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TITLE:  DETERMINING FOOD RESOURCES FOR AMERICAN BLACK DUCKS 

WINTERING AND SPRING STAGING ON THE EASTERN SHORE OF VIRGINIA 

 

MAJOR PROFESSOR:  Dr. Michael W. Eichholz 

 

I evaluated food availability and food preference for American black ducks (Anas 

rubripes) wintering and spring staging on the Eastern Shore of Virginia during 2006–2007 and 

2007–2008. I estimated food availability by taking core and sweep net sample at 78 sites selected 

by a stratified random sample throughout our study area, representing 4 dominant wetland 

habitat types. Seed and invertebrate biomass found in each of these samples were converted to 

measurements of kilograms per hectare. I found that salt marsh and mudflat habitats contained 

the highest amount of invertebrate biomass, while freshwater habitats contained the highest 

amount of seed biomass. I estimated food preference by collecting crop samples from 76 

foraging black ducks. Animal matter made up 73% of the aggregate percent biomass of all foods 

eaten by black ducks. Foods found in black duck crops were compared to their availability in the 

environment and classified as either selected for, avoided or consumed relative to their 

availability. Although they were not found to be the most abundant foods, amphipods 

(Gammarus spp), salt marsh snails (Melampus bidentatus) and ribbed mussels (Geukensia 

demissa) were foods selected for in black duck wintering habitats. These food items are found 

most predominantly in salt marsh and mudflat habitats. As may be expected these areas are 

identified as the most important habitats for black ducks wintering on the Eastern Shore of 

Virginia.  

Results from this study provide energetic supply data for bioenergetically based habitat 

conservation for black ducks in Virginia and in the Atlantic Flyway. I found that the density of 
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food items available for wintering black ducks were lower than densities found in in the more 

northern wintering range of the black duck and considerably lower than estimates from the 

wintering regions of other species of dabbling ducks. By concurrently measuring food selection 

and availability I was also able to reliably determine food preference. Removing avoided food 

items from food availability estimates provides more accurate estimates of preferred food 

biomass and it is important for bioenergetically based habitat models to use estimates of 

preferred food biomass in determining habitat objectives. I found that when avoided food items 

are removed, estimates of available food biomass decrease substantially, (up to 97%) further 

emphasizing discrepancies in estimates of food availability between coastal black duck wintering 

areas and estimates from the wintering regions of other species of dabbling ducks.  
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CHAPTER 1  

INTRODUCTION 

Limitation of wildlife populations can be separated into density-dependent and density-

independent factors. Density-independent factors influencing wildlife populations are abiotic 

factors occurring independently of population levels such as weather events or man-made 

disturbances (Williams et al. 2002). Density-dependent factors influencing wildlife populations 

primarily include biotic factors dependent on population levels such as food availability, disease, 

predation, harvest and parasitism (Williams et al. 2002). Most wildlife populations, including 

waterfowl, are limited by density-dependent factors (Vickery and Nudds 1984, Viljugrein et al. 

2005). Within density-dependent limitations, populations are predominantly limited in size by 

one of two processes; top-down or predator effects and bottom-up or resource effects (Hairston 

et al. 1960, Gruner 2004). Multiple studies have been conducted on the effects of both processes 

on wildlife and plant populations (Peterson 2003, Moon and Stiling 2002).  

American Black Duck (Anas rubripes) populations have declined by as much as 60% on 

their wintering grounds and continue to be a species of management concern in the Atlantic 

Flyway (Steiner 1984). Specifically populations have declined from an estimated 600,000 in the 

1950’s to an estimated 300,000 in the 1990’s (Conroy et al. 2002), resulting in a population half 

its historical size and far less than mid-winter goals set by the North American Waterfowl 

Management Plan (NAWMP 2012). The Black Duck Joint Venture (BDJV) was formed in 1989 

to help determine population trends and to identify the factors responsible for changes in black 

duck populations, with the ultimate goal of maintaining desired populations of black ducks 

throughout their range.  
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Several different hypotheses have been proposed for the cause of decline in black duck 

populations including historic overharvest, competition with Mallards (Anas platyrhynchos) and 

loss and/or degradation of habitat (Morton et. al 1989).  Early research focused on breeding 

ecology in the primary black duck breeding areas of Eastern Canada and the Northeastern United 

States (Coulter and Mendall 1968, Haines and Hunter 1982, Longcore 2000, Ringelman and 

Longcore 1982). These studies investigated the influence changes in breeding habitat 

composition had on black duck populations. Early research examined correlations in population 

declines and changes in nesting habitat conditions due to increased acidic precipitation, variation 

in beaver abundance, advances in modern forestry practices and urbanization. A review of 

research on the breeding grounds does not clearly support or discredit a direct correlation to 

declining black duck populations, but changes in breeding habitats should be taken into 

consideration when modeling black duck population declines (Conroy et al. 2002).  

More recent research has shifted towards a focus on black duck wintering ecology 

(Costanzo 1988, Jorde and Owen 1988, Plattner et al. 2010, Cramer et al. 2012). Wintering 

ranges of the black duck extend from Maritime Canada to the Gulf of Mexico, however, the 

majority of black ducks winter along the Atlantic Coast from New England to South Carolina 

(Longcore et al. 2000). Despite overall historic population declines, black ducks wintering in the 

northern portion of the Atlantic Flyway (North of New Jersey) have stabilized over the past two 

decades, while black ducks wintering in the southern portion of the Atlantic Flyway (South of 

New Jersey) continue to experience declines (Conroy et al. 2002).  

A majority of the southern portion of the black duck wintering range is composed of the 

Chesapeake Bay watershed. The Chesapeake Bay and its tributaries are a historically important 

wintering area for black ducks and other migratory waterfowl. Habitat in this area has been 
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affected by increases in human populations, residential development, shoreline loss and erosion 

of barrier islands historically used for nesting (Costanzo and Hindman 2007). There are many 

density-dependent effects that may be influencing or limiting black duck populations on the 

wintering and breeding grounds, the most likely factors being food availability and predation 

(Plattner et al. 2010, Conroy et al. 2002, Costanzo 1988). Because of low food availability 

estimates on Long Island and the tendency for black ducks to feed on animal foods instead of 

moist soil seeds like many other dabbling ducks, Plattner et al. (2010) suggested that food 

density on the wintering grounds of Long Island, NY are lower than densities available for 

dabbling ducks using inland freshwater habitats. Thus, black duck populations are more likely 

limited by resource availability on wintering grounds than other species of dabbling ducks, these 

potential resource limitations support an bioenergetics approach to determining habitat 

objectives.  

Bioenergetics Modeling 

Determining the type and amount of coastal wintering habitat required to support the 

population goals for black ducks in accordance with the NAWMP along the Atlantic Flyway is a 

major research priority for the Black Duck Joint Venture. This can be accomplished by creating a 

bioenergetics model which will allow researchers to determine habitat needs relative to 

population objectives. An additional objective of this study is to provide accurate estimates of 

the foraging quality of habitats available to black ducks wintering on the eastern shore of 

Virginia. This objective will be accomplished by directly comparing the types and quantity of 

available food items to their rate of consumption by black ducks. This estimate along with 

estimates of food biomass available to wintering black ducks in Long Island, NY and in Southern 
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New Jersey will be used to create bioenergetically based habitat objectives for wintering black 

ducks along the Atlantic Flyway.  

Bioenergetics models are created by estimating energetic demand and energetic supply.  

The variables involved in a bioenergetics model include population objectives, daily energetic 

demand of individual black ducks, amount of available habitat, and the foraging value of 

available habitat. Population objectives, which are set by the NAWMP, along with individual 

daily energetic expenditure (DEE) values that have been calculated for black ducks wintering on 

the east coast (Jones et al. 2014, Jorde and Owen 1988 Morton et al. 1989) will provide an 

estimate of total energetic demand. The foraging value of a habitat is estimated by determining 

the biomass of foods available and multiplying available biomass by the true metabolizable 

energy (TME) of those food items. Energetic supply is then estimated by multiplying the 

foraging value of available habitat by the total area of available habitat. This information will be 

used to estimate the amount of waterfowl habitat needed to reach NAWMP population goals and 

to identify priority areas for restoration and protection.  

Results from this study also will be compared to results from studies conducted on Long 

Island, New York and Southern New Jersey (Plattner et al. 2010 and Cramer et al. 2012). These 

spatially replicated studies will provide estimates of food availability for three areas important to 

wintering black ducks in the Atlantic Flyway and will allow for comparison of latitudinal 

variation in food availability. While these data will not allow us to exclude other hypotheses 

attributed to population declines such as over harvest or competition with mallards (Conroy et al. 

2002), these data will allow us to determine if patterns in food availability are consistent with the 

hypothesis that black duck populations are likely limited by food availability on the wintering 

grounds. 
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I hypothesize that declines in availability and/or quality of foraging habitats in coastal 

Virginia limits populations of wintering black ducks. Based on population trajectories of 

northern and southern wintering populations I also hypothesize that black ducks in the southern 

portion of their wintering range are more limited by food availability than their northern 

wintering counterparts. 
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CHAPTER 2 

 

FOODS AVAILABLE FOR AMERICAN BLACK DUCKS WINTERING AND SPRING 

STAGING ON THE EASTERN SHORE OF VIRGINIA 

INTRODUCTION 

Generally, populations of dabbling ducks are most influenced by factors that effect 

productivity (Hoekman et al. 2002, 2006, Coluccy et al. 2008).  Productivity can be influenced 

by processes occurring during both breeding and non-breeding periods.  For example, 

environmental conditions during winter have been associated with productivity of dabbling 

ducks (Devries et al. 2008, Heitmeyer and Fredrickson 1981, Kaminski and Gluesing 1987, 

Raveling and Heitmeyer 1989).  This association has been attributed to the relationship between 

individual body condition over winter and reproductive success the following breeding season 

(Dubovsky and Kaminski 1994).  Thus, the most likely way to influence reproduction outside of 

the breeding period may be by influencing the ability of dabbling ducks to acquire sufficient 

nutrients during winter and spring migration (Arzel et al. 2006). 

Habitat restoration and enhancement objectives for waterfowl are typically derived by a 

bioenergetics modeling approach (Atlantic Coast Joint Venture Strategic Plan 2007). This 

approach has been developed as a planning tool to identify the amount of foraging habitat 

required to meet North American Waterfowl Management Plan (NAWMP) waterfowl population 

objectives, evaluate the extent to which these needs have been addressed on a regional basis, and 

help identify areas for priority action. A bioenergetics model can be simplified into 2 major 

components, energetic demand and energetic supply.  To determine energetic demand, 

information regarding energetic needs per individual and population objectives is necessary.  

Daily energetic expenditure (DEE) has been calculated for black ducks wintering on the east 
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coast and under the guidance of the NAWMP, population objectives have been developed by the 

Black Duck Joint Venture (Albright et al. 1983, Morton et al. 1989, Black Duck Joint Venture 

Strategic Plan 2008).  Multiplying individual DEE by total population objective provides an 

estimate of the amount of energy (food) needed to support the desired population.  

Energy supply is estimated by multiplying the foraging value of each habitat type (the 

amount of food produced in each habitat type as measured by its energetic value) by the total 

acreage of each habitat type.  The abundance of specific food types varies both among wetlands 

of the same type as well as among wetland types (e.g., saltmarsh, mudflat, freshwater).  Black 

duck food availability has recently been estimated in Long Island, New York and in Southern 

New Jersey.  Results indicated substantial differences in food abundance among wetland types 

and between the two study areas. In New York (Plattner et al. 2010), food abundance varied 

annually and food abundance was the greatest in mudflat and freshwater habitats, while food 

availability in salt marsh habitats remained the most stable. In New Jersey (Cramer et al. 2012), 

annual variation did not occur and food abundance was greatest in mudflat and low marsh 

habitats. Results of these studies indicate that although productivity of marine environments is 

thought to be stable relative to terrestrial or freshwater habitats, spatial variation in abundance of 

black duck foods exists within their traditional wintering grounds, emphasizing the need to 

acquire estimates of food availability throughout primary wintering areas. 

Numerous explanations for the long term decline of black ducks have been proposed 

including historic overharvest, competition with Mallards (Anas platyrhynchos) and loss and/or 

degradation of habitat (Morton et al. 1989). Petrie (1998) excluded winter habitat limitation as 

the cause of the decline in black duck populations in the western and southeastern potion of their 

wintering range based on rate of wetland loss and human population trends. He failed to 
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consider, however, how decreasing wetland quality may lead to decreasing food availability 

(Anteau and Afton 2006). In fact, Brook et al. (2009) suggests a shift in wintering habitat may be 

at least partially responsible for the decline in black ducks in the western portion of their range. 

Thus, wintering or staging habitat might be precipitating this decline. One way to test this 

hypothesis is to compare food availability among regions with different black duck population 

trajectories. This analysis would not exclude other explanations of black duck declines, but 

would allow us to determine if patterns in food availability are consistent with the hypothesis. 

STUDY OBJECTIVES 

In this study, I estimate food availability among habitats used by wintering black ducks 

on the Eastern Shore of Virginia, for use in the development of habitat restoration and 

enhancement objectives for black ducks wintering in marine and freshwater habitats in the 

Atlantic Flyway.  Additionally, I compare estimates of food availability in a wintering area 

where black duck populations have declined to estimates from wintering areas where populations 

have been stable to evaluate if latitudinal variations in estimates of food availability are 

consistent with the hypothesis that winter food availability is limiting black duck populations.  

STUDY AREA 

 My study area was the Virginia portion of the Delmarva Peninsula, the southernmost tip 

of the peninsula. This peninsula is 25,600 ha in size and is bordered on the western side by the 

Chesapeake Bay and on the eastern side by the Atlantic Ocean. The study area consists of 

Accomack County to the North and Northampton County to the South. Food samples were taken 

on wildlife management areas, wildlife refuges, and public and private lands throughout both 

counties. Land use in the region is dominated primarily by agriculture, although a large 
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percentage of the area is also forested. Forested areas are primarily buffers separating 

agricultural fields from the diverse and extensive wetland habitats. 

 This region is a critical wintering area for migratory waterfowl in the Atlantic Flyway, 

primarily because of the diversity and abundance of wetland habitats. Extending from the 

Chesapeake Bay on the western border and the Atlantic Ocean on the eastern border are 

expansive coastal salt marsh wetland ecosystems. These salt marsh wetlands are broken down 

into two different habitat types, high marsh and low marsh wetlands. Low marshes are normally 

inundated twice daily during tidal movements while high marshes are usually only inundated 

during periods of flood tides. Salt marsh habitat vegetation predominantly consists of Smooth 

Cordgrass (Spartina alterniflora), Saltgrass (Distichilis spicata), and Needlerush (Juncus spp.).  

For data analysis purposes high marsh and low marsh habitats were combined into one grouping 

because no statistically significant difference in food availability was found (P = 0.9245). 

 An important variable in salt marsh ecosystems are mudflat habitats. Mudflat habitats are 

areas exposed during low tides and flooded during high tides and lack the established vegetation 

foundation of high and low marshes. These areas support extremely diverse and abundant animal 

communities which many marine animals are dependent upon. Moving inland from coastal salt 

marsh habitats are brackish water creeks and streams, which although still tidal and containing 

high salinity at times these habitats are beginning to mix with inland freshwater resources. 

Further inland are less frequent freshwater wetlands which consist of deepwater ponds, swamps, 

moist-soil management units and coastal impoundments. These wetlands are not normally tidally 

influenced and the primary source of water is precipitation (Cowardin et al. 1979).  
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METHODS  

Food availability was estimated by taking benthic core and nektonic sweep samples at 78 

sites covering the 4 dominant habitat types (salt marsh, brackish, freshwater, mudflat), relative to 

their abundance throughout the study area. Sampling sites were chosen using a stratified random 

sample generated by the Ducks Unlimited, Inc. GIS department at their Great Lakes/Atlantic 

Regional Office in Ann Arbor, Michigan. Samples were taken from November 1 to December 1 

to estimate the amount of food available as black ducks and other waterfowl arrive on the 

wintering grounds, from January 15 to February 15 to estimate the amount of food available 

during the peak of the wintering season, and from March 5 to March 30 to estimate the total 

amount of food available as the majority of waterfowl begin to leave the wintering grounds.  

At each habitat-sampling site a 10 cm diameter x 12 cm depth core sample was taken 

inside of a 1 x 1 meter test plot to sample for animal and seed biomass. These core samples 

represent a 1:123.35th ratio of a square meter. A 33-centimeter diameter 500 micron mesh D-

frame sweep net was used to sample standing water at all freshwater and brackish water sample 

sites. At each brackish water and freshwater site sweeps were taken with a D-frame sweep net to 

cover a square meter area. A tag with recorded site, habitat type, sample number, sample type, 

collection date and collection time were stored with each sample. Samples were rinsed in a #35 

sieve bucket and then placed in polyethylene bags where a 10% buffered formaldehyde mixture 

was added to preserve content. Samples were then transported to Southern Illinois University-

Carbondale for analysis.  

In the laboratory samples were run through two sieves descending from a 1.0 mm mesh 

size to a 500 micron mesh size, allowing food biomass to be separated from larger non-food 

materials. Animals and seeds were then sorted from each sample and identified to the taxonomic 
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level of family when possible. Field guides were used along with an available known seed 

catalog for identification and taxonomic classification of seeds and animals (Martin et.al. 1961, 

Smith 2001, Merrit 2008, Voshell 2002 ,). After identification, seeds and animals were dried in 

an oven at 50° C until a constant weight (0.0001 g) was achieved (48 hours). The biomasses for 

each taxonomic group were weighed individually to determine biomass in each sample. 

To reduce sorting time, samples from the second field season were sub-sampled to one 

quarter of their original size. To create these one quarter sub-samples the larger vegetative 

material in each sample was spread evenly on a dissecting tray. I divided the sample into four 

portions and used a random coin flip to choose which quarter portion would be sorted. To sort 

smaller matter I used a Wildlife Materials, Inc. dividing wheel to separate this material into a 

one-quarter portion. Once these samples were processed I multiplied the biomass of each seed or 

invertebrate family by four to obtain an estimate of overall available biomass. To standardize the 

sub-sampling process I personally performed all sub-sampling procedures.  

Statistical Analyses 

A repeated measures ANOVA was used to statistically analyze the variance in mean 

biomass among habitat types, sampling session, and between years. This method was chosen 

because multiple samples were collected at each site and this procedure accounts for multiple 

values of zero which were present in the data. Data were log transformed to satisfy the 

assumptions of ANOVA.  
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RESULTS 

Seeds 

Overall seed biomass during both study years and in all habitat types was an estimated 90 

kg/ha ± 13 kg/ha. Seed biomass did not vary seasonally (among sessions) (F2,2 = 0.32, P = 

0.7297)  or annually but varied among habitat types (F3,10 = 60.43, P = 0.0001) (Table 1.1). 

Because there was no variation in seed biomass per sampling session in the first year of my study 

or the study conducted by Plattner et al. (2010) only samples collected during the middle session 

of our second year were processed during the 2nd year of the study. 

Total seed biomass is shown in Table 1.2. I did not separate the average biomass of seed 

items in each habitat by study year because I found no annual variation (F3,10 = 0.38, P = 

0.7701). Freshwater habitats had noticeably higher amounts of seed biomass (245 ± 24 kg/ha) 

than all other habitats. Brackish water habitats had the second highest amount of seed biomass 

(50 ± 21 kg/ha) followed by salt marsh (38 ± 4 kg/ha) and mudflat (25 ± 4 kg/ha) habitat, 

respectively (Figure 1.1). Percent aggregate biomass estimates are listed for both overall seed 

availability and seed availability by habitat type (Appendix A). Aggregate percent biomass was 

used to adjust for the common event that a single sample contained large amounts of an 

individual seed food item and to prevent this from biasing overall estimates (Swanson et al. 

1974).  

Seeds from pine trees (Pinaceae), grasses (Poaceae) and smartweeds (Polygonaceae) 

comprised the majority of the overall seed biomass. Seeds from sedges (Cyperaceae), grasses, 

and smartweeds provided the greatest biomass in freshwater habitats. Seeds from dogwoods 

(Cornacea), grasses, and smartweeds were the primary seed families found in brackish water 

habitats. Seeds from grasses, pines and the grape family (Vitaceae) had the greatest biomass in 
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salt marsh habitat. Seeds from pines, grasses and the grape family were the primary seeds found 

in mudflat habitats.  

Invertebrates 

Overall invertebrate biomass during both study years and in all habitat types was an 

estimated 253 kg/ha ± 60 kg/ha. There was significant variation in mean invertebrate biomass 

among habitat types (F3,10 = 9.13, P = 0.0033)  and invertebrate biomass tended to vary between 

years (F3,10 = 3.0, P = 0.0781), with no variation among sessions (Table 1.3). Because there was 

not significant variation in invertebrate biomass among sampling sessions in the first year of our 

study or the study conducted by Plattner et al. (2010), samples from each sampling session of our 

study were combined to provide an overall estimate of invertebrate biomass and only samples 

collected during the middle session of my second year were processed.  

Percent aggregate biomass estimates are listed for both overall invertebrate availability 

and invertebrate availability by habitat type (Appendix A). As with seeds, the aggregate percent 

biomass estimate was used to adjust for the likely event that a single sample contained large 

amounts of an individual invertebrate food item and to prevent this from biasing our estimates 

(Swanson et al. 1974).  

Periwinkles (Littorinidae), ribbed mussels (Mytilidae), segmented worms (Oligochaeta) 

and bristle worms (Polychaeta) were the primary invertebrate foods found in estimates of overall 

invertebrate biomass. Scuds (Amphipoda), segmented worms, grass shrimp (Paleomonides), and 

bristle worms were the primary invertebrates found in brackish water habitats. Midges 

(Chironimidae), segmented worms and freshwater snails (Physidae) were the primary 

invertebrate found in freshwater habitats. Periwinkles, mud snails (Nassariidae) and bristle 
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worms were the primary invertebrates found in mudflat habitats.  Periwinkles, ribbed mussels 

and fiddler crabs (Ocypodidae) were the primary invertebrates found in salt marsh habitat.  

Table 1.4 shows an estimation of the biomass of invertebrates found in each habitat type 

in each year of the study. In year 1, salt marsh habitat had the highest amount of available 

invertebrate biomass (929 ± 230 kg/ha). Mudflat habitats (264 ± 66 kg/ha) had the second 

highest level of invertebrate biomass followed by brackish water habitats (32 ± 10 kg/ha) and 

freshwater habitats (29 ± 5 kg/ha), respectively. In year 2, salt marsh habitat again had the 

highest amount of available invertebrate biomass (106 ± 54 kg/ha). Mudflat habitats (90 ± 28 

kg/ha) had the second highest level of invertebrate biomass followed by freshwater habitats (78 ± 

30 kg/ha) and brackish water habitats (2 ± 0.6 kg/ha), respectively.  

Annual Variation 

Invertebrate biomass also tended to vary between years (F1,10 = 3.72, P = 0.0827) but this 

variation tended to differ among habitat types (Year* habitat interaction, F3,10 = 3.06, P = .0781, 

Table 1.3). From study year 1 to study year 2 available invertebrate biomass in brackish water, 

mudflat and salt marsh habitats decreased by 93%, 66%, and 88% respectively while invertebrate 

biomass in freshwater habitat increased by 63%. (Table 1.4) 

 

DISCUSSION 

Seeds 

 Costanzo (1988), Jorde and Owen (1990) and my study (Chapter 2) reported that seed 

biomass represented 1%, 0% and 10%, respectively, of the aggregate biomass of foods consumed 

by black ducks during the wintering period.  Seeds were consumed at higher frequencies by 

black ducks utilizing inland habitats, indicating seeds may provide an important alternative food 
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source when more preferred foods are limited (Byrd 1991,White et al. 1993).  Freshwater 

habitats had the highest amount of seed biomass followed distantly by brackish water and salt 

marsh habitats (Table 1.2). Higher seed abundance in freshwater habitats can be attributed to the 

vegetative communities found within freshwater wetlands versus marine wetlands. Freshwater 

habitats are more conducive to the growth of annual wetland plant species such as Panicum, 

Polygonum and Poaceae which invest a greater proportion of nutrients in seed production than 

perennial plants commonly found in marine habitats, mainly Spartina, thus producing higher 

seed biomass (Keddy and Ellis 1985).  

  Seed biomass in freshwater habitats in my study area was high compared to the other 

habitat types evaluated and compared to invertebrate biomass within freshwater habitats. 

However, seed biomass in freshwater habitats in my study area was low relative to seed biomass 

estimates from other regions.  Bowyer et al. (2005) reported that seed densities in moist-soil 

wetlands in the Illinois River Valley varied from 329 kg/ha to 1,231 kg/ha. Kross et al. (2008) 

estimated that seed abundance averaged 496.3 kg/ha (SE ± 62 kg/ha) in moist-soil seed units in 

the Lower Mississippi Alluvial Valley. In contrast, the average seed biomass in freshwater 

wetlands in my study was only 246 (SE ± 24) kg/ha, which is similar to the 260 (SE ± 47) kg/ha 

estimated by Plattner et al. (2010) for freshwater habitats on Long Island, but slightly lower than 

what Cramer et al. (2012) reported for New Jersey 442 (SE ± 61) kg/ha. This difference may be 

attributed to many factors including variation in waterfowl habitat management practices 

between the regions. In more inland areas, freshwater wetlands are more abundant and 

intensively managed to maximize food production for wintering dabbling ducks.  In the coastal 

region of our study, along with Plattner et al (2010) and Cramer et al. (2012), the majority of 
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freshwater wetlands are more passively managed and may be more important to black ducks as 

loafing or roosting areas than foraging areas.  

Invertebrates 

 Historical studies have shown that the majority of the diets of coastal wintering black 

ducks are composed of animal matter, specifically invertebrates (Costanzo 1988, Jorde and 

Owen 1988). Costanzo (1989) and Jorde and Owen (1988) found that invertebrates comprised 

66% and 96% of the aggregate dry weight of foods consumed by black ducks wintering in New 

Jersey and Maine, respectively. Results from my diet study show that invertebrate biomass 

accounted for 68% of the aggregate dry weight of foods consumed by black ducks wintering in 

Virginia (Chapter 2). Similar to Plattner et al. (2010) and Cramer (2012), I found mudflat and 

salt marsh habitat provided the highest amount of invertebrate biomass (Table 1.4). Brackish 

water and freshwater habitats provided noticeably lower amounts of invertebrate biomass in year 

1 and slightly lower levels of invertebrate biomass in year 2 (Table 1.4) when compared to 

mudflat and salt marsh habitats.  

In comparison to estimates of invertebrate biomass in inland habitats during the wintering 

period, coastal marine habitats had much higher levels of invertebrate biomass. In forested 

wetlands in Mississippi the highest amount of invertebrate biomass estimated, by Wehrele et al. 

(1995) was 80.05 ± 5.9 kg/ha. In playa wetlands managed as moist-soil habitats in the southern 

high plains of Texas, the highest amount of invertebrate biomass estimated by Anderson et al. 

(2000) was 35.22 ± 13.1 kg/ha. In moist soil managed impoundments at Noxubee National 

Wildlife Refuge in Mississippi, the highest amount of invertebrate biomass estimated by Gray et 

al. (1999) was 31.2 ± 5 kg/ha.  
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It is unclear why invertebrate biomasses in marine habitats are substantially greater than 

invertebrate biomass in freshwater wetlands. Primary productivity is thought to strongly 

influence biomass of secondary producers such as aquatic invertebrates. Primary productivity of 

the various types of freshwater wetlands in the studies identified above, however, are similar to 

or greater than estimates for salt marsh dominated by species of Spartina such as the salt marshes 

in our study indicating variation in primary productivity is not causing the variation in biomass 

of invertebrates (Klopatek and Stearns 1978, Brinson et al. 1981, Reidenbaugh 1983, Mitsch and 

Gosselink 1993, Ozalp et al. 2007).   

Potential explanations include variation in calcium availability or other nutrient 

discrepancies in marine wetlands as compared to freshwater wetlands. A number of aquatic 

macro-invertebrates consumed by black ducks such as mollusks require substantial amounts of 

calcium to produce shells or exoskeletons (Jones and Ricciardi 2005). Calcium availability has 

been associated with aquatic macro-invertebrate biomass and abundance in freshwater habitats 

and calcium concentrations in marine habitats are more than an order of magnitude greater than 

typical fresh water habitats (Crumpton 1978, Wetzel 1983, Mitsch and Gosselink 1993, Jones 

and Ricciardi 2005). Thus, the difference may be the greater level of calcium in our marine 

habitats allowing mollusks (an important food item for black ducks in marine habitat) to thrive 

relative to the calcium poor freshwater habitats (Mitch and Gosselink 1993, Jones and Riccoardi 

2005). Another potential explanation is that high salinity levels and tidal fluctuations in the 

coastal environment prevent freezes in wetlands during all but the coldest of temperatures. While 

the marine invertebrates in these habitats may become dormant during cold periods temporary 

warm-ups can spur activity in a short period of time when compared to invertebrates in 

freshwater wetlands.  
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Annual Variation  

Despite the perceived stability of marine invertebrates relative to invertebrate populations 

in other environments, productivity of marine environments varies considerably annually (Nold 

and Zwart 1996, Shea and Ricklefs 1996, Bertram et al. 2002, Bunce et al. 2005, Kitayski et al. 

2009, Lescroel et al. 2009). Similar to Plattner et al. (2010), I found invertebrate biomass to 

fluctuate in salt marsh and mudflat habitats. This annual variation in invertebrate biomass was 

due to variation in specific invertebrate taxa commonly found in each habitat type. For example, 

in year 1 periwinkles and mud whelks accounted for approximately 190 kg/ha (± 95 kg/ha) of 

invertebrate biomass in mudflat habitats while in year 2 invertebrates from these families were 

found only in trace amounts (<2%). The most notable annual variation in invertebrate biomass, 

however, was found in salt marsh habitat. Lower levels of invertebrate biomass in year 2 in salt 

marsh habitats was attributed to decreased salt marsh snail, periwinkle, ribbed mussel, and 

fiddler crab availability. In year 1 invertebrates from these families accounted for approximately 

895 kg/ha (± 345 kg/ha) of invertebrate biomass while in year 2 invertebrates from these families 

accounted for approximately 89 kg/ha (± 65 kg/ha) of invertebrate biomass. Average biomass of 

these 4 invertebrate food items was 10 times higher in year 1 than in year 2. Fluctuations in 

availability of these specific invertebrate taxa are most notable because these 4 taxa were either 

consumed relative to their availability or were selected for by foraging black ducks not only in 

salt marsh habitats but in overall diet (Chapter 2).  

Although other factors may have impacts, weather is the most likely factor to influence 

annual fluctuations in the availability of these invertebrate food items. Salt marsh fauna, 

especially mollusks, are particularly sensitive to thermal change (McMahon and Russell-Hunter 

1981, Lerberg et al. 2000, Bilkovic et al. 2006 Hutchens and Walters 2006, Jost and Helmuth 
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2007).  Thus, it is possible that variations in temperature prior to winter sampling periods could 

lead to variations in mollusk abundance.  

Alternatively, at least in more northern regions, salt marsh snails migrate under rocks or 

in blue crab (Calinectes sapidus) tunnels during winter to avoid freezing.  It is possible the 

majority of snail and periwinkle biomass was below ground and unavailable for collection during 

our sampling period in the second year of our study. This is an unlikely explanation because no 

variation between sessions was observed in the first year of our study indicating a movement did 

not occur. Additionally, Plattner et al. (2010) observed similar annual variation when sampling 

throughout the winter. Regardless of the reason, this biomass was not available for foraging 

black ducks. 

 These results indicate invertebrate biomass available to wintering black ducks fluctuates 

annually. In both my study and the Long Island study invertebrate biomass varied between study 

years in each habitat. In a year where invertebrate biomass is low, especially in habitats that 

provide the highest levels of invertebrate foods (e.g. mudflats and salt marshes), it is possible 

that wintering black ducks  are unable to acquire the nutrients needed to sustain them through the 

wintering/spring staging period and subsequent breeding season.   

 As I observed, habitat conditions are not constant, some years biotic and abiotic factors 

will combine to produce large quantities of invertebrates commonly consumed by black ducks 

while in other years these forces will combine to provide a very limited food supply. It is 

important to note the minimum estimates of food availability provided by Plattner at al. (2010) 

and my study are based on only 2 years of data for each site. This level of annual variation with 

these limited data sets indicates considerable annual variation commonly occurs. Currently, 

because these are the only data available, using the average of these 2 years for management 
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recommendations at each study location is the only option. We caution, however, that 

recommendations based on this average may not be appropriate. We have no way of knowing 

whether these studies were able to capture all the variation (i.e., whether there are years when 

biomass is even lower or higher than that indicated by our study), the shape of the temporal 

variation frequency distribution curve, or where these 2 years fall on that curve. This uncertainty 

should be considered when habitat conservation objectives are developed. If the temporal 

distribution is normally distributed, and results of the 2 years of my study come from each end of 

the spectrum, average annual productivity from my results is appropriate (Tables 1.2, 1.4). If the 

temporal variation is normally distributed but data from the 2 years of my study do not represent 

each end of the spectrum, then more years of data will be required to better identify the average 

productivity of key habitats. Alternatively, a skewed distribution of variation to the left would 

likely lead to an underestimate of the habitat needs of the average population size while temporal 

variation in food availability skewed to the right would likely lead to an over estimation of 

habitat needs. 

 Regional Variation in Food Availability 

 Numerous hypotheses have been developed to explain the long-term decline in black 

duck populations, one of which is a decline in food availability during the wintering period due 

to the loss and/ or degradation of available wintering habitat. Variation in food availability on the 

wintering grounds in association with the degree of population decline would be consistent with 

this hypothesis. Thus, I compared food availability between Long Island, New York (Plattner et 

al. 2010) and Southern New Jersey (Cramer et al. 2012), sites where the wintering level of black 

ducks has remained stable over the last two decades and the eastern shore of Virginia, where 

wintering black duck populations have declined (Link et al. 2006, Roberts et al. 2015). 
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Although seeds are not a primary food for coastal wintering black ducks, seeds are an 

important component of the diet in more inland wintering regions, so we include both seeds and 

invertebrates in our comparison (Byrd 1991, White et al. 1993). Estimates of seed biomass were 

higher on Long Island, New York and in Southern New Jersey than those found in Virginia in all 

habitats. Seed estimates in freshwater habitats of Southern New Jersey were almost two times 

higher than those found in Virginia (Table 1.7). Seed density estimates for all Virginia habitats 

except freshwater are below those estimated as the “giving-up densities” foraging thresholds for 

wintering dabbling ducks (Hagy and Kaminski 2015, Rutka 2004, Naylor 2002).  

Because annual variation in invertebrate biomass made direct comparisons between 

wintering regions difficult and the time period with the lowest food availability is likely to have 

the greatest impact on the population, I compared the lowest amount of invertebrate biomass in 

each study within similar habitats in any year. Minimum available invertebrate biomass was 

similar in freshwater, brackish water, and salt marsh habitats on Long Island and Virginia (Table 

1.5).  Alternatively, minimum annual biomass in mudflat habitats (one of the habitats most used 

by foraging black ducks in Virginia) was substantially greater on Long Island than in Virginia 

(Table 1.5) 

These differing results are likely due to spatial and temporal variation in factors limiting 

food abundance. A promising explanation for the variation we observed between our study site 

and the Long Island study site is the latitudinal variation observed in primary productivity of salt 

marshes and the extensive work conducted on the susceptibility to thermal changes of salt marsh 

mollusks. Pennings and Bertness (1999) observed lower primary productivity in more southern 

salt marshes along the Atlantic Coast presumably due to higher salinity levels caused by greater 

evapotranspiration in the more southern region. Additionally, salt marsh fauna, especially 
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mollusks, are particularly sensitive to thermal change, especially increased temperature 

(McMahon and Russell-Hunter 1981, Lerberg et al. 2000, Bilkovic et al. 2006 Hutchens and 

Walters 2006, Jost and Helmuth 2007).  Past studies have identified two important causes of 

thermal change, development of upland habitat adjacent to the marsh and climate change. 

Because summer temperatures are normally higher in Virginia than Long Island, mollusks in 

Virginia are likely nearer their thermal limit during summer, thus would be more susceptible to 

minor changes in temperature.  In other words, less change due to modification of adjacent 

uplands or warmer climates would be necessary for temperatures to increase adequately to cause 

high mortality. Either lower primary productivity or higher ambient temperatures in Virginia 

than Long Island could explain the results I observed. 

Although these results do not provide conclusive evidence that food availability during 

winter limits black duck populations, they are consistent with my hypothesis. Black ducks 

wintering in coastal areas are unique from other dabbling ducks in that they consume primarily 

invertebrates.  While these invertebrates are the most abundant foods available in this region, 

they are distributed in much lower densities than foods in inland habitats important to wintering 

waterfowl. Furthermore, unlike dabbling ducks that continue to migrate further south to avoid 

inclement weather, black ducks don’t appear to make as consistent movements and have been 

found to starve during heavy freezing conditions (Costanzo 1988 and Plattner et al. 2010). These 

disparities may make black ducks more susceptible to extreme variation in winter conditions 

than other dabbling ducks species. 

Although the spatial variation in biomass available to black ducks is consistent with 

recent population trends, I cannot exclude the possibility that the spatial variation I observed is 

actually temporal variation within study years. For example, it’s possible that in the second year 
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of my study, invertebrate biomass was low along the entire Atlantic seaboard, thus, biomass was 

not actually lower on my study area relative to Long Island. An additional study conducted by 

Cramer et al. (2012) found similar biomass estimates of invertebrates in two years of their study 

(winters of 2006–2007 and 2007–2008) indicating in at least New Jersey, the winter of 2007–

2008 was not a particularly low year of invertebrate biomass supporting the perception the 

variation between the 2 regions can be contributed to spatial not temporal factors. 
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CHAPTER 3 

 

FOOD PREFERENCE OF AMERICAN BLACK DUCKS WINTERING AND SPRING 

STAGING ON THE EASTERN SHORE OF VIRGINIA 

INTRODUCTION 

Theory has been developed to predict the diet of free living animals (Schoener 1971, 

Pulliam 1974, Pearson 1974, 1976, Werner and Hall 1974, Westoby 1974, Charnov 1976a, b, 

Covich 1976, Stephens and Krebs 1986).  Emlen (1966) proposed animals should select a diet 

that optimizes their fitness, therefore potential prey items can be ranked based on their 

benefit/cost ratio. The highest quality prey items are those that provide the greatest nutritional 

return (benefit) relative to nutritional expenditure of consuming that item (cost). This benefit/cost 

ratio should be estimated by the trade-off between search and handling time and the net benefit 

of the food item.   

The net benefit or quality of a food item is often influenced by the metabolizable energy 

of an item (Vohra 1966). Some food items may be considered high quality food items simply 

because they have a high level of metabolizable energy. Others may be considered high quality 

food items because they require little search and handling time due to abundance in the 

environment despite lower levels of metabolizable energy compared to other available food 

items. Conversely items may be considered lower quality because of long search or handling 

time despite high levels of metabolizable energy (Schluter 1982).     

Waterfowl have been found effective at selecting the most nutritionally beneficial foods 

when foraging, however, the efficacy of food selection likely varies by taxa. For example geese, 

which forage on foods identified by sight, are able to select the most nutritious foods by selecting 

a specific habitat type or location, a specific patch within a habitat, or a specific food item within 
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a patch (Owen 1976, Sedinger and Raveling 1984, Laing and Raveling 1993, Riddington et al. 

1997).  Geese appear to accomplish this by visually locating the most nutritious blades of 

vegetation through some yet described mechanism. Although evidence indicates ducks, which 

feed more by tactile than site, are also able to be selective about their diet, it is likely they are not 

as efficient as geese (Gurd 2005).   

Although ducks are likely able to select both habitats and patches high in desired food 

items, they are likely less efficient at selecting specific food types within a patch because of their 

feeding technique (Gurd 2007 and Kooloos et al. 1989). While geese select specific food items, 

often times ducks feed by syphoning water through a gape formed by the distal end of the 

mandible and maxilla, black ducks specifically use this technique when feeding on amphipods 

(Gurd 2005). They then retain food items from this water by either straining out food items using 

the mandibular and maxillary lamella or through inertia from vortexes formed during the process 

(Kooloos et al. 1989). Ducks select specific prey items by retaining prey of a particular size.  

This technique leads to the retention of none-prey or undesirable prey when they are of similar 

size as desired prey (Kooloos et al. 1989, Gurd 2005). This inefficiency in foraging ducks makes 

it difficult to determine what foods are preferred prey items by ducks from diet data alone.  

Common items in the environment of similar size to preferred prey items are often found in the 

diet of ducks even though they provide little or no nutritional value (Chapter 2, Jones and 

Drobney 1986). Furthermore, if preferred food items are not available waterfowl would be 

forced to prey on avoided food items, likely at a negative cost to their rate of nutrient acquisition 

(Ward et al. 2005, Stephens et al. 2007). It’s difficult to predict the demographic impacts of 

forcing waterfowl to consume prey items that are normally avoided, but I assume because 

waterfowl actively avoid those items when foraging, forcing waterfowl to consume those items 
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would have negative demographic consequences. Thus, a more accurate estimate of food 

availability for black ducks would be an estimate of biomass with the food items avoided by 

black ducks removed.   

Estimates of carrying capacity based on bioenergetics are used to develop habitat 

management objectives for migratory and wintering waterfowl in North America (North 

American Waterfowl Management Plan (NAWMP) Joint Ventures (Plattner et al. 2010, Straub et 

al. 2012). The primary information needs for the simplest of these models are energetic needs of 

the desired population and energetic productivity of the population’s habitat. Estimating 

energetic productivity of the habitat requires a detailed knowledge of the diet of the population. 

Because the relative amount of high and low quality food items influences the demographics of a 

population, non-food items should not be included when estimating energetic productivity of the 

habitat; thus, a detailed understanding of the diet of an organism is necessary when developing 

these carrying capacity models (Hobbs and Swift 1985). For example Hobbs and Swift (1985) 

concluded while a habitat abundant in low quality food items may sustain a population, some 

high quality food items are necessary to maximize nutritional status and population vital rates. 

The diet of organisms likely varies among regions within its population range due to 

variations in available foods. The first studies of the diet of wintering black ducks were 

conducted in New Jersey by Costanzo (1988) and in Maine by Jorde and Owen (1989). The 

results of these studies indicated black duck diet varies spatially, likely due to differences in food 

availability between the two study sites. Overall biomass and compositions of available foods 

can vary considerably between available habitats and among wintering areas (Plattner et al. 

2010, Cramer et al. 2012, Chapter 1). The over-winter diet of black ducks would likely reflect 

this variation in available foods as black ducks utilizing marine environments of Maine (Jorde 
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and Owen 1989) fed primarily on periwinkles, amphipods and mussels while black ducks 

feeding in the salt marshes of New Jersey (Costanzo 1988) fed primarily on presumably more 

abundant salt marsh snails.    

The most reliable way to determine food selection is by concurrently measuring food use 

and availability (Callicutt et al. 2011). Historic diet studies provide estimates of food use without 

concurrently collection food availability data. Conversely more recent food availability studies 

provide estimates of food availability without concurrently measuring food use. In my study I 

determine the diet of wintering black ducks feeding in 5 habitat types on the eastern shore of 

Virginia. I compare overall and habitat specific diet directly to food availability data to identify 

food selected for, avoided, or consumed relative to their availability. I then compare my results 

to previous studies conducted in New Jersey (Costanzo 1988) and Maine (Jorde and Owen 

1989), I hypothesize that the proportion of animal content in the diet of black ducks collected in 

coastal Virginia are similar to the proportions found in the historic studies. Finally, I estimate 

preferred food availability by removing the biomass of food items that are avoided by foraging 

black ducks from food availability estimates. I hypothesize that the removal of avoided food 

items will greatly decrease estimates of food availability.   

STUDY AREA 

American black ducks were collected in Accomack and Northampton Counties on the 

Eastern Shore of Virginia. Black ducks were primarily collected on Jack’s Island, Parker’s 

Marsh, Parramore Island and Saxis Wildlife Management Area. Jack’s Island is a Natural Area 

Preserve located on the bayside of the Eastern Shore in Accomack County and is owned by The 

Nature Conservancy. Parker’s Marsh is a Natural Area Preserve located on the bayside of the 

Eastern Shore in Accomack County and is owned by the Virginia Department of Conservation 
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and Environmental Recreation. Parramore Island is a barrier island located on the seaside of the 

eastern shore. Located mid-way along the eastern shore in Accomack County, Parramore Island 

is owned by The Nature Conservancy and is part of the Virginia Coast Reserve. Saxis Wildlife 

Management Area is located on the Bayside of the Eastern Shore in Accomack County. Saxis 

Wildlife Management area is owned by the Virginia Department of Game and Inland Fisheries.  

METHODS 

To estimate diet of black ducks during the wintering period I collected foraging black 

ducks with a firearm. I began collection when migratory black ducks began to arrive in the study 

area during late November. I attempted to collect black ducks that had fed for ≥15 minutes to 

ensure each bird contained an adequate food sample. Black ducks were collected from layout 

boats, from camouflaged blinds and by stalking.  

Black ducks were collected in habitat types which corresponded to the habitat types 

where food availability samples were collected. Habitats where foraging black ducks were 

collected were classified as brackish water, freshwater, freshwater/high marsh, mudflats and salt 

marshes. Brackish water habitats consisted of tidally influenced creeks in the upland reaches of 

Parramore Island and Parker’s Marsh. Freshwater habitats consisted of moist soil managed 

impoundments and seasonally flooded forested wetlands. Freshwater/high marsh habitats 

consisted of naturally occurring pools found on coastal barrier islands. This habitat type was 

separated from singular freshwater habitat because of the natural occurrence of these habitats 

within close proximity to marine habitats, the dependence of these pools on precipitation and the 

intrusion of salt water within these pools during extreme tidal events.  

Mudflat habitats consisted of areas exposed or extremely shallow during low tides and 

devoid of vegetation. Salt Marsh habitats consisted of coastal wetlands including both high and 
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low marshes. Low marshes are normally inundated twice a day during tidal movements while 

high marshes are usually only covered during periods of flood tides. Black ducks were 

commonly collected in flooded low marsh areas during high tides and creeks within high marsh 

areas during low tide. High marsh and salt marsh habitats were combined in one grouping 

because no statistically significant difference was found in the data collected in either habitat. 

Latitude and longitude along with time, date, and habitat type were recorded at the time 

of collection. Immediately after collection, a 10% buffered formalin solution was injected in 

each esophagus to prevent post-mortem digestion of food items (Swanson and Bartonek 1970). A 

plastic zip-tie was placed at the base of the skull of each black duck collected to prevent the 

leakage of formalin and food items. Within 12 hours the esophagus and proventriculus were 

removed from each bird and stored in 500 ml plastic vials with a 10% buffered formalin solution.  

Esophagi were transported back to Southern Illinois University Carbondale and analyzed 

at the Southern Illinois Cooperative Wildlife Research Annex. Each esophagus was dissected 

and the contents were sorted, counted and identified to order and family when possible using 

keys provided by Merritt et al. (1961), Smith (2001), Voshell (2002), Smith (2001) and Berg 

(2008). Esophageal contents were dried at 50°C until weight was constant (0.0001 g) and 

weighed to the nearest mg.  

Preferred Food Biomass  

Diet studies of black ducks wintering in marine habitats are somewhat limited with no 

specific data available on black ducks wintering in our study area. Thus, I used two processes to 

identify items that should be removed from biomass estimates because they are avoided by black 

ducks. To estimate the actual foraging value of each habitat I first estimated levels of 

invertebrate biomass after removing the biomass of invertebrates believed to not be commonly 
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consumed by black ducks (e.g., the families Olicgochaeta, Mytilidae, and Veneridae and the 

class Polychaeta) based on previous diet studies (Costanzo 1988, Jorde and Owen 1989).  This 

comparison was used by Plattner et al. 2010 on Long Island, NY. I conducted this comparison so 

I could directly compare the availability of preferred foods estimated on the Eastern Shore of 

Virginia to the availability of preferred foods estimated by Plattner et al. 2010.  I then compared 

levels of preferred food biomass after removing the biomass of invertebrates found to be directly 

selected against in our diet study in both specific and overall habitats (Chapter 2).  This 

comparison is referred to as the study specific comparison. The study specific comparison only 

compares food availability estimates from year 2 of our study, because diet data was only 

collected in year 2.   

Statistical Analysis 

Food items were expressed on a dry weight basis and quantified as percent occurrence, 

aggregate weight, and aggregate percentage biomass (Swanson et al. 1974). The aggregate 

percent biomass estimate was used to reduce the influences of occurrences when a duck had 

consumed a single food item in large amounts. Diet composition is expressed as both an overall 

estimate and a habitat specific estimate. Program Contrast (Hines and Sauer 1989) was used to 

conduct a Z-test to compare the means of the aggregate biomass of foods found in the 

environment to the means of the aggregate biomass of foods found in the diet. To estimate 

selection at both the overall regional level and the habitat specific level I compared both overall 

diet to overall availability and then habitat specific diet to habitat specific availability. To 

determine if diet varied among habitat types I conducted a multivariate Analysis of Variance 

using the food items that comprised 90% aggregate biomass of the diet as dependent variables 

and habitat type as the independent categorical variable. 
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I considered a food item selected for or avoided when the Z-test resulted in a significant 

p-value (p < 0.10). I considered an insignificant p-value (p > 0.10) to indicate a particular food 

was consumed relative to its abundance. Foods that were not consumed by black ducks and 

composed less than 0.01% of the aggregate percent biomass were considered unimportant. I did 

not identify these foods as being avoided because although they were not consumed by black 

ducks, they likely were present in levels too low to conclude they were actually avoided. Even 

though I considered these foods unimportant I did not exclude them from my availability 

estimates.  

RESULTS 

I collected 76 black ducks from December 12, 2007 through March 31, 2008. Of the 76 

birds collected 34 were from salt marsh, 7 were from brackish water, 2 were from inland 

freshwater, 11 were from freshwater-high marsh, and 22 were from mudflat habitats. Of the 76 

birds collected, 50 digestive tracts contained viable food samples. Aggregate percent biomass for 

seeds, vegetation, invertebrates and vertebrates consumed both overall and in specific habitats 

are reported in tables 2.1–2.6. Animal matter made up 73% of the aggregate percent biomass of 

all foods eaten by black ducks. Vegetation and seeds accounted for the remainder of the diet, 

comprising 17% and 10% respectively.  

Ninety percent of the aggregate biomass in the overall diet consisted of 12 food items: 

saltmarsh cord grass seeds (Spartina alterniflora) 2.7%, smartweed seeds (Polygonaceae) 2%, 

scuds (Amphipoda) 21%, ribbed mussels (Mytilidae) 14%, mud whelks (Hydrobiidae) 6%, 

fiddler crabs (Ocypodidae) 4%, grass shrimp (Paleomonidae) 6%, gem clams (Veneridae) 2%, 

widgeongrass (Ruppia maritime) 5%, filamentous algae 11%, salt marsh snails (Ellobidae) 11%, 
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and banded killifish (Fundulidae) 5.4%. Trace amounts (<2%) comprised the remaining 10% of 

the aggregate biomass in the overall diet.  

Comparison Among Habitat Types 

 Using the 12 food items identified above which accounted for 90% of the aggregate 

biomass as dependent variables I found diet varied among the 5 habitat types (F5,44 = 2.35, P < 

0.001.)  For example, 4 food items: scuds (25%), mud whelks (21%), ribbed mussels (24%), and 

widgeon grass (26%) comprised 96% of the aggregate biomass of the diet of birds collected in 

brackish water but these same food items comprised only 74% of the aggregate biomass of ducks 

collected in mudflats and only 30% of the aggregate biomass of ducks collected in salt marsh.  In 

contrast to diets of black ducks collected in brackish water and mudflats where 5 food items 

comprised 96% of the aggregate biomass, diets of ducks collected in salt marsh habitats were 

more diverse with 9 food items accounting for 93.1% of the aggregate biomass of the diet: 

smartweed seeds (6.2%), mud whelks (8%), salt marsh snails (21.4%), ribbed mussels (19%), 

grass shrimp (6%), fiddler crabs (12%), gem clams (6%), banded killifish (11%), and 

widgeongrass (3.5%). 

In contrast to ducks collected in marine habitats, the diet of ducks collected in freshwater 

habitats was dominated primarily by plant material. The aggregate percent biomass of ducks 

collected from inland freshwater habitats contained 82% plant material and high marsh 

freshwater habitat contained 66% plant material. They differ, however, in that the diet of ducks 

feeding in inland freshwater habitats consisted primarily of seeds while the diet of ducks feeding 

in high marsh freshwater ponds was primarily vegetation, specifically filamentous algae and 

widgeon grass. 
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Food Preference 

At the scale of the overall study, black ducks selected for scuds, salt marsh snails, mud 

whelks, grass shrimp, and ribbed mussels. Black ducks did not select for any seed taxa. Overall 

13 invertebrate food items and 6 families of seeds were avoided, while 8 invertebrate food items 

and 3 families of seeds were consumed relative to their availability (Table 2.7).   

In my habitat specific estimates of black duck diet, I found consistencies among habitat 

types with black ducks selecting for ribbed mussels while feeding in salt marsh and mudflats, 

and consuming ribbed mussels relative to their availability in brackish habitat. Black ducks also 

consistently avoided, bristle worms, midges, round worms, and copepods (Copepoda) in all 

habitat types when encountered in substantial densities. Scuds were the most inconsistent group, 

being selected for in mudflats, consumed relative to their availability in brackish water, and 

avoided in salt marsh. Comparison of food items and the levels to which they were consumed in 

each habitat type can be found in tables 2.7–2.11. 

Preferred Food Biomass  

 Because mudflats and saltmarsh are the primary habitats used by foraging black ducks I 

limit results to those two habitats. Removing invertebrates in the Families Olicgochaeta, 

Mytilidae, and Veneridae and the Class Polychaeta led to biomass reductions ranging from 12% 

to 91% depending on the year and habitat type (Table 2.13). Salt marsh biomass declined by 

53% in the first year but only 12% in the second year. The biomass reduction in salt marsh is 

primarily due to the removal of Mytilidae or ribbed mussels from our food availability estimates. 

The impact of removing ribbed mussels varied annually because ribbed mussels were 

considerably less abundant in the second year of the study. In mudflats, removal of organisms 

from the four invertebrate groups led to a 25% and 91% decrease in total estimated biomass in 
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the first and second year of our studies, respectively. In mudflats, the difference in impacts was 

primarily due to the removal of Polychaeta or segmented worms. 

 

DISCUSSION 

 As theory predicts, waterfowl are effective at selecting the most nutritionally beneficial 

foods when foraging (Sedinger and Raveling 1984, Krapu and Reinecke 1992). They accomplish 

this with a multi-scale selection process. They first select a region to forage in, then a specific 

wetland type, next select a specific habitat with high concentrations of high quality foods within 

that wetland, then select a feeding patch within that habitat, and finally select specific foods 

items within that feeding patch (Krapu and Reinecke 1992, Davis et al. 2014). Comparing diet 

directly to food availability from all habitat types allows us to incorporate scales of selection up 

to specific habitat scales.  

The net benefit or quality of a food item is often influenced by the metabolizable energy 

of an item (Vohra 1966). Some food items may be considered high quality food items simply 

because they have a high level of metabolizable energy. Others may be considered high quality 

food items because they require little search and handling time due to abundance in the 

environment despite lower levels of metabolizable energy compared to other available food 

items. Conversely items may be considered lower quality because of long search or handling 

time despite high levels of metabolizable energy (Schluter 1982). Items that have relatively low 

levels of metabolizable energy but little handling or search times because they are highly 

abundant, thus only a moderate positive cost benefit ratio, should also be considered of lower 

quality potential food items (Schluter 1982). These low quality food items should be consumed 

when opportunistically encountered while searching for high quality food times, but not actively 
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pursued, thus, should be consumed relative to their availability in the environment. Finally some 

potential food items should theoretically be avoided because regardless of search time, handling 

time is too high or metabolizable energy is too low for a positive benefit/cost ratio.  

Consumption of these potential prey items should be avoided even when opportunistically 

encountered (Schluter 1982). 

Consistent with theoretical predictions, selected food items generally provided the most 

metabolizable energy per gram. For example, although amphipods were one of the least available 

food items, they provided 21% of the biomass in the black duck diet. As may be predicted, 

amphipods provide the highest level of metabolizable energy of aquatic invertebrates (Anteau 

and Afton 2006, Ballard et al. 2004). In contrast, periwinkles, a potential food item which 

appeared an important part of the diet of black ducks collected in Maine (Jorde and Owen 1989) 

were avoided in my study despite their high abundance (64% of aggregate biomass) relative to 

other food items. This avoidance is likely because of low metabolizable energy (0.27 kcal/g) 

relative to other organisms (Jorde and Owen 1988). Salt marsh snails specifically, which were 

selected for, were found to provide more estimated metabolizable energy, 0.77 kcal/g (Coluccy 

et al. 2014), than periwinkles (Jorde and Owen 1988). It is likely salt marsh snails were less 

available or unavailable in Maine, an assumption based on the non-existence of salt marsh snails 

in the diet of birds collected by Jorde and Owen (1989) and the prevalence in the diet of birds 

collected in New Jersey (Costanzo 1988) and in my study. These results support the idea that 

while food availability plays a large role in the diet, nutritional quality and handling time of the 

food items may be more important (Emlen 1966).   

Much like comparisons of aggregate availability and consumption, foods consumed by 

black ducks in specific habitats did not tend be the most abundant foods found within the specific 
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habitat. For example in mudflat habitats, amphipods composed > 56% of the diet of ducks even 

though they composed only 0.25% of the biomass available. Similarly, salt marsh snails and 

ribbed mussels composed 21% and 19% of the diet in mudflat habitat respectively, but composed 

only 6% and 3% of the available biomass in mudflats. The ability of black ducks to utilize rare 

components of available resources, such as amphipods, as such a large component of the diet 

may be exaggerated in my study because of the influence of the tidal cycle on amphipod 

distribution and my sampling schedule. Black ducks feed in mudflats primarily during low tide 

cycles when mudflats are covered by shallow water or are completely exposed.  During this time 

amphipods can be concentrated in extremely high densities in small puddles that remain as the 

tide recedes. Although some food availability samples of mudflat habitats were taken during low 

tides, sampling for food availability usually occurred during high tides when mudflats were 

inundated allowing for easier boat access. This logistical limitation may contribute to the high 

selectivity of amphipods, but would not influence the high level of selectivity for salt marsh 

snails or ribbed mussels.  

I was primarily interested in estimating average total biomass during all time periods, 

regardless of tide cycle or weather. However, sampling periods potentially reflect times when 

amphipods or other food items were more or less concentrated, possibly biasing estimates of 

available invertebrate biomass and food selection by foraging black ducks. Alternatively, even 

though bristle worms compose 90% of the aggregate biomass of invertebrates in mudflats, and 

8% of the biomass in salt marsh, they are excluded from the diet of black ducks. This is possibly 

due to the handling time required to forage for bristle worms which may burrow deep within the 

mud column making the cost of handling outweigh the benefit of the nutritional return (Smith 

2001). 
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 Although food preference likely provides insight in to the selection and digestibility of 

food items, historic studies of black duck diet have not collected corresponding food availability 

data, thus I was limited to only historical diet data (Costanzo 1988, Jorde and Owen 1989) for 

comparison. Amphipods, ribbed mussels and salt-marsh snails were the primary foods consumed 

by black ducks on the Eastern Shore of Virginia. These three invertebrate taxa were found in 

highest concentrations in salt marsh and mudflat habitats (Chapter 1). Because salt marsh and 

mudflat habitats provide the highest amounts of overall invertebrate biomass and the highest 

amounts of preferred food biomass, these habitats are likely the most important for foraging 

black ducks wintering on the Eastern Shore of Virginia. 

Prior Study Comparison 

Animal matter accounted for 73% of the diet of black ducks collected in Virginia, 91% of 

diet in New Jersey (Costanzo 1988) and 96% of diet in Maine (Jorde and Owen 1989). Although 

the percentage of animal food found in the diet of black ducks in each study was similar, species 

composition within the diet varied substantially. The three food items consumed in the highest 

percentages by black ducks in Virginia were amphipods (21%), ribbed mussels (14%) and salt 

marsh snails (11%) (Table 2.1). In New Jersey, salt marsh snails accounted for 64% of the 

overall black duck diet while killifish (26%) and filamentous algae (3%) constituted most of the 

remaining diet (Costanzo 1988). Common periwinkle was the predominant food (24%) found in 

the diet of black ducks collected in Maine followed by amphipods and ribbed mussels at 22% 

each (Jorde and Owen 1989). 

In previous black duck diet studies, concurrent food availability data was not collected. 

This makes it difficult to draw conclusions regarding the cause of variation in the diet of black 

ducks between studies, specifically, whether variation is due to latitudinal variation in food 
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availability or food preference. Theoretically, waterfowl should consume food items based on the 

availability and nutritional values of individual food items (Stephens and Krebs 1986). Therefore 

any variation in diet between the studies in New Jersey (Costanzo 1988), Maine (Jorde and 

Owen 1989) and my study likely reflects variation in the availability of specific food items and 

the relative nutritional value of those food items within each region.  

It would be expected that preferred food items, like salt marsh snails, would have the 

highest levels of true metabolizable energy (TME). In a study of the TME values of American 

black duck foods, Coluccy et al. (2014) found that salt marsh snails actually provided the lowest 

value of TME but the highest rate of digestive efficiency, amongst seven common black duck 

food items (killifish, grass shrimp, fiddler crabs, saltmarsh cordgrass seeds, sea lettuce, wigeon 

grass and saltmarsh snails). Apparently,  digestive efficiency, availability, and ease of handling 

outweigh the relatively low value of TME provided by this preferred food item; explaining the 

high composition of salt marsh snails in the diet of black ducks collected in New Jersey by 

Costanzo (1988).  As discussed previously, periwinkles which were readily abundant in my 

study were avoided by black ducks in all habitats in which they were encountered. I would only 

expect periwinkles to be consumed in higher quantities if the availability of salt marsh snails 

decreased.   

The higher occurrence of vegetation found in the diet of black ducks collected in Virginia 

relative to the previous studies is also of interest. Plant matter accounted for 17% of the overall 

biomass in the diet of black ducks collected in Virginia, compared to 7% and 4% of the overall 

biomass respectively in the diet of black ducks collected in New Jersey and Maine, resepctively. 

Higher consumption of plant materials by black ducks wintering in coastal Virginia compared to 

their northern counterparts could be compensation for lower availabilities of preferred 
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invertebrate food items. It is possible that temporal declines or spatial variation in invertebrate 

biomass has caused black ducks in the southern portion of their wintering range to consume 

more plant material than black ducks historically consumed or to consume more plant material 

than their northern wintering counterparts.  

A similar shift was found, albeit on a much larger scale, in Atlantic Brant (Branta 

bernicula) when a pathogenic mold caused an extensive die-off of marine eelgrass (Zostera 

marina). The loss of this primary food source resulted in increased consumption of sea lettuce 

and extensive declines (80–90%) in Atlantic Brant populations (Ward et al. 2005, Rasmussen 

2007). Furthermore, increased consumption of sea lettuce was noted in New Jersey by Costanzo 

(1988) during freeze events when black ducks were unable to forage in the salt marsh for salt 

marsh snails. The consumption of foods with lower nutritional values would negatively influence 

the ability of black ducks to acquire the nutrients needed for the overwinter period, spring 

migration and the subsequent breeding season. The inability to acquire these nutrients could 

negatively affect populations of American black ducks wintering in the mid-Atlantic region and 

result in fewer black ducks utilizing the southern portion of their wintering range. 

Preferred Food Availability  

As noted by Plattner et al. (2010), the removal of ribbed mussels from available biomass 

estimates is controversial considering this food item made up of 21% of the diet of black ducks 

wintering in Maine collected by Jorde and Owen in 1990, made up 13% of the diet of black 

ducks we collected in Virginia and were consumed at levels greater than there availability in my 

study (Chapter 2). It is likely more appropriate to include ribbed mussels as a potential food 

source for black ducks. When I included ribbed mussels but removed other invertebrates that 

were found to be avoided by foraging black ducks during the second year of our study, it had 
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substantially different results on our estimates of available biomass relative to removing the 4 

taxa as previously described. In my study specific comparison (Chapter 2) salt marsh biomass 

was decreased by 35% as opposed to 53% in the first year of the study and 76% as opposed to 

12% during the second year of the study whereas mudflat habitat was decreased by 97% as 

opposed to 25% the first year of the study and 96% as opposed to 91% the second year (Table 

2.14). These differences are primarily due to ribbed mussels being included in the biomass 

estimates while Littorinidae (common periwinkles) and Nassarridae (mud whelks) were 

excluded.  

 Plattner et al. (2010) suggested black ducks are more likely limited by wintering habitat 

primarily because density of food items important in the diet of black ducks during the wintering 

period were considerably lower on Long Island, NY than estimates from the wintering regions of 

other species of dabbling ducks. My results as well as Cramer et al.’s (2012) have corroborated 

the New York study, finding that food availability at 2 other coastal wintering areas was similar 

to or lower than food availability estimates for black ducks on Long Island and well below the 

400 kg/ha to as high as 3,155 kg/ha estimates of moist soil seed biomass typically found in 

inland wintering habitats of other dabbling ducks (Fredrickson and Taylor 1982, Naylor 2002, 

Penny 2003, Bowyer et al. 2005). 

 When using bioenergetically based habitat objectives for future black duck conservation 

efforts, it is import for planners to use estimates of preferred food biomass in their bioenergetics 

models. When avoided food items are removed, estimates of available food biomass decrease 

substantially, (up to 97% in my study) further emphasizing the discrepancies in estimate of food 

availability between coastal black duck wintering areas and estimates from the wintering regions 

of other species of dabbling ducks.  Additionally, the majority (96%) of black ducks in my study 
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were collected in tidally influenced wetlands, 86% of these were collected while foraging during 

tidal peaks, either feeding on mudflats on low tides or feeding in salt marshes near high tide. 

When tidal water levels become too high or too low for foraging black ducks, these food 

resources are unavailable, further reducing the availability of preferred food biomass and 

compounding food resource limitations in coastal wintering areas  
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CHAPTER 4 

 

IMPLICATIONS FOR COASTAL HABITAT MANAGEMENT FOR WINTERING AND 

STAGING AMERICAN BLACK DUCKS 

 Recent research on black duck ecology has focused on quantifying foraging value and 

estimating energetic carrying capacity for wintering black ducks in the Atlantic Flyway. The 

specific objective of my research was to provide an accurate estimate of food availability at a 

primary wintering area, the Eastern Shore of Virginia. My study showed that the amount of 

preferred food biomass available to black ducks wintering in the study area is lower in important 

foraging habitats, than amounts found on Long Island, NY and in New Jersey, and considerably 

lower than amounts found in wintering regions of other species of dabbling ducks. Lower 

amounts of preferred food biomass could result in the ability of coastal Virginia wintering 

habitats to support comparatively lower numbers of American black ducks.  

 Similar to Plattner et al. 2010, my findings show that salt marshes and associated 

estuarine habitats, specifically mudflats and pools within salt marshes, provide the most food 

resources for wintering black ducks. The high frequency of occurrence of these habitats and the 

stability of food resources within these habitats likely explains why coastal wintering black 

ducks are so reliant on salt marsh wetlands. Because of this reliance, the degradation of these 

habitats could have negative impacts on black duck populations and may explain why black 

ducks populations have not been as positively responsive as other species of waterfowl to 

freshwater habitat restoration practices and continue to experience population trajectories below 

North American Waterfowl Management Plan goals.    

 As previously noted, significant annual variation in invertebrate biomass availability was 

identified in both this and Plattner et al.’s (2010) study. Although both studies extended for only 
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two years this suggests an unknown amount of annual variation occurs and understanding the 

distribution of that variation will be critical when developing bioenergetically based habitat 

objectives adequate to support desired populations. I suggest a long-term monitoring program be 

established in the most important black duck habitats, salt marshes, to better understand this 

variation and to develop more accurate long-term biomass patterns.  

 Rising sea levels, coastal erosion, invasive species and anthropogenic disturbances are 

three primary threats to salt marsh habitats in Virginia. To improve habitat for black ducks 

wintering on the Eastern Shore of Virginia, efforts should be focused on the protection and 

restoration of these habitats. These efforts not only directly protect habitats but also reduce the 

potential for human disturbance of wintering waterfowl, which can cause added energy 

expenditures during the wintering period. These habitats are also critical for a plethora of other 

salt marsh dependent species, many of which are experiencing similar population trends as the 

American black duck.  

 Although, there are areas within our study site where the natural hydrology of salt marsh 

habitats has been altered for various purposes (e.g., irrigation, transportation, mosquito control, 

impounded waterfowl habitat), the hydrology of salt marsh habitats in Virginia has not been as 

intensively altered as salt marsh habitats in other states. Restoring the natural hydrology to these 

altered areas by removing devices designed to impound water and restoring tidal flow will likely 

increase the amount of invertebrate biomass available to foraging black ducks.  Likewise, 

plugging areas that have been drained for mosquito control or other reasons will help restore 

natural freshwater pools which provide critical vertebrate and invertebrate communities for 

forage as well as sources of freshwater, and loafing areas protected from human disturbance. 

Additional ways to improve the value of salt marsh habitat to wintering waterfowl in this region 
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is to control invasive species such as Phragmites australis. This invasive marsh reed grows in 

dense stands and dominates native vegetation stands, in turn altering the natural salt marsh 

ecosystem important to foraging black ducks.  

 Future research on black ducks wintering in the Chesapeake Bay region and throughout 

the Atlantic Flyway should also focus more on inland wetland habitats utilized by black ducks 

similar to traditional coastal areas. Although these areas may not support the numbers of 

waterfowl as traditional coastal areas such as the Delmarva Peninsula, habitats in these regions 

are similarly important for migratory waterfowl wintering in the Atlantic Flyway and can be 

impacted more drastically by wetland loss and development. 
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Table 1.1 Results of a repeated measures ANOVA comparing seed biomass among 4 habitat 

types, 2 years and 4 sampling sessions for wintering American black ducks on the Eastern Shore 

of Virginia, 2006–2008.              

   Numerator  Denominator   

Effect   DF   DF  F Value Pr>F   

Habitat   3   10  60.43  0.0001  

Session  2     2    0.32  0.7297  

Year   1   10    0.31  0.5915 

Habitat*Session 6   20    1.03  0.4328 

Habitat*Year  3   10    0.38  0.7701   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



46 

 

 

Table 1.2 Combined sample size (n) estimates of mean ( X ) seed biomass (kg/ha) and standard 

errors (SE) for habitat types on the Eastern Shore of Virginia during the  

2006–2007 and 2007–2008 field seasons.         

Habitat Type  n  ( X )            SE     

Brackish Water   24   50.5             21 

Fresh Water  162            245.8             24 

Mudflat   160   25.3    4   

Salt Marsh  279   38.6    4     
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Table 1.3 Results of a repeated measures ANOVA comparing invertebrate  

biomass among 4 habitat types, 2 years and 4 sampling sessions.      

   Numerator  Denominator 

Effect   DF   DF  F Value Pr.>F   

Habitat   3   10  9.13  0.0033 

Session  2   20  0.62  0.5478 

Year   1   10  3.72  0.0827 

Habitat*Session 6   20  2.08  0.1020 

Habitat*Year  3   10  3.06  0.0781   
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Table 1.4 Sample size (n) estimates of mean ( X ) invertebrate biomass (kg/ha) and standard 

errors (SE) for habitat types on the Eastern Shore of Virginia during the  

2006–2007 (1) and 2007–2008 (2) field seasons.        

Habitat Type  Year  n  ( X )             SE   

Brackish Water 1    18    32.8   10.1 

Fresh Water  1  119    29.1     5.5 

Mudflat  1  119  264.3   66.0 

Salt Marsh  1  209  929.4            230.2 

Brackish Water 2      6      2.4                0.6 

Fresh Water  2    42    78.2   29.8 

Mudflat  2    40    90.6     2.2 

Salt Marsh  2    68  106.7              53.9   
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Table 1.5 Estimates of mean ( X ) invertebrate biomass (kg/ha) and standard errors (SE) for 

habitat types on Long Island, New York (LI) in year 1 (2004–2005) and year 2 (2005–2006) 

Plattner et al. 2009, in Southern New Jersey (NJ) (2006–2008) Cramer et al. 2012, and on the 

Eastern Shore of Virginia (VA) in year 1 (2006–2007) and year 2 (2007–2008).    

Habitat type   LI 1       LI 2                     NJ                    VA 1                VA 2  

Brackish Water   21 (9)         7 (2)                N/A                 33 (10)            2 (0.5) 

Fresh Water   30 (8)              435 (304)              25 (6)                 29 (6)       78 (30) 

Mudflat  11,061 (3,994)         1,051 (645)     3,318 (1,472)          264 (66)         92 (2) 

Salt Marsh        597 (291)           1,073 (545)        N/A             929 (230)         107 (54)  
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Table 1.6 Estimates of mean ( X ) invertebrate biomass (kg/ha) and standard errors (SE) for 

habitat types on Long Island, New York (LI) in year 1 (2004–2005) and year 2 (2005–2006) 

Plattner et al. 2009, in Southern New Jersey (NJ) (2006–2008) Cramer et al. 2012, and on the 

Eastern Shore of Virginia (VA) in year 1 (2006–2007) and year 2 (2007–2008). With the 

removal of food items not commonly consumed by wintering black ducks as analyzed by 

Plattner et al.l 2009.             

Habitat type  LI 1      LI 2     NJ          VA 1               VA 2  

Brackish Water  5 (3)            0.3 (0.2)             N/A                     4 (3)                 1(0.5) 

Fresh Water           15 (4)             306 (286)            12 (2)                    7 (1)       19 (6) 

Mudflat   1,204 (532)                85 (63)     1,516 (898)             200 (66)                  8 (4) 

Salt Marsh           34 (6)                   35 (4)             N/A  434 (107)             94 (54)  
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Table 1.7 Estimates of mean ( X ) seed biomass (kg/ha) and standard errors (SE) for habitat types 

on Long Island, New York (LI) (2004–2006) Plattner et al. 2009, in Southern New Jersey (NJ) 

(2006–2008) Cramer et al. 2012, and on the Eastern Shore of Virginia (VA) (2006–2008).  

Habitat type    LI            NJ         VA    

Brackish Water         100 (33)            N/A           51 (21) 

Fresh Water         260 (47)        442 (61)         246 (24) 

Mudflat            63 (37)          36 (12)             25 (4) 

Salt Marsh               102 (30)            N/A             39 (4)    
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Table 2.1 Aggregate percent biomass of all foods found in the diet of American black ducks on 

the Eastern Shore of Virginia (n = 50). Trace amounts (<0.0001 Excluded)    

Food Item  Avg. Weight (g) % Agg. Biomass SE % Agg Biomass  

Invertebrate 

Amphipoda    0.104   21.31   5.08 

Ellobiidae   0.539   10.53   2.92  

Diptera    0.002     0.68             0.33  

Hydrobiidae   0.042     6.16   1.92 

Isopoda    0.001     1.34   0.94 

Littorinidae  .  0.003     0.04   0.03 

Mytilidae   0.109   13.79   0.11 

Ocypodidae    0.019     3.86   1.89 

Oligochaeta   0.001     0.47   0.34 

Paleomonidae   0.188     3.86   1.89 

Physidae   0.015     0.67   0.46  

Polychaeta    0.001     0.84   0.47 

Veneridae   0.001     2.00   1.41 

 

Vertebrate 

Fundulidae   0.301     5.44   2.15 

 

Seed 

Carex    0.010     0.44   0.33 

Ipomoea   0.004     0.15   0.15 

Panicum   0.007     0.30   0.30   

Polygonum   0.009     0.46   0.30 

Ruppia    0.011     1.75   1.55 

Sagittaria .   0.007     1.94   1.94 

Spartina    0.013     2.75   1.56 

     

Vegetation 

Filamentous Algae  0.045   11.07   3.03 

Ruppia    0.009     5.03   2.03   
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Table 2.2 Aggregate percent biomass of foods found in the diet of American black ducks 

collected in brackish water habitats on the Eastern Shore of Virginia (n = 4). Trace amounts 

(<0.0001 Excluded)           

Food Item  Avg. Weight (g) % Agg. Biomass SE % Agg Biomass  

Invertebrate 

Amphipoda   0.008   25.82           17.87 

Hydrobiidae   0.188   20.98           10.98 

Mytilidae    0.008   24.21           16.82  

Paleomonidae   0.001     0.16   0.16 

     

Vegetation 

Ruppia    0.013   25.88           24.72 

Ulva    0.024     2.65   2.65   
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Table 2.3 Aggregate percent biomass of foods found in the diet of American black ducks 

collected in fresh water habitats on the Eastern Shore of Virginia (n = 2). Trace amounts 

(<0.0001 Excluded)           

Food Item  Avg. Weight (g) % Agg. Biomass SE % Agg Biomass  

Invertebrate 

Diptera    0.003     0.75             0.75 

Dytiscidae   0.007     0.29             0.29 

Isopoda    0.001     0.08             0.08  

Physidae   0.372   16.75           15.52   

       

Seeds 

Carex    0.251   10.96           10.96 

Digitaria   0.006     0.27   0.27 

Ipomoea   0.088     3.85   3.85  

Panicum   0.172     7.50   7.50 

Polygonum   0.238   10.04            10.04 

Sagittaria   0.182   48.56            48.56 

Unknown   0.136     0.59   0.59   
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Table 2.4 Aggregate percent biomass of foods found in the diet of American black ducks 

collected in mudflat habitats on the Eastern Shore of Virginia (n = 17). Trace amounts (<0.0001 

Excluded)            

Food Item  Avg. Weight (g) % Agg. Biomass SE % Agg Biomass  

Invertebrate 

Amphipoda    0.303   56.08            16.34 

Hydrobiidae   0.001     1.23   1.23  

Isopoda    0.001     3.94   3.92 

Mytilidae   0.049   16.88   6.89 

Paleomonidae   0.549   11.73   8.03 

Polychaeta    0.003     2.40   1.94  

 

Vertebrates 

Fundulidae   0.004     0.19   0.19 

          

Seeds 

Ruppia    0.001     0.05             0.05 

Scirpus     0.001     1.17   1.17 

Spartina    0.001     5.94   5.88   

Polygonum   0.001     0.13            0.11   
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Table 2.5 Aggregate percent biomass of foods found in the diet of American black ducks 

collected in salt marsh habitats on the Eastern Shore of Virginia (n = 16). Trace amounts 

(<0.0001 Excluded)           

Food Item  Avg. Weight (g) % Agg. Biomass SE % Agg Biomass  

Invertebrate 

Amphipoda    0.001     0.15    0.07 

Ellobiidae   0.798   21.37   9.76 

Corixidae    0.002     0.11   0.11 

Diptera   0.006     1.99   1.43 

Dytiscidae   0.001     0.32   0.32  

Hydrobiidae   0.059     8.26   6.37 

Libellulidae   0.002     0.02   0.02 

Mytilidae   0.285   19.10   8.64 

Oligochaeta   0.002     1.48   1.48 

Ocypodidae   0.048   11.92   8.14 

Paleomonidae   0.002     6.29   6.25 

Veneridae   0.001     6.25   6.25 

 

Vertebrates 

Fundulidae   0.332    10.84   7.41   

      

Seeds 

Spartina sp.    0.005     1.71   1.33   

 

Vegetation 

Filamentous Algae  0.005     0.26   0.26 

Ruppia    0.005     3.52   3.51   
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Table 2.6 Aggregate percent biomass of foods found in the diet of American black ducks 

collected in freshwater high marsh habitats on the Eastern Shore of Virginia (n = 11). Trace 

amounts (<0.0001 Excluded)          

Food Item  Avg. Weight (g) % Agg. Biomass SE % Agg Biomass  

Invertebrate 

Amphipoda   0.003     0.63   0.61 

Ellobiidae   1.288   16.76           11.26 

Diptera   0.003     0.05   0.05 

Hydrobiidae   0.037     6.45   3.33 

Littorinidae    0.016     0.18   0.18 

Ocypodidae   0.015     0.18   0.13 

 

Vertebrates 

Fundulidae   0.877     8.67   8.67 

          

Seeds 

Ruppia    0.052     7.80   6.99 

Spartina   0.049     0.83   0.81   

 

Vegetation 

Filamentous Algae   0.196   49.94           14.66 

Ruppia    0.030     8.31   8.31   
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Table 2.7. A Z-test comparison of the aggregate percent biomass of invertebrate and seed taxa 

found in the diet of black ducks collected in Virginia compared to their availability in all 

habitats.  Food items were classified as being selected for, avoided or consumed relative to their 

availability (CRTA).            

 

Invert Taxon     Z-test result     

 Amphipoda    Selected For (P = 0.0022) 

Ellobiidae    Selected For (P = 0.0180) 

 Hydrobiidae    Selected For (P = 0.0454) 

Mytilidae    Selected For (P = 0.0024)  

Paleomonidae    Selected For (P = 0.0001) 

Arachnida    CRTA 

Diptera    CRTA 

Dytiscidae    CRTA 

 Isopoda    CRTA 

 Libeullidae    CRTA 

Ocypodidae    CRTA 

Physidae    CRTA 

Veneridae    CRTA 

 Ceratopognidae   Avoided (P = 0.0002) 

 Chironimidae    Avoided (P = 0.0001) 

 Cladocera     Avoided (P = 0.0031)  

 Collembolla    Avoided (P = 0.0598) 

 Copepoda    Avoided (P = 0.0001) 

 Doliochopodidae   Avoided (P = 0.0676) 

 Littorinidae     Avoided (P = 0.0188) 

 Nematoda    Avoided (P = 0.0006) 

 Nematomorpha   Avoided (P = 0.0303) 

 Oligochaeta    Avoided (P = 0.0001) 

 Ostracoda    Avoided (P = 0.0455) 

 Planorbidae    Avoided (P = 0.0083) 

 Polychaeta    Avoided (P = 0.0001) 

 

Seed Taxon     Z-test result     

 Alismataceae    CRTA 

 Convulvulaceae   CRTA 

 Polygonaceae    CRTA 

 Cyperaceae    Avoided (P = 0.0001) 

Lythraceae    Avoided (P = 0.0014) 

Myricaceae    Avoided (P = 0.0024) 

Pinaceae    Avoided (P = 0.0001) 

Poaceae    Avoided (P = 0.0001) 

Urticaceae    Avoided (P = 0.0007) 
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Table 2.8. A Z-test comparison of the aggregate percent biomass of invertebrate and seed taxa 

found in the diet of black ducks collected in Virginia compared to their availability in inland 

freshwater habitats.  Food items were classified as being selected for, avoided or consumed 

relative to their availability.           

 

Invert Taxon     Z-test result     

Diptera   CRTA 

Dytiscidae    CRTA 

Isopoda    CRTA 

Physidae    CRTA 

Amphipoda    Avoided (P = 0.0243) 

Chironimidae     Avoided (P = 0.0001) 

Cladocera    Avoided (P = 0.0033) 

Collembolla    Avoided (P = 0.0786) 

Copepoda    Avoided (P = 0.0001) 

Nematoda    Avoided (P = 0.0275) 

Nematomorpha   Avoided (P = 0.0633) 

Oligochaeta    Avoided (P = 0.0001) 

Planorbidae    Avoided (P = 0.0073) 

Sphaeriidae    Avoided (P = 0.0085) 

 

 

 

 

Seed Taxon     Z-test result     

Alismataceae    CRTA 

Convulvulaceae   CRTA 

Cyperaceae    CRTA 

Polygonaceae    CRTA 

Lythraceae    Avoided (P = 0.0009) 

Pinaceae    Avoided (P = 0.0012) 

Poaceae    Avoided (P = 0.0001) 

Urticaceae    Avoided (P = 0.0009) 
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Table 2.9. A Z-test comparison of the aggregate percent biomass of invertebrate and seed taxa 

found in the diet of black ducks collected in Virginia compared to their availability in brackish 

water habitats.  Food items were classified as being selected for, avoided or consumed relative to 

their availability (CRTA).          

 

Invert Taxon     Z-test result     

Amphipoda    CRTA 

Hydrobiidae    CRTA 

Mytilidae    CRTA 

Polychaeta    Avoided (P = 0.0001) 

  

Seed Taxon     Z-test result     

Amaranthaceae   Avoided (P = 0.0001) 

             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



61 

 

Table 2.10. A Z-test comparison of the aggregate percent biomass of invertebrate and seed taxa 

found in the diet of black ducks collected in Virginia compared to their availability in salt marsh 

habitats.  Food items were classified as being selected for, avoided or consumed relative to their 

availability (CRTA).            

 

Invert Taxon     Z-test result     

Mytilidae    Selected For (P.=.0.0600) 

Arachnida    CRTA 

Diptera   CRTA 

Dytiscidae    CRTA 

Ellobidae    CRTA 

Hydrobiidae    CRTA 

Isopoda    CRTA 

Libeullidae    CRTA 

Oligochaeta    CRTA 

Ocypodidae    CRTA 

Veneridae    CRTA 

Amphipoda    Avoided (P = 0.0005) 

Ceratopognidae   Avoided (P = 0.0001) 

Chironimidae    Avoided (P = 0.0319) 

Copepoda    Avoided (P = 0.0673) 

Littorinidae    Avoided (P = 0.0285) 

Nematoda    Avoided (P = 0.0002) 

Polychaeta    Avoided (P = 0.0001) 

 

Seed Taxon     Z-test result     

Polygonaceae    CRTA 

Ruppiaceae    CRTA 

Poaceae    Avoided (P = 0.0001) 
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Table 2.11. A Z-test comparison of the aggregate percent biomass of invertebrate and seed taxa 

found in the diet of black ducks collected in Virginia compared to their availability in mudflat 

habitats.  Food items were classified as being selected for, avoided or consumed relative to their 

availability (CRTA).            

 

Invert Taxon     Z-test result     

Amphipoda    Selected For (P = 0.0006) 

Mytilidae    Selected For (P = 0.0190) 

Hydrobiidae    CRTA 

Isopoda    CRTA 

Paleomonidae    CRTA 

Copepoda    Avoided (P = 0.0244) 

Nematoda    Avoided (P = 0.0455) 

Ocypodidae    Avoided (P = 0.0684) 

Polychaeta    Avoided (P = 0.0001)   

 

Seed Taxon      Z-test result     

Cyperaceae    CRTA 

Poaceae    CRTA 

Polygonaceae    CRTA 

Ruppiaceae    CRTA 
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Table 2.12. A comparison of the primary invertebrate food items consumed by American black 

ducks in Virginia and overall availability estimates (kg/ha) on the Eastern shore of Virginia and 

on Long Island, New York.           

Food Item  VA (kg/ha)  NY (Kg/ha)  % Difference   

Amphipods     1.2±0.3      5.9    80  

Salt Marsh Snails    7.8±2.2               32.9    76 

Ribbed Mussels       169.2±73.0           1,342.0    88 

Gem Clams     0.1±.05             819.0    99 

Fiddler Crabs               27.6±8.7               10.0              -65 

Mud Whelks     1.4±.68               27.5    95 

Grass Shrimp                1.3±.69               10.0    87   
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Table 2.13 Estimates of mean ( X ) invertebrate biomass (kg/ha), standard errors (SE), and the % 

decrease from overall estimates of invertebrate biomass for habitat types on the Eastern Shore of 

Virginia during the 2006–2007 (1) and 2007–2008 (2) field seasons. With the removal of foods 

found selected against by foraging black ducks in our study specific comparison.   

Habitat Type  Year  ( X )  SE          % Decrease   

Brackish Water 1    1.4    0.8     96 

Fresh Water  1    1.2    0.4     96 

Mudflat  1               9.6    3.5      97 

Salt Marsh  1           606.3           209.6                35 

Brackish Water 2    0.8       0.1                67 

Fresh Water  2             10.1    3.9     87 

Mudflat  2    3.3    1.2     96 

Salt Marsh  2  25.1    7.2     76   
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Table 2.14 Estimates of mean ( X ) invertebrate biomass (kg/ha), standard errors (SE), and the % 

decrease from overall estimates of invertebrate biomass for habitats on the Eastern Shore of 

Virginia during the 2006–2007 (1) and 2007–2008 (2) field seasons. With the removal of 

invertebrates from the class Polychaeta, the families Mytilidae, Oligochaeta, and Veneridae, 

food items not commonly consumed by foraging black ducks.      

Habitat Type  Year  ( X )    SE                     % Decrease  

Brackish Water 1  3.7    2.5    88 

Fresh Water  1  7.2    0.9    75 

Mudflat  1         199.4  66.0    25 

Salt Marsh  1        433.9           106.5    53 

Brackish Water 2  0.8    0.4    77 

Fresh Water  2           18.5    5.5    76 

Mudflat  2  7.9    4.2    91 

Salt Marsh  2           94.4  54.0    12   
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Figure 1.1 Map of study area, Accomack and Northampton counties, Virginia and sampling 

locations used to estimate foods available for American Black Ducks during the fall, winter and 

spring of 2006-2007 and 2007-2008 
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APPENDIX A 

A1. Aggregate percent biomass of food items found in core and dip net samples collected on the 

Eastern Shore of Virginia in brackish water habitats in year 1 (2006–2007) n = 36 and year 2 

(2007–2008) n = 12 of our study. Food items less than <0.1% were considered as trace and not 

included. 

             

 

Food Item   Year 1    Year 2 

    Agg %    Agg % 

             

 

Total Invertebrates 

 

 Amphipoda  7.1    6.0 

 Arachnida  0.4    0.0 

Ceratopogonidae 0.5    4.5  

Chirononmidae 3.9             10.0 

Cicadellidae  0.2    0.0    

 Copepoda  5.2    0.0  

Diptera  0.0    2.0    

 Dytiscidae  0.0    4.0 

Hirudinea  1.0    0.0 

Hydrobiidae  1.7    8.0 

Isopoda  1.9    0.0 

Lycidae  0.2    0.0  

Nematoda  0.7    0.0 

Oligochaeta           25.7    0.0 

Ostracoda  1.0    2.0 

Paleomonidae           17.0    0.0 

Physidae  1.0    0.0 
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Polychaeta           28.6             63.5 

Stratiomyidae  1.8    0.0 

Unknown  0.2    0.0  

Total Seeds 

 Amaranthaceae 7.5    2.5 

 Asteraceae           12.4    0.5 

 Cornaceae  0.0             59.3 

 Cupressaceae  0.0    4.3 

 Cyperaceae  4.4    4.5 

 Ericaceae  0.2    0.0 

 Euphorbiaceae  0.2    0.0 

 Lythraceae  0.1    0.0 

 Myricaceae  1.0    0.0 

 Najadaceae  1.0    0.0 

 Pinaceae  1.7    1.0 

 Poaceae            15.7    2.4 

 Polygonaceae           47.8             28.0 

 Unknown  7.3    0.2 
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A2. Aggregate percent biomass of food items found in core and dip net samples collected on the 

Eastern Shore of Virginia in freshwater habitats in year 1 (2006–2007) n = 240 and year 2 

(2007–2008) n = 80 of our study. Food items less than <0.1% were considered as trace and not 

included. 

             

 

Food Item   Year 1    Year 2 

    Agg %    Agg % 

             

 

Total Vertebrates 

 Anuran Tadpole 0.4    0.0 

Total Invertebrates 

 Aeshnidae  0.6    0.0 

 Amphipoda  1.5    1.1 

 Arachnida  0.3    0.5 

 Baetidae  0.6    0.4 

Belostomatidae 0.2    0.0 

 

Caenidae  0.7    Tr. 

Ceratopogonidae 1.3    0.2 

Cambaridae  0.5    0.0  

Chirononmidae          15.4    6.6 

Cladocera  5.1    1.2 

Coenagrionidae 4.5    0.4 

Collembola  0.7    0.1 

Copepoda  7.6    2.1 

Corixidae  0.2    0.0 

Culicidae  0.3    0.0 
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Cyclopoida  0.3    0.0 

Daphniidae  0.3    0.0 

Diptera  Tr.    0.4 

Dytiscidae  1.7    0.0 

Elmidae  0.3    0.0 

Haliplidae  2.7    0.3 

Hemiptera  0.0    2.7 

Hirudinea  0.5    0.7 

Hydrachnidae  0.1    0.0 

Hydridae  0.2    Tr. 

Hydrobiidae  2.1    1.4 

Hydrophilidae  0.4    0.0 

Isopoda  0.9    0.8 

Lestidae  0.1    Tr. 

Libellulidae  3.0    0.5 

Littorinidae  0.0    1.8 

Lymnaeidae  0.6    0.0 

Lycidae  0.2    0.0 

Naucoridae  0.1    0.0 

Nematoda  1.4    0.2 

Nematamorpha 0.1    0.1 

Oligochaeta           26.5             72.5 

Ostracoda  0.2    0.0 
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Paleomonidae  0.4    0.0 

Physidae  4.3    Tr. 

Planorbidae  5.5    2.2 

Polychaeta  1.5    Tr. 

Pyralidae  0.0    0.6 

Sphaeriidae  3.3    1.3 

Tabonidae  0.2    0.0 

Veneridae  0.6    0.0 

Unknown  0.9    0.1 

Total Seeds 

 Aceraceae  0.1    1.1 

 Alismataceae  3.2    0.3 

 Amaranthaceae 0.2    0.7 

 Anacardiaceae  0.6    0.5 

 Apiaceae  Tr.    0.2 

 Araliaceae  0.1    Tr. 

 Asteraceae  2.0    4.1 

 Aquifoliaceae  1.1    Tr. 

 Balsaminaceae 0.4    0.2 

 Betulaceae  0.6    0.0 

 Brassicaceae  0.4    Tr. 

 Caprifoliaceae  0.3    Tr. 

Caryophyllaceae 0.0    0.5 
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Chenopodiaceae Tr.    2.6 

Convulvulaceae 0.1    0.1 

Cornaceae  6.8    5.0 

Cupressaceae  0.4    0.0 

Cuscutaceae  0.0    0.1 

Cyperaceae  7.1             10.0 

Ericaceae  0.3    Tr.  

Euphorbiaceae  0.6    Tr. 

Fabaceae  1.5    0.9 

Fagaceae  1.4    0.6 

Hamamelidaceae 0.0    0.2 

Juglandaceae  3.2    0.0 

Lythraceae  2.0    3.1 

Magnoliaceae  0.0    0.3 

Myricaceae  9.7    7.2 

Nymphaeae  0.7    6.0 

Pinaceae  4.6    8.9 

Phytolaccaceae 0.0    3.0 

Poaceae           14.1    7.8 

Polygonaceae           22.5              28.6 

Portulacacea  0.0    0.1 

Potamogetonaceae 0.4    0.2 

Rosaceae  3.9    0.3 
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Rubiaceae  Tr.    0.6 

Smilacaceae  0.7    0.0 

Sparganiaceae  0.1    0.0 

Ulmaceae  0.3    1.5 

Urticaceae  0.3    1.4 

Violaceae  0.1    0.5 

Vitaceae  3.7    2.4 

Unknown  3.4    0.7 
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A3. Aggregate percent biomass of food items found in core and dip net samples collected on the 

Eastern Shore of Virginia in mudflat habitats in year 1 (2006–2007) n = 120 and year 2 (2007–

2008) n = 40 of our study. Food items less than <0.1% were considered as trace and not 

included. 

             

 

Food Item   Year 1    Year 2 

    Agg %    Agg % 

             

 

Total Invertebrates 

 Amphipoda  3.0    0.3 

 Ceratopogonidae 0.2    0.2 

 Chirononmidae 0.7    Tr.  

 Cladocera  0.2    Tr. 

 Cicadellidae  0.1    0.0 

 Copepoda  2.1    0.1 

 Diptera 0.1    Tr.  

 Doliochopodidae 1.4    Tr. 

 Hirudinea  0.8    0.0  

 Hydrachnidae  0.6    0.0 

 Hydrochidae  0.0    0.8 

 Isopoda  0.3    0.7 

 Littorinidae  7.6    0.0 

 Mytilidae  1.2    0.4 

 Nassariidae  4.2    0.0  

 Nematoda  1.0    Tr. 

 Oligochaeta  9.4    0.5 
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 Ocypodidae  4.0    6.1 

 Platyhelminthes 0.8    0.0 

 Polychaeta           58.9             90.0 

 Veneridae  0.9    0.4 

 Unknown  Tr.    Tr.  

Total Seeds 

 Alismataceae  0.2    Tr. 

 Anacardiaceae  3.3    0.0 

 Asteraceae  0.1    Tr. 

 Aquifoliaceae  7.7    8.2 

 Convulvulaceae 2.4    0.0 

 Cornaceae  1.1    0.0 

 Cyperaceae  0.9    1.1 

 Euphorbiaceae  0.6    0.0  

 Lamiaceae  0.2    0.0 

 Malvaceae  0.1    0.0 

 Myricaceae           14.2    1.8 

 Phytolaccaceae 0.2    0.0 

 Pinaceae  4.6             63.2 

 Poaceae           11.2     1.6 

 Polygonaceae           34.2    4.2 

 Potamogetonaceae 0.3    0.0 

 Rananculaceae 0.2    0.0 
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 Rosaceae  7.6    0.0 

 Ruppiaceae  0.2    0.0 

 Salicaceae  0.2    0.0 

 Ulmaceae  0.6    0.0 

 Urticaceae  0.0    0.3 

 Vitaceae           14.3    0.0 

 Unknowns  4.9    9.4 
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A4. Aggregate percent biomass of food items found in core and dip net samples collected on the 

Eastern Shore of Virginia in salt marsh habitats in year 1 (2006–2007) n = 209 and year 2 (2007–

2008) n = 70 of our study. Food items less than <0.1% were considered as trace and not 

included. 

             

 

Food Item   Year 1    Year 2 

    Agg %    Agg % 

             

 

Total Invertebrates 

 Amphipoda  4.8    2.9 

 Arachnida  0.9    0.7 

 Ceratopogonidae 2.7    0.6 

 Chirononmidae 2.2    0.3 

 Cladocera  0.3    Tr. 

 Cicadellidae  0.5    Tr.  

 Copepoda  4.5    0.3 

 Diptera  0.2    Tr.  

 Doliochopodidae 0.1    0.1  

 Dytiscidae  0.5    Tr.  

 Ellobiidae  8.4    6.0 

 Ephydridae  0.5    0.2 

 Grapsidae  0.3    0.0 

 Hydrobiidae  0.4    1.1 

 Hydrophilidae  0.3    0.1 

 Isopoda  0.2    0.2 

 Libellulidae  0.0    0.2 
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 Littorinidae  6.5              64.1 

 Lymnaeidae  0.2    Tr. 

 Mytillidae  6.0    2.9 

 Nassariidae  0.9    0.0 

 Nematoda  1.4    0.1 

 Oligochaeta            13.4    0.1 

 Ocypodidae            13.7              10.7 

 Ostracoda  0.1    Tr. 

 Polychaeta           25.8    8.2 

 Sphaeriidae  0.7    0.0 

 Stratiomyidae  0.5    0.2 

 Tabonidae  1.4    0.0 

 Veneridae  0.3    0.4 

 Unknown  0.3    Tr.  

Total Seeds 

 Aceraceae  Tr.     1.1 

 Alismataceae  Tr.     0.3 

 Amaranthaceae 0.3    0.7 

 Anacardiaceae  0.0    0.5 

 Apiaceae  0.0    0.2 

 Aquifoliaceae  3.5    Tr. 

 Asteraceae  0.5    4.1 

 Balsaminaceae 0.0    0.2 
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 Brassicaceae  0.2    Tr.  

 Caprifoliaceae  0.2    Tr.  

 Caryophyll  0.0    0.5 

 Chenopodiaceae 0.2    2.6 

 Convulvula  0.4    0.1 

 Cornaceae  0.0    5.0 

 Cupressaceae  2.2    0.0 

 Cuscutaceae  0.0    0.1 

 Cyperaceae  3.1             10.0 

 Fabaceae  1.1    0.9 

 Fagaceae  0.0    0.6 

 Hamamelidaceae 0.1    0.6 

 Lythraceae  0.2    3.1 

 Magnoliaceae  0.0    0.3 

 Myricaceae  2.3    7.2 

 Najadacea  0.3    0.0 

 Nymphaea  0.1    6.0 

 Phytolaccaceae 4.0    3.0 

 Pinaceae           12.0    9.0 

 Poaceae           22.5    7.8 

 Polygonaceae  7.0             28.6 

Portulacacea  Tr.    0.1 

Potamogetonaceae 0.2    0.2 
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Rosaceae           12.3    0.3 

Rubiaceae  0.0    0.5 

Ulmaceae  0.3    1.5 

Urticaceae  Tr.    1.4 

Violaceae  0.0    0.5 

Vitaceae           12.4    2.4 

Unknown           14.3    0.7    
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