0.85 Woodland (0.30) Urban (0.15)

FU186 1.88 0.76

Woodland (0.44) Shrubland_RoughCover (0.10)/                

Orchard (0.09)

FU188 1.26 0.58 Woodland (0.61) Shrubland_RoughCover (0.21)

FX184 2.46 0.90

Salt_Marsh (0.17) Shrubland_RoughCover (0.11) 

/Wetland_RiverChannel (0.11)


Table 5.5 – Correlation matrix of land use categories
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�Check to see if this has changed since Byron wrote in 1999… Also talk about the Black Duck Joint venture under the Eastern Habitat Joint Venture because it is specific to our project!!! 


�Elaborate more on basic form/physilogy and function. E.g., lamalle and form of bill for filtering mudd and organic material while feeding. 


�Find distances! 


�I'm not sure that I understand what you mean by "segments of species"? Do you mean "groups of species"? DJL


�Vernon (1960) observed that hatching of Black Duck broods began in early April, peaked around April 20, and ended in early August. The average clutch size is typically largest for primary-clutch early hatchlings belonging to adult females. Average clutch size tends to be lower as the season progresses, especially for young females, and the secondary clutches of re-nesting females (Vernon 1960). However, The duration of the incubation period is relatively unaffected by clutch size (Vernon 1960)


Nest success is most hindered by eggs that do not hatch (5.6%), nest abandonment (11.5%), and destruction of nest by predators (50%)(Vernon 1960). The first week of incubation is when clutches are most susceptible to predation (Vernon 1960). In a six-year study, Vernon (1960) observed that 50% of Black Duck clutches were destroyed by predators, 24% of which were crows. �





�The adult hen has olive-green bill with black mottling; her legs are dull carmine. The immature male has a plain olive-green bill, without the darkened center, and yellowish-red legs.  pg252\\[bellrose]


�{{76 Gendron,Michel 2002;}}.


�{{20 Cox,Robert R.,Jr. 1998;}}


�This looks mispelled!!! DJL


�{{51 Maisonneuve,Charles 2000;}}


�What does this mean? DJL


�{{36 McAuley,Daniel G. 1998;}}


�Cite longcore citation 55 that follows [found that the great majority of black duck mortality is due to hunting] [researched in nova scotia and quebec] 


�Don’t forget to Drop in some citations here


�mispelled?


�Bartlett (1987) did not observe broods of mallards during 1957 -1960 and 1961 – 1962 surveys on Prince Edward Island. Mallards were similarly rare or absent in the forested Maritimes in the late 1960’s (Erskine 1987). A breeding survey conducted in Newfoundland in the late 1970’s detected very low densities of breeding mallards (Goudie 1987)





�A study of changing land use in Cape Cod. Found significant conversation of natural forest to cropland and pasture, logging, and diverse uses.  


�This section is not necessary. Your table of contents covers this adequately. Please delete.


�Start new chapters on their own fresh page. DJL


�Ok, need to define why 2x2 km sample plots were used. Truth is, they originated as a modification of the original 5x5km sample plot design to: (1) reduce the costs associated with flying times, and (2) allow targeted focus on intensively agricultural areas. The 2x2km plots were selected by the CWS and flown from 2008-2012. You need to also mention that these 2x2km plots were supplemented by new plots flown in 2012 by the DNRNS folks.


�Start a fresh page for the new chapter, DJL


�Schummer (2011) analyzed 52 years of brood survey data from the state of Maine in order to quantify mean Class III brood sizes (Gallop and Marshall Method) throughout time for six waterfowl species in Maine. The results showed that mean brood sizes for Black Ducks declined by -0.88 ducklings/brood throughout the study period {{6 Schummer,Michael L. 2011;}}


Maisonneuve et al. (2000) also found that the nesting effort of Mallards was nearly twice as much as nesting effort of Black Ducks when peatland nests were excluded from the study. Survival rates were the same for both species throughout the study period of the breeding season. 





�Average clutch size tends to be lower as the season progresses, especially for young females, and the secondary clutches of re-nesting females. ) {{58 Vernon D. Stotts 1960;}} Vernon (1960) {{58 Vernon D. Stotts 1960;}} observed that average clutch size declined from 10.9 to 7.5 from the beginning to the end of their study season.  In their study, primary clutches averaged 9.1 chicks, secondary clutches averaged 8.1, clutches belonging to young females averaged 9.2, and those belonging to adults averaged 9.7. ) {{58 Vernon D. Stotts 1960;}}





�Please start new chapter on a new page, DJL


�is this spelling correct?


�You need to insert the formula here! I don't have it handy


�Please include the MEDIAN values as columns, e.g., median pH.


�I recommend deleting this section, Megan. CC is just not a central topic of your thesis, and someone reading this in your Introduction will get the mistaken idea that you want to analyze climate change impacts (which you don't).


�Many environmental and ecological properties can be determined using remote sensing (Mumby et al. 2004). Accurate maps of their distribution and abundance are essential for monitoring changes over time, for assessing habitat condition and for investigating their links with other ecological system components that rely directly or indirectly on them (Long and Skewes 1996).





�The mallards also has made great inroads into southwesten Quebec, adapting to changes in land-use patterns and human disturbance (Laperle 1974).





�. Loncore et al suggested that both releases and small marsh construction were important in the establishment of the estimated 650+ breeding pairs of mallards in Maine in 1987.





�(the status of the mallards {Anas platyrhynchos] in Atlantic Canada, unpubl. Rep., Can. Wildl. Serv., Sackville, N.B., 1988)  {{107 Heusmann,H.W. 1991;}}


�The mallards also has made great inroads into southwesten Quebec, adapting to changes in land-use patterns and human disturbance (Laperle 1974).





�. Loncore et al suggested that both releases and small marsh construction were important in the establishment of the estimated 650+ breeding pairs of mallards in Maine in 1987.





�(the status of the mallards {Anas platyrhynchos] in Atlantic Canada, unpubl. Rep., Can. Wildl. Serv., Sackville, N.B., 1988)  {{107 Heusmann,H.W. 1991;}}


�We delineated landscape types based on land use classified from these satellite images. 1) cropland landscape dominated by cash crops (corn, soybeans, cereals), 2) dairy farm landscape characterized by hayfields and pastures, 3) agro-forested landscape, presenting a mosaic of farmland and forest, and 4) forested landscape dominated by forests{{3 Maisonneuve,Charles 2006;}}





�Need to indicate whether the relationship is +ve or -ve. i.e., does an increase in the measure correlate with a positive number of IBP residuals.


�relative to what?


�Should we cite personal communication with Bruce here?


�The urban 'link' is very weak, much weaker than the highly significant water area/river channel relationship which is significant at an alpha value of 0.01!! Emphasize the signifcant links... DJL
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Wheat
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Woodland
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Other

Highbush_Blueberries

Salt_Marsh

Wetland_RiverChannel 1.000 -0.071 0.132-0.049 -0.116 0.032-0.091 0.012 0.012-0.104 0.080-0.405 0.010 0.173-0.099-0.148 0.605

Forest_Clearing -0.071 1.000 0.034-0.219 0.097 -0.021-0.040-0.260-0.124-0.010-0.145 0.169 0.235-0.045-0.126-0.077-0.144

Hayland 0.132 0.034 1.000 0.025 -0.310 0.579 0.323-0.264-0.096-0.459 0.099-0.104-0.207-0.215-0.032-0.255-0.032

Medium_Growth_Crops -0.049 -0.219 0.025 1.000 -0.176 0.014-0.214 0.384 0.227 0.410 0.381-0.563-0.301 0.481-0.270-0.034-0.046

Urban_Vegetation -0.116 0.097 -0.310-0.176 1.000 -0.390-0.112-0.151-0.242-0.074-0.365 0.096 0.800-0.129 0.659-0.037-0.254

Pasture 0.032 -0.021 0.579 0.014 -0.390 1.000 0.283-0.100 0.018-0.438 0.015-0.093-0.216-0.183-0.104-0.125 0.138

Orchard -0.091 -0.040 0.323-0.214 -0.112 0.283 1.000-0.413-0.179-0.368-0.107 0.149-0.072-0.295 0.111-0.006-0.158

Shrubland_RoughCover 0.012 -0.260 -0.264 0.384 -0.151 -0.100-0.413 1.000 0.248 0.364-0.025-0.472-0.174 0.338-0.221 0.027 0.373

Corn 0.012 -0.124 -0.096 0.227 -0.242 0.018-0.179 0.248 1.000 0.230 0.341-0.520-0.220 0.373-0.223-0.146 0.460

Wheat -0.104 -0.010 -0.459 0.410 -0.074 -0.438-0.368 0.364 0.230 1.000 0.308-0.364-0.066 0.272-0.094 0.121 0.067

Strong_Growth_Crops 0.080 -0.145 0.099 0.381 -0.365 0.015-0.107-0.025 0.341 0.308 1.000-0.460-0.389 0.549-0.247 0.494-0.047

Woodland -0.405 0.169 -0.104-0.563 0.096 -0.093 0.149-0.472-0.520-0.364-0.460 1.000 0.030-0.636 0.036-0.054-0.542

Urban 0.010 0.235 -0.207-0.301 0.800 -0.216-0.072-0.174-0.220-0.066-0.389 0.030 1.000-0.199 0.640-0.086-0.176

Plowed_Field_Low_Growth_Crops 0.173 -0.045 -0.215 0.481 -0.129 -0.183-0.295 0.338 0.373 0.272 0.549-0.636-0.199 1.000-0.244 0.346 0.263

Other -0.099 -0.126 -0.032-0.270 0.659 -0.104 0.111-0.221-0.223-0.094-0.247 0.036 0.640-0.244 1.000 0.013-0.087

Highbush_Blueberries -0.148 -0.077 -0.255-0.034 -0.037 -0.125-0.006 0.027-0.146 0.121 0.494-0.054-0.086 0.346 0.013 1.000-0.109

Salt_Marsh 0.605 -0.144 -0.032-0.046 -0.254 0.138-0.158 0.373 0.460 0.067-0.047-0.542-0.176 0.263-0.087-0.109 1.000
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