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Smith, JoEtta Kaye, Selection and use of aquatic vegetation by migratory waterfowl in

north central Texas.  Master of Environmental Science, May 2001, 85 pages, 14 tables, 9

figures, 94 references.

Assessment of aquatic plant selection by waterfowl has been conducted during the

winters of 1997-2000 on 49 0.2-0.79 ha research ponds in north central Texas.  Ponds

were categorized by dominant plant species into eight habitat types. Census with

waterfowl species identification were performed to investigate impacts of aquatic

vegetation and water depth on waterfowl.  Eighteen waterfowl species were observed. 

Peak migration occurred in late December/early January.  Mixed native ponds and mixed

native/hydrilla ponds were the most frequently selected habitat types.  The study included

correlation analysis between pond water levels and waterfowl use.  Full ponds received

greatest use followed by half full ponds, while almost empty ponds received minimal use.

Time activity budgets were conducted on waterfowl utilizing mixed native and hydrilla

ponds to compare waterfowl time partitioning on native aquatic vegetation versus

hydrilla.  Although only minor differences were found in time budgets, social status

appears to be strongly related to habitat selection.  Ducks on native ponds were paired

(86%), conversely no ducks on hydrilla ponds were paired.  Hydrilla pond although

frequently utilized, were populated by lower status birds mostly single hens.
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CHAPTER I

INTRODUCTION

North American waterfowl research has predominately focused on the northern

prairie pothole region which comprises the breeding range (Fredrickson and Drobney

1979, Johnson and Montalbano III 1984, Weller and Batt 1988, Fredrickson and

Heitmeyer, 1988, Stewart et al. 1988).  The conversion of wetlands to agricultural land

led to a decline in waterfowl numbers.  Waterfowl recruitment (breeding, nesting and

fledgling rates) was subsequently researched in the 1950's.  It was assumed that fall flight

size was the key to population sustainability.  A continual lack of rebound in waterfowl

populations increased the awareness of the importance of studying the biology and

ecology of wintering and migratory areas.  

Due to rapid decline of wetland habitat, 105,219 ha (260,000 acres) per year in the

U.S. (Kelley, et al. 1993),  waterfowl are being forced to aggregate in smaller areas, and

therefore the quality of habitat has become paramount.  A battery of projects investigating

habitat use have been conducted in the northern U.S. and Canada waterfowl breeding

grounds.  In general, a high proportion of feeding on agricultural waste grains was noted

in northern wintering areas (Girard 1941, Winner 1959, Pullianen 1963, Reed 1971, Jorde

et al., 1983) while native plant and animal food form a greater proportion of the diet in

southern wintering grounds (Chamberlain 1959, Dillon 1959, Wright 1959).  In
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Wisconsin, redheads (Aythya americana) fed on moist soils plants (rice (Oryza sativa),

cutgrass (Leersia sp.), and smartweed (Polygonum sp.)), pondweeds (Potamogeton spp.)

and duckweed (Lemna minor)(Custer 1993).   Preferred gadwall (Anas strepera)

vegetation was hornwort (Ceratophyllum sp.), algae, barnyard grass (Echinochloa

muricata), pondweed, widgeongrass (Ruppia maritima), and saltgrass (Distichlis sp.)in

Utah (Gates 1957), Illinois (Anderson 1959) and Missouri (Korschgen 1955).   Nebraska

mallard (Anas platyrhynchos) diet consisted of 97% plant matter, including 62% corn

(Zea mays) followed by milo (Sorghum sp.), common duckweed, smartweed, and

barnyard grass (Jorde et al., 1983).

Dabbling ducks shift from diets relatively high in protein (a high portion of

invertebrate prey) in the summer to a diet high in carbohydrates (mostly seeds and

digestible portions of plants) in winter (Bethke 1991, McMahan 1970, Sudgen 1973,

Swanson et al. 1973, Weller 1975, Bellrose 1976).  The high carbohydrate diet in

wintering areas increases lipid reserves for the stress of spring migration, molting and

nesting.  A main source of carbohydrates is aquatic plants.  Although ducks may use

nonbreeding habitat seven months of the year (Chabreck 1979), little is known about their

selection of vegetation communities and how this selection relates to physiological and

behavioral needs (Johnson and Montalbano III 1984,   Fredrickson and Drobney 1979). 

Johnson and Montalbano III (1984) stated, “In general, studies designed to elucidate the

interactions of waterfowl and their wintering habitats have been severely neglected in

North America”.  Thus, an understanding of the southern submersed plant assemblages

and waterfowl interaction are increasingly of more importance.  Euliss (1987) cited that
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recent evidence suggests that wintering habitat may play a major role in waterfowl

breeding ecology (Krapu 1979, 1981) and the general health of waterfowl and their

annual survival rates are influenced by habitat conditions on the wintering grounds

(Heitmeyer and Fredrickson 1981).  Mallard studies found that most of the lipid

requirements for reproduction come from endogenous reserves obtained on wintering or

migration areas (Krapu 1981).  Alisauskas and Ankney (1992) found that snow geese also

accumulate mineral, protein and fat reserves in the midcontinent as they migrate north.

Research on southern waterfowl habitat is sparse, and northern plant assemblages,

although extensively studied, differ, as do waterfowl needs.  Stewart et al. (1988)

summarized, “Historically, waterfowl research has focused principally on breeding

biology and habitat.  In part, this emphasis stemmed from the recognized importance of

recruitment and factors related to the size of the fall flight.  It has long been assumed that

wintering habitat does not have a long-term limiting effect on waterfowl populations.  Yet

the rates of wintering habitat loss and modification have been staggering in the last 25

years, and these changes certainly are affecting the distribution and abundance of

wintering waterfowl. The increasing awareness of the importance of wintering grounds

has prompted growing concern over the limited information available on the wintering

phase of waterfowl life cycles”.  

Two goals of the Waterfowl in Winter Symposium and Workshop (Galveston, TX

1988) were to determine time and energy budgets for all species of wintering waterfowl

and to conduct feeding ecology studies with effort given to documenting food preferences
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(Korschgen, et al. 1988).  The panel noted that the nutrition of waterfowl in winter had

received little study (Reinecke, et al. 1988).  The objectives of the Habitat Selection

Workshop were to discuss habitat selection by waterfowl during the nonbreeding period

and to summarize need for future research (Kaminski, et al. 1988).  One of twelve needs

outlined  for future research was to determine use of habitats and resources relative to

their availabilities to discern preferences by waterfowl for each (Kaminski, et al. 1988). 

Floodwater- retarding structures constructed in the southern states do not replace

losses of natural wetlands, but wintering waterfowl regularly use these impoundments

(Bates et al. 1988).  The rapid decline and destruction of wintering habitats at many

locations (Holder 1970, Korte and Fredrickson 1979, Barclay 1980) accentuate the need

for large-scale studies, especially in southern states (Heitmeyer and Vohs 1984).  Due to

the cooler climate and shorter growing season; the northern vegetation assemblage, when

not comprised of different species, exhibits alternative phenotypes from the south.   For

example, the submersed macrophyte wild celery (Vallisneria americana) is found in both

the northern and southern regions of the U.S., but is phenotypically distinct.  Studies in

the southern states found the plant species that provided the most important waterfowl

food were southern naiad (Najas guadalupensis), American pondweed (Potamogeton

nodosus) sago pondweed (Potamogeton pectinatus), muskgrass (Chara spp), water

primrose (Ludwigia peploides), flatstem spikerush (Eleocharis macrostachya) and

smartweeds, while dense cattails (Typha spp.) discouraged duck use (Logan 1975, Bates

et al. 1988).      



5

In South Carolina, gadwall preferred widgeongrass, southern naiad, pondweed,

flatsedges (Cyperus spp.) algae, softstem bulrush (Scirpus validus) and Carolina redroot

(Lachnanthes caroliniana) (Kerwin and Webb 1972, Landers et al. 1976).  Predominate

gadwall foods in Louisiana were related to abundance and included algae, dwarf

spikerush (Eleocharis parvula), widgeongrass, Eurasian watermilfoil (Myriophyllum

spicatum) and slender pondweed (Potamogeton pusillus)  (Paulus 1982).  Paulus

additionally found that Louisiana gadwall consumed 95.3% plant vegetation, 0.5% plant

seeds and 4.2% animal matter  and concluded that “wintering gadwalls in Louisiana were

almost completely dependent upon a diet of aquatic vegetation” and it was also found

foods were often chosen on quantity rather than quality (1982).  DuBowy (1988) found

that waterfowl species exhibited increased specialization in or shifts to under-utilized

food types, foraging activities, and habitats in winter compared to summer.  
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CHAPTER II

WATERFOWL HABITAT SELECTION PATTERNS

INTRODUCTION

While waterfowl habitat and native food sources have been documented for many

regions of the United States, little data exists for the north-central Texas area (Fig. 1). 

The most extensive wetland losses in the United States have been in Arkansas, Florida,

Louisiana, Mississippi, Nebraska, North Carolina, North Dakota, South Dakota, and

Texas (Tiner 1984, Bates 1988).  Texas alone has lost 52% of its natural wetlands

between 1780 and 1980 (Dahl 1990).  Much historical data is available for the northeast

U.S., but the acidic soil type supports different vegetation than the north-central Texas

alkali soils.   Both the Pacific and Atlantic coast’s waterfowl ecology have been studied,

but again are comprised of different vegetative and waterfowl communities due to

increased salinity and rainfall (Bellrose 1976).  Similar research has been compiled for

various other regions of the U.S. including the northeast, southeast, west and Pacific

(Martin et al. 1951).  In recent years, with diminishing natural wetlands and an increase in

manmade impoundments, the importance of quality migratory and wintering habitat has

been realized.  

The playa region of west Texas has become a focus of study in recent years. 

Feeding sites for wintering waterfowl in west Texas (playa lakes) were characterized by

high correlation values between social interactions, water depth at feeding site, 
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Fig. 1.  Duck migration corridors of the southern portion of the central flyway (Bellrose, 1976).  The star denotes
Lewisville, Texas.
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vegetation percentages, calcium content, and conductivity (White and James 1978). 

Although recent literature is available for the playa lakes of west Texas, the greater

salinity and other geological differences make this an improbable model for north-central

Texas (Haukos and Smith 1991).    

Waterfowl utilization of a waterbody is largely regulated by the vegetation

present.  Increasing urbanization demands the construction of manmade reservoirs,

maximizing the water capacity of flooded habitat, but often precludes littoral zone

emergents found in wetlands, shifting the flora communities in favor of submersed

macrophytes.  Heitmeyer and Vohs (1984) found Oklahoma farm ponds supporting

submersed and emergent vegetation were used regularly by migratory waterfowl; muddy

unvegetated substrate ponds comprised 80% of statewide basins during winter but

contained less than 5% of the ducks observed.  Reservoirs with abundant aquatic plants

received greatest use (White and Malaher 1964, Hobaugh and Teer 1981, Johnson and

Montalbano 1989).  The total number of submersed plant species at constructed wetlands

was positively correlated with use by blue-winged teal (Anas discors), mallard, gadwall,

and green-winged teal (A. crecca) (Leschisin et al. 1992).  In Chesapeake Bay, it was

found that when wild celery disappeared, redheads did not switch to an alternative food

source - they abandoned the area (Custer 1993).   It has also been noted that a decline in

wintering canvasback (Aythya valisneria) population on Chesapeake Bay has coincided

with the loss of submerged aquatic vegetation (Jorde et al. 1995, Orth and Moore 1981,

Haramis 1991).  Jorde et al. (1995) concluded that his  findings underscored the

importance of restoring traditional habitat in Chesapeake Bay and other traditional
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wintering areas for canvasbacks. 

Recent studies revealed ducks prefer seeds from native vegetation over

agricultural grains (Haukos and Smith 1992) or introduced aquatic species.  Waterfowl

have been shown to prefer native food over corn;  corn was also found to have a longer

digestive retention time and to be deficient in several essential nutrients (Jorde et al.

1995, Ball 1992, Baldassarre et al. 1983, Heitmeyer 1988, Loesch and Kaminski 1989).  

Native plants are held to be more nutritious than milfoil (Sudgden 1973, Paulus 1982)

and provide better habitat for invertebrate recruitment (Keast 1984).  Water lily

(Nympheae spp.) seed was found to be the most selected plant item in Colombia (Botero

and Rusch 1994).  In Alabama studies, the density of waterbirds was high in native plant

habitat in October, but was greater in milfoil habitats from November to January as native

plants biomass declined (Hepp et al. 1996, Benedict and Hepp 2000).  

Lovvern (1989) found that waterfowl can deplete preferred aquatic foods as

winter progresses.  Wildlife management areas planted with native species that are

climate-tolerant for this zone have the potential to lower costs procured in maintenance as

compared to introduced monocultures such as Japanese millet (Echinochloa creesgalli)

that are commonly utilized.  Native plants will provide a natural food variety for

waterfowl and fill the niche to prevent invasion by weedy exotics that may be costly to

remove.  Practical management plans can be developed to incorporate water drawdown

timing for waterfowl with the life cycles of predominant beneficial plants in wildlife

management areas.  
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The diversity provided by natural wetland complexes seems necessary to support

wintering dabbling ducks during different water and climatic conditions both within and

between winters.  Population sizes (Crissey 1957), distribution (Stewart et al. 1958),

habitat selection (Weller 1979), and ecological strategies used by waterfowl in winter are

not well known (Heitmeyer and Vohs 1984).  Food preferences and how different foods

affect condition, survival and reproductive potential are considered difficult to address. 

However, they are important avenues of research relating to food selectivity and

restoration and acquisition of management areas  (Combs and Fredrickson 1996).

The objectives of this study were to investigate the distribution and habitat

preference of waterfowl wintering in north-central Texas during 1997-1998, 1998-1999

and 1999-2000.  The primary objective of this study was to discern possible effects of

invasive nonnative aquatic plants on migratory waterfowl food sources via waterfowl

counts.  Secondly, the effects of water level on waterfowl pond selection was assessed. 

The third objective was to analyze census data by season to seek food preference shifts

based on food availability.

The study was conducted at a U.S. Army Corps of Engineers field station, the

Lewisville Aquatic Ecosystem Research Facility (LAERF), located in Denton Couny,

Texas.  Ponds at this facility support communities of either mixed native vegetation or

exotic species (federally listed as noxious weeds). 

The focus of this study was to investigate partitioning of food resources by

waterfowl.  Multiple variables that have been correlated to waterfowl site selection are
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eliminated by the study design at LAERF.  Proximity to a large body of water is often

correlated to waterfowl pond selection, and in this project all ponds are located on one

property adjacent to a large reservoir, Lewisville Lake.  Weather conditions are

practically identical for all of the ponds.  The ponds are gravity fed from Lewisville Lake

yielding similar initial water quality parameters such as pH, alkalinity, dissolved oxygen,

conductivity and turbidity.  Physical parameters of the ponds are also similar, such as

size, depth, slope and shoreline development indices.   

Water depths were found to be of minor importance in habitat selection by

Johnson and Montalbano III (1984).  Conversely, Leschisin et al. (1992) found that the

mean depth of wetlands was important to pairs of northern shoveler (Spatula clypeata),

American (Mareca americana) widgeon, northern pintail (A. acuta), and blue-winged

teal, and Paulus (1982) found gadwall spent 96.7% of their feeding time in water depths

greater than 15 cm.  Leschisin et al. (1992)  also found that wetlands with surface areas

ranging from 0.25 to 0.50 ha received the most use by waterfowl.  Because ponds in this

study are similar in size, water depth preference was investigated.
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METHODS

Study Site

The study was conducted at the U.S. Army Corps. of Engineers’ Lewisville

Aquatic Ecosystem Research Facility (LAERF) in Lewisville, Texas.  Lewisville is in

North Central Texas at latitude 33�04'45"N and longitude 96�57'33"W.  The LAERF is

located immediately South of Lewisville Lake, a 28,000 acre reservoir built in 1949 for

flood control and water supply.  The LAERF is isolated from urbanization by a

surrounding 2,000 acre tract of land dedicated to preservation.  The facility is located

along the boundary of the Eastern Cross Timbers, Fort Worth Prairie, and Blackland

Prairie vegetational regions (Gould 1975, Diggs et al., 1999) of Denton county and is

within the Trinity River basin.  The facility was operated as a fish hatchery between 1956

and 1985.  From 1985 to 1988 the facility was closed and ponds were dry, aside from

precipitation.  In 1989 LAERF began its operation in aquatic plant research with all ponds

filled and periodically receiving drawdowns.

The LAERF houses 55 earthen, clay-lined ponds ranging in surface area from 0.20

- 0.79 hectares (0.5 - 2 ac) (Fig. 2).  The ponds are supplied with gravitational water-flow

from adjacent Lewisville Lake.  Individual pond inflows are controlled by a 15.2 cm (6-

in) pipe with a cast iron inflow valve (Fig. 3).  Water level is individually maintained in

each pond by a 10.2 cm (4-in) polyvinyl chloride (PVC) stand pipe inserted into the drain

and cut to the desired water level.  Pond soils are comprised of a sandy-clay loam texture

(Polasek, 1994).   Nutrient levels are sufficient to support a variety of aquatic and
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Figure 2.  Pond layout at the Lewisville Aquatic Ecosystem Research Facility in Lewisville, Texas.
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Fig. 3.  Cross-sectional view of pond monk with water-control structures for ponds used in studies from
1997 - 2000 in Lewisville, Texas.  Maximum depth 2.5 m.
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wetland plants without amendment.

Experimental Design

Research ponds were categorized into eight habitat types by dominant plant

species present:  

� Mixed native

� Hydrilla (Hydrilla verticillata)

� Eurasian watermilfoil (Myriophyllum spicatum)

� Flooded terrestrial

� Mixed native/hydrilla

� Mixed native/milfoil

� Water hyacinth (Eichhornia crassipes)

� Giant salvinia (Salvinia molesta).

Native ponds supported a mixture of early successional plants such as southern naiad and

muskgrass in addition to perennial with native submersed, floating-leaved and emergent

macrophytes.  Common submersed macrophytes included water star grass (Heteranthera

dubia), wild celery, coontail (Ceratophyllum demersum), Illinois pondweed

(Potamogeton illinoensis)  and elodea (Elodea canadensis).  Floating leaved species were

dominated by American pondweed, but also included American lotus (Nelumbo lutea),
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spatterdock (Nuphar luteum) and white water lily (Nymphaea odorata).  Emergent

species included bulltongue (Sagittaria graminea), arrowhead (S. latifolia), flatstem

spikerush, squarestem spikerush (Eleocharis quadrangulata), slenderstem spikerush (E.

acicularis), cattails,  and Cyperus species.

Four types of ponds dominated by exotic species comprised the categories

consisting of hydrilla, Eurasian watermilfoil, giant salvinia and water hyacinth.  A sixth

vegetation category was described as flooded terrestrial, consisting of smartweed species

mixed with flood tolerant grasses and forbs.  Ponds with approximately equal amounts of

natives and hydrilla or milfoil and natives were categorized as ‘native/hydrilla’ or

‘native/myriophyllum’.  

 Ocular waterfowl counts with species identification were conducted on

(approximate) three day intervals from late October through March for three winters,

1997-2000  Counts were conducted within two and one-half hours of sunrise. 

Observations were logged while driving around the ponds with the aid of binoculars as

necessary.  Each bird was only counted once at each inventory, flushed birds were not

counted again at the pond in which they landed.

Migratory waterfowl at the research site included both dabbling and diving ducks.

Geese were only occasional migrants, so were not included.  The following migratory and

wintering dabbling ducks were observed at the LAERF:  mallard, gadwall, American

widgeon, green-winged teal, blue-winged teal, cinnamon teal (Anas cyanoptera

septentrionalium), Northern pintail and Northern shoveler.  Diving ducks observed
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included bufflehead (Bucephala albeola) and common goldeneye (Bucephala clangula

americana) as well as four pochards: lesser scaup (Aythya affinis), redhead, canvasback

and ringneck (Aythya collaris).  One perching duck species was observed, the Carolina

wood duck, (Aix sponsa) and one stiff tailed duck, the ruddy duck (Oxyura jamaicensis

jamaicensis) was also recorded.  Two other waterbirds, the American coot (Fulica

americana) and pied-billed grebe (Podilymbus podiceps), were commonly observed in

conjunction with migratory ducks and were thus included in this study.

Some researchers find water level to be a minor factor in waterfowl pond selection

(Johnson and Mantalbano III, 1984).  However, due to the shallow nature of the research

ponds, feeding selection for some waterfowl, particularly divers, may be contingent upon

water depth, as seen by Leschisin et al. (1992).   Ponds were therefore categorized by

three water depths following the design of Cowardin et al. (1985); nearly full (�1.8 m (�

6 ft)), about half full(0.6-1.8 m (2-6 ft)) and almost empty (<0.6 m (<2 ft)).

Winter seasonal shifts in resource partitioning may be expected due to depletion

of preferred food sources.  The results of late spring might be biased by food source

availability.  Because late season may reflect resources rather than change in diet

preference, each year data will be analyzed for seasonal differences.  For the purpose of

this study, fall includes October and November, winter includes December and January

and spring includes February and March. 

Additionally, general migration chronology trends were compared between the

three years for each waterfowl species.  Waterfowl abundance and frequency of
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occurrence were compared throughout the study by species.  Species-specific frequency

of occurrence was calculated by dividing the number of days that an individual of a

species was present by the total number of days that any species of waterbird was

observed.  Waterfowl taxon richness was calculated for each plant habitat type by

dividing the number of waterbird species observed in a habitat by the total number of

waterbird species observed that season.

Statistical Analysis

Statistical analysis were conducted at an alpha level of 0.10 for statistical

significance and were performed following procedures in Zar (1999).  Nonparametric

analysis were employed throughout the study due to non-normal data distributions. 

Nonparametric Kruskal-Wallis one-way multisample test analyses were performed on

census waterfowl each year by plant preference, season and depth for each waterfowl

species and overall waterbirds. 

RESULTS
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Annual Migration Chronology

The winter of 1997-1998 waterbird census consisted of 21,420 waterfowl entries,

85 percent of which were dabblers and 15 percent divers.  In the following winter, 1998-

1999, counts totaled 17,277 waterfowl observations, including 79 percent dabbling and

21 percent diving species.  The third winter census, 1999-2000, consisted of 14,157

waterfowl observations, including 82 percent dabbling ducks and 18  percent divers.  

Dabbling ducks dominated duck observations all three winters of the study averaging of

82 percent, while diving species represented an average of 18 percent.

  Peak pond use in the winter of 1997-1998 occurred in three waves, the first in

early December followed by one in late January and another in mid-February (Fig. 4a). 

Waterfowl peak pond use numbers occurred early January in 1998-1999 (Fig. 4b).  The

winter of 1999-2000 peak pond use was in late December - early January (Fig. 4c). 

General trends noted for the three year duration included early fall (October) and late

spring (March) pond use of blue-wing teal and continuous pond use by mallard and

bufflehead (Fig. 5).  Widgeon observations peaked in late December - early January,

followed by gadwall and lesser scaup in January, then green-wing teal in January-

February.  Shoveler and pintail numbers were greatest in February, followed by highest

cinnamon teal counts in March.  Redhead numbers were greatest in December with no

observations after January any of the years.  Ringneck peak numbers were in January with

no observations before January.
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Fig. 5.  Daily Waterfowl counts by species for 1997-2000 in Lewisville, Texas.
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Green-Wing Teal
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Fig. 5.  Continued.
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Bufflehead
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Fig. 5.  Continued.
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Cinnamon Teal
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Fig. 5.  Continued.
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Canvasback
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Fig. 5.  Continued.
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Seasonal Waterfowl Chronology

 1997. — In the fall of 1997-1998 more mallard (p<0.001) and  coot (p<0.001)

were observed (Table 1).  Mallard numbers were also higher in winter than spring. 

Gadwall (p<0.001), widgeon (p<0.001), bufflehead (p<0.001), lesser scaup

(0.005>p>0.001) and redhead (p<0.001) were more abundant in winter.  Spring census

contributed the greatest numbers of blue-wing teal (p<0.001).  Winter and spring

contained higher numbers of shoveler (p<0.001) than fall.  Pied-billed grebe (p<0.001)

displayed greater numbers in fall and winter.  Seasonal numbers were not significantly

different for green-wing teal (0.25>p>0.10), although the average numbers observed were

higher for the winter period.  

1998. — Fall was peak season for pied-billed grebe (p<0.001), followed by winter

(Table 2).  Greatest numbers of mallard (p<0.001), gadwall (p<0.001), widgeon

(p<0.001), shoveler (p<0.001), lesser scaup (p<0.001), ringneck (p<0.001), and coot

(p<0.001) occurred in winter.  Mallard, gadwall, shoveler, lesser scaup and ringneck

numbers were also greater in spring than fall.   Green-wing teal (p<0.001) and bufflehead

(p<0.001) were more common in winter and spring than fall.  Blue-wing teal (p<0.001)

were observed in greater numbers in fall and spring than in winter.    Redheads were not

recorded in the spring (0.01>p>0.005), but were present during fall and winter in similar

numbers.

1999. — The greatest populations of mallard (p<0.001), gadwall (p<0.001),

green-wing teal (0.02>p>0.01), widgeon (p<0.001), lesser scaup (p<0.001), redhead 
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Table 1.  Total waterfowl per season (n), daily average waterfowl per pond (avg), percent per season (%) and nonparametric

1-way Kruskal-Wallis multisample test p values are given for the winter of 1997-1998 by season as fall (Oct-Nov), winter

(Dec-Jan) and spring (Feb-Mar).

    species                  fall             winter               spring                              K-W                       

n  avg     %     n avg     %  n  avg      %                                                   

mallard   806   44.78     51.28     35  27.92      31.97   307   14.62     16.74          <0.001

gadwall   595   33.06     12.95 1828  152.33    59.69 1466   69.81     27.35          <0.001

b.w. teal     28     1.56       5.78     38  3.17     11.77   466   22.19     82.45          <0.001

g.w. teal   206   11.44     15.63   545  45.42      62.01   344   16.38     22.37          0.25>p>0.10

widgeon   293   16.28     10.04 1283  106.92    65.98   816   38.86     23.98          <0.001

shoveler   140     7.78     14.18   277  23.08     42.08   504   24.00     43.75          <0.001

bufflehead   284   15.78     21.46   462  38.50     52.37   404   19.24     26.17          <0.001

l. scaup     56     3.11       9.15   272  22.67     66.64   173     8.24     24.22          0.005>p>0.001

redhead     13     0.72       6.21   131  10.92     93.79       0     0.00       0.00          <0.001

othersa     13     0.72       1.65   445  37.08     84.93     123     5.86     13.41          0.90>p>0.75

coot   569   31.61     34.90   360  30.00     33.13   608   28.95     31.97          <0.001

p.g. grebe   145     8.06     38.74   110  9.17     44.08     75     3.57     17.18          <0.001

all species 3148    174.89     18.73 6086  507.17    54.31 5286  251.71    26.96          <0.001                    

a others include cinnamon teal, northern pintail, ringneck, canvasback, ruddy and unknown.



29

Table 2.  Total waterfowl per season (n), daily average waterfowl per pond (avg), percent per season (%) and nonparametric

1-way Kruskal-Wallis multisample test p values are given for the winter of 1998-1999 by season as fall (Oct-Nov), winter

(Dec-Jan) and spring (Feb-Mar).

  species                  fall             winter              spring                            K-W                         

n avg    % n avg     % n  avg     %                                                    

mallard   174   15.82     10.06 1015   112.78   71.71   344    28.67    18.23          <0.001

gadwall   181   16.45       8.17 1267   140.78   69.87   531    44.25    21.96          <0.001

b.w. teal   179   16.27     52.69       4       0.44    1.44   170    14.17    45.87          <0.001

g.w. teal       2     0.18       0.37   201     22.33   45.80   315    26.25    53.83          <0.001

widgeon     94     8.55       7.72   787     87.44   79.02   176    14.67    13.25          <0.001

shoveler     11     1.00       1.62   372     41.33   66.85   234    19.50    31.54          <0.001

bufflehead     31     2.82       5.12   287     31.89   57.94   244    20.33    36.94          <0.001

l. scaup     12     1.09       2.76   254     28.22   71.33   123    10.25    25.91           <0.001

ringneck       0     0.00       0.00   247     27.44   66.35   167    13.92    33.65          <0.001

redhead   127   11.55     42.43   141     15.67   57.57       0      0.00      0.00          0.01>p>0.005

othersa     23     2.09     23.65     39       4.33   49.01     29      2.42    27.34          0.50>p>0.25

coot   957   87.00     21.57 2062   229.11   56.80 1047    87.25    21.63          <0.001

p.g. grebe   205   18.64     54.95   100    11.11    32.76     50      4.17    12.29          <0.001

all species 1996  181.45    14.87 6776  752.89    61.70 3430  285.83    23.43          <0.001                         

 a others include cinnamon teal, northern pintail, wood, canvasback, ruddy and American golden-eye.
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(0.01>p>0.005) and pied-billed grebe (p<0.001) occured in winter.  Gadwall and widgeon

additionally had greater average daily numbers in spring than fall.  Peak numbers of blue-

wing teal (p<0.001) occurred in spring, followed by fall.  Higher numbers of shoveler

(p<0.001), bufflehead (p<0.001), ringneck (p<0.001) and coot (0.025>p>0.01) were

recorded in winter and spring than in the fall season (Table 3).

Waterfowl Abundance

Gadwall were observed in high abundance  all three winters (Table 4).  In 1997

gadwall (26.78%), widgeon (16.47%) and coot (10.59%) had greatest abundance

followed by mallard (9.97%), bufflehead (7.92%) and green-winged teal (7.54%).  In the

winter of 1998, the census was dominated by a large coot population (33.32%), which

overwintered on the facility.  Gadwall (16.22%) was next highest in the total census,

followed by mallard (12.56%) and widgeon (8.66%).  Most frequent waterfowl species

observations in 1999 were gadwall (23.41%), mallard (21.35%), widgeon (18.81%),

ringneck (9.05%) and coot (8.01%).  

Waterfowl Frequency

Frequency of occurrence was generally highest for coot, pied-billed grebe,

mallard, gadwall and widgeon.  In 1997, gadwall, coot and pied-billed grebe had

frequencies of 1.00.  Bufflehead (0.98) were observed most days, as were widgeon (0.94)

and mallard(0.90).  In 1998, frequencies were lower for most species (Table 5). 

However, blue-winged teal (0.47) were observed 20 percent more often than during the 
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Table 3.  Total waterfowl per season (n), daily average waterfowl per pond (avg),  percent per season (%) and nonparametric

1-way Kruskal-Wallis multisample test p values are given for the winter of 1999-2000 by season as fall (Oct-Nov), winter

(Dec-Jan) and spring (Feb-Mar).

species                fall                         winter               spring                                K-W                    

n  avg     % n  avg     % n  avg     %                                                    

mallard   495   27.50   10.78 1399 199.86     78.32   334    27.83    10.91          <0.001

gadwall   144     8.00     2.86 1354 193.43     69.04   945    78.75    28.11          <0.001

b.w. teal   149     8.28   26.90 0 0.00       0.00   270    22.50    73.10          <0.001

g.w. teal        2     0.11     0.53 106 15.14     72.67     67      5.58    26.79          0.025>p>0.01

widgeon   133     7.39     3.19 1208 172.57     74.45     22    51.83    22.36          <0.001

shoveler       4     0.22     0.46 161 23.00     47.37   304    25.33    52.17          <0.001

bufflehead       0     0.00     0.00 152 21.71     53.22   229    19.08    46.78          <0.001

l. scaup       0     0.00     0.00 231 33.00     94.29     24      2.00      5.71          <0.001

ringneck       0     0.00     0.00 306 43.71     45.12   638    53.17    54.88          <0.001

redhead     36     2.00   18.18 63 9.00     81.82       0      0.00      0.00          0.01>p>0.005

othersa                    1     0.06     1.00 6 0.86     15.36     56      4.67    83.64          0.005>p>0.001

coot   218   12.11   15.28 263 37.57     47.40   355    29.58    37.32          0.025>p>0.01

p.g. grebe     67    3.72   23.80 70   10.00     63.94     23      1.92    12.26          <0.001

all species 1249  69.39     6.03 5319  759.86    65.99 3867  322.25    27.99          <0.001                               
  

a  others include cinnamon teal, northern pintail and canvasback.
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Table 4.  Abundance for waterfowl observed at Lewisville, Texas from November 4, 1997 through April 1, 1998, October 6, 1998
through April 9, 1999 and October 18, 1999 through April 3, 2000.  Reported as total number (n) and percentage (%) of total population
surveyed per year.

        1997-1998                          1998-1999                              1999-2000          

common name scientific name                 n                    %                    n                    %                    n                    %                    

 mallard Anas platyrhynchos     1448                 9.97            1533              12.56               2228             21.35

gadwall A. strepera     3889               26.78            1979        16.22               2443             23.41

blue-winged teal A. discors       532                 3.66              353          2.89                 419               4.02

green-winged teal A. crecca     1095                 7.54              518          4.25                 175               1.68

American widgeon Mareca americana     2392               16.47            1057          8.66               1963             18.81

Northern shoveler Spatula clypeata            921                 6.34              617          5.06                 469               4.49

bufflehead Bucephala clangula     1150                 7.92              562          4.61                 381               3.65

lesser scaup Aythya affinis       501                 3.45              389          3.19                 255               2.44

ringneck A. collaris                                         414          3.39                 944               9.05

redhead A. americana       144                 0.99              268          2.20                   99               0.95

othersa       581                 4.00                91          0.75                   63               0.60

American coot Fulica americana     1537               10.59            4066        33.32                 836               8.01

pied-billed grebe Podilymbus podiceps           330                 2.27   355          2.91                 160               1.53

total   14520b            100.00            12202c           100.00             10435d          100.00     

a others in 1997-1998 included cinnamon teal, northern pintail, ringneck, canvasback, ruddy and unknown.   In 1998-1999 others included cinnamon teal, northern

   pintail, wood, canvasback, ruddy and American golden-eye.   In 1999 - 2000 others included cinnamon teal, northern pintail and canvasback.
 b total waterfowl count in 51 observations, average number counted per observation was 285.                                                                       
c  total waterfowl count in 32 observations, average number counted per observation was 381.
d total waterfowl count in 37 observations, average number of counted per observation was 283.
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 previous winter.  Coot and pied-billed grebe both had observation frequencies of 1.00

again in 1998.  The only other species observed over 80 percent of the time were gadwall

(0.88), mallard (0.84) and widgeon (0.81).  In the winter of 1999 mallard (1.00) were

observed on all days and gadwall were seen 97 percent of the days.   The majority of

waterfowl species had greater frequencies than in the previous winter.  Lesser scaup were

an exception, only observed 27 percent of the census days, compared to 88 percent in

1997 and 78 percent in 1998.  Coot and pied-billed grebe also were observed in lower

frequencies than the first  two years (0.81 and 0.84, respectively).

Waterfowl Plant Selection

1997. — In 1997 the greatest average numbers of waterfowl were observed on

mixed native ponds followed by hydrilla and milfoil ponds (Fig. 6a).  Lower than average

use was seen on flooded terrestrial and mixed native/milfoil ponds.  The lowest

observance of waterfowl was on water hyacinth ponds.  Total waterfowl population

trends are displayed for each habitat type in Figure 7 for all three years of the study.

The first year of the study, 1997-1998, revealed a preference for mixed natives

followed by hydrilla and milfoil ponds.  The only habitat type selected over 50% of the

time by a waterfowl species was the native habitat type by bufflehead (78.79%), redhead

(59.00%) and shoveler (57.55%).  Mixed native ponds were also one of the preferred

habitat types selected by all waterfowl species (Table 6).  Lowest use of the native habitat

type was 18.26%by coot.  Hydrilla ponds were heavily utilized by widgeon (36.20%) and

and coot (47.59%).  Use of hydrilla ponds was also noted by blue-wing
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Table 5.  Frequency of occurrence for waterfowl species at Lewisville, Texas in the winters of 1997, 1998 and 1999. 

Frequencies reflect proportion of total sampling dates when a specie was observed.

                                                                                                             winter of                                                                                 
   common name       scientific name          1997 (n=51) 1998 (n=32)                1999 (n=37)                            

mallard             Anas platyrhynchos 0.90 0.84                     1.00

gadwall A. strepera 1.00 0.88             0.97

blue-winged teal A. discors 0.27 0.47             0.51

green-winged teal A. crecca 0.71 0.38             0.49

American widgeon Mareca americana 0.94 0.81             0.84

Northern shoveler Spatula clypeata 0.90 0.69             0.70

Bufflehead Bucephala clangula 0.98 0.72             0.76

lesser scaup Aythya affinis 0.88 0.78             0.27

ringnecka A. collaris ---- 0.53             0.54

redhead A. americana 0.29 0.34             0.27

othersb 0.57 0.72             0.43

American coot Fulica americana 1.00 1.00             0.81

pied billed grebe Podilymbus podiceps 1.00 1.00             0.84                                          
 

a  ringneck were calculated as part of other in 1997.

b species that made up less than one percent of total counts were grouped into single “other” category.
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Fig. 6.  Percent (%) of average waterfowl per pond type for three winters
                                            in Lewisville, Texas.
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Fig. 7. Daily mean numbers of waterfowl per habitat type for the winters (October-April)
of 1997, 1998 and 1999 in Lewisville, Texas.
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Table 6.  Mean daily waterfowl per habitat type (n), percent waterfowl per habitat type (%) and nonparametric 1-way

Kruskal-Wallis multisample test p values for waterbirds by species during 1997-1998.  37.39 average daily waterfowl per

pond. 

species          mixed natives hydrilla                   milfoil                     natives/milfoil       flooded terrestrial    water hyacinth        K-W               
          n          %           n          %           n           %           n          %           n          %           n          %                                  

mallard         0.80    27.19 0.39 12.69    0.30      9.90     0.14       4.52     1.35      44.41     0.04     1.29      <0.001

gadwall         2.85    23.51 2.31 19.07    4.39    36.19     1.73     14.22     0.81        6.69     0.04     0.32      <0.001

b.w. teal        0.24    20.00 0.27 22.53    0.00      0.00     0.11       9.34     0.57      48.13     0.00     0.00      0.005>p>0.001

g.w. teal        0.90    46.89 0.03   1.36    0.25    12.91     0.00       0.00     0.71      36.80     0.04     2.04      0.005>p>0.001

widgeon        2.18    33.86 2.33 36.20    1.27    19.77     0.36       5.58     0.22        3.38     0.08     1.22      <0.001

shoveler        0.93    57.55 0.14   8.88    0.05      3.23     0.05       3.23     0.32      19.85     0.12     7.26      <0.001

bufflehead     1.40    78.79 0.05   2.57    0.27    15.07     0.01       0.37     0.06        3.20     0.00     0.00      <0.001

l. scaup          0.39    31.41 0.07   5.24    0.07      5.76     0.52     41.88     0.20      15.71     0.00     0.00      <0.001

redhead         0.13    59.00 0.00   0.00    0.01      2.95     0.00       0.00     0.08      38.05     0.00     0.00      0.005>p>0.001

othersa
          0.50    34.17 0.01   0.89    0.80    54.56     0.01       0.45     0.15        9.93     0.00     0.00      <0.001

coot               1.02    18.26 2.66 47.59    0.43      7.72     1.09     19.53     0.21        3.75     0.18     3.16      <0.001

p.g. grebe      0.34    45.64 0.12 15.86    0.12    15.86     0.09     12.33     0.04        5.02     0.04     5.29      <0.001

all species   11.72    31.33 8.37 22.39    7.96    21.29     4.10     10.98     4.71      12.59     0.53     1.42       <0.001             

a others include cinnamon teal, northern pintail, ringneck, canvasback, ruddy and unknown.
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teal (22.53%) and pied-billed grebe (22.39%).  Low use of hydrilla ponds was observed

by green-wing teal (1.36%), lesser scaup (5.24%), bufflehead (2.57%), redhead (0.00%)

and others (0.89%).  Milfoil ponds were used by gadwall (36.19%), green-wing teal

(12.91%), bufflehead (15.07%), widgeon (19.77%), pied-billed grebe (15.86%) and

others (54.56%).  Milfoil ponds were not selected by blue-wing teal (0.00%), shoveler

(3.23%), redhead (2.95%) or coot (7.72%).  Flooded terrestrial ponds procured high

utilization by dabbling duck species including mallard (44.41%), blue-wing teal (48.13%)

and  green-wing teal (36.80%) followed by shoveler (19.85%).  Low use of flooded

terrestrial ponds was observed for gadwall (6.69%), widgeon (3.38%), coot (3.75%) and

pied-billed grebe (5.02%).  Mixed native/milfoil category ponds received high use by

lesser scaup (41.88%) and coot (19.53%).  The native/milfoil ponds were infrequently

selected by mallard (4.52%), shoveler (3.23%), widgeon (5.58%) or bufflehead (0.37%). 

Native/milfoil ponds were not selected by green-wing teal (0.00%), redhead (0.00%) and

others (0.45%).  Water hyacinth was rarely selected, with the only species observed in

this habitat type including green-wing teal (2.04%) and shoveler (7.26%) feeding on the

shoreline.

1998. — The winter of 1998 showed greatest utilization of mixed native/hydrilla

ponds followed by hydrilla, mixed native and milfoil ponds, respectively (Fig. 6b). 

Lower use was observed in mixed native/milfoil and flooded terrestrial habitat types. 

Again, water hyacinth ponds received the least use.

The winter of 1998-1999 found high use of mixed native/hydrilla ponds by
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gadwall(36.01%), blue-wing teal (41.41%), green-wing teal (31.13%), widgeon (60.45%),

shoveler (35.44%), bufflehead (52.58%), lesser scaup (36.69%), ringneck (36.69%),

redhead (44.05%) and coot (34.32%) (Table 7).  Preference was lower by mallard

(18.35%), pied-billed grebe (21.41%) and others (19.43%).  Mixed native ponds were

selected by green-wing teal (34.62%), shoveler (19.99%), ringneck (19.99%), pied-billed

grebes (21.23%) and others (25.52%).  Low use of native ponds was observed by redhead

(4.71%) and widgeon (4.71%).  Hydrilla pond use was highest by the mallard (37.88%),

followed by gadwall (16.06%), blue-wing teal (25.54%), green-winged teal (21.34%),

widgeon (18.11%), shoveler (20.27%), redhead (18.56%) and others (25.64%).  Hydrilla

pond selection was low by bufflehead (7.37%) and ringneck (2.56%).  Milfoil use was

highest by the ringneck (25.38%), coot (23.89%) and pied-billed grebe (23.96%),

followed by bufflehead (13.15%) and lesser scaup (14.78%).  Milfoil pond preference

was low by green-wing teal (0.00%), widgeon (2.46%), shoveler (8.11%), and redhead

(0.00%).  Mixed native/milfoil ponds received low use except by redhead (32.59%). 

Flooded terrestrial pond use was low for most species, the exceptions were blue-wing teal

(13.18%) and mallard (11.75%).  Water hyacinth was not selected by any species of

waterfowl.

1999. — In 1999, mixed native/hydrilla was the preferred habitat followed by

mixed natives, hydrilla then salvinia (Fig. 6c).  Lower than average utilization was noted

in hydrilla, flooded terrestrial and mixed native/milfoil habitat types.  Water hyacinth

received almost no use.  The final winter of the study, 1999-2000 yielded greatest use of

mixed native/hydrilla ponds and mixed native ponds (Table 8).  Mixed native/hydrilla 
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Table 7.  Mean daily waterfowl per habitat type (n), percent waterfowl per habitat type (%) and nonparametric 1-way

Kruskal-Wallis multisample test p values for waterbirds by species during 1998-1999.  57.44 average daily waterfowl per

pond.

species      mixed natives          hydrilla         natives/hydrilla          milfoil          natives/milfoil  flooded terrestrial   water hyacinth           K-W          

                 n        %          n        %          n        %          n        %          n        %          n        %          n        %                                  
mallard     0.89  14.66     2.31    37.88   1.12   18.35     0.58   9.55      0.41     6.79     0.72  11.75    0.06    1.03     <0.001

gadwall     1.40  15.22     1.47   16.06    3.30   36.01    0.75    8.15     1.18    12.87    0.88    9.64     0.19   2.05      <0.001

b.w. teal    0.14    8.81     0.41    25.54   0.67   41.41    0.13    8.16     0.05      2.90    0.21  13.18     0.00   0.00      0.10>p>0.05

g.w. teal    0.62  34.62     0.38    21.34   0.56   31.13    0.00    0.00     0.10      5.68    0.13    7.22     0.00   0.00      0.05>p>0.025

widgeon    0.25    4.71     0.97    18.11   3.24   60.45    0.13    2.46     0.30      5.53    0.41    7.57     0.06   1.16      <0.001

shoveler    0.51  19.99     0.52    20.27   0.91   35.44     0.21   8.11     0.28    10.92    0.14    5.26     0.00   0.00     0.005>p>0.001

bufflehead 0.39  13.59     0.21      7.37   1.49   52.58    0.37   13.15    0.28     9.90    0.10    3.41     0.00   0.00      <0.001

l. scaup      0.28  15.30     0.28    15.13   0.74   39.67    0.27   14.78    0.22   11.77    0.00    0.00     0.06   3.36      <0.001

ringneck    0.42  19.99     0.05      2.56   0.76   36.69    0.53   25.38    0.24   11.65    0.08     3.73     0.00  0.00      <0.001

redhead     0.07    4.71     0.26    18.65   0.61   44.05    0.00     0.00     0.45   32.59   0.00     0.00     0.00   0.00     0.10>p>0.05

othersa      0.09  25.52     0.09     25.62   0.07   19.43    0.08   21.74    0.01     2.21    0.02     5.47    0.00    0.00     0.5>p>0.25

coot           2.70  13.06     2.98    14.37   7.11   34.32    4.95   23.89    1.75     8.45    0.54     2.59    0.69    3.32     <0.001

p.g. grebe  0.34   21.23    0.26    16.16    0.34   21.41    0.38   23.96    0.16     9.73    0.06     3.62    0.06    3.89     <0.001

all species 8.10   14.11   10.20    17.75  20.93   36.43   8.38   14.60    5.43     9.45    3.27     5.69    1.13    1.96     <0.001              

a others include cinnamon teal, northern pintail, wood, canvasback, ruddy and American golden-eye.
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 ponds were selected by almost all species, including mallard (36.68%), widgeon

(50.17%), lesser scaup(37.37%) and redhead (42.71%).  Mixed native ponds were used

by green-wing-teal (38.42%), mallard (18.48%), gadwall (18.77%), blue-wing teal

(16.97%), widgeon (21.71%), bufflehead (26.21%), redhead (35.21%), ringneck

(24.82%), others (62.48%) and pied-billed grebe (19.34%).  Low selection of natives

ponds was observed by lesser scaup (5.63%) and coot (5.07%).  Hydrilla ponds were

selected by coot (68.09%) and to a lesser extent by lesser scaup (53.59%) and bufflehead

(47.65%).  Low use of hydrilla ponds was noted for blue-wing teal (12.67%) and others

(0.00%) .  Salvinia use was high by gadwall (26.04%), blue-wing teal (27.86%)  and

shoveler (37.75%) alternately with wood duck (others, 16.53%).  No use of this habitat

type was observed until after the salvinia receded due to multiple frosts which occurred

by early February.  Waterfowl were observed feeding on the edge of salvinia beds rather

than amidst them.  Mixed native/milfoil ponds were preferred by pied-billed grebe

(21.34%).  Native/milfoil ponds selection was lowest by mallard (3.39%), gadwall

(3.34%), green-wing teal (1.11%), widgeon (2.85%), shoveler (0.00%), bufflehead

(0.00%), lesser scaup (2.75%), ringneck (3.75%), redhead (0.00%) and coot (0.90%). 

Flooded terrestrial ponds had succeeded from moist soil plants to being dominated by

grasses and forbs and were not selected by waterfowl.  The only waterfowl observed on

water hyacinth habitat was nesting coot (2.52%). 
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Table 8.  Mean daily waterfowl per habitat type (n), percent waterfowl per habitat type (%) and nonparametric 1-way Kruskal-

Wallis multisample test p values for waterbirds by species during 1999-2000.  57.44 average daily waterfowl per pond.

species     mixed natives          hydrilla          natives/hydrilla   natives/milfoil   flooded terrestrial  water hyacinth   giant salvinia      K-W

                 n        %          n        %          n        %          n        %          n        %          n        %          n        %                                  
mallard     2.02  18.48     3.36   30.74    4.01   36.68     0.37    3.39     0.38    3.46     0.00    0.00      0.79     7.25     <0.001

gadwall    2.49   18.77    2.79    21.04    3.07   23.09    0.44     3.34     1.03    7.73    0.00     0.00     3.46   26.04     <0.001

b.w. teal   0.40   16.97    0.30    12.67    0.58   24.77    0.12     5.12     0.30  12.60    0.00     0.00     0.66   27.86     <0.001

g.w. teal   0.28   38.42    0.11    15.36    0.18   25.19    0.01     1.11     0.00    0.00    0.00     0.00     0.14   19.92     0.01>p>0.005

widgeon   1.84   21.71    1.95    22.94    4.26   50.17    0.24     2.85     0.00    0.00    0.00     0.00     0.20     2.33     0.25>p>0.10

shoveler   0.45   17.67    0.56    22.30    0.56   22.28    0.00     0.00     0.00    0.00    0.00     0.00     0.95    37.75    <0.001

bufflehead 0.48  26.21   0.87     47.65    0.42  22.70    0.00     0.00     0.03     1.48    0.00     0.00     0.04     1.97    <0.001

l. scaup     0.08     5.63    0.78    53.59    0.54   37.37    0.04     2.78    0.00     0.00    0.00     0.00     0.01     0.62      0.50>p>0.25

ringneck   1.23   24.82   0.97     19.72    1.13   22.90    0.19     3.75    0.92   18.60    0.00     0.00     0.50   10.21  0 .005>p>0.001

redhead    0.14   35.21    0.09     22.09    0.17   42.71   0.00     0.00     0.00    0.00    0.00     0.00     0.00     0.00     0.50>p>0.25

othersa     0.14   62.48     0.00      0.00    0.03   13.60    0.02     7.40    0.00     0.00    0.00     0.00     0.04   16.53     0.01>p>0.005

coot          0.27     5.07    3.66      8.09    1.26   23.42    0.05     0.90    0.00     0.00    0.14     2.52     0.00     0.00     <0.001

p.g. grebe 0.16   19.34    0.25    29.82    0.18   21.92    0.18   21.34    0.00     0.00    0.00     0.00     0.06     7.59     0.01>p>0.005

all species 9.98  18.70   15.69    29.41  16.39   30.73   1.65     3.10    2.65     4.96    0.14     0.25     6.86   12.85      <0.001            

a others include cinnamon teal, northern pintail and canvasback.
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Depth

In the winter of 1999 waterfowl pond preference was analyzed by three water depths.

Nearly Full Ponds. — Nearly full ponds were selected by 59.46% of waterfowl,

followed by 33.97% selecting half full ponds and only 6.56% utilizing almost empty

ponds (Fig. 8).  Full ponds, 1.8 m maximum depth,  were selected almost exclusively by

diving species including the ringneck and redhead as well as by coots (Table 9).  Lower

than the average use of full ponds was observed in mallard and bufflehead.  A

nonparametric Kruskal-Wallis multi-sample test found full ponds to be significantly

preferred by gadwall (p<0.001), widgeon (p<0.001), shoveler (p<0.001), lesser scaup

(0.005>p>0.001), ringneck (p<0.001) and coot (p<0.001).  

About Half Full Ponds. — Statistically, no difference was found between selection of

almost full and about half full ponds by mallard or pied-billed grebe in a Student-

Newman-Kuels multiple comparison test.  Both the mallard and pied-billed grebe had

significantly lower use of almost empty ponds compared to other water depths, yielding

an overall significant difference in the Kruskal-Wallis multi-sample test value (p<0.001

each).  Bufflehead census showed significant difference (0.005>p>0.001) between water

depths.  Bufflehead pond use was categorized by the SNK multiple comparison test with

the about half full ponds overlapping both other pond depths, although actual daily

averages were closer to use observed on about full ponds.  Gadwall and widgeon use of

half full ponds was different from the almost empty ponds by the SNK multiple

comparison test.  About half full ponds were utilized at slightly higher than the overall
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Fig. 8.  Percent utilization (%) by depth during 1999-2000 for 37 ponds ranging from 0.20-0.79 ha
 in Lewisville, Texas.
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Table 9.  Waterfowl numbers (n), daily mean per pond depth (avg),  percent (%) of ponds by depth and nonparametric 1-way

Kruskal-Wallis multisample test p values for 1999-2000.

species                 full                           half                        empty                           K-W                           

n avg % n avg % n avg %                                                        

mallard 1467 2.10 39.02 662 2.41 44.82 99 0.87 16.17         <0.001

gadwall 2005 2.86 62.61 415 1.51 32.98 23 0.20 4.41           <0.001

b.w. teal 342 0.49 56.41 58 0.21 24.35 19 0.17 19.24         0.25>p>0.10

g.w. teal 145 0.21 64.46 29 0.11 32.81 1 0.01 2.73           0.25>p>0.10

widgeon 1599 2.28 63.31 364 1.32 36.69 0 0.00 0.00           <0.001

shoveler 414 0.59 73.77 53 0.19 24.04 2 0.02 2.19            <0.001

bufflehead 271 0.39 47.63 105 0.38 46.97 5 0.04 5.40            0.005>p>0.001

l. scaup 195 0.28 56.08 60 0.22 43.92 0 0.00 0.00            0.005>p>0.001

ringneck 875 1.25 83.28 69 0.25 16.72 0 0.00 0.00            <0.001

redhead 89 0.13 77.76 10 0.04 22.24 0 0.00 0.00            0.25>p>0.10

othersa 60 0.09 88.71 3 0.01 11.29 0 0.00 0.00            0.025>p>0.010

coot 812 1.16 93.00 24 0.09 7.00 0 0.00 0.00            <0.001

p.g. grebe 125 0.18 56.49 33 0.12 37.96 2 0.02 5.55            <0.001

all species 8399 12.00 59.46 1885 6.85 33.97 151 1.32 6.56            <0.001                              
 

a others include cinnamon teal, northern pintail and canvasback.
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average rate by mallard and bufflehead, followed by lesser scaup.  Slightly lower use than

the mean was observed by shoveler and redhead.  Lowest average use was by ringneck

and coot. 

Almost Empty Ponds. — Almost empty ponds were not preferentially selected by

any waterfowl.  Mallard and blue-wing teal were most likely to utilize these ponds. 

However, even these species selected other water depths 80-85% of the time.  Utilization

was not observed by widgeon, shoveler, lesser scaup, redhead or coots.  The Kruskal-

Wallis analysis found no statistically significant difference between pond depth selection

by blue-wing teal (0.25>p>0.10), green-wing teal (0.25>p>0.10), or redheads

(0.25>p>0.10).  Difference was found between depths for the ‘other’ category of

waterfowl (0.025>p>0.010), however the SNK multiple comparison test found no

difference.

Waterfowl Richness

Similar waterfowl species composition was observed at the study area each of the

three years (Fig. 9).  Mixed native ponds (1.00) were utilized by all waterfowl species

each of the three winters.  Flooded terrestrial ponds were selected by all waterfowl types

in 1997 and received fairly high use in 1998 (1.00 and 0.77, respectively).  However, in

1999 the flooded terrestrial ponds were utilized by only 0.38 of the waterfowl species. 

Hydrilla and native/hydrilla pond waterfowl richness ranged from 0.92 to 1.00.  Milfoil

and native/milfoil mixed ponds were similar to one another in richness, ranging from 0.62

to 1.00.  Lowest species richness was observed on the water hyacinth habitat type all three
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years (0.33, 0.38 and 0.08).  Salvinia pond use was assessed only in 1999 and yielded a

species richness of 0.77, without any use observed on these ponds before February.

Seasonal Vegetation Selection

Seasonal shifts among habitat types were assessed to ascertain differences in food

allocation as winter progressed.  A two-way model I nonparametric MANOVA (GLM) on

ranked data found statistically significant interactions between the season and pond

vegetation type (p=0.001) each of the three years of the study.  In 1997, blue-winged teal,

northern shoveler, lesser scaup and redhead displayed a temporal transition  from flooded

terrestrial ponds in fall to mixed native ponds as winter progressed (Table 10).  

The second winter of the study found more shifts in food resources, though the

changes were not unidirectional (Table 11).  Gadwall, northern shoveler and pied-billed

grebe moved from a mixed native diet to hydrilla as winter progressed.   Conversely,

mallard steadily moved from hydrilla to mixed native ponds through the winter of 1998. 

Green-winged teal shifted from flooded terrestrial ponds in winter to mixed native,

hydrilla and mixed native/hydrilla mix ponds in spring.  Lesser scaup moved from mixed

native and milfoil ponds toward mixed native/hydrilla ponds.  Redhead shifted from

mixed native and hydrilla ponds to mixed native/hydrilla and mixed native/milfoil habitat

types.  Coot habitat selection changed from mixed native and hydrilla in the fall to mixed

native/hydrilla and milfoil in the winter and spring.
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Fig. 9.  Mean pond richness by pond type for waterfowl in Lewisville, Texas during the winters of
                                                          1997, 1998 and 1999.
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al changes were not systematically unidirectional among species (Table 12).  Mallard and

gadwall displayed an early winter preference for hydrilla ponds, then changed to mixed

native ponds.  Gadwall additionally showed spring use of salvinia ponds.  Green-winged

teal moved from hydrilla and mixed native/milfoil ponds to mixed natives, mixed

native/hydrilla and salvinia ponds as winter progressed.  Widgeon selection shifted from

mixed native/hydrilla to mixed native and hydrilla ponds types.  Northern shoveler shifted

from hydrilla to mixed native, mixed native/hydrilla and salvinia.  Bufflehead moved

from hydrilla ponds to mixed native and mixed native/hydrilla ponds as winter

progressed.  Coot moved from mixed native ponds in fall to mixed native/hydrilla ponds

in winter and spring.  The pied-billed grebe population  moved from mixed

native/hydrilla ponds to mixed native ponds through the winter season.
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Table 10.  Waterfowl frequency per season (f =fall, w=winter and s=spring) by habitat type
(mn=mixed native, h=hydrilla, m=milfoil, mn/m=native/milfoil mix, ft=flooded terrestrial and
e=water hyacinth) in Lewisville, Texas in the winter of 1997.                                     

                                                                        
                   Plant                                                                                    

waterfowl                       season   mn   h    m           mn/m   ft    e                                              

mallard f 0.41 0.05 0.03 0.01 0.51 0.00

w 0.47 0.03 0.07 0.01 0.42 0.00

s 0.48 0.03 0.01 0.03 0.45 0.01

gadwall f 0.59 0.02 0.05 0.11 0.23 0.00

w 0.53 0.13 0.22 0.08 0.04 0.00

s 0.59 0.07 0.16 0.04 0.14 0.00

blue-winged teal f 0.00 0.11 0.00 0.00 0.89 0.00

w 0.68 0.00 0.00 0.00 0.32 0.00

s 0.36 0.09 0.00 0.04 0.52 0.00

green-winged teal f 0.13 0.00 0.00 0.00 0.86 0.00

w 0.87 0.00 0.05 0.00 0.09 0.00

s 0.56 0.01 0.03 0.00 0.40 0.01

American widgeon f 0.79 0.01 0.11 0.06 0.03 0.00

w 0.72 0.14 0.10 0.02 0.02 0.00

s 0.68 0.16 0.05 0.01 0.10 0.00

northern shoveler f 0.28 0.02 0.00 0.00 0.69 0.00

w 0.94 0.02 0.00 0.02 0.02 0.00

s 0.82 0.03 0.01 0.00 0.13 0.00

bufflehead f 0.92 0.00 0.00 0.00 0.08 0.00

w 0.96 0.00 0.03 0.00 0.00 0.00

s 0.91 0.02 0.06 0.00 0.01 0.00

lesser scaup f 0.07 0.00 0.00 0.18 0.75 0.00

w 0.67 0.00 0.04 0.26 0.04 0.00

s 0.66 0.06 0.00 0.00 0.28 0.00

redhead f 0.00 0.00 0.00 0.00 1.00 0.00

w 0.76 0.00 0.01 0.00 0.23 0.00

s 0.00 0.00 0.00 0.00 0.00 0.00

othersa f 1.00 0.00 0.00 0.00 0.00 0.00

w 0.72 0.00 0.27 0.00 0.00 0.00

s 0.39 0.02 0.00 0.00 0.59 0.00

coot f 0.53 0.22 0.11 0.09 0.05 0.00

w 0.43 0.38 0.00 0.18 0.01 0.00

s 0.54 0.24 0.00 0.08 0.12 0.01

pied-billed grebe f 0.73 0.03 0.08 0.04 0.10 0.01

w 0.85 0.05 0.05 0.04 0.03 0.00

s 0.80 0.11 0.01 0.05 0.03 0.00                                           

 a others include cinnamon teal, northern pintail, ringneck, canvasback, ruddy and unknown.

Table 11.  Waterfowl frequency per season (f =fall, w=winter and s=spring) by habitat type
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(mn=mixed native, h=hydrilla, mn/h=native/hydrilla mix, m=milfoil, mn/m=native/milfoil mix,
ft=flooded terrestrial and e=water hyacinth) in Lewisville, Texas in the winter of 1998.                

Plant        

waterfowl season mn h mn/h m mn/m ft e                                 

 mallard f 0.09 0.71 0.06 0.08 0.03 0.03 0.00

w 0.27 0.50 0.13 0.02 0.02 0.06 0.00

s 0.32 0.32 0.12 0.04 0.07 0.13 0.00

gadwall f 0.52 0.09 0.25 0.12 0.02 0.01 0.00

w 0.28 0.22 0.29 0.02 0.09 0.10 0.00

s 0.33 0.34 0.21 0.04 0.06 0.02 0.00

blue-winged teal f 0.10 0.17 0.49 0.06 0.00 0.18 0.00

w 0.00 0.00 0.50 0.50 0.00 0.00 0.00

s 0.26 0.59 0.10 0.00 0.04 0.01 0.00

green-winged teal f 0.00 0.00 0.00 0.00 0.00 1.00 0.00

w 0.48 0.30 0.16 0.00 0.01 0.04 0.00

s 0.57 0.19 0.18 0.00 0.03 0.03 0.00

American widgeon f 0.26 0.34 0.36 0.02 0.00 0.02 0.00

w 0.09 0.23 0.57 0.01 0.05 0.04 0.00

s 0.10 0.54 0.20 0.00 0.00 0.15 0.01

northern shoveler f 0.73 0.00 0.27 0.00 0.00 0.00 0.00

w 0.41 0.20 0.23 0.05 0.08 0.03 0.00

s 0.28 0.40 0.24 0.01 0.03 0.03 0.00

bufflehead f 0.19 0.00 0.81 0.00 0.00 0.00 0.00

w 0.39 0.13 0.33 0.07 0.07 0.02 0.00

s 0.22 0.13 0.49 0.06 0.07 0.04 0.00

lesser scaup f 0.42 0.17 0.25 0.17 0.00 0.00 0.00

w 0.39 0.21 0.24 0.07 0.09 0.00 0.00

s 0.19 0.28 0.44 0.04 0.04 0.00 0.02

ringneck f 0.00 0.00 0.00 0.00 0.00 0.00 0.00

w 0.44 0.05 0.28 0.11 0.06 0.05 0.00

s 0.45 0.02 0.32 0.12 0.09 0.00 0.00

redhead f 0.22 0.65 0.13 0.00 0.00 0.00 0.00

w 0.01 0.00 0.58 0.00 0.41 0.00 0.00

s 0.00 0.00 0.00 0.00 0.00 0.00 0.00

othersa f 0.39 0.35 0.17 0.00 0.04 0.04 0.00

w 0.49 0.21 0.15 0.13 0.00 0.03 0.00

s 0.41 0.45 0.03 0.07 0.00 0.03 0.00

coot f 0.45 0.33 0.08 0.06 0.01 0.06 0.02

w 0.26 0.19 0.35 0.12 0.06 0.01 0.00

s 0.22 0.23 0.32 0.14 0.08 0.00 0.00

pied-billed grebe f 0.45 0.23 0.17 0.08 0.03 0.03 0.01

w 0.47 0.18 0.12 0.13 0.09 0.01 0.00

s 0.22 0.36 0.18 0.12 0.08 0.04 0.00                            
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 a  others include cinnamon teal, northern pintail, wood, canvasback, ruddy and American golden-eye.

Table 12.  Waterfowl frequency per season (f =fall, w=winter and s=spring) by habitat type
mn=mixed native, h=hydrilla, mn/h=native/hydrilla mix, mn/m=native/milfoil mix, ft=flooded
terrestrial, e=water hyacinth and s=salvinia) in Lewisville, Texas in the winter of 1999.                 
 Plant         

waterfowl season mn h mn/h mn/m ft e s                                 

mallard f 0.23 0.63 0.14 0.00 0.00 0.00 0.00

w 0.34 0.37 0.25 0.01 0.00 0.00 0.02

s 0.45 0.08 0.17 0.09 0.03 0.00 0.18

gadwall f 0.33 0.67 0.00 0.00 0.00 0.00 0.00

w 0.49 0.27 0.16 0.01 0.00 0.00 0.07

s 0.21 0.23 0.17 0.04 0.04 0.00 0.31

blue-winged teal f 0.27 0.63 0.00 0.10 0.00 0.00 0.00

w 0.00 0.00 0.00 0.00 0.00 0.00 0.00

s 0.40 0.18 0.11 0.00 0.04 0.00 0.27

green-winged teal f 0.00 0.50 0.00 0.50 0.00 0.00 0.00

w 0.61 0.36 0.02 0.00 0.00 0.00 0.01

s 0.55 0.04 0.18 0.00 0.00 0.00 0.22

American widgeon f 0.00 0.91 0.09 0.00 0.00 0.00 0.00

w 0.32 0.47 0.19 0.00 0.00 0.00 0.02

s 0.47 0.13 0.35 0.05 0.00 0.00 0.00

northern shoveler f 0.00 1.00 0.00 0.00 0.00 0.00 0.00

w 0.29 0.53 0.06 0.00 0.00 0.00 0.12

s 0.38 0.12 0.21 0.00 0.00 0.00 0.29

bufflehead f 0.00 0.00 0.00 0.00 0.00 0.00 0.00

w 0.22 0.78 0.00 0.00 0.00 0.00 0.00

s 0.62 0.27 0.08 0.00 0.00 0.00 0.02

lesser scaup f 0.00 0.00 0.00 0.00 0.00 0.00 0.00

w 0.12 0.74 0.13 0.00 0.00 0.00 0.00

s 0.08 0.67 0.00 0.21 0.00 0.00 0.04

ringneck f 0.00 0.00 0.00 0.00 0.00 0.00 0.00

w 0.56 0.36 0.04 0.00 0.00 0.00 0.04

s 0.44 0.24 0.17 0.04 0.05 0.00 0.07

redhead f 0.44 0.56 0.00 0.00 0.00 0.00 0.00

w 0.54 0.43 0.03 0.00 0.00 0.00 0.00

s .00 0.00 0.00 0.00 0.00 0.00 0.00

others a f 1.00 0.00 0.00 0.00 0.00 0.00 0.00

w 0.17 0.83 0.00 0.00 0.00 0.00 0.00

s 0.86 0.04 0.00 0.04 0.00 0.00 0.07

coot f 0.36 0.63 0.01 0.00 0.00 0.00 0.00

w 0.05 0.50 0.42 0.02 0.00 0.02 0.00

s 0.03 0.47 0.50 0.00 0.00 0.00 0.00
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pied-billed grebe f 0.37 0.28 0.19 0.07 0.00 0.00 0.07

w 0.33 0.29 0.17 0.21 0.00 0.00 0.00

s 0.48 0.30 0.04 0.09 0.00 0.00 0.09                            

a  others include cinnamon teal, northern pintail and canvasback.

DISCUSSION

Annual Migration Chronology

Peak numbers of migratory waterfowl were observed in December and January

during the winters of 1997, 1998 and 1999.  These observations were consistent with

research in north central Texas (Hobaugh and Teer, 1981, Landrum 1996) and

Oklahoma (Slimak, 1975).  Redheads and canvasbacks were observed only during the

late fall flight (fall and winter).  Conversely, cinnamon teal were seen only in the

spring.  

Inter-annual variation in waterfowl migration patterns were not addressed in

the scope of this project.  Dynamic weather characteristics have been demonstrated to

have significant effects on waterfowl migration patterns in Oklahoma.  Important

climatic factors included: air temperature, wind speed, wind chill index, current

precipitation, and distance watershed is behind a major front (Slimak 1975).

Effects of Season on Waterfowl Chronology

Interactions between the variables season and habitat type precluded

MANOVA statistical analysis comparing diet composition transitions between

seasons.  General observations indicated that seasonal dietary shifts did occur.   In
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1997 a seasonal shift was noted from flooded terrestrial to mixed natives.  The change

is accounted for by a flooded terrestrial community dominated by smartweed early

winter that progressively diminished through the winter.  In the winter of 1998,

waterfowl plant selection differed among species.  The most common pattern was a

transition from mixed native in fall to mixed native/hydrilla or hydrilla as winter

progressed; possibly due to dense hydrilla surface canopies diminishing .  This

supports findings by DuBowy (1988), Lovvern (1989), Hepp et al. (1996), and

Benedict and Hepp (2000) that some waterfowl species can make dietary shifts to

compensate for depletion of preferred resources.  In 1999 waterfowl temporal shifts in

vegetation selection varied markedly by species, the only general trend among species

was a shift toward salvinia ponds in late spring.  Use of salvinia ponds only in spring

was accounted for by the phenology of the vegetation type.  Salvinia produces a dense

canopy that persists through winter until multiple freezes.  Waterfowl were possibly

feeding of windblown seeds trapped in joint grass (Paspalum distichum) colonies and

remnant salvinia canopy.

 The fall season produced the greatest numbers of pied-billed grebes all three

years of the study.   Blue-wing teal, a known early fall/late spring migrant, were

observed in larger numbers in spring, except in 1998, which produced similar numbers

in the fall flight.  The fall in 1997 also held the highest numbers of mallard and coot. 

A small number of ruddy ducks were consistently observed during the fall of 1997.  In

1998, wood ducks frequented the facility in the fall, perhaps  due to drying of small
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ponds in nearby bottomland hardwood forests. 

The winter period consistently displayed the greatest number of gadwall,

widgeon, redhead and canvasback.  Green-wing teal were seen in highest numbers

during the winter in 1997 and 1999.  Mallard and lesser scaup populations peaked

during the winter in 1998 and 1999.  The winters of 1997 and 1998 had high numbers

of pintail.  Winter in 1998 additionally had the largest populations of northern

shoveler, bufflehead, ringneck, coot, ruddy and goldeneye.  The winter of 1999

contained as many overwintering pied-billed grebes as had been observed in the fall.

Spring brought peak blue-wing teal and cinnamon teal numbers.  In 1997 and

1999 peak numbers of northern shoveler, bufflehead and coot were observed in the

spring season.  Spring brought greatest number lesser scaup in 1997, green-wing teal in

1998 and in 1999 ringneck and pintail.  These results meet well with known migratory

patterns in north Texas (Bellrose 1976).

Waterfowl Abundance

In the winter of 1997 21,420 water bird observations were recorded. 

Observations in 1998 were 17,277 birds and for 1999 14,157 water birds were logged. 

Dabbling ducks were observed in greater numbers than diving duck species.  This in

part was probably due to the preference of larger and deeper bodies of water by

pochards and bufflehead and the nearby Lewisville Lake.  The mallard, gadwall,

widgeon and coot were among the most abundant waterbirds at this project site all
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three years of the study.  Other waterfowl species which included over 1,000

observations were bufflehead, green-wing teal and northern shoveler in 1997 and in

1999 the ringneck duck.

Lower gadwall abundance in 1998 than 1997 and 1999 may have been

attributed to a large population of overwintering gadwall spending the mild winter

across the dam on adjacent Lewisville Lake.  Lake water levels were low throughout

most of the winter, providing exposed mud flats and protected shallow water coves. 

Lesser scaup numbers decreased each year through the study.  Similar nationwide

trends have been noted by the U.S. Geological Survey, the 1998 breeding bird survey

(3.5 million) indicated a 16% decline from 1997, resulting in the lowest number since

1955 (Austin, 1999).  The Mississippi flyway showed a greater a decline in lesser

scaup the following year.   U.S. Fish and Wildlife Service harvest showed a decline in

lesser scaup harvest from 319,000 in 1998 to only 80,000 in 1999 (Furtman, 2000).  

Ringneck numbers in the study increased each year over the previous winter. 

Coot abundance was higher in the winter of 1998 due to a large overwintering

population that stayed on the lake and at the study site.  Observations of other

miscellaneous species was higher in 1997 due to inclusion of ringneck that year, as

well as 487 unidentified puddle ducks and a greater canvasback population.

Waterfowl Frequency 

Waterfowl with 100 percent occurrence (number of days a specie was present 
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out of total census days) for a given year included gadwall, coot and pied-billed grebe

in 1997, the coot and pied-billed grebe in 1998 and mallard in 1999.  Species with

greater that 90 percent occurrence were bufflehead, widgeon, mallard and northern

shoveler in 1997 and the gadwall in 1999.  High frequency observed for coots and

grebes was due to populations overwintering on the study area.  Ducks were more

continuously migratory, with occasional large numbers of gadwall and widgeon

observed.  Low percent observance of redheads was due to their tendency to move

through in a one time fall migration.  Similar trends were observed in the lesser scaup

and green-wing teal during spring migration.  

Vegetation Effects on Waterfowl Selection

Mixed native ponds were the most selected habitat type in 1997.  In the two

subsequent years of the study mixed natives and mixed natives/hydrilla pond habitats

were both preferred.  In the native/hydrilla mixed ponds more waterfowl were in the

native portions of the ponds than the hydrilla areas.   In these native/hydrilla mixed

ponds, it was generally observed that widgeon, coot and sometimes redhead and

bufflehead were in the hydrilla portions of the ponds, while other waterfowl species

congregated in the American pondweed or in the shoreline vegetation which consisted

mainly of bulltongue, flatstem spikerush, dwarf spikerush and joint grass.

Giant salvinia ponds were not utilized while the thick vegetation persisted.  On

February 6, 2000 a frost occurred which in conjunction with several previous light
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freezes reduced the surface area of giant salvinia.  After a large portion of the salvinia

biomass fell-out and created open water pockets, ducks were observed in the open

areas usually near joint grass patches.  This occurred late in the season when other

preferred vegetation, notably American pondweed and bulltongue had been greatly

reduced.  Most diving ducks did not select this habitat type, although ringneck ducks

did join flocks of gadwall on occasion in these ponds.  It has been suggested that

waterfowl will deplete preferred food sources then shift their diet composition

(Lovvern 1989, Hepp et al., 1996, Benedict and Hepp, 2000), which apparently

occurred on the study site.

Water hyacinth pond habitat was utilized only minimally.  The thick cover of

water hyacinth provided no open water areas and thus minimal access to waterbirds. 

Additionally, water hyacinth is poorly used as a direct food source by most waterfowl

(Sainty and Jacobs 1994). 

Flooded terrestrial ponds that lacked submersed and emergent vegetation were

utilized sparingly.  Similarly, Heitmeyer and Vohs (1984) found stock ponds lacking

submersed and emergent vegetation were not regularly used.  Previous workers have

found a correlation between aquatic plants presence and waterfowl use (White and

Malaher 1964, Hobaugh and Teer 1981, Orth and Moore 1981, Johnson and

Montalbano 1989, Haramis 1991, Leschisin 1992, Jorde et al. 1995).  In all, waterfowl

in this study appeared to prefer ponds inhabited by submersed vegetation, particularly

diverse native vegetation species.
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Effects of Water Depth 

Nearly full ponds were preferred by almost all waterbird species.  Pochards and

coot showed a great preference for the deeper water level.  Species that appeared to

select deeper ponds were gadwall, blue-wing teal, green-wing teal, widgeon, northern

shoveler, lesser scaup, ringneck, redhead, others, coot and pied-billed grebe.  Lower

than expected use was observed by bufflehead.  About half full ponds were preferred

by mallard.  Bufflehead seemed to lack a preference between nearly full and about half

full pond levels.  Almost empty ponds were the least utilized water depth by all

waterfowl,  although higher than average use was noted by the mallard and blue-wing

teal.  Both of these species are known to forage shallow mudflats for emergent seeds

and these the lower water level ponds were often rich in emergent and grass seeds

(Polasek 1994).  This project supports findings by Leschisin (1992) in that depth may

play an important role in habitat selection in smaller impoundments.  Depth analyses

appear to agree with finding by Paulus (1982) that deeper areas area preferred.

Waterfowl Richness

Greatest species richness of waterfowl observed on a single habitat type (mixed

native) was 100 percent.  All waterbird species utilized the mixed native ponds all

three years of the study.  Additionally, mixed native/hydrilla and hydrilla ponds were

selected by the majority of waterfowl species.  Use of mixed native/milfoil, milfoil and

flooded terrestrial ponds was more variable between years, and were used by more
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than half the observed waterbird species.  Flooded terrestrial ponds showed low

waterfowl richness in 1999 (0.38).  The disparity in use of flooded terrestrial habitat

type between years was primarily due to type of vegetation cover. In 1997 four ponds

were dominated (approximately 90% cover) by smartweed.  In subsequent years the

percentage of smartweed in flooded terrestrial habitats declined, and by 1999 the ponds

were dominated by joint grass, forbs, pigweed (Amaranthus palmeri) and black willow

(Salix nigra).  Water hyacinth ponds were utilized by very few waterfowl and only a

few species, mainly loafing coots in the cattails at the pond perimeter.
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CHAPTER III

TIME BUDGETS IN AQUATIC VEGETATION

INTRODUCTION

The final objective of this study was to ascertain habitat partitioning within

different plant communities by evaluating time budgets.  Time activity budgets

quantify how birds apportion time for various activities.  Analysis of time budgets

allows evaluation of temporal relationships of behaviors relative to habitat components

and structure (Plumpton and Lutz 1993). 

Time budgets were conducted at the Lewisville Aquatic Ecosystem Research

Facility (LAERF) ponds in north-central Texas.  The objective of this study was to

compare habitat utilization of native and hydrilla vegetated ponds to determine

differences between activity time partitioning in native and exotic aquatic plant

communities.

METHODS

A study was conducted to observe differences in activity partitioning in the
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habitat types most favored by waterfowl in the previous study.  Waterfowl time

budgets were performed on native and hydrilla habitat types.  Time budgets were

calculated based on percentage of time allocated to the following activities; foraging,

resting, locomotion, hiding, alert, preening/comfort, agonistic and courtship/pair

behavior.  Similar classification schemes were employed by Jorde (1983), Dubowy

(1984), Plumpton (1993), Zicus (1994) and Benedict (2000).    Feeding and drinking

were combined due to their close association.  Feeding was divided into diving and

dive pauses for diving duck species as done by Zicus (1994).  Time budget

observations were conducted during the spring of 2000.  Viewing was from two

elevated blinds with shade-cloth tops to camouflage the observer from overhead

waterfowl.  One blind was set up to simultaneously observe four hydrilla ponds while

the other blind provided visibility of four native ponds.  Observations were made twice

weekly, alternating blind order each week from the previous week.   The observer

entered the blind one-half hour before sunrise, just before the early morning  feeding

flight, because peak waterfowl feeding periods are crepuscular.  Only morning

sampling was conducted due to daily human activity that may be localized around

certain ponds.  

Instantaneous behaviors were recorded every 30 seconds for 30 minute bouts

within two hours of sunrise, approximately 0600 hrs to 0800 hrs.   Instantaneous

sampling can provide reliable estimates of true time use with adequate sample size

even for short time duration behaviors (Pöysä 1991, Dunbar 1976, Tyler 1979).  Focal
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observations were recorded for a selected bird for each one half-hour session.  When

sufficient numbers of waterfowl were present on a pond, concurrent sampling was

recorded for two birds.  Observations of the two observed individuals were staggered

15 seconds from each other.  When a paired bird was selected for time budgeting, its

mate was sampled in the alternate concurrent method described above to provide the

ability to compare activity differences by gender within a habitat type.

Time budget partitioning was analyzed via a G log likelihood contingency test

by habitat type and by waterfowl gender.  All statistical analysis were performed at an

alpha level of 0.10 and followed the methodology in Zar (1999).

RESULTS

A total of 1,369 observation were recorded.  Activity budgets were not

significantly contingent on pond vegetation type (p<0.0001, G log likelihood). 

Foraging was the dominant behavior followed by resting then locomotion on both

native and hydrilla habitat types (Table 13).  Percent time foraging  was similar for

native ponds (55.57%) and hydrilla ponds (56.31%).  Ducks on hydrilla ponds spend

more time resting (34.30% versus 24.91%), while those on native ponds had greater

locomotion expenditures (12.74% versus 7.77%).  Alert, courtship/pair and agonistic

behaviors were only observed on native ponds (3.02%, 1.23% and 0.75%,

respectively).  Foraging diving ducks allotted 60% of time (58% native and 62%
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hydrilla) to diving and 40% to dive pauses (42% native and 38% hydrilla).  Most ducks observed on native ponds were

paired, 86%; conversely no ducks on hydrilla

Table 13.  Time budget frequencies for ducks by pond vegetation type on eight Lewisville ponds during spring 2000. 

n=1369. 

vegetation behavior                                            

agonistic        alert               feed               locomotion      pair/court       preen/comfort      rest                           

nativea             0.75                3.02               55.57               12.74                1.23                1.79               24.91

hydrilla            0.00                0.00               56.31                 7.77                0.00                1.62               34.30

a  native comprised 77.42% of total population and hydrilla 22.57%.
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 ponds were paired.  The majority of unpaired ducks on the hydrilla ponds were hens,

mostly bufflehead and pochards.  Activity time budget was not contingent upon gender

(p<0.0001, G log likelihood).  Hens comprised 51.43% and drakes were 48.58% of the

duck observations.  Foraging was the dominant activity for each sex (Table 14)

followed by resting then locomotion.  Females spent more time (65.63%) foraging than

did males (45.26%).  Males spent more time resting (34.29% versus 20.17%) and

being alert (3.91 versus 0.85).  
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Table 14.  Time budget frequencies for ducks by gender on eight Lewisville ponds during spring 2000.  n=1369.

gender                                 behavior                                                                 

agonistic         alert              feed               locomotion      pair/court       preen/comfort      rest                           

femalea0.43                0.85               65.63             10.51               0.85                   1.56               20.17

male 0.75                3.91               45.26             12.78               1.05                   1.98               34.29

a  hens comprised 51.43% of total population and drakes 48.58%.
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DISCUSSION

Time budgets were conducted to evaluate temporal partitioning of waterfowl

behaviors.  Activities were quantified on mixed native and hydrilla habitat types by the

percentage of time apportioned to each activity.   The objectives of time budgeting

were to ascertain differences in habitat components selected by pond vegetation type

and by waterfowl gender.   

Time budgets were similar for native vegetation and hydrilla ponds, with the

dominate  behaviors being foraging, resting and locomotion, respectively.  Other

researchers have found comparable foraging time percentages for gadwall (Paulus

1984, Hepp 1982), mallard (Jorde 1984), green-winged teal (Hepp 1982, Quinan and

Baldassarre 1984), northern shoveler (Hepp 1982), ringneck (Hohman 1986), and

mixed waterfowl  (Benedict, 2000).

Although statistically significant  differences were not found between time 

budgets on native and hydrilla habitat types, important social differences may have

taken place.  Interestingly, most ducks on the native ponds observed in time budgets

were paired and most of those observed on the hydrilla ponds were unpaired hens. 

Life history research has shown that paired waterfowl have the highest social status

followed by unpaired drakes, with unpaired hens having the lowest social priority.
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Researchers have shown that unpaired birds were often displaced to poorer habitats

(Hepp 1982, Jorde et al. 1984, Paulus 1984, Hepp et al. 1996).  It has been suggested

that subdominance of females to males in the canvasback (Nichols and Haramis 1980)

and common goldeneye (Sayler and Afton 1981) resulted in competitive exclusion of

females from optimal foraging sites and restricted their wintering distribution.  Jorde

(1983) found that paired mallards spent more time feeding on aquatic areas than

unpaired mallards and that unpaired male and female mallards were less active (51.8%

versus 34.5%) than paired, but had similar total energy expenditures.  

Gender time budgets did not find significant differences between the sexes. 

Generally, females spent more time foraging than males, which is consistent with

observations in other studies.  In an extensive comparison of recent time budget

research, Paulus (1988) found the data suggests that nutrient requirements of non-

breeding male and female waterfowl were similar or slightly higher for females.  Males

allotted more time to locomotion, alert,  agonistic and pair/courtship behavior.  Other

researchers found that males may sacrifice foraging opportunities for locomotion, alert

and agonistic behaviors to protect their territory and mate (Jorde 1981, Miller 1985).



72

CHAPTER IV

MANAGEMENT RECOMMENDATIONS

Waterfowl most heavily utilized native, hydrilla and native/hydrilla mixed

ponds in a three year study in north central Texas.  In the native/hydrilla mixed ponds

more waterfowl were in the American pondweed, sagittaria and spikerush portions of

the ponds than the hydrilla areas.  Spring time budgets found similar use of native and

hydrilla ponds but apparent waterbird partitioning by social status.  Birds with lower

social status appear to be disproportionately in higher numbers in the hydrilla ponds

and lacking in the native ponds.  Census data including pair status may be useful in

better determining waterfowl preference of different aquatic vegetation communities.

Small water bodies should be managed to support diverse native vegetation

communities to maximize waterfowl use.  Diverse communities may sustain waterfowl

populations throughout their wintering period.  Use of hydrilla is discouraged, despite

some utilization because of its problematic growth form and probable need to manage.
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