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ABSTRACT 

The playas of the Southern High Plains (SHP) are 

important habitat for wintering waterfowl. In years of 

adequate rainfall, wintering waterfowl populations can 

exceed 1 million birds on the SHP. However, the recent 

trend toward playa modification for agricultural use is 

threatening waterfowl habitat in this region. Diurnal 

activity budgets of wintering mallards were conducted (1 

October-31 March, 1983-1984;1984-85) to test differences 

among activity patterns at 3 habitat types; steep-sided 

pits, terraced pits, and open lakes. 

All seven activity patterns were different (P <0.05) 

among the 3 habitat types for wintering mallards on the SHP 

of Texas. Terraced pits had the greatest feeding activity 

(27.8%) and were higher (P <0.001) than steep-sided pits 

(11.2%) or open lakes (2.6%) even though the latter have an 

abundance of macroinvertebrates. Hens fed more than drakes 

(P <0.05). Locomotion (32.2%) and alert (2.8%) behavior 

across the 3 habitat types showed the highest level during 

the early morning. Paired mallards rested more (37.9%) than 

unpaired mallards (25.8%) (P <0.05). Agonistic activity was 

highest (2.4%) in terraced pits throughout the season. This 

IV 



study suggests that wintering mallards will feed in lakes if 

food is available, thus potentially balancing a high corn 

diet. 



LIST OF TABLES 

1. Percentage time spent in activities by wintering 
paired and unpaired mallards on the Southern High 
Plains of Texas during 1983-1985 13 

2. Spearman correlation coefficients among 
activities of wintering mallards and climatic 
variables 24 

VI 



LIST OF FIGURES 

1. Habitat and seasonal activity budgets (% of time 
spent for each activity) of wintering mallards on 
the SHP, Texas 15 

2. Habitat and daily activity budgets (% of time 
spent for each activity) of wintering mallards on 
the SHP, Texas 19 

Vll 



CHAPTER I 

INTRODUCTION 

The Southern High Plains (SHP) is a tableland stretching 

across the Texas Panhandle and eastern New Mexico. The 

prominent hydrological features of the Southern High Plains 

are the 16,000-20,000 playa basins dotting the prairie 

landscape (Schwiesow 1965; Grubb and Parks 1968). Playa 

basins are circular lenses of Randall clay interspersed 

among lighter soils; the impermeable clay soils largely 

prevents loss of surface water through percolation 

(Aronovici et al. 1970). 

The SHP is a semi-arid region where the annual rainfall 

is less than 51 cm. The rainy season comes in May-June and 

September-October, but approximately 90% of the water 

collected by playas is lost to evaporation and transpiration 

(Ward and Huddleston 1972). Because of the playas' shallow 

depths and high evaporation rates, regional agricultural 

practices depend on irrigation water from the Ogallala 

Aquifer (Dvoracek 1981; Bolen 1982). Unfortunately, the 

Ogallala is a closed system, and its water is being depleted 

rapidly. Therefore, playas are modified for water storage 

and maximum potential availability of water for irrigation. 



The modifications concentrate water in a much reduced 

area; usually, this is accomplished with the excavation of a 

deep, steep-sided pit in the lowest part of the playa basin. 

Agricultural benefits from this type of modification include 

reduced evaporation and increased use of run-off water for 

irrigation because a more favorable ratio of volume to 

surface area of water is attained than in a natural playa 

(Schwiesow 1965; Grubb and Parks 1968). However, these 

modifications also change both the vegetative and physical 

characteristics of playas (Rollo and Bolen 1969). In 

particular, the steep-sided pits drain much of the littoral 

zones in playas, thereby reducing important areas of habitat 

where many waterfowl find food and cover. Dabbling ducks 

exploit food resources in littoral zones. Fredrickson and 

Drobney (1979) determined that pintails (Anas acuta) and 

mallards (A. platyrhynchos) prefer feeding in water depths 

of 11 to 21 cm. Seeds and macroinvertebrates produced in 

littoral zones are particularly important food sources for 

waterfowl (Drewien and Springer 1969; Patterson 1976; Rhodes 

1978). 

The relationships between playa modifications and 

wildlife gain importance for three reasons. First, many 

animals such as pheasants (Phasianus colchicus) rely on 



playas for habitat, but wintering waterfowl are the most 

abundant wildlife resource occurring on the playa lakes 

(Stevenson 1942). As habitat for waterfowl wintering in the 

Central Flyway, the playa region is second in importance 

only to the Texas Gulf Coast; in years of adequate rainfall, 

wintering populations may exceed 1 million birds (Buller 

1964). Of these, mallards, pintails, green-winged teal 

(Anas crecca) and American wigeon (A. americana) are the 

most abundant. In particular, mallards may number 280-300 

thousand in the region and remain the most important species 

in the duck harvest in the Central Flyway (Grieb et al. 

1971; Funk et al. 1971). 

Second, large numbers of playas have been modified with 

steep-sided pits or other excavations that alter their 

hydrological regime. Bolen et al. (1979) estimated that no 

less than 85% of the larger playas on the Southern High 

Plains of Texas have experienced some type of modification, 

whereas Schwiesow (1965) felt no more than 85% (size not 

specified) would ever be modified. Guthery and Bryant 

(1982) reported a modification rate of 69% for playas 

exceeding 4 ha. Hence, wintering waterfowl normally select 

natural wetlands in favor of man-made or man-altered 

wetlands (e.g., unmodified playas vs. those with pits) 



because pristine environments usually provide more and/or 

better food and cover (Rollo and Bolen 1969; Heitmeyer and 

Vohs 1984). To compensate for the loss of littoral zones on 

modified playa lakes terraces were constructed on one side 

of the pit. To determine if artificial littoral zones might 

partially compensate for the loss of wintering habitat in 

modified playas, 8 m-wide terraces were constructed at 60 cm 

intervals on one side of 7 experimental pits; the biological 

characteristics of these treatments are compared with 3 

controls in a separate study. The terraces create 

functional littoral zones at any water depth in the pit as 

water levels change (i.e., irrigation pumping, return of 

tailwater, etc.). Therefore, terraces encourage plants such 

as pondweeds (Potamogeton spp.), cattails (Typha spp.), 

bulrushes (Scirpus spp-), smartweeds (Polygonum spp.), and 

millet (Echinochloa crusqalli), as well as 

macroinvertebrates. 

Third, corn has become an important food for wintering 

waterfowl and accounts for approximately 93%, by volume, of 

the winter diet (Moore 1980). Although corn is high in 

carbohydrates, it is lower in certain amino acids, vitamins 

and certain minerals (especially calcium) than natural foods 

(Baldassarre et al. 1983). Bellrose (1959) found that 



corn-fed mallards are more susceptible to lead poisoning 

than are birds on a natural diet. Corn also is lacking in 

both organic and mineral nutrients required for breeding 

pheasants (Anderson and Labisky 1974). Therefore, 

management of wintering waterfowl must provide abundant 

natural foods to offset the nutritional deficiencies 

associated with corn (Baldassarre et al. 1983). Generally, 

even in areas where waste grains are abundant, it appears 

that non-breeding waterfowl require natural foods in order 

to avoid the dietary deficiencies of a pure corn diet 

(Quinlan and Baldassarre 1984). 

To conclude, waterfowl meet post-breeding requirements 

with adaptations for wintering on specific wetlands in 

well-defined geographical locations. Wetland conditions in 

winter may influence the physiological condition and pairing 

of mallards and, potentially, breeding (Heitmeyer and 

Fredrickson 1981). For example, mallards obtain a 

significant part of their energy and lipid requirements for 

reproduction prior to arriving on the breeding grounds 

(Krapu 1981). Therefore, the quality of the Texas High 

Plains as a habitat for wintering waterfowl should be 

studied from a biological, ecological and management 

viewpoint. However, there is little information about 



behavior patterns of wintering waterfowl, especially on 

different types of playa basins. 



CHAPTER II 

A TIME BUDGET STUDY OF MALLARDS 
WINTERING ON THE TEXAS HIGH PLAINS 

Introduction 

Time budgets have been a useful technique for gathering 

ecological, behavioral, and physiological information on 

numerous avian species (Orians 1961; Verner 1965; Schartz 

and Zimmerman 1971; Wolf and Hainsworth 1971; Utter and 

LeFebvre 1973). Among waterfowl during migratory and 

breeding seasons, activity rhythms have been studied for 

lesser scaups (Aythya affinis) (Siegfried 1974), gadwalls 

(Anas strepera) (Dwyer 1975), black ducks (A. rubripes) 

(Wooley and Owen 1978), northern shovelers (A. clypeata) 

(Afton 1979), and mallards (Titman 1981). 

Only recently have investigators begun to quantify the 

behavior of wintering waterfowl. For instance, winter 

activity budgets have been determined for pintails (Tamisier 

1976), mallards (Jorde et al. 1984), gadwalls (Paulus 1984), 

and green-winged teals (Tamisier 1976; Quinlan and 

Baldassarre 1984). However, the paucity of information for 

post-breeding waterfowl remains and waterfowl investigators 

have emphasized that more research is needed during the 6 to 
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9 months when birds are not on breeding grounds (Fredrickson 

and Drobney 1979; Reinecke 1981; Anderson and Batt 1983). 

In order to survive and reproduce, a bird must 

effectively perform a variety of activities, each requiring 

an expenditure of time. By recording how much time was 

spent in each activity, a time budget can be constructed 

(Verner 1965). Orians (1961) suggested that even subtle 

differences in time budgeting can affect an individual's 

reproductive success and thus have evolutionary implications 

(i.e., natural selection may favor the 'efficiency expert' 

that hypothetically has the 'best' time budget for any given 

set of circumstances). Selection, therefore, will favor 

those individuals whose budgets most closely achieve this 

goal (Verner 1965). 

The objectives of this project were (1) to determine the 

activity patterns of mallards by sex and pairing status in 

relation to selected environmental factors and types of 

playas (i.e., terraced pits, steep-sided pits, and 

open-lakes) and (2) to relate these data to the winter 

management of mallards. 



study Area 

The study area lies in the western part of the Panhandle 

of Castro County, Texas. Castro County has an area of about 

2253 square km with elevations ranging from 1079m to 1219m 

(Bruns 1974) . 

The Southern High Plains is today one of the most 

intensively cultivated regions of the United States (Bolen 

et al. 1979). Major agricultural products include grain 

sorghum, wheat, cotton, corn, vegetables, and sugar beets. 

Corn and wheat are especially important in the northern 

one-third of the region. Rowell (1971) published a 

checklist of vascular plants occurring in playa environments 

within the region. These include Typha spp., Eleocharis 

spp., Scirpus spp., Heteranthera spp., Polygonum spp., 

Echinodorus berteroi, Echinochloa crusqalli, Sagittaria 

longiloba and, in permanent waters, Potamogeton spp., 

Zannichellia spp., and Najas guadalupensis. 

Methods 

Data were collected from 1 October to 31 March, 1983-84 

and 1984-85 on 3 terraced pits, 2 steep-sided pits and 2 
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open lakes. Each day was divided into 4 time periods: early 

morning, late morning, early afternoon, and late afternoon. 

Each of the 7 lakes was sampled primarily on weekends. The 

study season was divided in the following manner: early 

winter (1 October - 30 November), mid-winter (1 December -

31 January), and late winter (1 February - 31 March). 

Observations were made with a 15-60X zoom spotting scope 

from a truck or blind. Behavioral data were collected from 

individual birds for 15 minutes each, using an instantaneous 

sampling procedure (Altmann 1974; Dwyer 1975). To reduce 

the effect of human interference, I waited an average of 5 

minutes after entering the blind before recording behavior 

data. Four birds were observed each hour with 2 males and 2 

females randomly selected. Pairing status was determined 

using methods described by Paulus (1984). Most ducks on 

open lakes were on the water, so, when possible, birds on 

the water in pits were selected for comparisons of time 

budgets. 

Activities were categorized as (l)feeding, (2)locomotion 

(walking and swimming), (3)resting (loafing and sleeping), 

(4)comfort (preening and bathing), (5)courtship (displays), 

(6)alert (head upright), and (7)agonistic (bill threats, 

chasing, and biting) as described by Dwyer (1975), Afton 
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(1979), and Paulus (1984). Weather conditions such as 

temperature, wind velocity, and percentage cloud cover were 

recorded for each observation period. 

An arcsine transformation was applied to non-normal 

percentage data (Zar 1974). Completely randomized design 

with a factorial arrangement of treatments was used with the 

3 habitat types (terraced pits, steep-sided pits, open 

lakes) serving as treatments. A Tukey mean separation test 

was used to compare the 3 treatments while sex and pair 

status were tested using a F-test. Correlations between 

activity patterns and environmental variables were 

determined by a Spearman correlation coefficient (Conover 

1980). 

Results and Discussion 

The amount of time mallards spent feeding was different 

(P <0.001) among the 3 habitat types studied. 

Interactions could exist between sexes where male diving 

ducks may control food supply by excluding hens from feeding 

areas when food is scarce (Nichols and Haramis 1980). Hepp 

and Hair (1984) also suggested that late-pairing females are 

subordinate to earlier pairing females and are more likely 
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to be excluded from preferred feeding sites when food 

becomes limited. This does not seem to apply to the 

waterfowl on the SHP of Texas. First, most mallards are 

paired by January, so males and females cannot be 

segregated. Second, it seems that food is not scarce on the 

SHP because mallards in this region fed extensively on an 

abundant corn supply, and maintained better body condition 

than those wintering elsewhere (Whyte 1983; Baldassarre and 

Bolen 1984). Last, although exact food abundances in the 

study lakes are unknown, mallards never fed more than an 

average of 30% throughout the day, suggesting that their 

food needs were satisfied rather easily. Indeed, gadwalls 

in Louisiana fed more than 60% of the time (Paulus 1984) 

while mallards in Nebraska fed (in water) 55% of the time 

during the winter of 1979 (Jorde et al. 1983). 

Although gadwalls feeding in Louisiana did not show any 

difference between sexes (Paulus 1984), in the present study 

mallard females fed more than males (P <0.05) (Table 1) with 

unpaired females feeding the most (44.5%). During breeding 

greater demands are placed upon mallard females than upon 

males because of incubation and brood care. Because of this 

most males leave the breeding areas before females, and many 

females, especially late nesters, may not have adequate time 
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Table 1. Percentage time spent in activities by wintering 
paired and unpaired mallards on the Southern High Plains 
of Texas during 1983-1985. 

Paired Unpaired 

Activity Habitat 
Male Female Male Female 

1.7(88 
4.4(21 
34.5(29 

49.6(88 
28.4(21 
19.4(29 

25.9(88 
38.3(21 
29.8(29 

15.9(88 
21.4(21 
10.1(29 

4.5(88 
2.5(21 
1.1(29 

1.1(88 
2.6(21 
1.6(29 

1.3(88 
2.4(21 
3.5(29 

4.7(32) 
19.4(9) 
44.5(31) 

46.0(32) 
28.9(9) 
21.3(31) 

23.5(32) 
22.2(9) 
16.6(31) 

16.5(32) 
24.8(9) 
11.3(31) 

6.1(32) 
1.3(9) 
1.6(31) 

1.8(32) 
1.1(9) 
2.2(31) 

1.3(32) 
2.2(9) 
2.5(31) 

Open 
Feeding^ Steep 

Terraced 

Open 
Locomotion Steep 

Terraced 

Open 
Resting^ Steep 

Terraced 

Comfort 
Open 
Steep 
Terraced 

Open 
Courtship Steep 

Terraced 

Alert 

Agonistic 

Open 
Steep 
Terraced 

Open 
Steep 
Terraced 

2.7(127)3 3.0(173) 
9.5(55) 12.2(68) 
17.6(52) 22.7(66) 

43.4(127) 47.1(173) 
24.4(55) 21.1(68) 
15.4(52) 14.2(66) 

35.3(127) 35.5(173) 
39.1(55) 41.7(68) 
40.9(52) 42.3(66) 

11.0(127) 9.7(173) 
17.4(55) 18.2(68) 
16.1(52) 16.8(66) 

4.2(127) 
3.1(55) 
1.8(52) 

1.2(127) 
4.7(55) 
4.9(52) 

2.2(127) 
1.9(55) 
3.2(52) 

2.9(173) 
2.3(68) 
0.9(66) 

0.6(173) 
3.1(68) 
1.3(66) 

1.2(173) 
1.4(68) 
1.7(66) 

Total number of 
observations 234 307 138 72 

Total hours of 
observations 58.50 76 .75 34.50 18.00 

^Number of ducks observed. 
''P <0.05 sex difference in feeding activity. 
P̂ <0.05 pair status difference in resting activity. 
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to accumulate abundant fat reserves for migration 

(Fredrickson and Drobney 1977). As a result, adult hens on 

the SHP have their lowest body weight (1084 g) in early 

winter (Whyte 1984). The low body weight is probably the 

reason unpaired females (fall hens) fed more than paired 

females and males. Paired females fed slightly, but not 

significantly, more than males, perhaps in response to 

molting, migratory and prenesting needs. 

Fat accumulation and depletion are major influences on 

body weight changes in waterfowl (Raveling 1979; Reinecke et 

al. 1982). Whyte (1984) showed body weight and lipid 

reserves increased from November to the middle of December 

when most unpaired females gained mates. Hen mallards 

showed a change both in body weight and lipid reserves, 

which probably resulted from more feeding activity during 

early winter before pairing. 

Mallards using terraced pits spent more time feeding 

(32.4%) (P <0.05) than in the other habitat types during the 

early winter (Fig. 1). Presumably, mallards in early winter 

have nutritional demands associated with fall migration and 

molting (King 1974). The fact that mallards using terraced 

pits never fed less than 20% of the time is a reflection of 

this demand. 
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Fig. 1. Habitat and seasonal activity budgets (% of time 
spent for each activity) of wintering mallards on the SHP, 
Texas. Habitat types for an activity denoted by the 
same letter do not differ (P >0.05). Number of birds 
observed are listed below each time period. EW=early winter, 
MW=mid-winter, LW=late winter. 
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Ducks using open lakes had the lowest (2.6%) (P <0.05) 

feeding activity followed by ducks using steep-sided pits 

(11.2%) throughout the season (Fig. 1). Results indicated 

mallards were using large open lakes for nonfeeding 

activities even though large open lakes, especially near 

feedlots, contain an abundance of macroinvertebrates (e.g., 

Chironomidae, Corixidae, Baetidae) (Thompson 1985). Several 

suggestions may explain why mallards wintering on the SHP of 

Texas were not actively feeding on open lakes. Open lakes 

have large areas in the center where the water is 1-2 m 

deep. Most ducks present on the lake use this center area, 

where feeding is not possible. 

Tamisier (1976) suggested that diurnal resting activity 

can be a direct consequence of avian predation. He observed 

numerous attacks on flocks of waterfowl by avian predators 

(e.g., northern harriers. Circus cyaneus). However, this 

does not seem to apply to mallards wintering on the SHP as I 

observed only one attack by a northern harrier during this 

study. 

Large open lakes may serve as "information centers" (Ward 

1965) when ducks unfamiliar with the area mix with ducks 

previously established in the area. This is particularly 

useful in the choice of feeding grounds; the best informed 
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birds lead others to the more favorable feeding locations 

(Tamisier 1974). Tamisier (1974, 1976) stated that 

green-winged teal were concentrated on large open lakes 

where they spent their time feeding, preening and swimming. 

A similar explanation can be given for most of the Anatidae 

in which gregarious behavior is characteristic in winter 

(Tamisier 1974). 

Another factor influencing waterfowl use of open lakes 

may be human disturbances. Hunting disturbance causes 

disruptions of normal waterfowl activity patterns during the 

winter (Thornburg 1973; Tamisier 1974; Jorde et al. 1984; 

Paulus 1984). However, lakes in this study received little 

or no hunting pressure, and it is likely that hunting 

pressure played a minor role in changing mallard activity 

patterns. However, Tamisier (1976) showed other human 

disturbances (e.g., walking, truck traffic) caused 

green-winged teal to disrupt their activity pattern. 

Thornburg (1973) also suggested that increased hunting 

pressure and other disturbances (not specified) could affect 

feeding and resting activities for diving ducks. Most of 

the open lakes used in this study were adjacent (10-100 m) 

to paved highways, so that feeding or other activities could 

have been disturbed by traffic. Pedroli (1982) suggested 
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that ducks were more vulnerable to disturbance during 

feeding rather than during resting or locomotion (Pedroli 

1982). 

Differences also occurred (P <0.05) in feeding activity 

across the daily period (Fig. 2). For terraced pits, 

feeding activity was inversely proportional to resting 

activity, especially during early winter. Quinlan and 

Baldassarre (1984) also noted a similar pattern between 

feeding and resting activity in open lakes. Feeding on 

native foods by mallards throughout the season is important 

to help balance possible nutritional deficiencies caused by 

a corn diet. Feeding on native foods may be especially 

important during the molting period after fall migration 

(Quinlan and Baldassarre 1984). 

Locomotion was different (P <0.001) among the 3 habitat 

types and also among seasons (P <0.05) (Fig. 1). Mallards 

using open lakes showed the highest locomotion activity 

(48%) because in open lakes there are less calm, shallow 

water areas and there is less shoreline per water area for 

mallards to rest on. Mallards using steep-sided pits showed 

more time resting than on open lakes. This may be 

advantageous during energetically stressful periods (e.g., 

cold weather) for mallards using steep-sided pits or 

terraced pits. 
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Fig. 2. Habitat and daily activity budgets (% of time 
spent for each activity) of wintering mallards on the SHP, 
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No differences (P >0.05) resulted from sex or pair status 

(Table 1). During early winter, locomotion was highly 

correlated with feeding activity. In late winter, mallards 

showed lower feeding and locomotion, reflecting that they 

may be reducing these activities to conserve energy in 

preparation for spring migration. Daily change of 

locomotion also was different (P <0.05) among the 4 daily 

periods (Fig. 2). Mallards showed the highest amount of 

locomotion time in the early morning throughout the habitat 

types (50.5%, 24.9%, 21.2%, for open lakes, steep-sided pits 

and terraced pits, respectively) because they usually used 

this time swimming about after field-feeding. 

Resting activity was different (P <0.05) among the 3 

habitat types and seasons (Fig. 1). Resting activity was 

higher in paired (37.9%) than in unpaired mallards (25.8%) 

(P <0.05) (Table 1). Paired birds may have better body 

condition than unpaired birds, thus spending less time 

feeding and more time resting. In wigeon, protein and lipid 

reserve levels seem to be correlated with the ability of 

males to obtain and defend mates during the winter (Wishart 

1979). On terraced pits, mallards showed the highest 

resting activity (45.3%) (P <0.05) in late morning and early 

afternoon (Fig. 2). 
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Comfort activity also differed (P <0.05) across the 3 

seasonal periods (Fig. 1). The highest figure occurred 

during September-October on open lakes (18.8%) and 

steep-sided pits (20.6%). During the early winter, a 

relatively high percentage of time was spent in 

energetically costly activities (e.g., comfort, feeding, and 

agonistic behaviour) reflecting an adaptive metabolic 

strategy during periods of mild temperatures (Quinlan and 

Baldassarre 1984). Comfort movements (e.g., bathing and 

wing flapping) use about 3 times as much energy as resting 

activity (Wooley and Owen 1978). In terraced pits, comfort 

movements were lowest (11.6%) during the same time period. 

Concomitantly, a greater percentage of time was spent 

(32.4%) feeding during the early winter. Comfort activity 

was not different (P >0.05) across the 4 daily periods (Fig. 

2). 

Courtship activity was highest (P <0.05) in mid-winter 

when birds were forming pair bonds after which time it began 

to decline. Weller (1965) reported a similar trend in 

mallards wintering in Louisiana. When compared to other 

habitat types sampled, courtship activity was highest (4.3%) 

(P <0.05) in open lakes. This could be explained by high 

intraspecific competition on open lakes. Courtship activity 

was not different (P >0.05) throughout the day (Fig. 2). 
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Alert activity was not different (P >0.05) among the 3 

seasons (Fig. 1), but there were differences (P <0.05) among 

the 3 habitat types. Steep-sided (3.1%) and terraced pits 

(3.1%) had the highest values partly because ducks using 

small pits could see observer more easily. Although 

steep-sided and terraced pits were relatively free from 

hunting disturbances, farming activities could have affected 

the mallards' normal activity patterns. Alert activity also 

was different (P <0.05) across the 4 daily periods (Fig. 2). 

Alert activity was highest (2.9%) in early morning before 

the birds settled down from field-feeding. 

Agonistic activity was similar (P >0.05) throughout the 3 

seasons (Fig. 1). Chasing activity was the major type of 

agonistic behavior demonstrated by mallards during this 

study. The highest value (2.4%) was noted on terraced pits, 

which also had the highest feeding activity. Similarly, 

Paulus (1983) demonstrated that agonistic activity was 

highly correlated with feeding for wintering gadwalls in 

Louisiana. Mallards' agonistic behavior was different (P 

<0.05) across the 4 daily periods (Fig. 2). During late 

afternoon, mallards showed the highest agonistic activity 

(3.2%) on terraced pits. However, agonistic activity did 

not account for more than 3.5% of the total activity during 

the day. 
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Environmental Factors Influencing 
Wintering Mallards Behavior 

Selection of favorable microhabitats could conserve a 

bird's energy (King 1974). In mid-winter, there was a 

positive correlation between temperature and wind speed, and 

locomotion and a negative correlation with resting in open 

lakes (Table 2). Open lakes are wide open making ducks more 

exposed to wind and waves. Therefore, ducks using those 

lakes were moving more than ducks using other types of pits. 

Quinlan and Baldassarre (1984) noted that green-winged teal 

rested to conserve energy when the temperature was cold. 

Comfort movements are correlated negatively with cloud 

cover, indicating that mallards preferred cloudless days for 

comfort activities (e.g., preening). On windy days, 

mallards seemed to sit and swim facing the wind to reduce 

their energy requirements. Similar behavior also was 

demonstrated by black ducks (Brodsky and Weatherhead 1984). 

Management Implications 

Playa lakes on the SHP of Texas are important for 

wintering waterfowl in the Central Flyway (Bellrose 1976). 

Natural wetlands in this region, which provide ducks with a 
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Table 2. Spearman correlation coefficients among activities 
of wintering mallards and climatic variables. 

a K Wind Cloud 
Activity Season Habitat Number^ Temp Speed Cover 

EW 

Feeding MW 

LW 

Open 
Steep 
Terraced 
Open 
Steep 
Terraced 
Open 
Steep 
Terraced 

Open 
Steep 
Terraced 
Open 
Steep 
Terraced 
Open 
Steep 
Terraced 

116 
36 
60 
110 
16 
32 
194 
101 
86 

116 
36 
60 
110 
16 
32 
194 
101 
86 

0.12 
0.41* 
0.16 
-0.04 
-0.15 
0.15 
-0.18 
-0.35*** 
0.25* 

-0.27** 
0.00 
0.13 
0.53*** 

-0.68** 
-0.13 
0.09 

-0.24* 
-0.10 

0.02 
-0.18 
-0.09 
-0.16 
0.40 
0.54** 

-0.23** 
-0.19 
0.10 

0.13 
0.08 
-0.07 
0.42*** 

-0.53* 
0.33 
0.16* 
-0.14 
-0.06 

-0.03 
-0.11 
-0.04 
-0.25** 
-0.53* 
0.66*** 
-0.07 
-0.19 
-0.04 

0.17 
-0.03 
0.04 

-0.27** 
-0.59* 
0.18 
-0.04 
-0.15 
-0.20 

EW 

Locomotion MW 

LW 

Open 116 0.00 0.04 -0.07 
EW Steep 36 0.03 0.06 0.01 

Terraced 60 -0.22 0.15 0.07 
Open 110 -0.47*** -0.36*** 0.35*** 

Resting MW Steep 16 0.54* 0.16 0.67** 
Terraced 32 -0.08 -0.50** -0.65*** 
Open 194 0.05 -0.08 0.07 

LW Steep 101 0.22* 0.22* 0.08 
Terraced 86 -0.11 0.01 0.03 

Open 116 0.38*** -0.18* -0.20* 
EW Steep 36 -0.30 -0.03 0.23 

Terraced 60 -0.10 0.12 0.03 
Open 110 0.19* 0.15 -0.24* 

Comfort MW Steep 16 -0.24 -0.31 -0.05 
Terraced 32 -0.05 -0.43* -0.45* 
Open 194 -0.03 -0.03 0.03 

LW Steep 101 0.13 -0.11 0.24* 
Terraced 86 0.12 -0.03 0.13 

^EW=early winter; MW=mid-winter; LW=late winter. 
^Number of ducks observed. 
* P <0.05 
** P <0.01 
*** P <0.001 
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natural food source, are being modified rapidly in ways that 

may threaten the dietary balance of wintering waterfowl. 

Since ducks spend more time feeding in lakes with the more 

available foods (e.g., terraced pits) (Bolen and Gray 1985), 

the present study illustrated the potential importance of 

quality wetlands for mallards. 

Terraced playa lakes give waterfowl greater opportunities 

to feed on natural seeds and aquatic invertebrates because 

terraced pits provide twice as much area of surface water at 

depth of less than 30 cm than do steep-sided pits (Bolen and 

Gray 1985). Ideal foraging conditions for dabbling ducks 

occur in water less than 25 cm in depth (Fredrickson and 

Taylor 1982). Even though the abundance of invertebrates 

was no different (P >0.05) between terraced pits and 

steep-sided pits (Bolen and Gray 1985), the ducks spent 3 

times as much time feeding in terraced pits, probably 

because of the food availability. Most importantly, 

although the ducks have an abundant supply of waste corn, 

this study indicates that the mallards will feed in lakes if 

offered suitable conditions. 

Mallards normally participated in two field-feeding 

flights daily (before sunrise and after sunset) (Baldassarre 

and Bolen 1984). Mallards using quality wetlands may be 
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favored not only by fulfilling their nutritional 

requirements but also by reducing their wandering time to 

find a suitable supplementing feeding place. When offered a 

suitable habitat for aquatic feeding (e.g., terraced pits), 

mallards spent more time feeding. Management on the SHP 

should attempt to preserve aquatic habitats capable of 

providing native foods as supplements for the high corn diet 

of mallards. 
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