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ABSTRACT

To date, no work has focused specifically upon behavior and body
condition of diving ducks wintering on east Texas reservoirs. During November —
March, 2003 - 2004 and 2004 - 2005 seasons, | (1) developed time-activity
budgets, (2) estimated body condition, and (3) developed lipid prediction models
for canvasback (Aythya valisineria), lesser scaup (Aythya affinis), and ring-
necked duck (Aythya collaris) during winter on Toledo Bend, Sam Rayburn, and
B.A. Steinhagen Reservoirs.

Behaviors were measured for each species using focal individual sampling
during both study years. More than 1220 focal samples were collected for
canvasback (n = 640), lesser scaup (n = 313), and ring-necked duck (n = 271)
during approximately 50 hours of observation during this study. Behaviors varied
among species (P < 0.001) in the proportion of time spent feeding and
locomoting. Ring necked duck spent almost 30% of the time feeding, whereas
canvasback spent only 19% of the time feeding, and nearly 40% of the time in
locomotion activities. Lesser scaup tended to spend intermediate amounts of
time in both behaviors. Time spent in loafing, comfort, and sleeping behaviors
were similar among species (P > 0.140); combined these behaviors accounted
for 31-34% of time activity budgets for all species combined. Few courtship or

agonistic behaviors were observed for any species in either year.
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A total of 248 ducks were collected between 8 November 2003 — 23
January 2004 and 3 November 2004 — 2 March 2005 to estimate body condition
and develop lipid prediction models from morphological and internal tissue
measures obtained from the birds. In general, average lipid content of diving
ducks during this study ranged between 19-35%, depending on species and age
and sex within species. Several significant models (P < 0.05) were successfully
developed using a combination of morphological and internal fat and tissue
measures. Model variables differed depending on species and age and sex
within species, although skin mass was an important variable in most models,
and alone accounted for 69-86% of the variation in percent lipid content.

This study generated important information of how diving ducks utilize
reservoirs in east Texas. Diving ducks in this study had time-activity budgets
similar to other studies, and also maintained relatively high lipid levels. This
information may suggest that these reservoirs are providing sufficient habitat for
wintering diving ducks. However, little is known of the quality/quantity habitat
these reservoirs are providing for wintering diving ducks. Therefore, future
research is needed to better understand the type of habitat these reservoirs are

providing.

ii



ACKNOWLEDGMENTS

[ would first like to thank Warren Conway, PhD., for helping me establish
my research, and guiding me through my coursework. His efforts helped me
develop as a professional wildlife biologist. | would also like to thank my other
committee members, Dr. Montague Whiting and Dr. Michael Fountain, for all their
assistance and draft reviews, and also the professionalism they have taught me.
[ appreciate the Arthur Temple College of Forestry and Agriculture for all of the
opportunities that have been presented throughout my career as both an
undergraduate and graduate student.

I would like to thank the Texas Parks and Wildlife Department for funding
and logistical support. | would also like to thank Corey Mason and Kevin Kraai
for their expertise and assistance throughout this project, and their willingness to
collect birds outside the waterfowl season.

| also thank the many individuals who assisted with data collection:
Matthew Tribby, Helen Holder, John Varnell, Billy Hardy, Villis Dowden, John
Steele, Charles Anderson, Ben Keorth, Angela Mangiameli, Ryan Bass, and
Keith Webb. | am especially grateful for the many hours these individuals spent
in the field and lab to gather data.

Most importantly, | thank my family. My parents Bill and Donna Crook

who have been more svupportive than most parents would be, and who have

iii



taught me what it means to be a good parent, my wife Laura and my children

Nicole and Ethan Crook for their love, patience, and support.

v



TABLE OF CONTENTS

ABSTRACT . . . : . . : . . i
ACKNOWLEDGMENTS . . . . . : . i
TABLE OF CONTENTS . : . . : : : v
LIST OF TABLES . : : : . . . : X
LIST OF FIGURES . : : : : : . : Xviii

CHAPTER I. TIME-ACTIVITY BUDGETS OF WINTERING DIVING DUCKS

ON EAST TEXAS RESERVOIRS : : . . : 1
INTRODUCTION . : . : , : . . 2
STUDY AREA : . : . . : . . 6
METHODS . : . : . . : : . 8
Time-activity Budgets : . . ‘ : . 8
Data Analysis . : . . . . : 10
RESULTS . : : : . : . : : 11
Time-activity Budgets . : : . : : 11
Study Year 1 . : . : : . : 13
Study Year 2 . . . . . . . 14
DISCUSSION : : . : : : : . 16

Variability Among Studies . . . ) ) . 16




Weather and Seasonal Variability . . . . 18

Diet and Food Availability . . . : . . 21
Habitat and Morpholoqical Variability . . . : 24
Impacts of Disturbance . : . . : , 26
Management and Research Recommendations . . . 28
LITERATURE CITED : : : : : : : 30

CHAPTER Il. BODY CONDITION AND LIPID PREDICTION MODELS OF

WINTERING DIVING DUCKS ON EAST TEXAS RESERVOIRS . 58
INTRODUCTION . : . . . . . . 59
STUDY AREA : . ‘ : . . : . 63
METHODS . : : : : . . . : 65
Collection . . : . . . : 65

Skin and Internal Morphological Measures . . 66

Lipid Extraction . . . : . : 67
Morphological Body Condition Indices . : . 68

Total Body Lipid Estimation. . . : : 68

Data Analyses. . . . . . . 68

RESULTS . : : . . . . : : 71
Morphology . : . : : . : . 71
Canvasbacks . . : . . : 71

Lesser Scaup . . . . . . 71

Ring-necked Ducks . ) ) ) ) . 72

vi




Morphological Condition Indices and Lipid Levels

Variation Among and Within Species

Variation Among Age-sex Classes Within Species

Variation Between Seasons

Lipid Prediction Models

Canvasbacks

Lesser Scaup

Ring-necked Ducks .

DISCUSSION

Lipid Prediction Models.

Body Conditon

Sources of Variation

QOther Sources of Variation .

Management and Research Recommendations.

LITERATURE CITED

APPENDIX A. LITERATURE REVIEW OF WINTEING WATERFOWL

ECOLOGY, BEHAVIOR, AND BODY CONDITION

APPENDIX B. CHRONOLOGY OF WINTERING DIVING DUCK

OCCURRENCE ON EAST TEXAS RESERVOIRS 2003-2004 AND

2004-2005

APPENDIX C. COMPARISON OF SOXHLET AND ACCELERATED

vii

72

72

74

74

75

75

79

83

87

87

89

89

95

06

97

142

158



SOLVENT EXTRACTION TECHNIQUES FOR ESTIMATING TOTAL
BODY LIPID CONTENT IN DIVING DUCKS . . : . 163

VITA . . . : : : . . : . 178

viii



1.2

1.3.

1.4.

1.5.

LIST OF TABLES

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering canvasback, lesser scaup,

and ring-necked duck behaviors quantified on Toledo Bend, Sam Rayburn,
and B. A. Steinhagen Reservoirs in east Texas, 19 November 2003 -13
March 2004 and 8 November 2004 - 18 February 2005. , : 38

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering canvasback, lesser scaup, and
ring-necked duck behaviors between study years quantified on Toledo

Bend, Sam Rayburn, and B. A. Steinhagen Reservoirs in east Texas, 19
November 2003 -13 March 2004 and 8 November 2004 - 18 February

2005. . . . : : . 39

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering canvasback, lesser scaup, and
ring-necked duck combined) behaviors between seasons quantified on
Toledo Bend, Sam Rayburn, and B. A. Steinhagen Reservoirs in east Texas,
19 November 2003 -13 March 2004 and 8 November 2004 - 18 February
2005. , . . . . . . : 40

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering canvasback, lesser scaup, and
ring-necked duck behaviors between sexes quantrﬂed on Toledo Bend,

Sam Rayburn, and B. A. Steinhagen Reservoirs in east Texas, 19
November 2003 - 13 March 2004 and 8 November 2004 - 18 February

2005. . : . . . : : : : : 41

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering canvasback, lesser scaup, and
ring-necked duck behaviors among reservoirs quantified on Toledo Bend,
Sam Rayburn, and B. A. Steinhagen Reservoirs in east Texas,

19 November 2003 -13 March 2004 and 8 November 2004 - 18 February
2005. : . . . . : : 42

X



LIST OF TABLES (Continued)

Table Page

1.8. Means (%) and Standard Errors (SE) resulting from univariate analysis of
variance of wintering canvasback, lesser scaup, and ring-necked duck
behaviors between seasons', quantified on Toledo Bend, Sam Rayburn,
and B. A. Steinhagen Reservoirs in east Texas, 19 November 2003 -13
March 2004 and 8 November 2004 - 18 February 2005. : . 43

1.7.  Type lll Fand P values resulting from univariate analysis of variance of
wintering canvasback, lesser scaup, and ring-necked duck behaviors
between seasons’, quantified on Toledo Bend, Sam Rayburn, and B. A.
Steinhagen Reservoirs in east Texas, 19 November 2003 - 13 March
2004 and 8 November 2004 — 18 February 2005. . . . 44

1.8.  Means (%) and Standard Errors (SE) resulting from univariate analysis of
variance of wintering canvasback, lesser scaup, and ring-necked duck
behaviors among reservoirs, quantified on Toledo Bend, Sam Rayburn,
and B. A. Steinhagen Reservoirs in east Texas, 19 November 2003 - 13
March 2004 and 8 November 2004 - 18 February 2005. : . 45

1.9. Type lll Fand P values resulting from univariate analysis of variance of
wintering canvasback, lesser scaup, and ring-necked duck behaviors
among reservoirs, quantified on Toledo Bend, Sam Rayburn, and B. A.
Steinhagen Reservoirs in east Texas, 19 November 2003 — 13 March
2004 and 8 November and 8 November 2004 — 18 February 2005. . 46

1.13. Means (%) and Standard Errors (SE) resulting from univariate analysis of
variance of wintering canvasback, lesser scaup, and ring-necked duck
behaviors according to study year, measured on Toledo Bend, Sam
Rayburn, and B. A. Steinhagen Reservoirs in east Texas, 19 November
2003 -13 March 2004 and 8 November 2004 - 18 February 2005. . 47

1.13. Type Il F and P values resulting from univariate analysis of variance of
wintering canvasbacks, lesser scaup, and ring-necked ducks according to
study year, measured on Toledo Bend, Sam Rayburn, and B. A.
Steinhagen Reservoirs in east Texas, 19 November 2003 — 13 March 2004
and 8 November 2004 — 18 February 2005. . : . . 48



1.13.

1.14.

1.15.

1.16.

1.17.

LIST OF TABLES (Continued)

Page
Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering canvasback, lesser scaup,
and ring-necked duck behaviors quantified on Toledo Bend, Sam
Rayburn, and B. A. Steinhagen Reservoirs in east Texas, 19 November
2003 -13 March 2004. . . : : : : 49

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering canvasback, lesser scaup, and
ring-necked duck behaviors between seasons, quantified on Toledo Bend,
Sam Rayburn, and B. A. Steinhagen Reservoirs in east Texas, 19

November 2003 -13 March 2004. . . . . : . 50

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering diving duck (i.e., canvasbacks,
lesser scaup, and ring-necked ducks combined) behaviors between sexes
measured on Toledo Bend, Sam Rayburn, and B. A. Steinhagen

Reservoirs in east Texas, 19 November 2003 -13 March. 2004. . 51

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering diving duck (i.e., canvasbacks,
lesser scaup, and ring-necked ducks combined) behaviors among

reservoirs, quantified on Toledo Bend, Sam Rayburn, and B. A.

Steinhagen Reservoirs in east Texas, 19 November 2003 -13 March

2004. . . : . : : . . . . 52

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering canvasback, lesser scaup, and
ring-necked duck behaviors quantified on Toledo Bend, Sam Rayburn, and
B. A. Steinhagen Reservoirs in east Texas, 8 November 2004 - 18

February 2005. . . . . . . . . 53

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering diving duck (i.e., canvasbacks,
lesser scaup, and ring-necked ducks combined) behaviors between
seasons, quantified on Toledo Bend, Sam Rayburn, and B. A. Steinhagen
Reservoirs in east Texas, 8 November 2004 - 18 February 2005. . 54

xi



Table

1.18.

1.19.

1.20.

2.1.

2.2.

2.3.

2.4.

2.5

LIST OF TABLES (Continued)

Page

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering diving duck (i.e., canvasbacks,
lesser scaup, and ring-necked ducks combined) behaviors among

reservoirs, quantified on Toledo Bend, Sam Rayburn, and B. A.

Steinhagen Reservoirs in east Texas, 8 November 2004 - 18 February

2005. . . : ; . . . . . : 55

Means (%), Standard Errors (SE), and F and P values resulting from
univariate analysis of variance of wintering diving duck (i.e., canvasbacks,
lesser scaup, and ring-necked ducks combined) behaviors between

sexes, quantified on Toledo Bend, Sam Rayburn, and B. A. Steinhagen
Reservoirs in east Texas, 8 November 2004 - 18 February 2005. . 56

Diurnal behavior of wintering canvasbacks, lesser scaup, and ring-necked
ducks in North America. . : : . . . : 57

Means and Standard Errors (SE) of morphological features of wintering
canvasbacks, lesser scaup, and ring-necked ducks on B.A. Steinhagen,

Sam Rayburn, and Toledo Bend Reservoirs in east Texas, 2003-2004

and 2004-2005. : : : : : : . . 103

Type Il F and P values from analysis of variance of morphological features
for canvasbacks collected during winter on B.A. Steinhagen, Sam Rayburn,
and Toledo Bend Reservoirs in east Texas, 2003-2004 and 2004-2005. 105

Means and Standard Errors (SE) of morphological features for wintering
canvasbacks collected on Toledo Bend, Sam Rayburn, and B.A.
Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005. . 107

Means, Standard Errors (SE), and F and P values resulting from analysis

of variance of morphological features for age-sex classes of wintering
canvasbacks collected on Toledo Bend, Sam Rayburn, and B.A.

Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005. . 109

Type lll Fand P values from analysis of variance of morphological features

for lesser scaup collected during winter on B.A. Steinhagen, Sam Rayburn,
and Toledo Bend Reservoirs in east Texas, 2003-2004 and 2004-2005. 111

Xii



2.7.

2.8.

2.9.

2.10.

2.11.

2.12.

LIST OF TABLES (Continued)

Page
Means and Standard Errors (SE) of morphological features of lesser
scaup collected during winter on Toledo Bend, Sam Rayburn, and B.A.
Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005. . 113

Means, Standard Errors (SE), and F and P values resulting from analysis

of variance of morphological features for age-sex classes of wintering

lesser scaup collected on Toledo Bend, Sam Rayburn, and B.A.

Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005. . 115

Type lll F and P values from analysis of variance of morphological features
for ring-necked ducks collected during winter on Toledo Bend, Sam

Rayburn, and B.A. Stelnhagen Reservoirs in east Texas, 2003-2004 and
2004-2005. . : : . : . : . 117

Means and Standard Errors (SE) of morphological features for ring-necked
ducks collected during winter on Toledo Bend, Sam Rayburn, and B.A.
Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005. . 119

Means, Standard Errors (SE), and F and P values resulting from analysis

of variance of morphological features for age-sex classes of wintering
ring-necked ducks collected on Toledo Bend, Sam Rayburn, and B.A.
Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005. . 121

Means and Standard Errors (SE) of total lipid content and morphological

body condition indices (BCl) among canvasbacks, lesser scaup, and ring-
necked ducks collected during winter on, Sam Rayburn, Toledo Bend

and B.A. Steinhagen Reservoirs in east Texas, 2003-2004 and

2004-2005. . : . : : . : : . 123

Type Il F and P values from analysis of variance of total lipid content and
morphological body condition indices (BCI) within canvasbacks (CANV),
lesser scaup (LESC), and ring-necked ducks (RNDU) collected during

winter on Toledo Bend, Sam Rayburn, and B.A. Steinhagen Reservoirs in
east Texas, 2003-2004 and 2004-2005. . . . . . 124

Xiii



2.14.

2.15.

2.16.

2.17.

2.18.

2.19.

LIST OF TABLES (Continued)

Page

Means and Standard Errors (SE) of morphological body condition indices
(BCI) of adult and juvenile, and male and female canvasbacks (CANV),

lesser scaup (LESC), and ring-necked duck (RNDU) collected during

winter on Toledo Bend, Sam Rayburn, and B.A. Steinhagen Reservoirs in
east Texas, 2003-2004 and 2004-2005. . . : : _ 125

Means and Standard Errors (SE) of total lipid content (%) of adult and
juvenile, and male and female canvasbacks, lesser scaup, and ring-necked
ducks collected during winter on Toledo Bend, Sam Rayburn, and B.A.
Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005. . = 126

Means and Standard Errors (SE) of total lipid content and morphological

body condition indices (BCl) among age-sex classes for canvasbacks
collected during winter on Toledo Bend, Sam Rayburn, and B.A.

Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005. . 127

Ranges of total lipid content (%) and morphological body condition indices
(BCI) among age-sex classes for canvasbacks collected during winter on
Toledo Bend, Sam Rayburn, and B.A. Steinhagen Reservoirs in east

Texas, 2003-2004 and 2004-2005. : . : : . 128

Means and Standard Errors (SE) of total lipid content (%) and

morphological body condition indices (BCl) among age-sex classes for

lesser scaup collected during winter on Toledo Bend, Sam Rayburn, and

B.A. Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005.. 129

Ranges of total lipid content (%) and morphological body condition indices
(BCl) among age-sex classes for lesser scaup collected during winter on
Toledo Bend, Sam Rayburn, and B.A. Steinhagen Reservoirs in east

Texas, 2003-2004 and 2004-2005. . . . . : 130

Means and Standard Errors (SE) of total lipid content (%) and

morphological body condition indices (BCl) among age-sex classes for
ring-necked ducks collected during winter on Toledo Bend, Sam Rayburn,

and B.A. Steinhagen Reservoirs in east Texas, 2003-2004 and

2004-2005.. . . . : . . . . . 131

Xiv



2.21.

2.22.

2.23.

2.24.

2.25.

LIST OF TABLES (Continued)

Page

Ranges of total lipid content (%) and morphological body condition indices
(BCIl) among age-sex classes for ring-necked ducks collected during winter
on Toledo Bend, Sam Rayburn, and B.A. Steinhagen Reservoirs in east
Texas, 2003-2004 and 2004-2005. . . . : . 132

Means and Standard Errors (SE) of total lipid content (%) and

morphological body condition indices (BCI) between seasons for

canvasbacks collected during winter on Toledo Bend, Sam Rayburn, and

B.A. Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005. 133

Means and Standard Errors (SE) of total lipid content (%) and

morphological body condition indices (BCl) between seasons for lesser

scaup collected during winter on Toledo Bend, Sam Rayburn, and B.A.
Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005. . 134

Means and Standard Errors (SE) of total lipid content and morphological

body condition indices (BCI) between seasons for ring-necked ducks

collected during winter on Toledo Bend, Sam Rayburn, and B.A.

Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005. . 135

Significant (P < 0.05) variables, R? values, and lipid prediction equations
resulting from simple linear regression analyses using only body condition
index (BCl) data (model A), a combination of BCI and external morphology
data (model B), or all BCI, external and internal morphology data (models

C & D) for each canvasback age-sex class collected on Toledo Bend, Sam
Rayburn, and B.A. Steinhagen Reservoirs in east Texas during November -
January 2003-2004 and October — February 2004-2005. . . 136

Significant (P < 0.05) variables, R? values, and lipid prediction equations
resulting from simple linear regression analyses using only body condition
index (BCI) data (model A), a combination of BCI and external morphology
data (model B), or all BCI, external and internal morphology data (models

C & D) for male, female, adult, and juvenile canvasbacks collected on

Toledo Bend, Sam Rayburn, and B.A. Steinhagen Reservoirs in east Texas
during November - January 2003-2004 and October — February

2004-2005. . : . : : : : : . 137

XV



2.27.

2.28.

2.29.

B1.

LIST OF TABLES (Continued)

Page

Significant (P < 0.05) variables, R? values, and lipid prediction equations
resulting from simple linear regression analyses using only body condition
index (BCl) data (model A), a combination of BCl and external morphology
data (model B), or all BCI, external and internal morphology data

(models C & D) for each lesser scaup age-sex class collected on Toledo
Bend, Sam Rayburn, and B.A. Steinhagen Reservoirs in east Texas during
November - January 2003-2004 and October — February 2004-2005. 138

Significant (P < 0.05) variables, R? values, and lipid prediction equations
resulting from simple linear regression analyses using only body condition
index (BCl) data (model A), a combination of BCI| and external morphology
data (model B), or all BCI, external and internal morphology data (models

C & D) for male, female, adult, and juvenile lesser scaup collected on

Toledo Bend, Sam Rayburn, and B.A. Steinhagen Reservoirs in east

Texas during November - January 2003-2004 and October — February
2004-2005. . : : : . . . : . 139

Significant (P < 0.05) variables, R? values, and lipid prediction equations
resulting from simple linear regression analyses using only body condition
index (BCI) data (model A), a combination of BCl and external morphology
data (model B), or all BCI, external and internal morphology data (models

C & D) for each ring-necked duck age-sex class collected on Toledo Bend,
Sam Rayburn, and B.A. Steinhagen Reservoirs in east Texas during
November - January 2003-2004 and October — February 2004-2005. 140

Significant (P < 0.05) variables, R? values, and lipid prediction equations
resulting from simple linear regression analyses using only body condition
index (BCI) data (model A), a combination of BC| and external morphology
data (model B), or all BCI, external and internal morphology data (models

C & D) for male, female, adult, and juvenile ring-necked ducks collected on
Toledo Bend, Sam Rayburn, and B.A. Steinhagen Reservoirs in east Texas
during November - January 2003-2004 and October — February

2004-2005. . : . . . . . . 141

Numbers of canvasbacks (CANV), lesser scaup (LESC), and ring-

necked ducks (RNDU) observed on B.A. Steinhagen, Sam Rayburn,

and Toledo Bend reservoirs in east Texas, 19 November 2003 -13

March 2004 (study year 1) and 8 November 2004 - 18 February 2005

(study year 2) . . : . . . . 162

Xvi



C2.

C3.

LIST OF TABLES (Continued)

Estimated whole body lipid content (%) of canvasbacks (CANV), lesser
scaup (LESC), and ring-necked ducks (RNDU) exposed to accelerated
solvent extractions and traditional Soxhlet extraction procedures

Means and Standard Errors (SE) of whole body lipid content (%) of
canvasbacks (CANV), lesser scaup (LESC), and ring-necked ducks
(RNDU) grouped according to age/sex class, exposed to accelerated
solvent extractions and traditional Soxhlet extraction procedures

Means and Standard Errors (SE) of whole body lipid content (%) of
canvasbacks (CANV), lesser scaup (LESC), and ring-necked ducks
(RNDU), grouped by sex, exposed to accelerated solvent extractions
and traditional Soxhlet extraction procedures

Xvil

Page

173

176

177



LIST OF FIGURES

Figure Page

1.1.  Location of Toledo Bend, Sam Rayburn, and B. A. Steinhagen reservoirs
within the Pineywoods Ecoregion of east Texas. : . . 39

B1 Chronology of occurrence of diving ducks wintering on Toledo Bend, Sam
Rayburn, and B. A. Steinhagen reservoirs 19 November 2003 - 13 March
2004 and 8 November 2004 — 18 February 2005. . : . 145

XViii



CHAPTER |
TIME-ACTIVITY BUDGETS OF WINTERING DIVING DUCKS ON EAST TEXAS

RESERVOIRS



INTRODUCTION

Several diving duck species have experienced long-term population
declines throughout North America, resulting in reduced bag limits, shortened
seasons, and outright season closures (Austin et al. 2000, Afton and Anderson
2001). Loss, degradation, and alteration of breeding, migrating, and wintering
habitats are thought to have contributed to these long-term declines (Day et al.
1993, Baldassarre and Bolen 1994). Consequently, much research has been
performed on diving ducks during summer (Doty et al. 1984, Noyes and Jarvis
1985, Barzen and Serie 1990), migration (Serie and Sharp 1989, Lovvorn 1990,
Hine et al. 1996, Knapton et al. 2000), and winter (Hohman 1984, Bergan et al.
1989, Hohman and Rave 1990, Day et al. 1993) to examine what regulates
waterfowl populations. Although reproductive success is generally perceived as
the primary limiting factor for waterfow! (Anderson and Batt 1983, Krapu et al.
2000, Afton and Anderson 2001), and many studies have focused upon breeding
season habitat use and behaviors (Dwyer 1975), waterfowl are also impacted by
habitat, environmental changes (Quinlan and Baldassarre 1984, Miller 1985,
Hohman and Rave 1990), and human disturbances during other seasons
(Havera et al. 1992, Knapton et al. 2000). As such, events during winter may
impact immediate survival, mate attraction, and subsequent migration and

reproductive success (Frederickson and Heitmeyer 1981, Haramis et al. 1986,
2



Kaminski and Gluesing 1987).

Time-activity budget studies of wintering waterfowl| provide insight into
seasonal habitat use (Rave and Baldassarre 1989, Baldassarre and Bolen 1994,
Poulton et al. 2002, Michot et al. 2006), and the influence of hunting pressure,
habitat changes, environmental variability, and other disturbances on behavior
(Quinlan and Baldassarre 1984, Hohman and Rave 1990, Michot et al. 1994,
Knapton et al. 2000, Woodin and Michot 2006). Wintering waterfowl generally
spend most of their time feeding and loafing (Paulus 1988, Bergan et al. 1989,
Michot et al. 1994, Woodin and Michot 2006), where deviations from normal
activity budgets may severely affect energy budgets, reduce survival, and impair
reproductive productivity and success (Burton and Hudson 1978, Haramis et al.
1986, Hepp et al. 1986, Paulus 1988). For example, during winter, waterfow! are
often exposed to adverse or deteriorating environmental and habitat conditions
(Nilsson 1970, Quinlan and Baldassarre 1984, Hohman and Rave 1990),
changes in food quality and quantity (Thompson et al. 1988, Hohman and Rave
1990, Michot et al. 2006), hunting, and other disturbances, (Korschgen et al.
1985, Havera et al. 1992, Knapton et al. 2000) all of which may alter normal
activity and energy budgets. Therefore, wintering waterfow! time-activity budgets
can be used to evaluate relative habitat/food quality and quantity, hypothesize
about energy demands and/or ability to meet those demands, compare activity

patterns within and among species using similar habitats in different geographic



regions, and project perceived responses to proposed management or
conservation activities (Hohman 1984, Paulus 1988, Woodin and Michot 2006).
While many studies have focused on diving duck behavior (Hohman 1984,
Bergan et al. 1989, Hohman and Rave 1990, and others), nutritional ecology
(Hoppe et al. 1986, Hohman et al. 1990, Hohman 1993), and population biology
during winter (Hohman et al. 1993, Herring and Collazo 2004), no studies have
specifically developed time-activity budgets for diving ducks wintering in inland
reservoir habitats in Texas. An estimated 97%, 99%, and 98% of the Central
Flyway populations of canvasback (Aythya valisineria), lesser scaup (A. affinis),
and ring-necked duck (A. collaris) respectively, winter in Texas (U.S. Fish and
Wildlife Service 2003). Within the Pineywoods Ecoregion of east Texas, 3
manmade reservoirs (i.e., Toledo Bend, Sam Rayburn, and B. A. Steinhagen)
provide potentially important wintering diving duck habitat. Prior to
impoundment, these were primarily bottomland hardwood ecosystems, and
provided habitat for dabbling ducks during winter and wood ducks (Aix sponsa)
year round. However, after impoundment and with subsequent development of
deep-water habitats and extensive submerged aquatic vegetation, these
reservoirs provide suitable habitat for wintering diving ducks. As such,
developing diving duck time-activity budgets on these reservoirs will (1) provide
critical insight into how diving ducks partition time into different behaviors among
species and among reservoirs, (2) allow for speculation about how these birds

meet dietary/energy demands during winter, and (3) improve conservation and
4



management strategies of these habitats for wintering diving ducks. Therefore,
the objective of this study was to develop diurnal time-activity budgets of
canvasback, lesser scaup, and ring-necked duck wintering on Toledo Bend, Sam

Rayburn, and B.A. Steinhagen Reservoirs in east Texas.



STUDY AREA

The Pineywoods Ecoregion of Texas is 1 of 6 major waterfowl habitat
regions within the state (Moulton et al. 1988_); encompassing 38 counties, it is
comprised primarily of pine (Pinus spp.), hardwood, and mixed pine-hardwood
forests (Figure 1.1). Bottomland hardwood forests, sloughs, freshwater marshes,
and ponds are scattered throughout the region. There are > 30 major reservoirs
on portions of the Angelina, Cypress, Neches, Red, Sabine, and Sulphur Rivers
(Figure 1.1) (Moulton et al. 1988).

This research was conducted on Toledo Bend, Sam Rayburn, and B.A.
Steinhagen Reservoirs in east Texas (Figure 1.1). Toledo Bend Reservoir
encompasses almost 75,000 ha extending into portions of Newton, Panola,
Sabine, and Shelby counties, Texas, and De Soto and Sabine parishes,
Louisiana (Wood 1972). Impounded in 1966, the reservoir is managed for water,
hydroelectric generation, and recreation. Sam Rayburn Reservoir encompasses
> 46,000 ha, extending into portions of Angelina, Jasper, Nacogdoches, Sabine,
and San Augustine counties, Texas. Impounded in 1965, the reservoir is
managed for flood control, hydroelectric power, and water for municipal,
industrial, agricultural, and recreational uses (Rockwood and Whiting 1992). B.
A. Steinhagen Reservoir encompasses > 6,800 ha; it extends into portions of

Jasper and Tyler counties (Scaief 1985). Filled in 1951, with a maximum depth
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of 10.7 m, the reservoir is managed for flood control, water, and recreation.



METHODS

Time-activity Budgets

Time-activity budgets (sensu Bergan et al. 1989, Poulton et al. 2002) were
developed for canvasback, lesser scaup and ring-necked duck wintering on
Toledo Bend, Sam Rayburn, and B. A. Steinhagen Reservoirs from 19 November
2003 -13 March 2004 (study year 1) and 8 November 2004 - 18 February 2005
(study year 2). Behavior data were collected on each reservoir > 1 day/week
during each study year, depending upon weather and environmental conditions.
Focal species (i.e., canvasback, lesser scaup, and ring-necked duck) were
located (1) the evening prior to behavioral sampling, or (2) on the sampling day,
where birds were found using binoculars and spotting scopes from a boat. Once
located, behavioral data were collected while in the boat or from temporary blinds
established on a nearby shoreline. Attempts were made to prevent disturbing the
birds by maintaining a minimum observer-to-bird distance of 200 m.

When focal species were located, flock (i.e., raft) size and species
composition was recorded. The focal-individual sampling technique was used to
collect behavior data (Altmann 1974, Bergan et al. 1989, Poulton et al. 2002).
Behavior data were collected from randomly selected individuals within rafts by
selecting the bird closest to the center of the field of view (Bergan et al. 1989,

Poulton et al. 2002). Each individual was observed for a maximum of 5 min.
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(DeLeon and Smith 1999, Poulton et al. 2002), where the following behaviors
were continuously recorded into a tape recorder: (1) feeding/food acquisition (i.e.,
surface or subsurface feeding), (2) inter-dive loaf (i.e., loafing between dives), (3)
focomotion (i.e., swimming or flying), (4) agonistic (i.e., bill threats, chasing, and
other aggressive behaviors), (5) loafing (i.e., stationary position with partially or
fully retracted neck), (6) comfort movements (i.e., preening, stretching, bathing,
etc.), (7) sleeping (i.e., bill tucked under wing), (8) courtship (i.e., pair bond
displays, copulation, and head-pumping), and (9) out-of-sight (i.e., bird lost from
view while on water surface) (Hohman 1984, Bergan et al. 1989, Hohman and
Rave 1990, Byrkjedal 1997). If an individual was lost from view for > 10 s, that
sample was terminated, a new individual was randomly selected, and a new focal
sample was initiated. After 5 min of collecting data, the observer rested for 5
min. before initiating a new focal sample on a different individual of the same
species but opposite sex. Attempts were made to sample equal numbers of
males and females. If mixed-species rafts were encountered, data were
collected on a different species each hour (Bergan et al. 1989). Sampling was
terminated when (1) activities of each bird within small flocks (< 20 birds) had
been sampled, (2) birds flushed or moved too far to be observed, or (3) birds
could no longer be observed due to darkness. At the initiation of the study, a

single observer was used to collect data. As new observers (n = 6) were added,

they were trained to identify each behavior by the experienced observer.



Data Analysis

Time-activity budgets were developed by calculating the proportion (%) of
time spent in each behavior for each focal sample. Each individual bird for which
a focal sample was collected was the experimental unit. A factorial multivariate
analysis of variance (MANOVA) was used to examine differences in proportion of
time spent in specific behaviors (i.e., feeding/food acquisition, inter-dive loaf,
locomotion, agonistic, loafing, comfort, sleeping, and courtship) among species
(i.e., canvasback, lesser scaup, and ring-necked duck), between sexes, among
reservoirs (i.e., B. A. Steinhagen, Sam Rayburn, and Toledo Bend), between
seasons (i.e., season 1, 1 November-10 January; season 2, 11 January—-13
March), and between study years. MANOVA was used because individual
behaviors are not independent (Davis and Smith 1998). If differences occurred
(P < 0.05) in MANOVA, univariate analysis of variance (ANOVA) was used to
examine where differences (P < 0.05) occurred in MANOVA. Least squares
mean separation was used to examine differences (P < 0.05) occurring during

ANOVAs (DeLeon and Smith 1999).
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RESULTS

Time-activity Budgets

A total_of 1,275 focal samples were collected for canvasbacks (n = 663),
lesser scaup (n = 332), and ring-necked ducks (n = 280), from 106 hours of
observations. Only 19 lesser scaup and 9 ring-necked duck focal samples were
collected on B.A. Steinhagen and Sam Rayburn Reservoirs, respectively,
therefore these observations were removed from subsequent analyses.

Behaviors varied among species (Wilks’ & = 0.95; 18, 2462 df, P < 0.001)
(Table 1.1), between study years (Wilks' 1 = 0.97; 9, 1231 df; P < 0.001) (Table
1.2), between seasons (Wilks' A = 0.96; 9, 1231 df; P < 0.001) (Table 1.3),
between sexes (Wilks’ % = 0.99; 9, 1231 df; P = 0.047) (Table 1.4), and among
reservoirs (Wilks’ 2 = 0.96; 18, 2462 df; P < 0.001) (Table 1.5). Species x
season (Wilks’ 4 = 0.88; 27, 3581 df, P < 0.001) (Tables 1.6, 1.7), species x lake
(Wilks' & = 0.93; 36, 4596 df; P <0.001) (Tables 1.8, 1.9), and species x study
year (Wilks' 1 = 0.94; 27, 3581 df; P <0.001) (Tables 1.10, 1.11) interactions also

occurred.
Regardless of species, food acquisition, locomotion, and resting-related
behaviors dominated time-activity budgets (Table 1.1). Very little time (generally

< 2%) was spent in alert, agonistic, or courtship behaviors (Table 1.1).
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Canvasbacks spent the most time locomoting and the least time in food
acquisition behaviors, while lesser scaup and ring-necked ducks spent similar
time in food acquisition behaviors (Table 1.1). Although ring-necked ducks spent
more time loafing than canvasbacks or lesser scaup, all 3 species spent similar
amounts of time in resting-related behaviors (Table 1.1).

Irrespective of species, behaviors were generally similar (P > 0.05)
between study years. However, during study year 1 ducks spent more time
feeding than in study year 2; in the second year, they spent more time loafing
(Table 1.2). Behaviors were generally similar (P < 0.05) between seasons,
although more time was spent loafing and sleeping in season 1, and more time
was spent feeding in season 2 (Table 1.3). Although time-activity budgets were
similar between males and females, males tended to spend more time loafing
than females (Table 1.4). More time was spent feeding on Toledo Bend and
Sam Rayburn than B.A. Steinhagen, where focal species spent the most time
loafing and sleeping (Table 1.5). Focal species spent more time locomoting on
Sam Rayburn than either Toledo Bend or B. A. Steinhagen (Table 1.5).

Canvasback and ring-necked duck increased time spent feeding between
seasons, whereas time spent in feeding behaviors was consistent between
seasons for lesser scaup (Tables 1.6, 1.7). Canvasbacks reduced loafing time
from season 1 to season 2, while loafing behaviors were similar between
seasons for lesser scaup and ring-necked duck (Tables 1.6, 1.7). All 3 species

spent more time feeding on Toledo Bend than the other reservoirs, while
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canvasbacks spent more time (> 50 %) locomoting on Sam Rayburn than Toledo
Bend or B. A. Steinhagen (Tables 1.8, 1.9). Lesser scaup spent more time
locomoting on Sam Rayburn than Toledo Bend, while ring-necked duck
locomoting time was similar between Toledo Bend and B. A. Steinhagen (Tables
1.8, 1.9). Although loafing behaviors varied (P < 0.05) among species and lakes,
time spent loafing was consistent among reservoirs within each species (Tables
1.8, 1.9).

Ring-necked duck and lesser scaup tended to feed more during study
year 1 than study year 2, whereas time spent feeding was similar between study
years for canvasbacks; both canvasbacks and lesser scaup spent more time
loafing during study year 2 (Tables 1.10, 1.11). Canvasbacks spent more time in
comfort behaviors in study year 1, whereas comfort behaviors were similar
between years for lesser scaup and ring-necked duck, although both spent more
time sleeping during study year 2. Sleeping behaviors were similar between
years for canvasbacks (Tables 1.10, 1.11).

Study Year 1

Because of a species x study year interaction, further analyses were
performed within each year. Within study year 1, behaviors varied among
species (Wilks’' & = 0.92; 18, 1270 df; P < 0.001) (Table 1.12), between seasons
(Wilks’ & = 0.92; 9, 6835 df; P < 0.001) (Table 1.13), between sexes (Wilks' A =

0.97; 9, 635 df; P =0.027) (Table 1.14), and among reservoirs (Wilks' A = 0.92;
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18, 1270 df; P < 0.001) (Table 1.15).

Irrespective of season, lake, or sex, behaviors varied (P < 0.05) among
species; except for agonistic, sleeping, courtship, and alert behaviors during
study year 1 (Table 1.12). Canvasbacks spent more time locomoting and less
time in food acquisition behaviors than lesser scaup or ring-necked duck, which
spent similar time in both food acquisition and locomoting behaviors (Table 1.12).
With data from all 3 species pooled, behaviors were generally similar (P > 0.05)
between seasons, although food acquisition and alert behaviors increased and
loafing and sleeping behaviors decreased from season 1 to season 2 (Table
1.13). Time-activity budgets were generally similar (P > 0.05) between sexes,
with females spending slightly more time in agonistic behaviors than males
(Table 1.14). Diving ducks spent more time in food acquisition behaviors on
Toledo Bend than B. A. Steinhagen, but were similar between Sam Rayburn and
the other 2 reservoirs. All 3 species spent more time sleeping on B. A,
Steinhagen than either Toledo Bend or Sam Rayburn (Table 1.15).

Study Year 2
Within study year 2, behaviors varied among species (Wilks’ & = 0.94; 18,

1164 df; P = 0.004) (Table 1.16), between seasons (Wilks’ & = 0.95; 9, 582 df; P
< 0.001) (Table 1.17), and among reservoirs (Wilks' A = 0.93; 18, 1164 df, P <
0.001) (Table 1.18), but were similar between sexes (Wilks' & = 0.99; 9, 582 df; P

= 0.576) (Table 1.19).
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Locomotion and sleeping behaviors varied (P < 0.05) among spécies
during study year 2 (Table 1.16). Canvasbacks tended to spend more time
locomoting, while ring-necked duck and lesser scaup spent more time sleeping
than canvasbacks (Table 1.16). Feeding, loafing, inter-dive loaf, and alert
behaviors varied (P < 0.05) between seasons; all 3 species increased time spent
in food acquisition and decreased time spent loafing from season 1 to 2 (Table
1.17). Time-activity budgets were generally similar among reservoirs in study
year 2, although diving ducks spent the more time in locomotion behaviors on
Sam Rayburn and more time loafing on B. A. Steinhagen than on the other
reservoirs (Table 1.18). Time-activity budgets were generally similar (P > 0.05)

between sexes in study year 2 (Table 1.19).
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DISCUSSION

Variability Among Studies

There is a tremendous body of wintering waterfowl behavior literature,
where most studies attempt to link behavioral, environmental, and other factors
with (1) observed time partitioning into different activities and (2) the potential
fitness, condition, and/or survival consequences of deviations from “normal”
winter activity budgets (see Paulus 1988 for a review of early literature).
Variation in time activity budgets for focal species in this study as compared to
other studies, may be attributed to a complex, interrelated suite of factors. For
example, variation in behavioral samplihg techniques (Green et al. 1999,
Hepworth and Hamilton 2001, Poulton et al. 2002), waterfow! food acquisition
technique(s) (see Tome and Wrubleski 1988), diet (Hoppe et al. 1986, Thompson
et al. 1988, Gammonley and Heitmeyer 1990, Hohman and Rave 1990, Custer
and Custer 1996), habitat, food availability and/or patchiness, and food quality or
nutritional value (Hohman 1984, Alexander 1987, Paulus 1988, Hohman and
Rave 1990), weather (see Nilsson 1970), season, geographic location, year,
inter- or intraspecific competition (Alexander 1987) may all partially explain
differences in time activity budgets within and among studies. Consequently, |
developed a summary table of time-activity budgets of wintering canvasback,

lesser scaup, and ring-necked duck in order to draw relative conclusions about
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fitness, condition, and/or survival of focal species in this study as compared to
other studies (Table 1.20).

In general, time-activity budgets developed during this study were similar
to those of other studies, where activity budgets were dominated by food
acquisition, locomotion, and resting related behaviors although how species
partitioned time varied among studies (Table 1.20). [n this study, canvasback
spent approximately 25% (range: 16 — 32%) of their time in food acquisition
behaviors (i.e., feeding and inter-dive loaf), within the 13-33 % estimates from
other winter studies (Table 1.20). Conversely, canvasback generally spent less
time resting (20-26%) and more time locomoting (37-53%) than other studies
(30-42% resting and 19-29% locomoting) (Table 1.20). Similarly, lesser scaup
spent approximately 36% of their time feeding, similar to lesser scaup in
Mississippi (35%) (Christopher and Hill 1988) and South Carolina (31%) (Bergan
et al. 1989), but higher than in California (24%) (Poulton et al. 2002) (Table 1.20).
Time spent in resting behaviors (19-27%) was also within the range of estimates
from other studies (10-28%), but like canvasback, lesser scaup tended to
locomote more in this study (Table 1.20). Ring-necked ducks spent
approximately 42% of their time feeding, similar to ring-necked ducks in South
Carolina (44%) (Bergan et al. 1989), Mississippi (36%) (Christopher and Hill
1988), and central Florida (35%) (Hohman 1984) (Table 1.20). Similar patterns
of resting and locomoting were also observed for ring-necked ducks, where time

spent resting were within ranges of other studies, but locomoting activities were
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higher in this study than (Table 1.20).

Although time spent in feeding activities for diving ducks can be
misrepresented, depending upon sampling technique used (i.e., instantaneous,
scan, or focal individual sampling), my data are within ranges reported in other
studies (Table 1.20). Beyond specific data sampling techniques, many studies
used fixed blinds from which to collect data (Alexander 1980, Hohman 1984,
Hohman and Rave 1990), as opposed to use of boats or portable blinds
established opportunistically at random shoreline locations (this study).
However, collecting data from a fixed versus random location is a rarely
considered sampling issue, where use of 1 or more fixed locations may bias time
activity budgets to a few obvious or site specific behaviors (Green et al. 1999).
During this study, birds did not occur at predictable locations within study site
reservoirs, thus if birds were not located the prior evening, | had to search the
designated reservoir each sampling day. Therefore, | assume there were no
specific behavioral biases associated with sampling location, and my data truly
represent the diurnal activity budgets of focal species. Although these sampling
(i.e., technique and location) issues could be sources of variability among
studies, my data are generally within the ranges reported in other studies (Table
1.20) and it appears that these diving ducks behave quite similarly among
geographic regions.

Weather and seasonal variability

Wintering waterfow! time-activity budgets are directly influenced by
18



weather conditions, where waterfow! will adjust time spent feeding, resting, and
loafing in response to changes in temperature and other environmental factors
(i.e., winds, waves, tides, etc.) (Goudie and Ankney 1986, Paulus 1988, Hohman
and Rave 1990, Michot et al. 1994, Green et al. 1999, Lewis et al. 2005, Michot
et al. 2006, Woodin and Michot 2006). Generally, ducks wintering in northerly
regions tend to feed more than those in southerly regions, as costs and energy
demands of thermoregulation in colder climates are higher than in warmer
climates (Ryan 1972, Perry et al. 1986, Hohman and Weller 1994, Lovvorn
1994). However, thermoregulatory and metabolic costs are inversely related to
body size, where smaller species incur higher costs under normal weather
conditions (i.e., feed more frequently), and costs are intensified in colder weather
(Goudie and Ankney 1986). Deviations from these generalized patterns
frequently occur; diving ducks and sea ducks will frequently stop feeding and
loaf/rest in extreme cold weather < 0°C (Paulus 1988, Baldassarre and Bolen
1994), as the thermoregulatory costs of continued feeding in such conditions
exceed benefits gained by food consumption (Goudie and Ankney 1986, Paulus
1988). Even in generally warmer regions, diving ducks will feed more in colder
weather up to an unknown thermoregulatory threshold, beyond which they cease
feeding and loaf or rest more (sensu Hohman and Rave 1990, Michot et al.
1994).

Although weather variable‘s were not specifically examined in this study,

the observed similarities in time spent foraging as compared to studies
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performed in southerly portions of each species’ winter range are not unexpected
(Table 1.20). As such, it would appear that although weather will influence
feeding activity of diving ducks in southerly wintering grounds (Hohman and
Rave 1990, Michot et al. 1994), extended periods of extreme cold rarely occur,
and weather influences upon these species’ time-activity budgets are generally
similar throughout the southeastern U.S.

Although specific weather events will influence activity budgets, non-
breeding waterfowl exhibit fairly fixed feeding patterns as related to month or
season (Paulus 1988). Non-breeding waterfowl typically spend significant time
feeding in fall (August-November) to recover from breeding and migration,
decrease feeding in mid-winter (December-January) to conserve energy,
particularly in colder climates, and increase time feeding in late-winter/early
spring (February-April), due to premigratory hyperphagia and subsequent
breeding activities (Tamisier 1974, Miller 1985, Paulus 1988). Although my data
do not specifically fit these seasonal windows (Table 1.3), canvasback and ring-
necked duck exhibited the aforementioned generalized behavioral adjustments
between seasons, whereas lesser scaup fed at consistent rates throughout the
study period, and slept more later in winter than earlier (Tables 1.6 and 1.7).

External to weather influences, changes in feeding patterns are often
explained in terms of food resources, where it has been hypothesized that
seasonal activity budget alterations are related to food availability (i.e.,

patchiness or size), dietary switches, energetic quality (Paulus 1988, Michot and
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Chadwick 1994), and timing of hunting season (Evans and Day 2001). Food
patchiness may influence time spent feeding in several ways. Patchiness may
increase search time, where non-uniform food distribution in late winter may
force birds to search longer during dives and utilize foods outside of the optimal
size category (Hoppe et al. 1986, Woodin and Michot 2006). Combined, these
may all increase feeding costs, due to lower energy/nutrient acquisition, and
decrease energetic benefits.

During late winter, ducks may switch food types altogether (i.e., plants to
invertebrates, or vice versa), and/or switch to lower guality, but more abundant
foods (sensu, Paulus 1982). For example, redheads increase time spent diving
in late winter in tidal habitats, as opposed to shellow water foraging earlier in
winter, perhaps due to depleted food (Woodin and Michot 2006). Finally, divers
have been shown to feed more and rest less diurnally after hunting season in
Europe. This pattern was likely intertwined with predictable seasonal behavioral
shifts and/or abandonment of nocturnal foraging after hunting season (sensu
Evans and Day 2001).

Diet and Food Availability

Food preferences, availability, and energy content are important elements
influencing waterfowl behavior, where birds consuming foods with low water/high
energy content spend less time feeding than birds consuming lower quality foods
(Paulus 1988). It has been well established that lesser scaup predominantly feed

upon animal matter during winter (Harmon 1962, Hoppe et al. 1986, Tome and
21



Wrubleski 1988, Gammonley and Heitmeyer 1990, Custer and Custer 1996,
Poulton et al. 2002, Fox et al. 2005), while canvasback and ring-necked duck
feed primarily on plant matter during winter (Hohman and Weller 1994, Hoppe et
al. 1986, Hohman and Rave 1990). However, diets are directly influenced by
geography and food availability at a given locale (Jones and Drobney 1986,
Paulus 1988, Haramis et al. 2001).

Esophagus and gizzard contents examined during this study (see Chapter
Il) showed that canvasback and ring-necked duck primarily fed on vegetation
(i.e., Hydrilla spp. seeds, tubers, leaves, and stems, etc.) while lesser scaup
generally fed on invertebrates (i.e., insects, clams, mussels), similar to other
studies (Harmon 1962, Hoppe et al. 1986, Jones and Drobney 1986, Gammonley
and Heitmeyer 1990, Hohman and Rave 1990, Hohman and Weller 1994, Custer
and Custer 1996, Haramis et al. 2001). Animal matter typically contains higher
levels of gross caloric energy and water than plant matter, although energy/water
content is dependent upon portion of plants examined (i.e., tubers, stems,
leaves, or seeds) (Driver 1981, Paulus 1988, Michot and Chadwick 1994). If
activity budgets are driven solely by energetic content of food, lesser scaup
would theoretically spend less time feeding than the herbivorous canvasback and
ring-necked duck. Generally this pattern was not observed in my study (Table
1.1). Overall, canvasback spent less time in food acquisition behaviors than
lesser scaup or ring-necked duck, which spent more time in food acquisition

behaviors than lesser scaup (Tables 1.1, 1.6, 1.7). Although wintering waterfowl
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often exhibit mid-winter declines in overall body mass, resulting in increased
feeding during late winter (Hohman and Weller 1994), birds collected during this
study tended to be in comparatively good condition and increased body mass
over time (see Chapter Il), making the discrepancies in time spent feeding
among species difficult to explain based solely upon dietary preferences or
energetic content of foods. [t is more likely that differences in time spent feeding
among species in this study were a function of a complex combination of dietary
requirements, food availability, body size, and morphology.

Beyond simple predictions of behavior patterns based upon known energy
content of food items, food availability will also play an important role in activity
budgets of wintering waterfowl. If foods are patchy, non-uniformly distributed,
discontinuous, or clumped, time spent feeding, or searching for food, would
increase (sensu Bergan et al. 1989) as birds experiencing such conditions would
require more overall matter to meet (or offset) energetic demands needed to find
food resources in the first place (Paulus 1988). Based upon activity budgets in
this study, food distribution and/or patchiness may not be an important factor
influencing feeding behavior of focal species. Although increases in time spent
feeding during late winter were observed for canvasback and ring-necked duck,
feeding times were either below or well within the ranges of other studies (Table
1.20). Consequently, canvasback and ring-necked duck may have been
successful in finding adequate food throughout winter, such that feeding activities

never dominated activity budgets for either species throughout this study (Tables
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1.1, 1.20).

Some studies have also demonstrated, particularly for scaup, that food
size increases during winter because smaller, more manageable food items are
selected earlier in winter (Hoppe et al. 1986, Custer and Custer 1996). As larger
foods require increased handling time, scaup would be expected to increase
feeding activities later in winter (Hoppe et al. 1986). As this pattern was not
observed, nor was food size measured, (1) foraging by scaup early in winter may
not have altered size structure of preferred food items, or (2) scaup food
resources were abundant enough on study reservoirs, such that scaup foraging
remained consistent throughout the study period (Paulus 1988).

Habitat and Morphological Variability

If food was not a limiting factor for these focal species, then differences in
feeding activities among species may ultimately be related to water depth and
species morphology (Lovvorn and Gillingham 1996). Diving ducks should spend
more time feeding and have longer inter-dive loaf (i.e., dive recovery) intervals
between feeding bouts in deep water habitats. My data generally support this
hypothesis. Birds observed at Toledo Bend, the deepest of the 3 study site
reservoirs, tended to feed more and spend more time in inter-dive loaf than birds
on the shallower Sam Rayburn and B.A. Steinhagen Reservoirs (Table 1.5).

Although water depth might explain general differences in activity budgets
among reservoirs, morphological variability among the 3 species may also be an

explanation for the observed differences in feeding activities during this study. In
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theory, smalier birds should feed more than larger birds to (1) compensate for
higher metabolic costs per unit body mass and (2) acquire enough foods to
compensate for energetic demands not met by foraging upon more energetically
valuable foods (Goudie and Ankney 1986). Although the metabolic costs of
diving and resting converge at higher body mass and diving is less expensive for
larger animals (de Leeuw 1996), smaller birds are more buoyant than larger
birds, where the initial costs of overcoming buoyancy upon diving are higher in
smaller birds (Lovvorn and Jones 1991). Moreover, underwater swimming is
nearly energetically equal to flight, both of which are nearly 10 times as
energetically expensive as surface swimming (Goldstein 1988). Similarly,
recovery time (inter-dive loaf) should increase in deeper water, as more oxygen
is consumed during deeper, longer dives (Lovvorn and Jones 1991). Combined,
these hypotheses tend to explain interspecific and reservoir-related variability in
time spent feeding and in inter-dive loaf behaviors, where (1) canvasback spent
less time in both behaviors than the smaller scaup and ring-necked duck
irrespective of reservoir and (2) inter-dive loaf intervals were longer on deeper
water reservoirs for all 3 species.

Canvasbhack may have spent less time feeding because they may be
physiologically more efficient at (1) maximizing time spent foraging during a given
dive, (2) overcoming buoyancy costs, and (3) thermoregulating during dives
(Lovvorn and Jones 1991). As both lesser scaup and ring-necked duck are

smaller than canvasback, theory would predict, as observed, that they generally
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spent more time feeding than canvasback, irrespective of diet. Other studies
also support this theory where relatively small buffleheads (Bucephela albeola)
spent more diurnal time foraging than comparatively larger lesser scaup, ring-
necked ducks, or ruddy ducks (Oxyura dominicus) (Bergan et al. 1989).
Likewise, long-tailed ducks (Clangula hyemalis) and harlequins (Histrionicus
histrionicus) spent between 65-85% of their time feeding, much higher than the
targer common eider (Somateria mollissima) or black scoter (Melanitta nigra)
(Goudie and Ankney 1986). Although water depth might not be the only factor
causing lesser scaup to spend more time feeding than canvasback; scaup are
more visual feeders, whereas canvasback tend to be more tactile feeders (Tome
and Wrubleski 1988). If so, then scaup may feed longer, particularly in deeper
water, to find food during a dive.

Impacts of Disturbance

Although not specifically quantified in this study, disturbance may be an
important element influencing behavior of these species on east Texas reservoirs
during winter. All 3 species spent more time locomoting in this study than in
other studies (Table 1.20), most notably in canvasback, where locomoting
behaviors were 3-4 times higher than in other studies; lesser scaup and ring-
necked ducks spent 3-17 % more time locomoting than previously reported
(Table 1.20). Canvasbacks were often observed in large rafts on points or bay
mouths whereas small flocks of lesser scaup and ring-necked ducks were usually

observed in the back of coves. All 3 species were susceptible to recreational
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boat traffic. Generally, boats traveling at high speeds forced birds on points or
bay mouths to swim and/or fly out of the way. Conversely, birds located within a
cove were often disturbed by more slowly moving (i.e., fishing) boats, and were
usually forced to swim away.

Time spent locomoting varied among reservoirs, where diving ducks spent
less time locomoting on Toledo Bend than on the other 2 reservoirs; these
differences may also be caused by disturbance. There was more open water on
Sam Rayburn where boaters could travel at high speed than on Toledo Bend
where high speed boat traffic was restricted to boat lanes. Although B. A.
Steinhagen had submerged vegetation and was difficult to navigate, it was
relatively small, thus hunting and fishing activities were concentrated which may
have increased locomotion as compared to Toledo Bend. On B. A. Steinhagen
birds were subjected to varying levels of hunting and boat traffic, the 2 most
intense types of disturbance (Korschgen and Dahigren 1992).

A disproportionate amount of time locomoting would generally indicate
that birds would have an unbalanced energy budget. For example, high
energetic costs associated with locomotion, especially flight, could offset
energetic benefits obtained from feeding, which may compromise the ability of
these birds to increase, maintain, or even acquire adequate body fat for
overwinter survival (Haramis et al. 1986, Serie and Sharp 1989, Barzen and
Serie 1990, Kahl 1991). For example, flight is 12-15 x basal metabolic rate

(Frederickson and Reid 1988), whereby canvasback spending an additional 1
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hour/day flying due to human disturbance would require a food intake increase of
approximately 75 kcal/day above the estimated 400 kcal for maintenance
(Korschgen et al. 1985).

Increased time spent locomoting may impact activity budgets in that birds
may increase time spent feeding to offset the energetic costs of locomoting.
However, neither obvious increases (or decreases) in time spent feeding nor
poor body condition estimates were observed during this study. In general, time
spent feeding, depending upon species and study site reservoir, was similar to
other studies (Table 1.20). Also, the ducks appear to have acquired enough food
resources to reach suitable and adequate total body fat levels (see Chapter 2).
Taken together, these patterns suggest that the birds may have fed nocturnally,
as other studies have shown that increased diurnal disturbance of waterfow! will
cause them to increase nocturnal feeding (Pedroli 1982, Hohman 1984, Evans
and Day 2001). Consequently, the high proportion of time spent locomoting,
particularly for canvasback, may not have necessarily been detrimental to overall
body condition levels.

Management and Research Recommendations

Toledo Bend, Sam Rayburn, and B. A. Steinhagen Reservoirs are
wintering areas to a substantial number of diving ducks and appear to provide
suitable winter habitat. However, a potential problem noted in this study was the
relatively high rates of locomoting, possibly due to disturbance. Currently, on

these reservoirs there are few restrictions on hunting or water-based recreation.
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During this study, | regularly observed disturbances from boaters, mainly
fishermen and hunters. Therefore, beca‘use of the adverse effects of disturbance
and the possible increase in water-based recreational activities on these
reservoirs, future restrictions on human activities may need to be imposed. This
is probably most critical in late winter and early spring when birds are frying to
acquire reserves for migration and reproduction.

Further research is needed to (1) examine nocturnal foraging activities, (2)
quantify and map the habitats in which birds are actually foraging, (3) perform
nutritional analyses of food items likely encountered/used by these species, and
(4) quantify disturbance. Such information, along with behavior and body
condition data will give managers a clearer understanding of the quantity of

habitat these man-made reservoirs are providing for wintering diving ducks.

29



LITERATURE CITED

Afton, A. D. and M. G. Anderson. 2001. Declining scaup populations: a
retrospective analysis of long-term population and harvest survey data.
Journal of Wildlife Management 65:781-796.

Alexander, W.C. 1980. Aggressive displays in nonbreeding canvasbacks. Auk
97:198-201.

Alexander, W. C. 1987. Aggressive behavior of wintering diving ducks
(Aythyini). Wilson Bulletin 99:38-49.

Altmann, J. 1974. Observational study of behavior: sampling methods.
Behavior 49:227-267.

Anderson, M. G. and B. D. J. Batt. 1983. Workshop on the ecology of wintering
waterfowl. Wildlife Society Bulletin 11:22-24.

Austin, J. E., A. D. Afton, M. G. Anderson, R. G. Clark, C. M. Custer, J. S.
Lawrence, J. B. Pollard, and J. K. Ringelmann. 2000. Declining scaup
populations: issues, hypotheses, and research needs. Wildlife Society
Bulletin 28:254-263.

Baldassarre, G. A. and E. G. Bolen. 1994. Waterfowl ecology and management.
John Wiley & Sons, Inc., New York, New York, USA.

Barzen, J.A. and J.R. Serie. 1990. Nutrient reserve dynamics of breeding
canvasbacks. Auk 107:75-85.

Bergan, J. F., L. M. Smith, and J. J. Mayer. 1989. Time-activity budgets of
diving ducks wintering in South Carolina. Journal of Wildlife Management
53.769-776.

Burton, B. A., and R. J. Hudson. 1978. Activity budgets of lesser show geese
wintering on the Fraser River Estuary, British Columbia. Wildfowl 29:111-
117.

Byrkjedal, I. 1997. ldentifying inter-dive intervals in time-activity budget studies
of diving ducks. Wildlife Biology 3:45-51.

30



Christopher, M. W., and E. P. Hill. 1988. Diurnal activity budgets of nonbreeding
waterfowl and coots using catfish ponds in Mississippi. Proceedings of
the Annual Conference of the Southeastern Association of Fish and
Wildlife Agencies 42:520-527.

Custer, C. M. and T. W. Custer. 1996. Food habits of diving ducks in the Great
Lakes after the zebra mussel invasion. Journal of Field Ornithology
67:86-99.

Day, D. M., R. V. Anderson, and M. A. Romano. 1993. Canvasback and lesser
scaup activities and habitat-use on Pool 19, Upper Mississippi River.
Transactions of the lllinois State Academy of Science 86:33-45.

de Leeuw, J. J. 1996. Diving costs as a component of daily energy budgets of
aquatic birds and mammals: generalizing the inclusion of dive-recovery
costs demonstrated in tufted ducks. Canadian Journal of Zoology
74:2131-2142.

Davis, C. A., and L. M. Smith. 1998. Behavior of migrant shorebirds in playas of
the Southern High Plains, Texas. Condor 100:266-276.

DelLeon, M. T., and L. M. Smith. 1999. Behavior of migrating shorebirds at
North Dakota prairie potholes. Condor 101:645-654.

Doty, H. A, D.L. Trauger, and J.R. Serie. 1984. Renesting by canvasbacks in
southwestern Manitoba. Journal of Wildlife Management 48:581-584.

Driver, E. A. 1981. Calorific values of pond invertebrates eaten by ducks.
Freshwater Biology 11:579-581.

Dwyer, P.D. 1975. Time budget of breeding gadwalls. Wilson Bulletin 87:335-
343.

Evans, D. M. and K. R. Day. 2001. Does shooting disturbance affect diving
ducks wintering on large shallow lakes? A case study on Lough Neagh,
Northern Ireland. Biological Conservation 98:315-323.

Fox, G. A., M. C. MacCluskie, and R. W. Brook. 2005. Are current contaminant
concentrations in eggs and breeding female lesser scaup of concern?
Condor 107:50-61.

Frederickson, L.H., and F.A. Reid. 1988. Waterfow! use of wetland complexes.
Fish and Wildlife Leaflet 13.2.1.

31



Frederickson, L.H. and M. E. Heitmeyer. 1981. Do wetland conditions in the
Mississippi Delta hardwoods influence mallard recruitment. Transactions
of the North American Wildlife and Natural Resource Conference 46:44-
57.

Goldstein, D. L. 1988. Estimates of daily energy expenditures in birds: the time-
energy budget as an integrator of laboratory and field studies. American
Zoologist 28:829-844.

Goudie, R. I. and C. D. Ankney. 1986. Body size, activity budgets, and diets of
sea ducks wintering in Newfoundland. Ecology 67:1475-1482.

Green, A. J., A. D. Fox, B. Hughes, and G. M. Hilton. 1999. Time-activity
budgets and site selection of white-headed ducks (Oxyura leucocephala)
and Burdur Lake, Turkey in late winter. Bird Study 46:62-73.

Haramis, G. M., J. D. Nichols, K. H. Pollock, and J. E. Hines. 1986. The
relationship between body mass and survival of wintering canvasbacks.
Auk 103:506-514.

Haramis, G. M., D. G. Jorde, S. A. Macko, and J. L. Walker. 2001. Stable-
isotope analysis of canvasback winter diet in upper Chesapeake Bay. Auk
118:1008-1017.

Harmon, B. G. 1962. Mollusks as food of lesser scaup along the Louisiana
coast. Transactions of the North American Wildlife and Natural Resource
Conference 27:132-138.

Havera, S. P., L. R. Boens, M. M. Georgi, and R. T. Shealy. 1992. Human
disturbance of waterfowl on Keokuk Pool, Mississippi River. Wildlife
Society Bulletin 20:290-298.

Hepp, G. R., R. J. Blohm, R. E. Reynolds, J. E. Hines, and J. D. Nichols. 1986.
Physiological condition of autumn-banded mallards and its relationship
to hunting vulnerability. Journal of Wildlife Management 50:177-183.

Hepworth, G. and A. J. Hamilton. 2001. Scan sampling and waterfow! activity
budget studies: design and analysis considerations. Behavior 138:1391-
1405.

Herring, G. and J. A. Collazo. 2004. Winter survival of lesser scaup in east-
central Florida. Journal of Wildlife Management 68:1082-1087.

32



Hine, C. S., S. P. Havera, R. M. Whitton, and J. R. Serie. 1996. Fall and spring
body weights and condition indices of ducks in lllinois. Transactions of the
lllinois State Academy of Science 89:197-213.

Hohman, W. L. 1984. Diurnal time-activity budgets for ring-necked ducks
wintering in central Florida. Proceedings of the Annual Conference of the
Southeastern Association Fish and Wildlife Agencies 38:158-164,

Hohman, W. L. 1993. Body composition of wintering canvasbacks in Louisiana:
dominance and survival implications. Condor 95:377-387.

Hohman, W. L. and D. P. Rave. 1990. Diurnal time-activity budgets of wintering
canvasbacks in Louisiana. Wilson Bulletin 102.645-654.

Hohman, W. L., D. W. Woolington, and J. H. Devries. 1990. Food habits of
wintering canvasbacks in Louisiana. Canadian Journal of Zoology
68:2605-2609.

Hohman, W. L., R. D. Pritchert, J. L. Moore, and D. O. Schaeffer. 1993. Survival
of female canvasbacks wintering in coastal Louisiana. Journal of Wildlife
Management 57:758-762.

Hohman, W. L. and M. W. Weller. 1994. Body mass and composition of ring-
necked ducks wintering in southern Florida. Wilson Bulletin 106:494-507.

Hoppe, R. T., L. M. Smith, and D. B. Wester. 1986. Foods of wintering diving
ducks in South Carolina. Journal of Field Ornithology 57:126-134.

Jones, J. J., and R. D. Drobney. 1986. Winter feeding ecology of scaup and
common goldeneye in Michigan. Journal of Wildlife Management 50:446-
452,

Kahl, R. 1991. Boating disturbance of canvasbacks during migration at Lake
Poygan, Wisconsin. Wildlife Society Bulletin 19:242-248.

Kaminski, R. M. and E. A. Gluesing. 1987. Density and habitat related
recruitment in mallards. Journal of Wildlife Management 51:141-148.

Knapton, R. W., S. A. Petrie, and G. Herring. 2000. Human disturbance of
diving ducks on Long Point Bay, Lake Erie. Wildlife Society Bulletin
28:923-930.

33



Korschgen, C. E., L. S. George, and W. L. Green. 1985. Disturbance of diving
ducks by boaters on a migrational staging area. Wildlife Society Bulletin
13:290-296.

Korschgen, C. E., and R, B. Dahlgren. 1992. Human disturbances of waterfow!:
causes, effects, and management. Fish and Wildlife Leaflets 13.2.15.

Krapu, G.L., P.J. Pietz, D.A. Brandt, and R.R. Cox, Jr. 2000. Factors limiting
mallard brood survival in prairie pothole fandscapes. Journal of Wildlife
Management 64:553-561. '

Lovvorn, J. R. 1990. Courtship and aggression in canvasbacks: influence of
sex and pair-bonding. Condor 92:369-378.

Lovvorn, J. R. 1994. Nutrient reserves, probability of cold spells and the
question of reserve regulation in wintering canvasbacks. Journal of
Animal Ecology 63:11-23.

Lovvorn, J. R. and D. R. Jones. 1991. Effects of body size, body fat, and
change in pressure with depth on buoyancy and costs of diving in ducks
(Aythya spp.). Canadian Journal of Zoology 69:2879-2887.

Lovvorn, J. R. and M. P. Gillingham. 1996. Food dispersion and foraging
energetics: a mechanistic synthesis for field studies of avian benthivores.
Ecology 77:435-451.

Michot, T. C., and P. C. Chadwick. 1994. Winter biomass and nutrient values of
three seagrass species as potential foods for redheads (Aythya americana
Eyton) in Chandeleur Sound, Louisiana. Wetlands 14:276-283.

Michot, T. C., E. B. Moser, and W. Norling. 1994. Effects of weather and tides
on feeding and flock positions of wintering redheads in the Chandeleur
Sound, Louisiana. Hydrobiologia 279/280:263-278.

Michot, T. C., M. C. Woodin, S. E. Adair, and E. B. Moser. 2006. Diurnal time-
activity budgets of redheads (Aythya americana) wintering in seagrass
beds and coastal ponds in Louisiana and Texas. Hydrobiologia 567:113-
128. ‘

Miller, M. R. 1985. Time budgets of Northern pintails wintering in the
Sacramento Valley, California. Wildfow! 36:53-64.

34



Moulton, D. W., C. D. Frentress, C. D. Stutzenbaker, D. S. Lobpries, and W. C.
Brownlee. 1988. Ingestion of shotshell pellets by waterfowl wintering in
Texas. Pages 597-607 in M. W. Weller, editor. Waterfowl in winter.
University Minnesota Press, Minneapolis, Minnesota, USA.

Nilsson, L. 1970. Food-seeding activity of south Swedish diving ducks in the
non-breeding season. Oikos 21:145-154,

Noyes, J.H. and R.L. Jarvis. 1985. Diet and nutrition of breeding female
redhead and canvasback ducks in Nevada. Journal of Wildlife
Management 49:203-211.

Paulus, S. L. 1982. Feeding ecology of gadwalls in Louisiana in winter. Journal
of Wildlife Management 46:71-79.

Paulus, S. L. 1988. Time-activity budgets of nonbreeding Anatidae: a review.
Pages 135-152 in M. W. Weller, editor. Waterfowl in winter. University
Minnesota Press, Minneapolis, Minnesota, USA.

Pedroli, J. C. 1982. Activity and time budget of tufted ducks on Swiss lakes
during winter. Wildfowl 33:105-112.

Perry, M. C., B. K. Williams, J. A. Serafin, and W. J. Kuenzel. 1986. Influence of
nutrients on feed intake and condition of captive canvasbacks in winter.
Journal of Wildlife Management 50:427-434.

Poulton, V. K., J. R. Lovvorn, and J. Y Takekawa. 2002. Clam density and
scaup feeding behavior in San Pablo, California. Condor 104:518-527.

Quinlan, E. E., and G. A. Baldassarre. 1984. Activity budgets of nonbreeding
green-winged teal on playa lakes in Texas. Journal of Wildlife
Management 48:838-845.

Rave, D. P., and G. A. Baldassarre. 1989. Activity budgets of green-winged teal
wintering in coastal wetlands of Louisiana. Journal of Wildlife
Management 53:753-759.

Rockwood, S. W., and R. M. Whiting, Jr. 1992. Estimating waterfowl hunter-trips
using a capture-recapture technique. Wildlife Society Bulletin 20:15-20.

Ryan, R. A. 1972. Body weight and weight changes of wintering diving ducks.
Journal of Wildlife Management 36:759-765.

35



Scaief, S. H. 1985. The physicochemical limnology of B. A. Steinhagen
Reservoir, Texas. Thesis, Stephen F. Austin State University,
Nacogdoches, Texas, USA.

Serie, J. R. and D. E. Sharp. 1989. Body weight and composition dynamics of
fall migrating canvasbacks. Journal of Wildlife Management 53:431-441.

Tamisier, A. 1974. Etho-ecological studies of teal wintering in the Camargue
(Rhone Delta, France). Wildfowl 25:_1_07-117.

Thompson, B. C., J. E. Tabor, and C. L. Turner. 1988. Diurnal behavior patterns
of waterfow! wintering on the Columbia River, Oregon and Washington.
Pages 153-167 in M. W. Weller, editor. Waterfowl in winter. University
Minnesota Press, Minneapolis, Minnesota, USA.

Tome, M. W. and D. A. Wrubleski. 1988. Underwater foraging behavior of
canvasbacks, lesser scaups, and ruddy ducks. Condor 90:168-172.

U.S. Fish and Wildlife Service. 2003. Analyses of selected mid-winter waterfowl
survey data (1955-2003). United States Fish and Wildlife Service,
Albuquerque, New Mexico, USA.

Wood, J. M. 1972. Feeding habits of largemouth bass Micropterus salmoides
(Lacepede) from the headwater of Toledo Bend Reservoir. Thesis,
Stephen F. Austin State University, Nacogdoches, Texas, USA.

Woodin, M. C. and T. C. Michot. 2006. Foraging behavior of redheads (Aythya
americana) wintering in Texas and Louisiana. Hydrobiclogia 567:129-141.

36



Tolade Bend

Nacogdaches

Q) Angelina

Figure 1.1. Location of Toledo Bend, Sam Rayburn, and B. A. Steinhagen
Reservoirs within the Pineywoods Ecoregion of east Texas.
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Table 1.7. Type [l F and P values resulting from univariate analysis of variance
of wintering canvasback, lesser scaup, and ring-necked duck behaviors between
seasons’, quantified on Toledo Bend, Sam Rayburn, and B. A. Steinhagen
Reservoirs in east Texas, 19 November 2003 — 13 March 2004 and 8 November
2004 — 18 February 2005.

Behavior F P
Feeding (%) 21.15 <0.001
Locomotion (%) 0.40 0.753
Agonistic (%) 1.15 0.329
Loafing (%) 18.62 <0.001
Comfort (%) 0.48 0.696
Sleeping (%) 6.04 <0.001
Courtship (%) 0.41 0.748
Inter-dive Loaf (%) 10.86 <0.001
Alert (%) 3.63 0.013

' Season 1: 1 November — 10 January; Season 2: 11 January — 13 March.
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Table 1.9. Type lll F and P values resulting from univariate analysis of variance
of wintering canvasback, lesser scaup, and ring-necked duck behaviors among
reservoirs, quantified on Toledo Bend, Sam Rayburn, and B. A. Steinhagen
Reservoirs in east Texas, 19 November 2003 — 13 March 2004 and 8 November
and 8 November 2004 — 18 February 2005.

Behavior F P
Feeding (%) 8.84 <0.001
Locomotion (%) 4.67 0.001
Agonistic (%) 0.99 0.411
Loafing (%) 4.05 0.003
Comfort (%) 1.14 0.334
Sleeping (%) 1.62 0.167
Courtship (%) 0.25 0.909
Inter-dive Loaf (%) 7.63 <0.001
Alert (%) 1.43 0.220
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Table 1.11. Type Ul F and P values resulting from univariate analysis of variance
of wintering canvasbacks, lesser scaup, and ring-necked ducks according to
study year, measured on Toledo Bend, Sam Rayburn, and B. A. Steinhagen
Reservoirs in east Texas, 19 November 2003 — 13 March 2004 and 8 November
2004 — 18 February 2005.

Behavior F | P
Feeding (%) 4.54 0.004
Locomotion (%) 0.33 0.806
Agonistic (%) 0.79 0.500
Loafing (%) 8.14 <0.001
Comfort (%) 3.76 0.010
Sleeping (%) 6.58 <0.001
Courtship (%) 0.47 0.702
Inter-dive Loaf (%) 1.87 0.133
Alert (%) 0.51 0.677
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CHAPTERII
BODY CONDITION AND LIPID PREDICTION MODELS OF WINTERING

DIVING DUCKS ON EAST TEXAS RESERVOIRS
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INTRODUCTION

During winter, waterfowl experience numerous stresses associated with
food shortages, habitat quality and quantity, inclement weather, molt, courtship,
pair formation, human disturbance, and recovering from and preparing for
migration, all of which may influence waterfowl body condition (Hepp and Hair
1983, Quinlan and Baldassarre 1984, Baldassarre et al. 1986, Heitmeyer 1988,
Knapton et al. 2000). Waterfowl accumulation of nutrient reserves, usually in the
form of lipids, is an adaptation to survive during such stressful events (Bailey
1979). Many studies have examined waterfowl body condition during summer
(Owen and Cook 1977, Hohman and Taylor 1986, Ankney and Afton 1988,
Alisauskas et al. 1990, Afton and Ankney 1991), migration (Chappell and Titman
1983, Austin and Fredrickson 1987, Serie and Sharp 1989, Gammonley and
Heitmeyer 1990), and winter (Baldassarre et al. 1986, Haramis et al. 1986,
Hohman and Taylor 1986, Afton et al. 1989, Hohman 1993, Hohman and Weller
1994, Haukos et al. 2001, DeVault et al. 2003), where each season will impact
immediate and future survival. Wintering waterfowl physiological condition is
correlated with overwinter survival and subsequent breeding success (Heitmeyer
and Fredrickson 1981, Haramis et al. 1986, Kaminski and Gluesing 1986,
Heitmeyer 1988, Raveling and Heitmeyer 1989), whereby winter body condition

could indicate an individual's survival probability and ability to meet current and
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future energy demands (Owen and Cook 1977). However, relationship(s)
between body condition and winter survival may vary, as the impact of body
condition on winter survival might not be detected if birds in poorer condition do
not arrive or arrive later to wintering areas (Cox et al. 1998).

The probability of waterfowl meeting both immediate and future energy
demands can be roughly predicted by estimating total lipid content and body
condition of individual birds. The most accurate method to quantify body
condition is through direct estimates of lipid content of sacrificed birds (Conway
et al. 1994, Harder and Kirkpatrick 1996, Spengler et al. 1995). Such data are
then used to develop lipid prediction models using combinations of external
morphology, internal tissue, and internal fat store measures in a regression
setting (Wishart 1979, Hohman and Taylor 1986, DeVault et al. 2003). Body
condition indices (BCls) can also be generated by using external morphological
measures of living or recently harvested birds, providing a way to examine body
condition in a non-destructive fashion (Hine et al. 1996, Haukos et al. 2001).
However, the ability of such BCls to reflect true lipid content may be highly
variable (Bailey 1979, Wishart 1979, DeVault et al. 2003). Few studies (Wishart
1979, Ringelman and Szymczak 1985, DeVault et al. 2003) have (1) developed
lipid prediction models and BCls simultaneously, (2) evaluated the ability of BCI
models to actually predict lipid content, or (3) combined model building and BCI
verification for diving ducks.

An estimated 97%, 99%, and 98% of the Central Flyway populations of
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canvasback (Aythya valisineria), lesser scaup (A. affinis), and ring-necked duck
(A. collaris), respectively winter in Texas (U.S. Fish and Wildlife Service 2003).
Within the Pineywoods Ecoregion of east Texas, 3 manmade reservoirs (i.e.,
Toledo Bend, Sam Rayburn, and B. A. Steinhagen) provide important wintering
diving duck habitat (Rockwood and Whiting 1992), where an estimated 17% and
3% of the Texas wintering population of canvasback and lesser scaup winter in
the region (U.S. Fish and Wildlife Service 2003). Deep-water habitats and
extensive submerged aquatic vegetation, associated with these reservoirs
provide suitable habitat for wintering diving ducks (Rockwood and Whiting 1992).
Nutrient reserves vary both temporally and geographically, depending
upon events occurring during the annual cycle. Understanding how and why
nutrient reserves vary throughout winter in a given region should provide
important information which can be (1) used to correlate body condition with
current habitat quality/quantity and (2) translated into the probability of overwinter
survival and subsequent breeding success. Such data are needed to examine
the link(s) between habitat quality of these reservoirs and body condition of
diving ducks which winter on them. Specifically, this study addresses an
information gap that exists on body condition of wintering diving ducks within the
east Texas region, while simultaneously attempting to determine the most useful
condition models for predicting body condition of wintering diving ducks under
field conditions (sensu Spengler et al. 1995). Therefore, the specific objectives

of this study were to (1) develop species, sex, and age-specific morphological
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BCls, (2) estimate species, sex, and age-specific total body lipid content, (3)
develop species, sex, and age-specific lipid prediction models using a
combination of morphological BCls, and fat, skin, and internal organ measures of
canvasback, lesser scaup, and ring-necked duck wintering on Toledo Bend, Sam

Rayburn, and B. A. Steinhagen Reservoirs in east Texas.
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STUDY AREA

The Pineywoods Ecoregion of Texas is 1 of 6 major waterfow! habitat
regions within the state (Moulton et al. 1988); encompassing 38‘counties, it is
comprised primarily of pine (Pinus spp.), hardwood, and mixed pine-hardwood
forests (Figure 1.1). Bottomland hardwood forests, sloughs, freshwater marshes,
and ponds are scattered throughout the region. There are > 30 major reservoirs
on portions of the Angelina, Cypress, Neches, Red, Sabine, and Sulphur Rivers
(Figure 1.1) (Moulton et al. 1988).

This research was conducted on Toledo Bend, Sam Rayburn, and B.A.
Steinhagen Reservoirs in east Texas (Figure 1.1). Toledo Bend Reservoir
encompasses almost 75,000 ha extending into portions of Newton, Panola,
Sabine, and Shelby counties, Texas, and De Soto and Sabine parishes,
Louisiana (Wood 1972). Impounded in 1966, the reservoir is managed for water,
hydroelectric generation, and recreation. Sam Rayburn Reservoir encompasses
> 46,000 ha, extending into portions of Angelina, Jasper, Nacogdoches, Sabine,
and San Augustine counties, Texas. Impounded in 1965, the reservoir is
managed for flood control, hydroelectric power, and water for municipal,
industrial, agricultural, and recreational uses (Rockwood and Whiting 1992). B.
A. Steinhagen Reservoir encompasses > 6,800 ha; it extends into portions of

Jasper and Tyler counties (Scaief 1985). Filled in 1951, with a maximum depth
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of 10.7 m, the reservoir is managed for flood control, water, and recreation.
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METHODS

Collection

Canvasback, lesser scaup, and ring-necked duck were collected from 8
November 2003 - 23 January 2004 and from 3 November 2004 - 2 March 2005
on Toledo Bend, Sam Rayburn, and B. A. Steinhagen Reservoirs. Birds were
collected with shotguns using steel shot, either with decoys (85.5 %) or without
decoys (14.5 %) (U.S. Fish and Wildlife Service Scientific Collecting Permit
MB093044-0, Texas Parks and Wildlife Department Scientific Collecting Permit
Number SPR-0804-009). Decoys were used in this study because use of rifles
or non-lethal capture techniques was not permitted on these public reservbirs.

After retrieval, each bird was aged ahd sexed, frozen (Haramis et al. 1982,
Carney 1992), and stored at Stephen F. Austin State University. Each frozen
duck was partially thawed and mass was measured using an electronic scale
(College B154/Mettler Toledo) to obtain wet gross body mass (g). Left wing cord
length (cm) was measured using a ruler, while left tarsus (mm), exposed culmen
(mm), and total bill length (commissural point to tip of nail) (mm), and maximum
bill width (mm) were measured using calipers (sensu Hohman 1993). Each

carcass was then plucked except for the middle rectrix. Total body length (cm)
was measured using a ruler from bill tip to middle rectrix tip, with each bird

outstretched on its back. The middle rectrix was then removed, rachis length
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(cm) measured and subtracted from total body length to obtain net body length
(cm). Each carcass was then remeasured to obtain feather-free body mass (g).
All feathers were discarded.

Skin and Internal Morphological Measures

Skin and carcass surface fat (i.e., fat associated with skin) were removed
from each carcass and measured to obtain mass (g). The pectoralis,
supracoracoideus, and coracobrachialis (i.e., flight muscles) were removed from
the left side of the sternum (Owen and Cook 1977, Morton et al. 1990). External
fat on flight muscles was removed and set aside. The left leg was removed from
the carcass and the tarsus removed and discarded. Then fat was removed from
the leg muscles (i.e., muscles with origin or insertion on femur and tibiotarsus)
and set aside. Skin, flight muscle, and leg muscle (including femur) mass were
then measured to the nearest 0.01 g. After skin and muscles were removed,
keel length (cm) was measured (Hohman and Taylor 1986, Morton et al. 1990).

Each carcass body cavity was exposed by splitting the left side of the keel,
after which the heart, liver, kidneys, and the entire gastréintestinal tract were
removed. The gizzard was removed from the gastrointestinal tract, measured to
nearest 0.01 g, and then opened and its contents removed. The gizzard was
remeasured to nearest 0.01g and its contents were saved for future analysis.
Contents of the esophagus, proventriculus, and intestine were removed and
measured to the nearest 0.01 g; contents of the esophagus and proventriculus

were also saved. Upper gastrointestinal tract mass (g) and length (cm) were
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measured (Austin and Fredrickson 1987). Digestive content mass was
subtracted from feather-free body mass to obtain ingesta-free carcass mass
(DeVault et al. 2003). Visceral fat was removed from the heart, liver, and
kidneys, omental fat was removed from the gizzard and abdominal wall (Woodall
1978), and mesentery fat was removed from the intestines. Each was measured
to the nearest 0.01 g.

Lipid Extraction

Bill and tarsi were removed from the carcass and discarded. All remaining
excised organs and tissues were returned to each carcass, which was
homogenized in an electric meat grinder. Three 30-g subsamples from each
whole carcass homogenate were oven dried at 65° C to constant mass (Kerr et
al. 1982). This temperature was maintained to prevent volatilization of carcass
lipids during homogenate drying (Kerr et al. 1982).

After drying, 5-g subsamples of each homogenized 30-g subsample were
ground with a mortar and pestle and placed into a 22 ml extraction cell (Dionex
1999). Each 5-g subsample was then subjected to lipid extraction using
petroleum ether in an Accelerated Solvent Extractor (ASE). Extractions were
performed at 125° C, at 10.3 Mpa (1500 psi), for 6 min. equilibration, extracted
for 2 min., flushed with 60% petroleum ether, and purged for 60 s with Nitrogen
(Dionex 1999). This cycle was performed twice for each subsample. After

extraction, each cell and its contents were removed and oven dried at 65° C to
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constant mass (i.e., 12-14 h). Once dry, each subsample mass was measured to
the nearest 0.01 g to obtain subsample lean dry mass.

Morphological Body Condition Indices

Three morphological body condition indices were generated for each bird.
First, following Hine et al. (1996) and Haukos et al. (2001), BCI1 was calculated
for each bird by dividing total body mass (g) by wing cord length (mm). Second,
following Rhodes and Smith (1993), BCI2 was calculated for each bird by
dividing total body mass (g) by the sum of total body length (cm) and wing cord
length (cm). Finally, following Bennett and Bolen (1978), BCI3 was calculated by
dividing total body mass (g) by the product of bill length (cm) and keel length
(cm).

Total Body Lipid Estimation

Lipid content (%) of each subsample (n = 3 for each bird) was calculated
by dividing subsample dry mass after extraction by subsample dry mass before
extraction and multiplying by 100. If 1 subsample deviated = 10 % of the
calculated lipid content for the other 2 subsamples, new subsamples from the
carcass homogenate were exposed to ether extraction procedures until all lipid
content (%) of all subsamples for an individual bird were < 10 % from one
another. For data analysis (see below), lipid content (%) of each carcass was
calculated by averaging 2 subsamples that were closest to one another.

Data Analyses

Univariate factorial analysis of variance (ANOVA) was used to examine
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differences in external and internal morphological features within each species,
between sexes, between ages (adult and juvenile), and their interaction.
Univariate ANOVA was also used to examine differences in BCI1, BCl12, BCI3,
and lipid content (%) (1) among species and (2) within species, between age
classes, between sex classes, and among age-sex classes. Subsequent
ANOVAs were performed to examine differences in BCI1, BCI2, BCI3, and lipid
content within each species between seasons (i.e., 3 November — 10 January,
Season 1; 11 January - 2 March, Season 2). In all instances, Type lll sums of
squares F and P values were used to identify where differences occurred in the
overall model. If differences (P < 0.05) occurred in Type Il analyses, least
squares mean separation was used to more closely examine those differences.
Three different lipid prediction models were built using stepwise linear
regression (SLR) for each age and sex class within each species to determine
the predictive power of the 3 morphological BCls for estimating total lipid content
(%). The first model examined the predictive power of the 3 morphological BCls
for estimating total lipid content (%). Stepwise linear regression was used to build
age, sex, and age-sex class specific models within each species incorporating
each BClI model. The second model was a field-oriented lipid prediction model,
where only external morphological measurements (i.e., total body mass (g), log
body mass (g), total body length (cm), wing cord (cm), culmen (cm), total bill
length (cm), tarsus length (cm), and bill width (cm)) or morphological BCls were

used as independent variables. Stepwise linear regression was also used for
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each age, sex, and age-sex class within each species to evaluate the ability of
these data to predict lipid content for future use on live and/or harvested birds.
Finally, SLR was used to develop an exhaustive lipid prediction model for each
age, sex, and age-sex class within a species using the full data set, which
included BCls, external morphology (i.e., total body mass, total body length, etc.),
and internal morphology/fat measures (i.e., heart mass, gizzard mass, omental
fat mass, etc.) to more thoroughly examine which features most accurately
predict lipid content. For all regression models, variables were included only if

they contributed (P < 0.05) to the regression model.
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RESULTS

Morphology

Canvasbacks

As there are obvious morphological differences among species, no
analyses were performed examining variability in external morphology, internal
organ, or internal fat measures among species, but these data are summarized
(Table 2.1). Within canvasback, most external morphological and internal organ
measures varied (P < 0.05) between ages and sexes, with only 1 age x sex
interaction (i.e., kidney mass) (Table 2.2). Although males and adults tended to
be larger than females and juveniles, respectively, most fat measures were
similar (P > 0.05) between sexes and ages (Tables 2.2, 2.3). When age-sex
classes were combined, adult males tended to be larger morphologically than
any other age-sex class, whereas adult females tended to possess more

omental, mesentary, and visceral fat and more skin mass (Table 2.4).

Lesser Scaup

Within lesser scaup, few external morphological and internal organ

measures varied (P > 0.05) between ages and sexes and no interactions (P >
0.05) occurred (Table 2.5). In the few instances where morphological features

varied (P < 0.05), they generally occurred between sexes, where males tended to
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be larger than females (Table 2.6). Moreover, all internal fat measures were
similar (P > 0.05) between sexes and ages (Tables 2.5, 2.6). Finally, when age-
sex classes were combined, adult males tended to be larger morphologically
than other age-sex class, whereas adult females tended to possess more
omental, mesentery, and visceral fat mass and more skin mass (P > 0.05) (Table
2.7).

Ring-necked Ducks

For Ring-necked duck, several external morphological and internal organ
measures varied (P < 0.05), and several age x sex interactions occurred (Table
2.8). In general, adults and males were larger and had higher fat content than
juveniles and females (Tables 2.8, 2.9). Finally, when age-sex classes were
combined, adult males tended to be larger morphologically, and possess more
. omental, mesentery, and visceral fat mass, and more skin mass than other age-

sex classes (P < 0.05) (Table 2.10).
Morphological Condition Indices and Lipid Levels

Variation Among and Within Species

Morphological BCls varied among species (BCI1; F= 384.05; 2, 243 df; P
< 0.001), (BCI2; F= 277.86; 2, 240 df; P < 0.001), (BCI3; F= 15.85; 2, 236 df; P <
0.001) as did lipid content (F= 3.22; 2, 232 df, P = 0.042) (Table 2.11). Lesser
scaup had the highest lipid content, while canvasback had greater BCls (i.e.,

BCI1, BCI2, and BCI3) than either lesser scaup or ring-necked duck (Table 2.11).
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Within canvasback, complete models varied for BCI1 (F=4.57; 3,69 df, P =
0.006), BCI2 (F=5.81; 3, 69 df, P=0.001), BCI3 (F = 6.34; 3, 68 df; P < 0.001),
and lipid content (F = 3.56; 3, 66 df; P = 0.019). However, when complete
models were partitioned, differences between age classes accounted for all of
the variability within each model (Table 2.12); aduits had higher lipid levels and
higher BCls than juveniles (Tables 2.13, 2.14). Lipid content and BCl values
were similar (P > 0.05) between sexes and no age x sex interactions (P > 0.05)
occurred (Tables 2.12, 2.13, 2.14).

For lesser scaup, complete models were similar for BCI1 (F = 2.65; 3, 84
df; P=0.054), BCI2 (F=1.44; 3, 82 df; P=0.238), BCI3 (F = 0.54,; 3, 81 df, P =
0.654), and lipid content (F = 0.43; 3, 81 df, P=0.731) (Tables 2.12, 2.13, 2.14).
The only consistent (nonsignificant) trend (P > 0.05) for lesser scaup was that
adults tended to have slightly higher BCls and lipid levels than juveniles (Tables
2.13, 2.14).

Within ring-necked duck, complete models varied for BCI1 (F = 7.37; 3, 81
df; P <0.001), BCI2 (F =7.96; 3, 80 df, P <0.001), and BCI3 (F = 2.85; 3, 78 df;
P = 0.043), but were similar for lipid content (F = 2.58; 3, 76 df;, P = 0.060).
However, when complete models were partitioned, few differences remained
(Table 2.12). There were age x sex interactions (P < 0.05) for BCI2 and lipid
content, and BCI1 varied (P < 0.05) between ages (Table 2.12). Again, adults
and males tended to have higher BCls and lipid levels than juveniles and

females, respectively (Tables 2.13, 2.14).
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Variation Among Age-sex Classes Within Species

Within canvasback, morphological BCls varied among age-sex classes
(BCI1; F=4.57; 3, 69 df, P = 0.006), (BCI2; F= 581, 3, 69 df, P = 0.001), (BCI3;
F=6.34; 3, 68 df, P < 0.001) as did lipid content (F= 3.56; 3, 66 df, P=0.019)
(Tables 2.15, 2.16). Adult and juvenile female canvasback generally had the
highest and lowest lipid content and BCI values, respectively (Tables 2.15, 2.16).
Within lesser scaup, BCI1 (F = 2.65; 3, 84 df, P = 0.054), BCI2 (F = 1.44, 3, 82
df; P=0.238), BCI3 (F = 0.54; 3, 81 df; P = 0.654), and lipid content (F = 0.43; 3,
81 df, P = 0.731) were similar among age-sex classes (Tables 2.17, 2.18),
although adult females tended to have the highest lipid content. Within ring-
necked duck, BCI1 (F=7.37; 3, 81 df; P < 0.001), BCI2 (F=7.96; 3, 80 df, P <
0.001), and BCI3 (F = 2.85; 3, 78 df, P = 0.043) varied among age-sex classes,
but lipid content was similar (F = 2.58; 3, 76 df; P = 0.060) (Tables 2.19, 2.20).
Adult male ring-necked ducks had higher BC| values than the other age-sex
classes, and tended (P > 0.05) to have higher lipid content, although these
analyses were constrained by unequal sample sizes among age-sex classes
(Tables 2.19, 2.20).

Variation Between Seasons

Within canvasback, BCI1 (F = 0.02; 1, 71 df, P = 0.881), BCI2 (F = 0.03; 1,
71 df; P=0.856), BCI3 (F = 0.64; 1, 70 df, P = 0.428), and lipid content (F =
0.01; 1, 68 df; P = 0.911) were consistent between seasons (Table 2.21). Within

lesser scaup, BCI1 (F=0.35; 1, 86 df, P =0.553), BCI2 (F=0.26; 1, 84 df, P=
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0.612), BCI3 (F = 2.09; 1, 83 df, P=0.152), and lipid content (F = 0.42; 1, 83 df;
P = 0.518) were also consistent between seasons, although disproportionate
sample sizes between seasons likely influenced these analyses (Table 2.22).
Finally, the lack of seasonal variability in canvasbacks and lesser scaup was also
observed within ring-necked ducks, where BCI1 (F = 0.75; 1, 83 df; P = 0.360),
BCI3 (F=0.04; 1, 80 df, P = 0.849), and lipid content (F=2.72; 1, 78 df, P =
0.103) were similar between seasons. However, BCI2 was higher (F = 5.35; 1,

82 df, P =0.023) in season 2 than season 1 for ring-necked ducks (Table 2.23).

Lipid Prediction Models

Canvasbacks

For adult male canvasback, BCI2 alone explained 63% of the variation in
lipid content (F = 45.30; 1, 26 df; P < 0.001; R® = 0.63). Neither BCI1 nor BCI3
added (P > 0.05) to the model. When BCls were combined with external
morphology , BCI2 still explained 63% of the variation in lipid content, but model
strength increased (P > 0.05) when culmen length was added (F = 31.61; 2, 25
df; P < 0.001; R?=0.72). No other BCI or external morphological feature added
(P> 0.05) to the model. Finally, when all data were entered into the stepwise
regression procedure, skin mass alone explained 88% of the variation in lipid
content (F = 181.51; 1, 24 df; P < 0.001; R? = 0.88). The final lipid prediction
model combined skin mass, gizzard mass, and total body length (F = 96.04, 3, 22

df: P < 0.001; R? = 0.93) to explain 93% of the variation in lipid content in adult
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male canvasback (Table 2.24).

For juvenile male canvasback, BCI2 alone explained 74% of the variation
in lipid content (F = 14; 1, 5 df; P= 0.013; R? = 0.74). Neither BCI1 nor BCI3
added (P > 0.05) to the model. When BCls were combined with external
morphology, BCI2 still explained 74% of the variation in lipid content, but model
strength increased when body mass and tarsus length were added (F =72.17; 3,
3 df; P =0.003; R? = 0.99). No other BCI or external morphological feature
added (P > 0.05) to the model. Finally, when all data were entered into the
stepwise regression procedure, skin mass alone explained 86% of the variation
in lipid content (F = 31.77; 1, 5 df: P = 0.002; R? = 0.86). The final lipid prediction
model combined skin mass and total body length (F =48.75; 2, 4 df;, P = 0.002;
R? = 0.96) to explain 96% of the variation in lipid content in juvenile male
canvasback (Table 2.24).

For adult female canvasback, BCI2 alone explained 68% of the variation
in lipid content (F = 38.30; 1, 18 df; P < 0.001; R? = 0.68). Neither BCI1 nor BCI3
added (P > 0.05) to the model. When BCls were combined with external
morphology, BCI2 alone still explained 68% of the variation in lipid content. No
other BCI or external morphological feature added (P > 0.05) to the model.

Finally, when all data were entered into the stepwise regression procedure, skin
mass alone explained 81% of the variation in lipid content (F = 76.63; 1, 18 df; P
< 0.001; R?=0.81). The final lipid prediction model combined skin mass and bill

length (F = 62.64; 2, 17 df, P < 0.001; R? = 0.88) to explain 88% of the variation
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in lipid content in adult female canvasback (Table 2.24).

For juvenile female canvasback, BCI1 alone explained 68% of the
variation in lipid content (F = 25.76; 1, 12 df, P < 0.001; R?= 0.68). Neither BCI2
nor BCI3 added (P > 0.05) to the model. When BCls were combined with
external morphological features, BCI1 alone still explained 73% of the variation in
lipid content. No other BCI or external morphological feature added (P > 0.05) to
the model. Finally, when all data were entered into the stepwise regression
procedure, skin mass alone explained 83% of the variation in lipid content (F =
57.81; 1, 12 df: P<0.001; R?= 0.83). The final lipid prediction model combined
wing cord, heart mass, and skin mass (F = 48.09: 3, 10 df; P < 0.001: R* = 0.93)
to explain 93% of the variation in lipid content in juvenile female canvasback
(Table 2.24).

For male canvasback, BCI2 alone explained 59% of the variation in lipid
content (F = 48.50; 1, 33 df; P < 0.001; R? = 0.59). Neither BCI1 nor BCI3 added
(P> 0.05) to the model. When BCls were combined with external morphology,
BCI1 still explained 59% of the variation in lipid content, but mode! strength
increased when culmen length was added (F = 30.61; 2, 32 df, P < 0.001; R? =
0.66). No other BCI or external morphological feature added (P > 0.05) to the
model. Finally, when all data were entered into the stepwise regression
procedure, skin mass alone explained 86% of the variation in lipid content (F =
193.33; 1, 31 df; P < 0.001; R®> = 0.86). The final lipid prediction mode! combined

skin mass, gizzard mass, and total body length (F = 106.89; 3, 29 df, P < 0.001;
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R? = 0.92) to explain 92% of the variation in lipid content in male canvasback
(Table 2.25).

For female canvasback, BCI1 alone explained 73% of the variation in lipid
content (F = 84.82; 1, 32 df; P < 0.001; R? = 0.73). Neither BCI2 nor BCI3 added
(P> 0.095) to the model. When BCls were combined with external morphology,
BCI1 alone still explained 73% of the variation 'in lipid content. Model strength
increased when bill length was added (F = 59.85; 2, 31 df; P < 0.001; R® = 0.79).
Finally, when all data were entered into the stepwise regression procedure, skin
mass alone explained 84% of the variation in lipid content (F = 165.50; 1, 32 df, P
<0.001; R?= 0.84). The final lipid prediction model combined bill length, gizzard
mass, and skin mass (F = 76.81; 3, 30 df; P < 0.001; R? = 0.88) to explain 88% of
the variation in lipid content in female canvasback (Table 2.25).

For adult canvasback, BCI2 alone explained 56% of the variation in lipid
content, but model strength increased by adding BCI3 (F = 38.99; 2, 45 df, P <
0.001; R? = 0.63). When BCls were combined with external morphological
features, BCI2 alone still explained 56% of the variation in lipid content. Model
strength increased when wing cord length and culmen length were added (F =
40.30; 3, 44 df; P < 0.001; R? = 0.73). Finally, when all data were entered into
the stepwise regression procedure, skin mass alone explained 83% of the
variation in lipid content (F = 213.05; 1, 44 df; P < 0.001; R? = 0.83). The final
lipid prediction model combined skin mass, total body length, and gizzard mass

(F=136.18; 3, 42; P < 0.001; R? = 0.91) to explain 91% of the variation in lipid
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content in adult canvasback (Table 2.25).

For juvenile canvasback, BCI3 alone explained 64% of the variation in
lipid content (F = 33.61; 1, 19 df; P < 0.001; R? = 0.64). Neither BCI1 nor BCI2
added (P > 0.05) to the model. When BCls were combined with external
morphological features, BCI2 alone still explained 64% of the variation in lipid
content and no other BCI or external morphological feature added (P > 0.05) to
the model. Finally, when all data were entered into the stepwise regression
procedure, skin mass alone explained 83% of the variation in lipid content (F =
90.62; 1, 19 df; P < 0.001; R* = 0.83). The final lipid prediction model combined
skin mass, tarsus length, and omental fat mass (F = 49.83; 3, 17 df, P < 0.001;
R? = 0.90) to explain 90% of the variation in lipid content in juvenile canvasback

(Table 2.25).

Lesser scaup

For adult male lesser scaup, BCI3 alone explained 72% of the variation in
lipid content (F = 48.21; 1, 19 df: P < 0.001; R* = 0.72). Neither BCI1 nor BC2
added (P > 0.05) to the model. When BCls were combined with external
morphology, BCI3 still explained 72% of the variation in lipid content. No other
BCI or external morphological feature added (P > 0.05) to the model. Finally,
when all data were entered into the stepwise regression procedure, skin mass
alone explained 85% of the variation in lipid content (F = 105.62; 1, 19 df, P <
0.001; R? = 0.85).  The final lipid prediction model combined BCI3 and skin mass

(F=67.24; 2, 18 df, P < 0.001; R? = 0.88) to explain 88% of the variation in lipid
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content in adult male lesser scaup (Table 2.26).

For juvenile male lesser scaup, BCI3 alone explained 43% of the variation
in lipid content (F = 14.41; 1, 19 df; P = 0.001; R? = 0.43). Neither BCI1 nor BC2
added (P > 0.05) to the model. When BCls were combined with external
morphology, BCI3 still explained 43% of the variation in lipid content. No other
BClI or external morphological feature added (P > 0.05) to the model. Finally,
when all data were entered into the stepwise regression procedure, skin mass
alone explained 70% of the variation in lipid content (F = 36.58; 1, 16 df, P <
0.001; R?=0.70). The final lipid prediction model combined BCI2 and skin mass
(F = 36.05; 2, 15 df; P < 0.001; R? = 0.83) to explain 83% of the variation in lipid
content in juvenile male lesser scaup (Table 2.26).

For adult female lesser scaup, BCI1 alone explained 46% of the variation
in lipid content (F =6.08;.1, 7 df;, P = 0.040; R? = 0.46). Neither BCI2 nor BCI3
added (P > 0.05) to the model. When BCls were combined with external
morphology, BCI1 still explained 46% of the variation in lipid content. No other
BCI or external morphological feature added (P > 0.05) to the model. Finally,
when all data were entered into the stepwise regression procedure, omental fat
mass alone explained 71% of the variation in lipid content (F =17.18; 1, 7 df, P =
0.004; R? = 0.71). The final lipid prediction model combined bill length, gizzard
mass, and omental fat mass (F = 47.70; 3, 5 df, P < 0.001; R? = 0.97) to explain
97% of the variation in lipid content in adult female lesser scaup (Table 2.26).

For juvenile female lesser scaup, BCI1 alone explained 25% of the
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variation in lipid content (F = 8.31; 1, 25 df; P = 0.008; R? = 0.25). Neither BCI2
nor BCI3 added (P > 0.05) to the model. When BCls were combined with
external morphology, BCI1 still explained 25% of the variation in lipid content.
Model strength increased when bill width was added (F = 10.40; 2, 24 df, P <
0.001; R? = 0.46). Finally, when all data were entered into the stepwise
regression procedure, skin mass alone explained 71% of the variation in lipid
content (F = 59.80; 1, 24 df; P < 0.001; R? = 0.71). The final lipid prediction
model combined leg muscle mass and skin mass (F = 51.30; 2, 23 df; P < 0.001,
R? = 0.82) to explain 82% of the variation in lipid content in juvenile female lesser
scaup (Table 2.26).

For male lesser scaup, BCI3 alone explained 57% of the variation in lipid
content (F = 55.13; 1, 41 df; P < 0.001; R? = 0.57). Neither BCI1 nor BC2 added
(P > 0.05) to the model. When BCls were combined with external morphology,
BCI3 still explained 57% of the variation in lipid content. No other BCI or external
morphological feature added (P > 0.05) to the model. Finally, when all data were
entered into the stepwise regression procedure, skin mass alone explained 75%
of the variation in lipid content (F = 111.96; 1, 37 df; P < 0.001; R?=0.75). The
final lipid prediction mode! combined skin mass, intestine mass and bill length (F
= 67.74; 2, 36 df; P < 0.001; R* = 0.79) to explain 79% of the variation in lipid
content in male lesser scaup (Table 2.27).

For female lesser scaup, BCI1 alone explained 30% of the variation in lipid

content (F = 14.65; 1, 34 df: P < 0.001; R* = 0.30). Neither BCI2 nor BCI3 added
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(P > 0.05) to the model. When BCls were combined with external morphology,
BCI1 still explained 30% of the variation in lipid content. Model strength
increased when bill width was added (F = 14.21; 2, 33 df, P < 0.001, R? = 0.46).
Finally, when all data were entered into the stepwise regression procedure, skin
mass alone explained 70% of the variation in lipid content (F = 77.92; 1, 33 df; P
< 0.001; R*=0.70). The final lipid prediction model combined bill length,
omental fat mass, and skin mass (F = 53.10; 3, 31 df; P < 0.001; R? = 0.84) to
explain 84% of the variation in lipid content in female lesser scaup (Table 2.27).

For adult lesser scaup, BCI3 alone explained 63% of the variation in lipid
content (F = 49.41; 1, 29 df; P < 0.001; R? = 0.63). Neither BCI1 nor BC2 added
(P> 0.05) to the model. When BCls were combined with external morphology,
BCI3 alone explained 62% of the variation in lipid content (F = 45.06; 1, 28 df; P
< 0.001; R* = 0.62). Finally, when all data were entered into the stepwise
regression procedure, skin mass alone explained 81% of the variation in lipid
content (F = 115.74; 1, 28 df; P < 0.001; R? = 0.81). The final lipid prediction
model combined skin mass, bill length, kidney mass, and leg muscle mass (F =
56.26; 4, 25 df; P < 0.001; R? = 0.90) to explain 90% of the variation in lipid
content in adult lesser scaup (Table 2.27).

For juvenile lesser scaup, BCI1 alone explained 30% of the variation in

lipid content (F = 19.53; 1, 46 df; P < 0.001, R%=0.30). Neither BCI2 nor BC3
added (P > 0.05) to the model. When BCls were combined with external

morphology, BCI1 alone explained 29% of the variation in lipid content. Model
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strength increased when bill length was added (F = 18.08; 2, 44 df; P < 0.001; R?
= 0.45). Finally, when all data were entered into the stepwise regression
procedure, skin mass alone explained 67% of the variation in lipid content (F =
84.01; 1, 42 df: P < 0.001; R? = 0.67). The final lipid prediction model combined
skin mass, log body mass, and body mass (F = 69.38; 3, 40 df: P < 0.001; R? =
0.84) to explain 84% of the variation in lipid content in juvenile lesser scaup
(Table 2.27).

Ring-necked ducks

For adult male ring-necked duck, BCI1 alone explained 30% of the

variation in lipid content (F = 21.73; 1, 51 df; P < 0.001; R® = 0.30). Neither BCI2
nor BCI3 added (P > 0.05) to the model. When BCls were combined with
external morphology, the log of body mass explained 36% of the variation in lipid
content (F = 28.47; 1, 50 df; P < 0.001; R? = 0.36). Model strength increased
when tarsus length was added (F = 17.88; 2, 49 df: P < 0.001; R? = 0.42).
Finally, when all data were entered into the stepwise regression procedure, skin
mass alone explained 76% of the variation in lipid content (F = 149.38; 1, 48 df; P
< 0.001; R?=0.76). The final lipid prediction model combined esophagus-
proventriculus mass and skin mass (F = 86.14; 2, 47 df; P < 0.001; R? = 0.79) to
explain 79% of the variation in lipid content in adult male ring-necked duck (Table
2.28).

For juvenile male ring-necked duck, neither BCls nor morphological

features explained any variation in lipid content (P > 0.05). When all data were
83



entered into the stepwise regression procedure, kidney mass alone explained
59% of the variation in lipid content (F = 8.64; 1, 6 df; P = 0.030; R? = 0.59)
(Table 2.28).

For adult female ring-necked duck, neither BCls nor morphological
features explained any variation in lipid content (P > 0.05). When all data were
entered into the stepwise regression procedure, skin mass alone explained 89%
of the variation in lipid content (F = 50.79; 1, 6 df; P < 0.001; R? = 0.89) (Table
2.28).

For juvenile female ring-necked duck, neither BCls nor morphological
features explained any variation in lipid content (P > 0.05). When all data were
entered into the stepwise regression procedure, heart mass alone explained 80%
of the variation in lipid content (F = 19.70; 1, 5 df; P = 0.007; R? = 0.80) (Table
2.28).

For male ring-necked duck, BCI1 alone explained 34% of the variation in
lipid content (F = 31.13; 1, 59 df; P < 0.001, R?=0.34). Neither BCI2 nor BCI3
added (P > 0.05) to the model. When BCis were combined with external
morphology, the log of body mass explained 40% of the variation in lipid content
(F = 38.46; 1, 58 df; P < 0.001; R? = 0.40). Model strength increased when
tarsus length was added (F = 23.20; 2, 57 df; P < 0.001; R® = 0.45). Finally,
when all data were entered into the stepwise regression procedure, skin mass
alone explained 69% of the variation in lipid content (F = 124.73; 1, 56 df; P <

0.001; R? = 0.69). The final lipid prediction model combined esophagus-
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proventriculus mass, omental fat mass, and skin mass (F = 56.27; 3, 54 df; P <
0.001; R? = 0.76) to explain 76% of the variation in lipid content in male ring-
necked duck (Table 2.28).

For female ring-necked duck, neither BCls nor morphological features
~explained any variation (P > 0.03) in lipid content. Finally, when all data were
entered into the stepwise regression procedure, esophagus-proventriculus mass
alone explained 51% of the variation in lipid content (F = 13.50; 1, 13 df; P =
0.003; R = 0.51). The final lipid prediction model combined esophagus-
proventriculus mass and intestine mass (F = 11.07; 2, 12 df; P = 0.002; R? =
0.65) to explain 65% of the variation in lipid content in female ring-necked duck
(Table 2.29).

For adult ring-necked duck, BCI1 alone explained 32% of the variation in
lipid content (F = 27.36; 1, 59 df; P < 0.001; R? = 0.32). Neither BCI2 nor BCI3
added (P > 0.05) to the model. When BCls were combined with external
morphology, the log of body mass alone explained 37 % of the variation in lipid
content (F=33.77; 1, 58 df, P < 0.001; RZI = 0.37). Model strength increased
when tarsus length was added (F = 20.49; 2, 57 df; P < 0.001; R? = 0.42).
Finally, when all data were entered into the stepwise regression procedure, skin
mass alone explained 77% of the variation in lipid content (F = 189.41; 1, 56 df; P
< 0.001; R?=0.77). The final lipid prediction model combined skin mass and
esophagus-proventriculus mass (F = 112.98; 2, 55 df; P < 0.001; R? = 0.80) to

explain 80% of the variation in lipid content in adult ring-necked duck (Table
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2.29).

For juvenile ring-necked ducks, neither BCls nor morphological features
explained any variation (P > 0.05) in lipid content. Finally, when all data were
entered into the stepwise regression procedure, mesentery fat mass alone
explained 45% of the variation in lipid content (F = 10.50; 1, 13 df; P = 0.006; R®

= 0.45) (Table 2.29).
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DISCUSSION

Lipid Prediction Models

Although various BCls have been successful at predicting lipid content for
diving and dabbling ducks (Bailey 1979, Chappell and Titman 1983, Ringelman
and Szymczak 1985, Hohman and Taylor 1986, DeVault et al. 2003), the
variation among and within species from different geographical locations during
different portions of the annual cycle decreases the universality of these indices.
Although most studies have no lipid content data in which to validate BCI
predictive power, this study directly assessed their utility. In this study, most lipid
prediction models incorporating BCls successfully predicted lipid content (R? =
0.25 -0.73), but BCl explanatory power was (1) highly variable among species
and sex/age classes and (2) inconsistent among BCls (i.e., BCI1, BCI2, or BCI3).
For example, BCI1 predicted lipid content in female canvasbacks, BCI2 predicted
lipid content in male and adult canvasbacks, and BCI3 predicted lipid content in
juvenile canvasbacks and male and adult lesser scaup. These results are in
general concordance with other studies, which (1) question the universality and
utility of BCI models in general and (2) demand species, sex, age, and
geographically specific BCl model development (Chappell and Titman 1983,
Ringelman 1988, Morton et al. 1990, DeVault et al. 2003). Such variability in BCI

prediction success is disconcerting, particularly in terms of applying management
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decisions based on inco‘nsistent indices. Ideally, the best body condition index is
one developed to obtain a rapid body condition assessment on live birds.
However, if such indices do not reliably predict lipid content, especially within
species, then other means should be developed to examine body condition in
wintering diving ducks.

In this study, lipid content was reliably estimated using various
combinations of morphological and internal organ and fat mass measurements.
Predictive power of lipid content for models developed for canvasback (R?*=0.66
- 0.99), lesser scaup (R? = 0.45 - 0.97), and ring-necked duck (R* = 0.42 - 0.89)
were comparable to other studies. For example, the explanatory power of
models developed for ring-necked duck (i.e., R?=0.42 - 0.96, Hohman and
Taylor 1986), lesser scaup (i.e., R?=0.81 - 0.96, Chappell and Titman 1983),
greater scaup (A. marila) (i.e., R* = 0.77 - 0.95, Chappell and Titman 1983),
redhead (A. americana) (i.e., R* = 0.65 - 0.93, Bailey 1979), and American
wigeon (Anas americana) (i.e., R? = 0.46 - 0.93, DeVault et al. 2003) were similar
to my models. However variable inclusion within models varied among studies,
and within this study variable inclusion varied depending upon species, and sex
and age within species. Irrespective of species, age, or sex, skin mass
consistently contributed to successful models, accounting for 69-86% of lipid
content variation. These estimates are similar to the predictive power of skin
mass in ring-necked duck, redheads American wigeon, greater scaup, and lesser

scaup where skin mass accounted for 72%, 90%, 81%, 94%, and 95% of lipid
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content variation, respectively (Bailey 1979, Wishart 1979, Chappell and Titman
1983, Hohman and Taylor 1986). Although there were some similarities between
my models and models from other studies, variable inclusion varied widely
between this study and others. This supports the hypothesis that species,
seasonal, and regional specific models should be developed for waterfowl to

obtain the most accurate estimate of body condition.

Body Condition

Sources of Variation

In this study, mean total body lipid content ranged from 19-35%,
depending upon species. In order to compare lipid content values to other
studies, | calculated total body lipid content (%) of ducks in other studies using
values of body mass (g) and total fat (g) as reported within each paper. Lipid
content values from this study were within ranges of wintering canvasback (i.e.,
14-20%, Hohman 1993), migrant canvasback (i.e., 10-30%, Serie and Sharp
1989), wintering lesser scaup (i.e., 11-14%, Afton et al. 1989), and migrant lesser
scaup (i.e., 6-34%, Austin and Frederickson 1987). Some dabbling ducks, such
as spring migrating Northern pintail (A. acuta) (i.e., 15-19%, Dombrowski et al.
2003), wintering female mallards (A. platyrynchos) (i.e., 6-17%, Heitmeyer 1988),
and wintering (i.e., January) green-winged teal (A. crecca) (i.e., 21-23%,
Baldassarre et al. 1986) had lipid levels within or below those of diving ducks in

this study. In general, diving ducks in this study were in comparatively good
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condition, as indicated by total lipid content. However, birds in this study tended
to have lower body masses and structural BCls than those from other studies
(Ryan 1972, Hohman 1993, Lovvorn 1994, Haukos et al. 2001). The few studies
that have directly estimated lipid and protein content have presented their data
based on mass and not as a proportion (%) of body composition. In this study, |
calculated total body lipid content as a proportion of body composition in an
attempt to generate useful, easily understood, field-based lipid
prediction/estimation models. 1 also ground the whole bird excluding plumage,
bill, and feet, whereas other studies excluded omental fat from the homogenate
and then added that (wet) mass to the extracted lipid content of the bird to obtain
individual lipid mass (Hohman 1993, Anteau and Afton 2004). These analytical
differences may account for some of the variability in lipid content values
presented in this and other studies.

Geographical variation in body condition is well documented for both
diving and dabbling ducks, and such variation exemplifies (1) the complex
relationships between environment and duck condition in a given region
(Hohman 1993, Hohman and Weller 1994, Haukos et al. 2001) and (2) the
difficulty in making broad generalizations about body condition to guide future
management decisions within or among geographic regions. For example, food
abundance, availability, and type, disturbance, weather, molt, courtship, and
changing population densities may all individually or synergistically influence

waterfowl body condition within a given region (e.g., Weller 1965, Hepp and Hair
90



1983, Korschgen et al. 1985, Gammonley and Heitmeyer 1990, Hohman 1990,
Hohman et al. 1990, Knapton et al. 2000). As such, it is complicated and difficuit
to identify a specific factor, or specific combinations thereof, that influence
waterfowl condition during winter.

Although several studies have examined body condition of wintering diving
ducks on their southerly range, most have compared wet body/carcass mass to
make inferences on condition among studies (Kaminski and Ryan 1981, Lovvorn
1987, Serie and Sharp 1989, Hohman 1993, Haukos et al. 2001). Although not
always a good predictor of body lipid content, body mass is (1) generally
correlated with overall condition (Owen and Cook 1977, Bailey 1979), (2) easily
measured, and (3) relatively comparable within a species among regions, and
therefore often used as a surrogate condition measure (Lovvorn 1994).
However, body mass, uncorrected for structural size, never substantially
accounted for any variability in lipid content in this study.

Although total body lipid content values were relatively high in this study,
body masses tended to be lower than reported in other studies. For example,
wintering canvasback were approximately 130 g lighter than those from
Louisiana (Hohman 1993) and generally lighter, depending upon age/sex
classes, than canvasback in North Carolina (Lovvorn 1994). Similarly, wintering
lesser scaup were 50-70 g lighter from those in Louisiana (Afton et al. 1989) and
100-150 g lighter than lesser scaup during migration in lllinois (Hine et al. 1996).

In this study, male canvasback and both sexes of ring-necked duck had lower
91



body masses than canvasback and ring-necked duck wintering on the Texas
coast, whereas lesser scaup had similar body masses among regions (Haukos et
al. 2001). However, there may be some flaws in making these comparisons.
First, average body mass values from other studies may mask age/sex class
variability, particularly for birds in regions where body mass varies widely during
winter (Lovvorn 1987, Hohman and Weller 1994). Second, birds in this study
may be successfully attaining higher rates of lipid reserves, as proximate
conditions (i.e., food, weather, etc.) are not as severe in east Texas as in more
northerly regions (Lovvorn 1994).

fn general, diving ducks wintering in more northerly areas usually
experience mid-winter body mass and lipid content declines, whereas birds
wintering in southerly areas do not (Ryan 1972, Perry et al. 1986, Lovvorn 1987,
Hohman 1993, Hohman and Weller 1994, Lovvorn 1994). For example,
canvasback wintering in North Carolina and the Chesapeake Bay exhibited mid-
winter declines in body mass and fat content, attributed to dietary shifts during
late winter from American wildcelery (Vallisineria americana) tubers to clams
(Macoma spp.) (Nichols and Haramis 1980, Lovvorn 1987), whereas canvasback
wintering in Louisiana maintained a higher, more constant body mass (Hohman
1993). Similarly, ring-necked duck wintering in Florida increased body mass
throughout winter (Hohman and Weller 1994), as did ring-necked ducks on the
Texas coast (Haukos et al. 2001). In this study, canvasback and ring-necked

duck had similar increases in lipid content throughout the winter. Lesser scaup
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wintering on the Texas coast also showed condition increases from fall to mid-
winter with a slight decrease in January (Haukos et al. 2001). In general, diving
ducks in this study appear to exhibited body mass and lipid content patterns
typical of southerly wintering birds.

There are several hypotheses concerning mid-winter decline in body
condition, but in general, birds wintering in extreme northerly areas are subjected
to harsh environmental conditions, placing considerable energetic demands on
thermoregulation (Ryan 1972). Waterfowl increase foraging activity as
temperatures decrease to 0°C, but reduce feeding activities when temperatures
are < 0°C, where energy costs of foraging at temperatures < 0° C exceed energy
gains (Paulus 1988). For example, captive canvasback, redhead, and lesser
scaup stop eating when mean air temperatures drop from 5°C to —5°C over 6
days, and resume normal feeding when mean air temperatures exceeded 0°C
(Lovvorn 1994). Moreover, foraging may become unprofitable when low mean
air temperatures prevents efficient rewarming of body temperature after diving in
cold water (Bevan and Butler 1992, Lovvorn 1994)

Diving ducks wintering in southerly areas rarely experience harsh weather
conditions, especially in east Texas, where severe freezes are rare. This may
partially explain the relatively high lipid levels maintained throughout winter, but
generally lower condition indices and body mass as compared to ducks from
other migrating and wintering areas (Lovvorn 1994, Haukos et al. 2001).

Moreover, in warmer climates, food resources may not be limiting, which would
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decrease need to store reserves to prepare for stressful events (Lovvorn 1994,
Haukos et al. 2001). Moreover, diving ducks in this study spent approximately
the same amount of time in food acquisition behaviors as diving ducks in other
studies (see Table 1.20). If food quality or quantity were limiting in this study,
then diving ducks would have (1) attempted more dives or (2) spent more time in
below water food acquisition behaviors to meet daily energy requirements. If
foods were patchy or unevenly distributed, or were otherwise difficult to access,
dive duration or time spent searching for food would correspondingly increase.
However, these patterns were generally not observed in this study (see Chapter
1), which suggests that diving ducks wintering on these reservoirs are below
carrying capacity and do not experience increasingly severe proximate factors
(i.e., food shortages, inclement weather, etc.) during winter, and therefore are
able to maintain relatively high lipid content, despite having generally lower body
masses.

Diving ducks in this study spent a higher percentage of time in locomotion
behaviors than other studies, perhaps from disturbance (i.e., hunting, boating,
etc.). Increased locomotion may influence nutrient reserve acquisition due to the
energetic costs of locomotion, primarily flight, but also swimming. Several
studies have suggested that abnormal amounts of locomotion will hinder the
ability of birds to increase, maintain, or even acquire adequate body fat for
overwinter survival, (Haramis et al. 1986, Serie and Sharp 1989, Barzen and

Serie 1990, Kahl 1991), as flight is 12-15 X basal metabolic rate (BMR), and
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swimming is 3.2 X BMR (Fredrickson and Reid 1988). However, diving ducks in

this study did not spend a disproportionate amount of time feeding as compared

to other studies; therefore disturbance on these reservoirs may not have affected
body fat acquisition of these birds (see Chapter |).

Other Sources of Variation

There are conflicting views of using hunter-killed birds to estimate
waterfowl condition. During this study it was neither feasible nor permissible to
scientifically collect diving ducks on these reservoirs, as they are open to the
public and are utilized by both recreational fisherman and waterfowl hunters.
Also, because these birds were mainly found in open water areas, it was difficult
to approach and collect them by jump shooting. Therefore, the only means to
collect these birds was by using decoys. This “hunter killed bias” (Greenwood et
al. 1986) could be a reason why birds in this study had lower condition indices
and body mass than birds in other studies. For example, hunter-shot mallards
had lower condition indices than rocket-netted birds (Reinecke and Shaiffer
1988) and hunter-shot ring-necked ducks were in poorer condition than randomly
collected birds (McCracken et al. 2000). However, this bias is inconsistent
among species and studies. For example, Sheeley and Smith (1989) found no
condition bias in Northern pintails collected over decoys and birds collected from
flushing or shot in travel corridors, and Bergan and Smith (1993) found female
mallard body masses were similar among those bait-trapped and randomly

collected.
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Management and Research Recommendations

Although plucked skin and omental fat mass are important variables in
predicting lipid content, they are time consuming and require sacrificing the bird.
However, few studies have developed reliable models using easily obtainable
morphological measurements. Likewise, | developed few reliable models that
incorporated easily obtainable morphological measurements, where models were
inconsistent within and among species in this study. Therefore, models
incorporating a combination of morphological, internal fat, and tissue mass
measurements should be used to predict lipid content in diving ducks wintering
on east Texas reservoirs.

As sample sizes of some age and sex classes used in this study were
small, future research which includes more birds from each age/sex class is
needed to develop efficient and reliable models. Quantity and quality of habitat
these reservoirs are providing for wintering diving ducks should be examined.
Such data would provide information to develop management decisions to
enhance habitat on these reservoirs. Research should concentrate on food
abundance, availability, and utilization of submergent and emergent vegetation

on these reservoirs.
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Table 2.14. Means and Standard Errors (SE) of total lipid content (%) of adult
and juvenile, and male and female canvasbacks, lesser scaup, and ring-necked
ducks collected during winter on Toledo Bend, Sam Rayburn, and B.A.
Steinhagen Reservoirs in east Texas, 2003-2004 and 2004-2005.

Lipid content (%)

x SE Range
Canvasback
Adult (n = 51) 29.89 A 1.82 3.04-48.03
Juvenile (n =22) 2549 A 2.56 6.09-46.01
Female (n = 34) 31.57 a° 1.96 6.09-48.03
Male (n = 39) 25.61a 2.15 3.04-44.29
Lesser scaup
Adult (n = 37) 31.63A 2.12 3.39-48.88
Juvenile (n = 52) 30.87 A 1.78 3.52-52.94
Female (n = 38) 31.89 a 2.11 3.562-52.37
Male (n = 51) 30.68 a 1.78 3.39-52.94
Ring-necked duck
Adult (n = 69) 2745 A 1.07 8.24-45.65
Juvenile (n = 16) 23.30 A 3.07 4.14-50.62
Female (n = 17) 25.72 a 2.59 4.14-50.62
Male (n = 68) 26.91a 1.15 5.91-45.65

" Means followed by the same uppercase letter within the same column are not
different (P > 0.05) within a species.
2 Means followed by the same lowercase letter within the same column are not
different (P > 0.05) within a species.
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APPENDIX A

LITERATURE REVIEW OF WINTERING WATERFOWL ECOLOGY,

BEHAVIOR, AND BODY CONDITION
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Estimation of waterfowl body condition

Nutrient reserves in waterfowl are a combination of lipids, carbohydrates,
protein, and other sources of stored energy (Haukos et al. 2001). Lipids (i.e.,
fats) are the main form of stored energy and are used to provide birds with
energy during stressful conditions, especially food shortages, whereas
carbohydrates are utilized when birds are inactive or not exposed to low ambient
temperaturés. Proteins are not used as energy, but are mobilized during
reproductive and molting periods (Blem 1990, Baldassarre and Bolen 1994).
Throughout winter, lipid levels will fluctuate as a result of both exogenous and
endogenous pressures, while protein content generally remains relatively stable
(Baldassarre and Bolen 1994). Documenting changes in total lipid and protein
contents during winter are critical to assess body condition, which indicates an
individual's ability to meet current and future energy demands (Owen and Cook
1977).

Owen and Cook (1977) defined nutritional condition as the ability of an
animal to meet present and future energy demands. Body condition indices are
usually measures of fat and other energy stores, and are indicative of nutritional
condition (Ankney and Macinnes 1978), and are developed to predict relative
health of live birds using dead birds.. To build these indices and predictive body
condition models, total available fat and protein must be measured. Models are
then constructed using various combinations of body mass and linear

morphological measures in a regression setting. The “best” condition models are
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those in which body mass and linear morphological measures most clearly
predict known fat and protein content. The goal of these indices is to estimate
relative bird health in a non-destructive fashion.

Historically, body mass alone was used to predict nutritional status;
however, such indices are biased by structural size of the animal (Ringelman and
Szymczak 1985). To eliminate these biases, wing length and wing chord
measﬁrements are commonly used to standardize for structural size in live birds
(Owen and Cook 1977, Whyte and Bolen 1984, Ringelman and Szymczak 1985,
Haukos et al. 2001, DeVault et al. 2003). However, total body length, tarsus
length, bill length, keel length, tail length, culmen length, and various
combinations of each also have been used (Wishart 1979, Chappell and Titman
1983, Hohman and Taylor 1986, Hohman 1993).

Other condition indices have been developed for live birds using fat
scoring and total body electrical conductivity (TOBEC) (Conway et al. 1994,
Harder and Kirkpatrick 1996). Conway et al. (1994) evaluated five methods (fat
scoring, regression residuals of body mass versus morphological measurements,
quotients of body mass divided by morphological measurements, TOBEC, and
water content) to assess lipid reserves in wood thrushes (Hylocichla mustelina) in
Rhode Island. They found that water content and fat score were highly
correlated with extracted lipid mass and percentage lipid content and were the
most useful indices of body fat and overall condition; TOBEC was not an

accurate predictor of lipid in that species.
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For dead birds, condition indices have been developed by using water
content, organ mass, bone marrow fat, gizzard fat, omental fat, and other fat
depot estimates (Hohman and Taylor 1986, Austin and Fredribkson 1987,
Servello and Kirkpatrick 1987). Historically, the best method to estimate fat
stores in birds is the measurement of whole body fat through extraction in a
Soxhlet apparatus (Harder and Kirkpatrick 1996), a costly and time consuming
procedure. Other methods such as pressurized solvent extraction using an
accelerated solvent extractor (ASE) instrument have been used to estimate total
lipids in poultry meat. Use of the ASE instrument reduces extraction time and
solvents (Toschi et al. 2003).

Many different condition assessment techniques and indices have been
developed for waterfowl. Published body condition indices of greater white-
fronted geese (Anser albifrons) were compared using a meta-analysis technique
by Johnson et al. (1985). They found lipid extraction was the best method to
estimate fat stores, and water extraction was a simple laboratory method that
provided an accurate body condition index. Body mass alone was a poor index
because of structural differences among individuals, but standardizing using
morphological measurements greatly improved the index value. In American
wigeon (Anas americana), body length + wing length can be used as a structural
index (SI) and body weight/S| was a good body condition index (Wishart 1979).
Similarly, the best predictors of lipid and protein reserves were abdominal fat

mass + skin fat mass and carcass mass/Sl, respectively (Wishart 1979). For the
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same species, DeVault et al. (2003) found omental fat mass was the best
predictor of total body fat. Hohman and Taylor (1986) developed indices of ash-
free lean dry body mass and body fat for ring-necked ducks using linear
regression models. They found the best predictor of ash-free lean dry body
mass was the model that incorporated eviscerated carcass mass, wet leg mass,
breast muscle mass, and bill length. Wet mass of omental fat and sheared skin
tissues were the best predictors of total fat.

Condition through the annual cycle

Many studies have focused on waterfowl body condition during the annual
cycle. For example, postbreeding female lesser scaup had the lowest body
mass during wing molt and highest during early fall migration (Austin and
Fredrickson 1987); lipid reserves remained constant during the preflightless to
postflightless period, and increased during migration. Protein reserves were
lowest during the flightless period and gradually increased over the postflightless
and migratory periods with breast muscle mass following similar patterns. The
loss of protein reserves and breast muscle mass during the flightless period was
attributed to mobilization of proteins for feather production (Austin and
Fredrickson 1987). Low body mass and low lipid reserves during molt may not
be caused by energetic or nutriﬁonal stresses, but from a postbreeding strategy

to reduce energy demands, which in turn reduces the length of the flightless

period. Similar body and lipid mass patterns were observed for female mallards

(Anas platyrhynchos) during prealternate and prebasic molts (Heitmeyer 1988).
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On stopover sites along the upper Mississippi River, canvasback (Aythya
valisineria) body mass increased during fall migration, and stopover duration
varied inversely with fat reserves during fall migration (Serie and Sharp 1989).
Fat levels attained during fall stopover were hypothesized to be adaptive for
improving survival during winter (Serie and Sharp 1989). Gammonley and
Heitmeyer (1990) observed that body weights were near mid-winter levels for
spring-migrating buffleheads (Bucephala albeola) and lesser scaup (Aythya
affinis) using stopover sites in the Klamath Basin, but were lower than weights
observed upon arrival in northern breeding areas.

Although each period (i.e., breeding, migration, and winter) during the
annual cycle will impact waterfowl survival, some recent research has focused on
the importance of waterfowl body condition dynamics during winter. Waterfow!
body condition usually fluctuates through winter, where lipid reserves increase
from fall to mid-winter, decrease during late winter, and increase before spring
migration, with some variation among age and sex classes. For example, in the
Southern High Plains (SHP) of Texas, mallard lipid reserves for both age and sex
classes were lowest in autumn, increased 49-62% for adults and 21-30% for
juveniles by mid-winter, decreased 9-15% for adult and juvenile females from
mid-winter to late winter, increased 20% for juvenile males from mid-winter to late
winter, and increased for both sexes and ages before spring migration (Whyte et
al. 1986). Baldassarre et al. (1986) found similar patterns for green;winged teal

(Anas crecca) wintering in the SHP and hypothesized that declines in body mass
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and lipid reserve during late winter was an adaptation to winter conditions. It
should be adaptive for waterfowl to mobilize lipid reserves gradually throughout
colder portions of the year rather than trying to maintain high lipid reserves
because the energetic costs outweigh the benefits associated with high lipid
maintenance.

Within a species, winter body condition patterns may vary geographically
because local environmental conditions, such as ambient temperatures and food
availability, vary (Hohman and Weller 1994). For example, adult male American
black ducks (Anas rubripes) wintering at Chincoteague, Virginia had lipid index
(LI = grams lipid/grams nonlipid dry carcass x 100) values that were relatively
high throughout winter. Females of both age classes had LI values that were low
in early winter, peaked by midwinter, and remained high into late winter; protein
mass did not vary, throughout the winter, however (Morton et al. 1990).
Conversely, in Maine, where environment conditions are generally severe, lipid
and protein reserves decreased during winter in female American black ducks
(Reinecke et al. 1982). Morton et al. (1990) hypothesized that these differences
in fluctuations of body condition may be explained by differences in winter
severity and diet.

Time-activity Budgets

Animals perform a variety of activities, each requiring an expenditure of
time and energy to survive and reproduce (Verner 1965). Those individuals with

activity budgets that closely resemble the hypothetical “best” time budget will
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- theoretically experience the greatest fitness (Verner 1965). Time-activity studies
of wintering waterfowl provide insight on behavioral activities, seasonal habitat
use (Rave and Baldassarre 1989, Baldassarre and Bolen 1994), and the effects
of hunting pressure, habitat changes, unseasonable temperatures, and other
disturbances (Baldassarre and Bolen 1994). Finally, waterfowl time-activity
budget studies provide information for managing waterfowl populations and
identifying future research needs (Paulus 1988).

Activity budgefs may be defined as a quantitative description of how
animals apportion their time for feeding and other activities (Baldassarre and
Bolen 1994). In general, non-breeding waterfow! spend most of their time
feeding and loafing, although time allocated to these activities varies among
species (Paulus 1988). Time allocated to other activities such as locomotion,
preening, social display, alert, and agonistic behaviors are generally similar
among species during the nonbreeding season (Paulus 1988). Deviations from
normal activity budgets may severely affect energy uptake and expenditure,
therefore affecting individual survival and productivity (Burton and Hudson 1978).

Time-activity budgets may be influenced by food choices and availability,
habitat conditions, disturbance, environmental factors, gender, and individual pair
status (Baldassarre and Bolen 1994). Food availability and foraging activities
generally have a strong affect on waterfowl time-activity budgets. For example,
green-winged teal expended an average of 33% of their time feeding on natural

foods in coastal wetlands in Louisiana (Rave and Baldassarre 1989), whereas
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teal using corn in Texas expended 15-20% of their time on feeding (Quinlan and
Baldassarre 1984). The differences between agricultural and natural wetland
habitats and food sources caused teal to alter their activity budgets to meet
energy requirements (Rave and Baldassarre 1989). As foods in agricultural
habitats were easily acquired and higher in energy content than natural foods in
coastal wetlands, teal were able to decrease time spent feeding and still meet
energy requirements (Baldassarre and Bolen 1984).

Species that feed on leafy aquatic vegetation and algae generally have
activity budgets dominated by feeding. Such foods have a high water and fiber
content with relatively low nutrition and energy value, which explains the
disproportionate amount of time, spent feeding by species that prefer these foods
(Baldassarre and Bolen 1994). Gadwall (Anas strepera), whose diet consists of
95% leafy aquatic vegetation and algae, expended an average of 64% of their
time feeding, and 11% resting in coastal southwestern Louisiana (Paulus 1984).
American wigeon (Anas americana) have a diet similar to that of gadwalls. On
the Eufaula National Wildlife Refuge in east-central Alabama, American wigeon
spent 45-71% of their time feeding, whereas mallards that fed mainly on corn in
managed waterfow! impoundments spent most of their time resting (Turnbull and
Baldassarre 1987).

Habitat also will impact waterfowl time activity budgets. Rave and
Baldassarre (1989) observed that green-winged teal activity budgets significantly

varied among 6 habitats in coastal Louisiana. The dominant activity in the
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brackish tidal flats, impounded marshes, and fresh water unimpounded marsh
habitats was feeding. Resting was the most common activity in brackish water
impounded marshes, brackish water impounded created by weirs, and brackish
water unimpounded marshes. Time activity differences among these habitats
were hypothesized to be due to dynamic water levels and habitat structure (Rave
and Baldassarre 1989). At Catahoula Lake (CL) in Louisiana, canvasback spent
13% of their time feeding, 29% in locomotion, and 13% in comfort behaviors.
Conversely, at a study site on the Mississippi River Delta (MRD) in Louisiana,
canvasback spent 23% of their time feeding, 19% in locomotion, and 9% in
comfort behaviors (Hohman and Rave 1990). Canvasbacks at CL fed in flocks
and dove to obtain food, while those on the MRD fed in shallow water by tipping.
" Hohman and Rave (1990) believed that differences in time budgets were due to
differences in foraging strategies.

Human disturbance such as sport fishing, recreational boating, and
hunting will affect waterfowl time-activity budgets. Many studies have shown that
when waterfowl are continuously disturbed, they will increase locomotion
activities and spend less time feeding (Pedroli 1982, Paulus 1984, Knapton et al.
2000). When canvasbacks were frequently disturbed at CL, they increased time
spent in locomotion and comfort activities (Hohman and Rave 1990). Tamisier
(1978) observed that 76% of a green-winged teal population would fly when
disturbed by Northern harriers (Circus cyaneus); flight time due to such

disturbances averaged 101 seconds per day. However, greater proportions of
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teal would flush, and the birds would fly for longer periods in response to human
disturbances. Thornburg (1973) observed that diving ducks (i.e., canvasback,
ring-necked duck (Aythya collaris), lesser scaup) on the Mississippi River would
move at dawn from the heavily hunted middle and upper sections of the Keouk
Pool to the less disturbed lower section where they loafed throughout the day.
The upper aﬁd middle sections of the pool had the greatest abundance of benthic
organisms and the ducks switched from a diurnal to a nocturnal foraging
strategy.

Environmental factors will also impact waterfow! time-activity budgets
(Hohman and Rave 1990). Waterfowl usually increase time spent feeding as
temperature decreases, but reduce activities when temperatures are < 0°Cas
energetic costs from foraging may exceed benefits of additional food
consumption (Baldassarre and Bolen 1994). Green-winged teal wintering on the
SHP of Texas increased resting activities to conserve energy when temperatures
were cold (Quinlan and Baldassarre 1984). Time spent resting by American
black ducks increased as the wind chill index decreased during fall and winter on
Prince Edward Island (Hickey and Titman 1983). High winds can also affect
waterfowl! foraging in open water, because high winds increase water turbulence
and hindered birds from locating submerged food (Pau'lus 1984).

Age, sex, and social status also influence waterfow! time budgets. Lesser
scaup and ring-necked duck females fed more than males during the diurnal

period (Bergan et al. 1989); Hohman and Rave (1990) observed a similar trend in
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canvasbacks, where females fed more than males in early and late winter, but
most other activities comprised similar proportions of the time budget. Female
Northern pintails (Anas acuta) were observed feeding and loafing more than
males from November through March in the Sacramento Valley, California (Miller
1985). Increased feeding by females during this period was thought to provide
nutrients for feather production, fat storage for migration, and egg production. In
contrast, some studies have found no differences between sexes in time budgets
in green-winged teal and Northern pintail (Tamisier 1976, Quinlan and

Baldassarre 1984), and gadwall (Paulus 1984).
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APPENDIX B
CHRONOLOGY OF WINTERING DIVING DUCK OCCURRENCE ON EAST

TEXAS RESERVOIRS 2003-2004 AND 2004-2005

158



METHODS and RESULTS

All individuals of focal species observed on Toledo Bend, Sam Rayburn,
and B.A. Steinhagen Reservoirs were identified and counted between 19
November 2003 -13 March 2004 (study year 1) and 8 November 2004 - 18
February 2005 (study year 2) on days spent collecting behavioral data for
developing time-activity budgets (see Chapter |). As behavior data were
collected on each reservoir > 1 day/week during each study year, depending
upon weather and environmental conditions, additional survey data were
collected opportunistically during those same sampling periods. VWhen focal
species were located, flock (i.e., raft) size and species composition was
recorded. No data were recorded for non-focal species during this study.

The total number of canvasbacks, lesser scaup, and ring-necked ducks
observed during this study were summed within each study year and month.
Chronology of occurrence was developed for each species by calculating the
proportion (%) of each species observed within each month as compared to the
total number of observations within a year.

Chronology of Occurrence

During this study, 41,890 canvasbacks, lesser scaup, and ring-necked

ducks were observed (excluding focal samples) on Toledo Bend, Sam Rayburn,
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and B. A. Steinhagen Reservoirs (Table B1). Between 19 November 2003 and
13 March 2004 (i.e., study year 1), > 19,000 canvasbacks, lesser scaup, and
ring-necked ducks were counted during 76 surveys; 31 at Toledo Bend, 31 at
Sam Rayburn, and 14 at B. A. Steinhagen Reservoirs (Table B1). Between 8
November 2004 and 18 February 2005 (i.e., study year 2), > 22,000
canvasbacks, lesser scaup, and ring-necked ducks were counted during 111
surveys; 40 at Toledo Bend, 41 at Sam Rayburn, and 30 at B. A. Steinhagen
Reservoirs (Table B1). Although total numbers of individuals of canvasbacks,
lesser scaup, and ring-necked ducks were similar between years (Table B1),
there were distinct differences between years when most individuals were
observed, despite general consistency between study years in survey effort
among months (Figure B1). In study year 1, most individuals of each species
were observed during November and December, whereas between 60-70% of

each species was observed during January in study year 2 (Figure B1).
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APPENDIX C
COMPARISON OF SOXHLET AND ACCELERATED SOLVENT EXTRACTION
TECHNIQUES FOR ESTIMATING TOTAL BODY LIPID CONTENT IN DIVING

DUCKS

163



INTRODUCTION

Directly quantifying lipid content is an important element in understanding
a species’ basic ecophysiology, estimating an individual's and/or population’s
nutrient/reserve status and dynaimics, and generating data for lipid prediction
models used to estimate general body condition of a given individual, species, or
population. Literally hundreds of studies have performed lipid extractions in
order to address questions regarding body condition and nutrient reserve
dynamics. As such, this approach is well founded, substantiated, and relevant to
ecophysiological, behavioral, nutritional, and management oriented research
questions for many vertebrate and invertebrate taxa.

Most published research examining lipid content in wild animals use well
entrenched and well established petroleum ether Soxhlet extraction procedures
(see Dobush et al. 1985 for detailed explanation). Regardless of taxa, this
procedure generates comparable data among studies, is relatively
straightforward technically, requires no technologically advanced computers or
software, and is relatively inexpensive (i.e., < $10,000 to obtain glassware and
associated equipment). However, the procedure uses large volumes of
petroleum ether, is fairly time-consuming, in that most have performed extraction
washes for 24-48 hr (depending upon source) per sample, and the number of

samples extracted simultaneously is constrained by glassware, heating
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elements, and the number of condensing units. For example, if using six-300 ml|
flasks, a minimum of 1.8 L of petroleum ether would be used per 48 hr wash,
although variably more would be used to replace evaporating ether during
washing. Moreover, if using the same six-300 ml flasks on a heating apparatus
with 6 condensing units, a maximum of approximately 18 tissue samples could
be extracted simultaneously. If washed for 48 hr, then approximately 36 samples
could be processed in a typical 5-day work-week, excluding drying and
measuring time.

Recent technological advances in automated extraction sample
processing, particularly in terms of large sample number, have allowed
development of accelerated solvent extraction (ASE) apparati. Such equipment
allows for accelerated sample extractions using liquid solvents at high pressure
and temperature, which effectively cuts wash time into a fraction of traditional
Soxhlet techniques (Dionex 1999). As compared to traditional Soxhlet
procedures, which are limited by solvent boiling points and require evaporation
and subsequent condensation of the solvent to wash samples, ASE procedures
decrease the volume of solvent used (approximately 20 ml) and time to complete
an extraction (approximately 20 min. per sample), as pressurization aliows for
extraction using solvents well beyond their characteristic boiling point (Dionex
1999). Moreover, using a Dionex 200 ASE, 24 samples can be simultaneously
extracted. Excluding preparation and cleaning time, an estimate of 48 sample

extractions per day would be a conservative estimate of daily productivity using
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such equipment. The primary constraint on using such equipment, as opposed
to Soxhlet procedures, is the inordinate cost of such equipment (i.e., > $50,000
per machine) and associated costs of maintenance and repair. However, in
situations where either commercial or nonindustrial analytical laboratories have
such equipment available, the number of samples processed can be increased
_exponentially as compared to Soxhlet procedures over the same time period.
The purpose of this portion of this study was to verify that the extraction

procedures using a Dionex ASE 200 were comparable with traditional Soxhlet
extraction procedures for diving ducks. To my knowledge, no published studies
examining lipid content in waterfowl have used an ASE. As such, it is critical to
verify that data generated using this equipment is accurate and any variability is
due to homogenate (i.e., within carcass homogenate) variability, not extraction

procedures, equipment, nor techniques.
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METHODS

Collection and Sample Preparation

Canvasback, lesser scaup, and ring-necked duck were collected from 8
November 2003 - 23 January 2004 and from 3 November 2004 - 2 March 2005
on Toledo Bend, Sam Rayburn, and B. A. Steinhagen Reservoirs. After retrieval,
each bird was aged and sexed, frozen (Haramis et al. 1982, Carney 1992), and
stored at Stephen F. Austin State University. For this portion of this study, |
randomly selected 46 birds (16 canvasbacks, 11 lesser scaup, and 19 ring-
necked ducks) to perform an additional set of ASE extractions (see Chapter )
and traditional Soxhlet extractions (Table C1). All sample preparation
procedures were identical to those used previously (see Chapter Il). The same
whole bird homogenates in which subsamples were removed for previous
extractions were used in this portion of the study (see Chapter ll).

Lipid extraction: Accelerated Solvent Extraction

After drying, 5-g samples of each homogenized 30-g subsample were
ground with a mortar and pestle, and placed into a 22 ml extraction cell, and then
subjected to lipid extraction using petroleum ether in an Accelerated Solvent
Extractor (ASE) (Dionex 1999). Extractions were performed at 125° C, at 10.3
Mpa (1500 psi), for 6 min. equilibration, extracted for 2 min., flushed with 60%

petroleum ether, and purged for 60 s with Nitrogen (Dionex 1999). This cycle
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was performed twice for each 5-g subsample. After extraction, each cell and its
contents were removed and oven dried at 65° C to constant mass (i.e., 12-14 h).
Once dry, each subsample mass was measured to the nearest 0.01 g to obtain
subsample lean dry mass.

Lipid Extraction: Soxhlet Extraction

Prior to lipid extraction using a Soxhlet apparatus, cellulose thimbles were
lined with 1-2 g of fiberglass and washed in petroleum ether in a Soxhlet
apparatus for 2 h, removed, and oven dried at 65° C to constant mass (i.e., 12-24
h). Once dry, mass was measured for each thimble (with fiberglass) to nearest
0.0001 g using an electronic scale (College B154/Mettler Toledo) to record the
sample free mass of the thimble and fiberglass (i.e., thimble/fiberglass). After
thimble/fiberglass mass was measured, approximately 5-g of homogenate was
added to each thimble, lined with fiberglass, to prevent spilling of homogenate
sample during extraction, and measured to nearest 0.0001 g using an electronic
scale (College B154/Mettler Toledo) to record the pre-extraction sample mass
(i.e., thimble/fiberglass/sample — thimble/fiberglass). Thimbles with samples
were exposed to Soxhlet extractions using petroleum ether under the following
conditions. As opposed to continuous washing for 24-48 hours with the same
(dirty) ether, samples were first washed 3 times with the same ether. After the
third wash, all ether was removed and fresh ether replaced the dirty ether. This
procedure was repeated until samples were washed until clean (i.e., ether color

was clear). Each sample was washed approximately 9 times, although number
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of washes varied per sample. However, extraction time generally ranged
between 8-20 hours per sample. After extraction, all thimbles with samples were
removed and oven dried at 65° C to constant mass (i.e., 24-48 hr). Once dry,
each thimble/fiberglass/sample mass was measured to the nearest 0.01 g to
obtain subsample lean dry mass including thimble and fiberglass (i.e., pre-
extraction thimble/fiberglass/sample mass — post-extraction
thimble/fiberglass/sample mass).

Total Body Lipid Estimation

Lipid content (%) of each subsample (n = 3 for each bird) was calculated
by dividing subsample dry mass after extraction by subsample dry mass before
extraction and multiplying by 100. If one subsample deviated 2 10 % of the
calculated lipid content for the other 2 subsamples, new subsamples from the
carcass homogenate were exposed to ether extraction procedures until all lipid
content (%) of all subsamples for an individual bird were < 10 % from one
another. Lipid content (%) of each carcass was calculated by averaging all
subsamples.

Data Analysis

A simple univariate analysis of variance was used to examine differences
in total lipid content data generated using ASE and using Soxhlet extraction
procedures within each species (i.e., canvasback, lesser scaup, and ring-necked
duck). All data (see Table C1) were used in this analysis, where all subsample

data were averaged for each individual bird for each extraction technique. Due
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to sample size inconsistencies, no further analyses were performed within

age/sex classes within each species.
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RESULTS and DISCUSSION

In general, total lipid content data generated during this portion of the
study were very similar between extraction techniques (Table C1, C2, C3).
Moreover, in no instance did total lipid content vary between ASE and Soxhlet
procedures for any species {canvasback: F=0.03, 1,30 d.f.; P=0.856; lesser
scaup: F=0.110; 1, 20 d.f.; P = 0.743; ring-necked duck: F=0.124;1,36d.f.; P
= 0.730}. For canvasback, mean total lipid content estimated using ASE was
30.34% (SE = 2.79) and using Soxhlet extraction procedures was 31.06% (SE =
2.79). For lesser scaup, mean total lipid content estimated using ASE was
24.69% (SE = 3.45) and using Soxhlet extraction procedures was 26.37% (SE =
3.69). Forring-necked duck, mean total lipid content estimated using ASE was
22.95% (SE = 1.62) and using Soxhlet extraction procedures was 23.73% (SE =
1.55). Although there were no differences (P > 0.05) in total lipid content
generated from ASE or Soxhlet procedures, there was a general trend for
Soxhlet lipid content values to be slightly higher, indicating that this extraction
technique, as performed in this portion of the study, to be somewhat more

thorough extracting lipids.

As the objective of this portion of the study was to verify that ASE and
Soxhlet procedures are comparable, | believe use of ASE in the larger portion of

the study (see Chapter Il) generated accurate and reliable results. As the ASE
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data were corroborated and verified by Soxhlet data, | believe that this technique
may provide future researchers, with access to such equipment, the ability to

process large numbers of samples accurately and efficiently.
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