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Avian Conservation and Management

Body condition and molt chronology of waterfowl in east central Texas

Condición corporal y cronología de la muda de las aves acuáticas en el centro-este de
Texas
Rachel A. Vanausdall 1, Daniel P. Collins 2,3, Warren C. Conway 3,4, Kevin Kraai 5, Corey D. Mason 5 and Jeffrey W. Gunnels 5

ABSTRACT. Waterfowl undergo changes in body condition during migratory and wintering periods that can affect survival and
reproduction. Understanding how condition varies among age and sex cohorts and temporally can inform habitat management during
the post- and pre-breeding period. We examined changes in body composition and molt of three waterfowl species migrating and
wintering in managed moist-soil units in east central Texas and determined the influence of season, age, and sex using Analysis of
Variance. We examined age, sex, and season effects on body condition indices (body mass divided by wing chord) using mixed-effects
models and determined the influence of molt score on body condition using linear regression. For specimens collected from 2004–2007,
we found differences in body composition among age and sex groups for Blue-winged Teal (Spatula discor), a migrant through this
study area, and for Green-winged Teal (Anas crecca), and Northern Shoveler (Spatula clypeata), which are wintering species. We found
a mid-winter decline in body condition for Green-winged Teal. Blue-winged Teal were in worse condition in spring than in fall, which
could be due to differences in energy accumulation prior to departure to wintering grounds in fall and post-arrival in spring. We did
not find an effect of season for Northern Shoveler. For all species, adults were in better condition than juveniles. Molt score was greatest
in late-winter for all species combined (x̄ = 11.60, SE = 2.45). We did not find an effect of molt score on body condition for any species.
Wintering waterfowl in east central Texas appear to be in good condition and did not show molt-induced stress during the migratory
and wintering periods. Changes in condition among specimens and across seasons indicate that there should be consideration in the
timing and quality of management in regional approaches to moist-soil management for migrating and wintering waterfowl.

RESUMEN. Las aves acuáticas experimentan cambios en su condición corporal durante los periodos migratorios y de invernada que
pueden afectar a la supervivencia y la reproducción. Entender cómo varía la condición entre cohortes de edad y sexo y temporalmente
puede proveer información para el manejo del hábitat durante el periodo post y pre reproductivo. Aquí examinamos los cambios en
la composición corporal y la muda de tres especies de aves acuáticas que migran e invernan en unidades de manejo de suelo húmedo
en el centro-este de Texas y determinamos la influencia de la estación, la edad y el sexo utilizando un Análisis de Varianza. Examinamos
los efectos de la edad, el sexo y la estación sobre los índices de condición corporal (masa corporal dividida por la cuerda alar) utilizando
modelos de efectos mixtos y determinamos la influencia del grado de la muda en la condición corporal utilizando una regresión lineal.
En los ejemplares recogidos entre 2004 y 2007, se observaron diferencias en la composición corporal entre los grupos de edad y sexo
de la Cerceta Aliazul (Spatula discor), una especie migratoria que pasa por esta zona de estudio, y de la Cerceta Común (Anas crecca)
y el Pato Cuchara (Spatula clypeata), que son especies invernantes. Se observó un descenso de la condición corporal a mediados de
invierno en el caso de la Cerceta Común. La Cerceta Aliazul estaba en peor estado en primavera que en otoño, lo que podría deberse
a las diferencias en la acumulación de energía antes de la salida hacia las zonas de invernada en otoño y después de la llegada en
primavera. En el caso del Pato Cuchara no se observó ningún efecto de la estación. En todas las especies, los adultos estaban en mejor
estado que los jóvenes. El grado de la muda fue mayor a finales del invierno para todas las especies combinadas (x ̄ = 11,60, SE = 2,45).
No encontramos un efecto de la muda sobre la condición corporal para ninguna especie. Las aves acuáticas invernantes en el centro-
este de Texas parecen estar en buena condición y no mostraron estrés inducido por la muda durante los períodos migratorio e invernal.
Los cambios en la condición entre los especímenes y entre las estaciones indican que se debe considerar el momento y la calidad del
manejo en los enfoques regionales del manejo del suelo húmedo para las aves acuáticas migratorias e invernantes.
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INTRODUCTION
During winter and migration, waterfowl body mass and carcass
composition vary due to a variety of internal and external
variables influencing body condition, defined as an individual’s
ability to meet present and future energetic demands (Labocha
and Hayes 2012). Accumulation and maintenance of nutrient
reserves are important to waterfowl during nonbreeding periods,
as changes can directly affect survival and have cross-seasonal

effects on survival and reproduction (Blem 1976, Baldassarre et
al. 1986, Schmutz and Ely 1999, Moon et al. 2007, Devries et al.
2008a). Morphological changes and variation in organs may be
indicative of exogenous factors influencing condition, but they
can also be adaptive and allow birds to balance the energetic
demands of the migratory and wintering seasons with a molting
period that exposes them to predation (Hohman 1993, King and
Fox 2012). Condition indices have been recognized as valuable
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tools for managing waterfowl and other species for which
condition has been linked to various fitness components (Hepp
et al. 1986, Moser and Rusch 1988, DeVault et al. 2003, Devries
et al. 2008b, Labocha and Hayes 2012). Estimating body
condition from easily obtained measurements in the field can
allow managers to monitor changes in condition throughout the
season and determine the overall health or adaptive responses of
a population (Johnson et al. 1985, Moser and Rusch 1988,
Labocha and Hayes 2012).  

Several methods exist to estimate the condition indices of birds,
particularly in waterfowl. Lipids are the main source of energy
for migrating birds (Odum and Connell 1956, Jenni and Jenni-
Eiermann 1998), but direct measurements of percent body fat can
be time-consuming and expensive to obtain. Body mass alone is
often correlated with lipid reserves (Miller 1989) and is often used
as an index for body condition (Labocha and Hayes 2012, Fleskes
et al. 2016). Historically, other waterfowl body condition indices
have been estimated using total body mass standardized by
external and/or internal morphological measurements (i.e., total
body length, wing cord, flight muscle mass, etc.) to create indices
that are presumably correlated with lipid or protein levels
(Wishart 1979, Johnson et al. 1985, Moser and Rusch 1988). The
aim of creating body condition indices is to separate the influence
of body mass on condition due to structural size from aspects
that reflect fat and other energy reserves (Wishart 1979, Johnson
et al. 1985, Green 2001). Indices thus allow researchers and
managers to evaluate variability in body condition over time that
is not due to structural growth. Accounting for temporal variation
is particularly important when considering that condition at
certain times of the year may have a more profound impact on
survival or reproduction than others (Schmutz and Ely 1999,
Devries et al. 2008b).  

Although estimates of condition alone are key elements in
understanding the winter and migration ecology of waterfowl,
singly they may provide limited insight into factors driving
variation in condition besides obvious temporal variation due to
different age–sex cohorts. Examination of both body composition
and molt can reveal possible energetic requirements and changes
in dietary type and quality during the nonbreeding period and
inform management needs for waterfowl (Ankney 1979, DuBowy
1985, Moorman et al. 1992). Molt, for instance, is a costly process
for birds (Payne 1972), requiring physiological demands through
feather formation and growth, affecting thermoregulatory
capabilities, and potentially resulting in a change in behavior
(Murphy 1996). Regardless of the direct role of molt in body
condition, both juveniles and adult waterfowl experience
physiological demands to recover after fall migration, complete
body molt, and successfully acquire a mate, all while avoiding
predation, harvest, and maintaining body condition to improve
over-winter survival (Heitmeyer 1988, Miller 1986, Smith and
Sheeley 1993, Hohman and Crawford 1995).  

Simultaneous estimates of body condition and molt chronology
are limited for some species, particularly for migrating and
overwintering waterfowl using moist-soil managed wetlands
(hereafter, managed wetlands). Management of such wetlands is
focused specifically on food production during migration and
winter, where waterfowl using managed wetlands should avoid
food shortages and consequent delays in molt progression while

simultaneously maintaining body condition (Collins 2012).
Moreover, waterfowl migrating or wintering in more southerly
latitudes should avoid extended periods of severe weather which
may alleviate (1) commonly observed mid-winter declines in body
condition (Fredrickson and Taylor 1982), (2) pressures to extend
or delay molt, and (3) potential food shortages. The objectives of
this study were to quantify body condition, body composition,
and feather molt progression and intensity of Blue-winged Teal
(Spatula discor), Green-winged Teal (Anas crecca), and Northern
Shoveler (Spatula clypeata) during winter using managed
wetlands on the Richland Creek Wildlife Management Area
(RCWMA) in east-central Texas.

METHODS

Study area
Our research was conducted on the RCWMA’s North Unit
managed wetlands 1–4. Richland Creek Wildlife Management
Area (31º13'N, 96º11'W) is located 40 km southeast of Corsicana,
Texas, along U.S. Highway 287 and FM 488 between Richland-
Chambers Reservoir and the Trinity River in Freestone and
Navarro counties, Texas (Collins 2012). The RCWMA contains
two units (North and South) encompassing 6271 ha located in
the ecotone separating the Post Oak Savannah and Blackland
Prairie ecological regions (TPWD 2005) and lies almost entirely
within the Trinity River floodplain. The local climate is considered
subtropical with mild winters and warm humid summers, with an
average winter temperature of 5°C and average rainfall of 101.6
cm per year (NRCS 2002). Rainfall is typically distributed evenly
throughout the year. Soils in the area are predominately of the
Trinity series, which are fine, montmorillonitic, thermic, very
haplaquolls, and mollisol soils (NRCS 2002).  

Vegetation within the South Unit is characterized by vast
bottomland hardwood forest communities dominated by eastern
red cedar (Juniperus virginiana), sugarberry (Celtis laevigata), and
green ash (Fraxinus pennsylvanica). Other species include honey
locust (Gleditisia triacanthos), box elder (Acer negundo), black
willow (Salix nigra), bur oak (Quercus macrocarpa), water oak
(Q. nigra), overcup oak (Q. lyrata), willow oak (Q. phellos), and
pecan (Carya illinoensis). The North Unit contains the managed
wetlands, which are large non-forested areas characterized by a
diverse herbaceous community. The typical water management
strategy consists of slow drawdown (i.e., removal of water)
starting late March – early April and lasting until mid-August.
Inundation (i.e., flooding) begins in late August and lasts
throughout fall and winter, until drawdown the following spring.
These management actions produced common species such as
barnyard grass, erect burhead (Echinodorus spp.), delta duck
potato (Sagittaria spp.), square-stem spike rush (Eleocharis
quadrangulata), wild millet, and water primrose (Ludwigia
peploides).

Scientifically collected and hunter-harvested specimens
Specimens of Blue-winged Teal, Green-winged Teal, and
Northern Shoveler were collected on managed wetlands using a
12-gauge shotgun and steel shot from 1 September – 30 March
2004 – 2005, and 2005 – 2006. Specimens were collected using
decoys during days RCWMA was closed to hunting by the general
public and are hereafter referred to as scientifically collected
ducks. All scientifically collected focal species were collected
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under the appropriate permits (U.S. Fish and Wildlife Scientific
Collection Permit MB093036-0 and Texas Parks and Wildlife
Department Scientific Collecting Permit SPR-0704-399, both
issued to D. Collins). For all birds, age and sex were recorded
following Carney (1992) and the following morphological features
were measured: body mass (g), bill length (cm), culmen length (cm),
maximum bill width (cm), keel length (cm), tarsus length (cm), and
total body length (cm). Specimens were put on ice, transported
back to the lab, and frozen for future dissection. In addition to
selectively collecting (i.e., scientifically collected) the focal species,
we also obtained hunter-harvested specimens from September to
January for the same time-period, along with an additional hunting
season in 2007, through check stations on days RCWMA was open
to hunting. Both scientifically collected and hunter-harvested
ducks were shot over decoys.

Body composition
Prior to dissection, scientifically collected birds were thawed and
weighed (±0.01 g) to obtain total body mass. Feathers were
removed, and the bill, tarsi, skin, and all internal organs (i.e., heart,
gastrointestinal tract, liver, lungs, and gizzard) were removed and
weighed (±0.01 g). Mesentery fat was removed from the viscera
and returned to the carcass (Morton et al. 1990), while all digestive
contents were removed from the esophagus, proventriculus,
gizzard, intestine, and caeca (Hohman et al. 1992). If  material was
present in the digestive tract it was washed into a container and
stored (Morton et al. 1990). Digestive contents were weighed
(±0.01 g) and subtracted, with feather mass, from total body mass
to obtain feather-free and ingesta-free carcass mass (i.e., corrected
body mass). Omental fat and visceral fat were removed and
weighed (±0.01 g; Woodall 1978), and the entire length of the
gastrointestinal tract was measured (±5 mm) and weighed (±0.01
g; Austin and Fredrickson 1987). Flight muscles (i.e., pectoralis,
supracoracoideus, and coracobrachialis) on the left side were
removed from the sternum (Owen and Cook 1977, Morton et al.
1990). Leg muscles were also removed from the left side. External
fat was removed and returned to the carcass from the gizzard and
flight muscles. Wet mass of the gizzard, heart, liver, and flight and
leg muscles were weighed (±0.01 g; Austin and Fredrickson 1987).
We obtained a subset of morphological measurements on hunter-
harvested specimens, including fresh body mass, wing chord, tarsal
length, and total body length. Measurements on hunter-harvested
specimens were collected within two hours after harvest.

Body condition
For body condition, we used fresh body mass for the whole carcass,
as this value was available from both scientifically collected and
hunter-harvested ducks. We calculated a commonly used body
condition index (BCI) by dividing body mass by wing chord for
our index of body condition (Owen and Cook 1977, Haukos et al.
2001). The mass-wing index has been shown to be highly correlated
with lipid content for several waterfowl species (Woodall 1978,
Whyte and Bolen 1984, Gauthier and Bédard 1985) and is often
used by waterfowl managers to examine changes in body condition
over time.

Feather molt chronology and intensity
As feather removal occurred, we inspected 17 feather tracts (i.e.,
crown, face, rump, tail, belly, etc.) to score feather molt intensity
following Heitmeyer (1988). For each tract, the number of
sheathed feathers was counted and used to calculate total molt
score for each specimen. Molt score was calculated by summing

the total number of feathers found erupting (i.e., containing a
sheath) on all tracts and then dividing by the total number of
feather tracts examined, which in this case was 17 (e.g., 56
sheathed feathers found across all 17 tracts would result in a molt
score of 56/17=3.29 for that individual bird). We summarized
molt score by species and season.

Statistical analyses
For scientifically collected specimens, we used analysis of
variance (ANOVA) with Type III sums of squares to examine
differences among external and internal morphological features
(i.e., body structure and organ measurements) among different
age and sex classes and season. We did not include hunter-
harvested specimens because not all morphological features were
recorded for this group. We defined 4 seasons: fall (1 September –
15 November), early winter (16 November – 31 December), late
winter (1 January – 28 February), and spring (1 March – 30
March). Seasons align with definitions in previous research in
the study area (Collins et al. 2017) and with other waterfowl
studies (e.g., Heitmeyer and Fredrickson 1981). Due to a limited
sample size for some species and body parts during all four
seasons, we examined only main effects models with age, sex,
and season for all species. We included ducks collected in all
seasons for Green-winged Teal and Northern Shoveler, which
migrate through and winter in the study area. We only included
Blue-winged Teal collected in fall and spring, as this species
mostly migrates through the study area. We used the Tukey-
Kramer post hoc test to determine significant (P < 0.05)
differences among seasons.  

To examine differences in the body condition indices, we included
both scientifically collected and hunter-harvested specimens in
analyses. We used mixed-effects ANOVA to determine
differences in BCI for each species. We used model selection
methods modified from Fleskes et al. (2016). Initially, we used a
model with the fixed effects of collection type and an interaction
of age and sex, a random effect of year, and a variance structure
that allowed for different variances in BCI for each season (Zuur
et al. 2009). We used maximum likelihood estimation and
Akaike’s Information Criterion (AICc) to compare this full
model with nested models (Burnham and Anderson 2002, Zuur
et al. 2009). If  a model without collection type did not improve
model fit (i.e., ΔAICc > 2), we discarded this variable for
subsequent analyses (Burnham and Anderson 2002). We then
examined different combinations of sex and age. We considered
models with main effects of both sex and age and an interaction
of sex and age and separate models with either sex or age. We
included season with the top sex–age model to determine if  there
was an overall season effect on BCI (i.e., ΔAICc > 2 for the season
model). We examined interactions of season with the sex–age
effects. We did not examine an interaction of collection type with
season because hunter-harvested specimens were exclusively
collected during hunting seasons occurring in fall and early
winter. We included a null model to compare to all models with
covariates. We reported all models and identified competitive
models to be those with a ΔAICc < 2 and that were not more
complex versions of the top model (Burnham and Anderson
2002, Devries et al. 2008a, Arnold 2010). We used the Tukey-
Kramer post hoc test to identify significant (P < 0.05) differences
in condition indices among seasons or interactions with more
than two groups. We used the “nlme” package in Program R (R
Core Team 2021) to build and compare models (Pinheiro et al.
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2021) and the “multcomp” package to examine seasonal
differences (Hothorn et al. 2008).  

We used ANOVA with Type III sums of squares to examine molt
scores for a subset of scientifically collected specimens across
species, seasons, and year. Due to a limited sample size, we did
not include effects of age or sex. Additionally, we used a linear
regression to determine the effect of molt intensity on BCI for
each species. We considered variables to influence the response if
P < 0.05 in all cases.

RESULTS

Body composition
We collected a total of 63 and 77 Blue-winged Teal during the
2005–2006 and 2006–2007 periods, respectively. We found several
differences in morphological and structural features of Blue-
winged Teal, particularly between the sexes and across seasons
(Table A1.1). We found a sex effect for corrected body mass
(F1,136 = 18.008, P < 0.001) and mass of the esophagus-
proventriculus (F1,99 = 4.538, P = 0.036) and leg muscle (F1,100 =
4.244, P = 0.036). Males weighed more than females (P = 0.009)
and had heavier esophagus-proventriculus (P = 0.016), flight
muscle, (P < 0.001) and leg muscle (P < 0.001). We found an age
effect for corrected body mass (F1,136 = 8.820, P = 0.004), where
adults weighed more than juveniles (P = 0.010). We also found a
slight age effect for omental fat mass (F1,136 = 4.153, P = 0.044),
with adults having more omental fat than juveniles, but the
pairwise comparison was not significant (P = 0.337).
Additionally, corrected body mass (F1,136 = 13.492, P < 0.001)
and mass of the liver (F1,99 = 6.255, P = 0.014), intestines (F1,99 =
5.388, P = 0.023), flight muscle, (F1,100 = 5.242, P = 0.024), leg
muscle, (F1,100 = 4.339, P = 0.040), omental fat (F1,99 = 34.998, P 
< 0.001), mesenteric fat (F1,99 = 30.769, P < 0.001), and skin
(F1,100 = 29.046, P < 0.001) varied by season. Blue-winged Teal
weighed more in fall than in spring (P = 0.003) and had greater
mass values for liver (P = 0.039), omental fat (P < 0.001),
mesenteric fat (P < 0.001), and skin (P < 0.001) in fall than in
spring. Mass of intestines, flight muscle, and leg muscle were
greater in fall than in spring, but these results were not significant.

We collected 93 and 23 Green-winged Teal in the 2004–2005 and
2005–2006 periods, respectively. Green-winged Teal mostly
differed in internal and external features by sex, but there were
some differences in age and season (Table A1.2). Corrected body
mass varied by sex (F1,110 = 10.304, P = 0.002), where males were
heavier than females (P = 0.003). Esophagus-proventriculus
length (F1,90 = 8.300, P = 0.005) and mass (F1,90 = 16.704, P <
0.001), along with mass of the gizzard (F1,93 = 10.368, P = 0.002),
heart (F1,93 = 4.226, P = 0.043), and flight muscle (F1,93 = 6.427,
P = 0.013), varied by sex. Males had longer (P = 0.005) and heavier
(P < 0.001) esophagus-proventriculus values compared to
females. Mass of the gizzard (P = 0.001) and flight muscle (P =
0.002) were also greater for males than females. Pairwise
comparisons of heart mass did not show a significant difference
between males and females (P = 0.072). We found a season effect
for corrected body mass (F1,110 = 4.886, P = 0.003) and mass of
the intestine (F1,92 = 5.202, P = 0.002) and leg muscle (F1,93 =
8.984, P < 0.001). Corrected body mass was greater in spring than
in late winter (P = 0.002). Intestine mass was greater in fall than
in late winter (P = 0.002), while leg muscle mass was greater in

late winter than in fall (P = 0.001) and greater in spring than in
fall (P < 0.001).  

We collected 67 and 54 Northern Shoveler during the 2004–2005
and 2005–2006 periods, respectively (Appendix A1.3). We found
a sex effect for corrected body mass (F1,115 = 5.428, P = 0.022)
and mass of the heart (F1,77 = 9.526, P = 0.003), flight muscle
(F1,77 = 9.101, P = 0.003), and leg muscle (F1,77 = 5.130, P = 0.026).
Pairwise comparisons did not show a difference between males
and females for corrected body mass (P = 0.238), but mass of the
heart (P = 0.016), flight muscle (P = 0.003), and leg muscle (P =
0.015) were greater in males than in females. Corrected body mass
(F1,115 = 5.074, P = 0.026) and mass of the gizzard (F1,77 = 4.492,
P = 0.037) and intestine (F1,76 = 5.642, P = 0.020) varied by age.
Adults weighed more than juveniles (P = 0.012) and had greater
values for intestine mass (P = 0.027). Pairwise comparisons did
not show a difference between adults and juveniles for gizzard
mass (P = 0.137). Finally, we found a season effect for mass of
the gizzard (F1,77 = 7.727, P < 0.001), intestines (F1,76 = 9.123, P 
< 0.001), omental fat (F1,76 = 3.054, P = 0.033), and mesenteric
fat (F1,76 = 7.686, P < 0.001). Gizzard mass appeared to decline
throughout the winter, with a greater value in fall than in late
winter (P = 0.004), in early winter than in late winter (P = 0.015),
and in fall than in spring (P = 0.037). Similarly, intestine mass
was greater in late winter than in fall (P < 0.001), early winter
than in fall (P = 0.014), and spring than in late winter (P = 0.041).
However, intestine mass in spring was less than in fall (P = 0.013).
We found greater values of mesentery fat in fall than in early
winter (P < 0.001), late winter (P < 0.001), and spring (P = 0.002).
Pairwise comparisons were not significant for omental fat across
seasons.

Body condition
In addition to scientifically collected specimens, we received 231,
436, and 120 hunter-harvested Blue-winged Teal, Green-winged
Teal, and Northern Shoveler, respectively, over the study period.
Adult males tended to weigh more than juveniles and females,
and scientifically collected specimens tended to weigh more than
hunter-harvested specimens on average (Table A1.4). Adults also
showed a greater BCI than juveniles on average, while BCI among
males and females varied for two species (Fig. 1).

Fig. 1. Mean body condition index (body mass divided by wing
chord) across age and sex for focal species collected at the
Richland Creek Wildlife Management Area, Texas, in fall to
spring, 2004–2007. Black bars are 95% confidence intervals.
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Table 1. Model selection results for mixed ANOVA of age, sex, collection type, and season on the body condition index
(body mass divided by wing chord; g/mm) of three species of scientifically collected and hunter-harvested waterfowl at
the Richland Creek Wildlife Management Area, Texas, in fall to spring 2004–2005, 2005–2006, and 2006–2007. Sex
includes males and females, age includes adults and juveniles, and season includes fall (1 September – 15 November),
early-winter (16 November – 31 December), late-winter (1 January – 28 February), and spring (1 March – 30 March).
The difference in Akaike’s Information Criterion (AICc) relative to the smallest AICc is represented by ΔAICc, K is the
number of parameters in the model, wi is the AICc weight, and LogeL is the log likelihood of the model.
 

Model K ΔAIC
c

Log
e
L w

i

Blue-winged Teal
Collection type + season + sex*age 9 0.000 -796.678 0.886
Collection type + season*sex*age 12 4.094 -795.541 1.000
Collection type + sex + age 8 32.742 -814.099 1.000
Collection type + sex 6 37.026 -818.324 1.000
Collection type + age 6 38.861 -819.241 1.000
Collection type 5 41.344 -821.515 1.000
null 4 50.059 -826.900 1.000

Green-winged Teal
Collection type + season + sex + age 12 0.000 -1059.006 0.574
Collection type + sex + season*age 15 1.545 -1056.615 0.84
Collection type + age + season*sex 15 3.046 -1057.366 0.965
Collection Type + sex + age 9 5.596 -1064.931 1.000
Collection type + sex 8 22.480 -1074.408 1.000
Collection type + age 8 39.653 -1082.994 1.000
null 6 74.446 -1102.448 1.000
Collection type 7 74.673 -1101.535 1.000

Northern Shoveler
Collection type + age 8 0.000 -552.009 0.558
Collection type + sex + age 9 2.145 -552.000 0.749
Collection type + season + age 11 2.379 -549.926 0.919
Collection type + season*age 14 4.833 -547.792 0.969
Collection type 7 6.680 -556.420 0.988
Collection type + sex 8 8.042 -556.030 0.998
null 6 11.760 -560.022 1.000

For Blue-winged Teal, the top model included main effects of
collection type and season and an interaction of sex and age (Table
1). Collection type and season showed significant effects on BCI.
We found that scientifically collected Blue-winged Teal were in
better condition than hunter-harvest specimens (P < 0.001) and
that fall specimens were in better condition than spring specimens
(P < 0.001; Fig. 2). Adult males were in slightly better condition
than adult females (P = 0.048) and were in better condition than
juvenile females (P < 0.001), and juvenile males were in better
condition than juvenile females (P = 0.001). However, the
interaction of sex and age in the top model was not significant (P
= 0.499).  

For Green-winged Teal, the top model included main effects of
collection type, season, sex, and age, while the second-best model
included main effects of collection type, sex, and an interaction
of season and age (Table 1). Pairwise comparisons indicated that
Green-winged Teal were in better condition in early winter than
in late winter (P = 0.023; Fig. 2), while specimens were in slightly
better condition in spring than in late winter (P = 0.043). Males
were in better condition than females (P < 0.001), while adults
were in better condition than juveniles (P < 0.001). Although not
significant (P = 0.071), hunter-harvested specimens were in
slightly better condition than scientifically collected specimens.
Under the second-best model, only early-winter adults were in
better condition than early-winter juveniles (P < 0.001).  

For Northern Shoveler, the top model included main effects for
collection type and age (Table 1). Scientifically collected Northern
Shoveler were in slightly worse condition than hunter-harvested
specimens (P = 0.009). Adult Northern Shoveler were in better
condition than juveniles (P = 0.003). We did not find an effect of
season for this species (Fig. 2).

Feather molt chronology and intensity
We found an effect of species on molt score (F2,199 = 7.422, P <
0.001). Northern Shoveler had a greater molt score than Blue-
winged Teal (P < 0.001) and Green-winged Teal (P = 0.004; Fig.
3). Overall, molt score for all species combined was greatest in
late winter (xˉ = 11.60, SE = 2.45), followed by spring ( = 9.06,
SE = 1.34), early winter (xˉ = 4.45, SE = 0.89), and fall (xˉ = 4.14,
SE = 1.00). Within species, general trends showed that molt
intensity was greatest in spring for all species, but there was
considerable variability (Table A1.5). We did not find significant
effects of BCI on molt score for any species.

DISCUSSION
Blue-winged Teal, Green-winged Teal, and Northern Shoveler
tended to show predictable patterns in morphological features
based on age and sex and varied by body mass, body condition,
and molt intensity across seasons during winter in the RCWMA.
Overall, both wintering species appeared to be in better or similar
condition prior to spring departure and estimates of overall body
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Fig. 2. Mean body condition index (body mass divided by wing
chord) for focal species across age and sex, and collected at the
Richland Creek Wildlife Management Area, Texas, during fall
to spring, 2004–2005, 2005–2006, and 2006–2007. Seasons
include fall (1 September – 15 November), early-winter (16
November – 31 December, late-winter (1 January – 28
February), and spring (1 March – 30 March). Black bars are
95% confidence intervals.

Fig. 3. Mean molt score (total number of erupting feathers
divided by the number of feather tracts examined) for focal
species collected at the Richland Creek Wildlife Management
Area, Texas, in fall to spring, 2004–2007. Black bars are 95%
confidence intervals.

mass corroborate this finding. Blue-winged Teal were the only
species that showed a significant decline between spring and fall
in BCI, and molt intensity did not appear to influence body
condition of migrating and wintering waterfowl. Variations in
body condition over time emphasize the importance of
considering a BCI that best represents the species and population
and have management implications (DeVault et al. 2003, Labocha
and Hayes 2012). Management programs (e.g., Wildlife
Management Areas) that focus on providing habitat for migrating
and wintering waterfowl may use such observed apparent changes
in body condition to determine if  current management strategies
are adequate in supplying energy requirements throughout the
year (e.g., Fleskes et al. 2016).  

Some internal features differed by sex, age, and season for each
species, which can often be attributed to variations in behavior
and activity, diet preference and quality, endogenous processes,
and nutritional demands (Austin and Fredrickson 1987, Ankney
and Afton 1988, Heitmeyer 1988). For example, some digestive
organs varied by sex and season for waterfowl at RCWMA. While
organs and structures of the body may scale with body size,
leading to inherent differences in some features among males and
females, organs and muscles may also vary due to environmental
conditions and diet (Kehoe and Ankney 1985, Piersma et al.
1993). Differences in the digestive organs may be due to
differences in the amount or quality of foods ingested (Drobney
1984, Kehoe et al. 1988). Increased food consumption may result
in an increase in intestine mass or length (Drobney 1984, DuBowy
1985, Ankney and Afton 1988), while an increased intake of high-
fiber foods may result in a decrease in gizzard mass (Kehoe et al.
1988). Collins et al. (2017) did not find a significant effect of sex
on the percent dry mass of plant or animal material consumed
by ducks in this region in fall and winter, but differences in the
amount of protein and fiber within plant and animal matter may
have influenced differences in digestive organs (Anderson et al.
2000). While we did not examine a season–sex or season–age effect
on internal features for waterfowl, it is possible differences in
digestive organs between males and females were due to shifts in
dietary preferences.  

Sex and age also influenced body condition and features of the
body that can indicate overall condition, such as body mass and
fat mass. Structurally, males tend to be larger than females and
adults tend to be larger than juveniles (Owen and Cook 1977,
Euliss and Gilmer 1997, DeVault et al. 2003, Ballard et al. 2006),
which we found to be mostly true for all species. Additionally,
social interference can influence habitat use among individuals in
a population, with more dominant individuals acquiring more
suitable habitat than subordinates. Adult waterfowl tend to
dominate hatch-year individuals (Morton et al. 1990, Reinecke
et al. 1982), which can result in young individuals being displaced
from habitat with better foraging opportunities or shelter.  

We expected season to explain some of the variation in body
condition for all three species but particularly for the wintering
species: Green-winged Teal and Northern Shoveler. Typically,
waterfowl increase in body mass and lipid reserves upon arrival
to wintering areas and to early winter, show a decline in mid-
winter, and increase to spring (Owen and Cook 1977, Whyte and
Bolen 1984, Thompson and Baldassarre 1990, Rhodes et al. 2006,
Fleskes et al. 2016). The pattern of rapid increase upon arrival to

https://journal.afonet.org/vol93/iss4/art5/


Journal of Field Ornithology 93(4): 5
https://journal.afonet.org/vol93/iss4/art5/

wintering grounds is likely a result of replenishing energy reserves
post-breeding and preparing for the energetic demands of winter
(Reinecke et al. 1982, Baldassarre et al. 1986). A lower body mass
in winter may also be an adaptive strategy, as the use of energy
reserves reduces (1) the need to forage, (2) exposure to potentially
inclement weather, and (3) the metabolic costs of maintaining a
higher weight (Reinecke et al. 1982, Baldassarre et al. 1986,
Fondell et al. 2013). Indeed, east-central Texas does not typically
have harsh winter weather conditions, so mid-winter declines may
be more endogenous than exogenously related for Green-winged
Teal. Baldassarre et al. (1986) also found a mid-winter decline for
Green-winged Teal in the Southern High Plains of Texas.
Although average values showed a slight decline in BCI from fall
to spring, our analysis did not find a season effect for Northern
Shoveler. This contrasts with findings from other studies which
found a mid-winter decline in this species (Tietje and Teer 1988,
Roberts and Conover 2014) or a decrease from fall to winter for
body mass (Fleskes et al. 2016), but still others have found no
effect of season on body condition (Euliss and Gilmer 1997).
Ultimately, body condition in spring was better or similar to
condition in fall for both species, indicating that Green-winged
Teal and Northern Shoveler are likely acquiring adequate energy
reserves during the winter in the study area.  

In contrast to the other two species, there may be evidence that
Blue-winged Teal in spring are in slightly worse condition than
fall specimens. The BCI was predicted to be greater in fall than
in spring, and both mesenteric and omental fat masses were
significantly greater in fall than in spring. Blue-winged Teal winter
along the coasts of Central and South America after departing
stopover areas in Texas and other coastal states (Rohwer et al.
2020). It is likely that by the time they get to the RCWMA in fall,
individuals may still be acquiring energy reserves in preparation
for potentially long flights to the wintering grounds (Owen 1970).
In contrast, those arriving in spring may have reduced body mass
or condition due to longer flights from those wintering areas and
may have not fully replenished their energy reserves, which may
explain the difference in BCI between fall and spring in our
specimens.  

All waterfowl species showed typical molting patterns during
winter. In general, Northern Shoveler had greater molt scores and
molt intensity, primarily due to differences in overall size and
greater potential feather growth. In contrast, both Teal species
typically have a slower rate of feather replacement due to their
small size, which makes them more susceptible to molt-induced
stress than larger bodied ducks such as Northern Shoveler
(Hohman 1993, Anderson et al. 2000). However, we did not find
an effect of molt on body condition for any of the species
examined, and all three focal species appeared to be in
comparatively good condition throughout the wintering period.
Several other studies have found that waterfowl likely meet the
energetic demands of molt through dietary intake (Ankney 1979)
or protein stores and reduced foraging activity (Portugal et al.
2007, Fondell et al. 2013). We conclude that molt-induced stress
may not have been occurring for any focal species.  

Our study was the first documentation of changes in body
condition, molt intensity, and internal features of three species of
waterfowl that heavily use east-central Texas during migration
and overwinter periods. It also highlights the importance of

managing habitats in the area to provide resources needed
throughout the annual cycle of migrant waterfowl. The mid-
winter declines of condition indices in Green-winged Teal adds
to a growing body of literature documenting the potential
adaptive responses of waterfowl to winter conditions. This, along
with the consistent temporal patterns of body condition for
Northern Shoveler, is evidence that management on the RCWMA
is likely providing adequate resources for wintering waterfowl in
the region. At the same time, Blue-winged Teal showed a decline
in body condition between fall to spring. A reduced BCI is likely
due to a difference in pre-fattening in fall prior to departure and
lower energy reserves during northbound migration in spring
from the wintering grounds and emphasizes the importance of
the RCWMA as a potentially important refueling site for migrant
waterfowl. Ensuring foraging resources and habitat are available
in the spring and fall will benefit migrating waterfowl and better
allow individuals to reach their breeding or wintering areas. Based
on conclusions from our study and those from Collins et al. (2017),
continuing to provide quality habitats during the wintering period
at RCWMA and the surrounding area should allow our focal
species to maintain and improve body composition and condition.

Responses to this article can be read online at: 
https://journal.afonet.org/issues/responses.php/178
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Appendix 1. Mean Morphological Measurements. 

 

Table A1.1. Mean (with SE) external and internal morphological measurements for scientifically collected Blue-winged Teal at the 

Richland Creek Wildlife Management Area, Texas, in fall (1 September – 15 November) and spring (1 March – 30 March) in 2004-

2004 and 2005-2006. Mass measurements are in g and linear measurements are in mm.  
Adult male Adult female Juvenile male Juvenile female  

�̅� SE n �̅� SE n �̅� SE n �̅� SE n 

Fall 
            

Corrected body mass 319.8

5 

19.23 3 342.66 6.13 21 355.94 14.87 11 301.97 7.15 10 

Esophagus-proventriculus length 18.53 2.32 3 17.06 0.81 15 18.18 0.55 9 18.38 0.52 6 

Esophagus-proventriculus mass 4.94 0.84 3 3.72 0.33 17 4.22 0.29 9 4.10 0.15 6 

Flight muscle mass 35.56 1.86 3 32.45 1.00 17 33.06 1.26 9 24.43 3.66 7 

Gizzard mass 15.64 1.62 3 15.45 0.75 17 13.26 0.97 9 15.23 0.58 5 

Heart mass 3.30 0.19 3 3.84 0.09 17 4.01 0.10 9 3.30 0.21 6 

Intesting length 185.0

7 

10.34 3 164.04 4.33 16 176.31 6.28 9 172.32 11.24 6 

Intestine mass 14.71 0.59 3 18.83 1.26 17 16.59 1.66 9 22.37 2.34 6 

Leg muscle mass 10.38 0.63 3 9.48 0.30 17 10.10 0.31 9 9.46 0.51 7 

Liver mass 10.39 0.71 3 9.33 0.39 17 9.67 1.05 9 8.74 0.82 6 

Mesentery fat mass 0.66 0.56 3 3.50 0.49 17 3.13 0.94 9 1.88 0.54 6 

Omental fat mass 2.55 1.99 3 7.52 1.03 17 5.53 1.50 9 2.81 1.54 6 

Skin mass 44.64 11.10 3 59.84 4.19 17 57.31 5.44 9 34.94 4.21 7 

Visceral fat mass 0.22 0.13 3 0.17 0.03 15 0.14 0.04 8 0.12 0.01 6 

Spring 
            

Corrected body mass 336.7

6 

3.55 61 321.48 9.92 8 328.81 6.41 23 294.15 8.48 7 

Esophagus-proventriculus length 18.97 0.55 34 17.30 0.92 6 20.04 0.42 13 18.64 0.65 5 

Esophagus-proventriculus mass 3.85 0.20 43 2.68 0.36 6 4.21 0.20 18 3.61 0.34 5 



 
Adult male Adult female Juvenile male Juvenile female  

�̅� SE n �̅� SE n �̅� SE n �̅� SE n 

Flight muscle mass 36.09 0.68 43 36.13 1.50 6 35.80 1.21 18 33.48 2.04 5 

Gizzard mass 15.37 0.51 43 16.10 0.92 6 15.43 0.65 18 15.12 1.66 5 

Heart mass 3.99 0.12 43 3.78 0.20 6 3.70 0.11 18 3.63 0.22 5 

Intesting length 160.9

1 

3.33 42 170.68 7.65 6 161.93 6.43 18 172.12 8.95 5 

Intestine mass 14.55 0.63 43 13.62 2.09 6 15.84 1.06 18 15.86 1.12 5 

Leg muscle mass 11.51 0.32 43 10.41 1.16 6 10.90 0.46 18 10.05 0.61 5 

Liver mass 7.73 0.32 43 8.57 1.06 6 8.26 0.68 18 6.98 0.30 5 

Mesentery fat mass 1.18 0.11 43 1.24 0.42 6 1.33 0.18 18 0.75 0.28 5 

Omental fat mass 2.16 0.28 43 1.70 0.45 6 1.98 0.49 18 1.51 0.63 5 

Skin mass 39.90 1.69 43 38.57 1.33 6 41.40 2.53 18 34.21 3.67 5 

Visceral fat mass 0.13 0.02 38 0.15 0.07 6 0.14 0.02 17 0.09 0.01 5 

 



Table A1.2. Mean (with SE) external and internal morphological measurements in fall (1 September – 15 November), early-winter (16 

November – 31 December, late-winter (1 January – 28 February), and spring (1 March – 30 March) for scientifically collected Green-

winged Teal at the Richland Creek Wildlife Management Area, Texas, in 2004-2005 and 2005-2006. Mass measurements are in g and 

linear measurements are in mm.  
Adult male Adult female Juvenile male Juvenile female  

�̅� SE n �̅� SE n �̅� SE n �̅� SE n 

Fall 
            

Corrected body mass 307.84 4.17 4 304.41 12.85 3 276.30 23.75 2 260.93 3.46 2 

Esophagus-proventriculus length 17.67 1.19 3 13.23 1.87 3 17.25 1.55 2 17.00 - 1 

Esophagus-proventriculus mass 3.63 0.30 3 2.15 0.03 3 2.74 0.55 2 3.20 - 1 

Flight muscle mass 32.12 1.44 3 31.53 0.79 3 29.75 2.50 2 30.93 - 1 

Gizzard mass 13.78 5.63 3 13.89 1.25 3 12.56 2.82 2 15.75 - 1 

Heart mass 3.47 0.16 3 3.49 0.23 3 3.61 0.57 2 2.60 - 1 

Intesting length 101.53 8.04 3 94.60 9.21 3 93.80 11.70 2 109.80 - 1 

Intestine mass 13.85 1.92 3 13.37 4.41 3 10.19 2.14 2 16.33 - 1 

Leg muscle mass 8.50 0.38 3 8.47 0.65 3 7.29 0.94 2 7.50 - 1 

Liver mass 6.90 0.84 3 6.58 0.75 3 4.16 1.02 2 5.79 - 1 

Mesentery fat mass 1.21 0.26 3 1.98 0.51 3 1.21 1.00 2 1.35 - 1 

Omental fat mass 2.51 0.67 3 1.14 0.21 3 2.29 0.92 2 1.76 - 1 

Skin mass 44.35 3.13 3 40.19 2.54 3 41.53 15.41 2 27.41 - 1 

Visceral fat mass 0.08 0.02 3 0.03 0.04 2 0.13 0.07 2 0.05 - 1 

Early-winter 
            

Corrected body mass 323.53 5.97 8 281.10 10.57 5 284.05 9.36 3 286.33 - 1 

Esophagus-proventriculus length 18.98 1.09 4 18.00 0.40 2 16.27 1.98 3 17.00 - 1 

Esophagus-proventriculus mass 3.58 0.73 4 2.71 0.14 2 2.79 0.64 3 2.67 - 1 

Flight muscle mass 32.50 1.68 4 30.34 0.70 4 32.96 1.10 3 29.81 - 1 

Gizzard mass 17.67 1.87 4 13.24 0.99 4 15.43 0.48 3 13.41 - 1 

Heart mass 4.12 0.14 4 3.60 0.20 4 3.53 0.38 3 4.92 - 1 

Intesting length 118.88 16.83 4 102.58 2.55 4 90.83 3.38 3 121.80 - 1 

Intestine mass 12.36 3.16 4 9.88 1.32 4 8.57 1.84 3 14.60 - 1 

Leg muscle mass 9.04 0.08 4 9.68 0.20 4 9.20 0.74 3 10.48 - 1 



 
Adult male Adult female Juvenile male Juvenile female  

�̅� SE n �̅� SE n �̅� SE n �̅� SE n 

Liver mass 6.30 0.66 4 6.96 0.22 4 5.74 0.84 3 9.83 - 1 

Mesentery fat mass 0.99 0.46 4 1.04 0.19 4 0.97 0.63 3 0.88 - 1 

Omental fat mass 1.79 1.30 4 1.99 0.44 4 0.83 0.27 3 0.94 - 1 

Skin mass 44.45 1.37 4 41.24 3.94 4 37.77 7.88 3 28.59 - 1 

Visceral fat mass 0.18 0.13 4 0.11 0.04 4 0.17 0.07 3 0.23 - 1 

Late-winter 
            

Corrected body mass 290.67 5.14 22 273.29 14.23 4 275.68 8.70 6 290.60 10.69 2 

Esophagus-proventriculus length 17.45 0.48 18 15.95 1.53 4 17.83 0.84 6 14.15 2.15 2 

Esophagus-proventriculus mass 2.95 0.16 21 1.96 0.43 4 2.71 0.32 6 2.22 0.49 2 

Flight muscle mass 33.91 0.64 21 33.91 1.08 4 32.13 0.95 6 30.32 4.35 2 

Gizzard mass 15.91 0.55 21 12.14 0.47 4 14.17 0.36 6 14.22 2.84 2 

Heart mass 3.66 0.11 21 3.48 0.08 4 3.75 0.18 6 3.25 0.08 2 

Intesting length 109.98 2.93 20 112.60 0.62 4 111.58 7.53 5 91.10 7.10 2 

Intestine mass 8.99 0.36 21 9.38 0.48 4 9.83 0.88 5 7.04 1.80 2 

Leg muscle mass 10.64 0.32 21 9.72 0.41 4 9.94 0.39 6 9.32 1.35 2 

Liver mass 6.02 0.25 21 6.11 0.14 4 5.45 0.38 6 5.00 0.85 2 

Mesentery fat mass 1.14 0.22 21 0.62 0.32 4 0.53 0.32 6 1.69 1.21 2 

Omental fat mass 1.51 0.45 20 2.92 1.16 4 1.98 0.65 6 2.02 0.34 2 

Skin mass 37.29 2.75 21 38.92 7.76 4 35.67 4.76 6 48.21 3.14 2 

Visceral fat mass 0.11 0.02 20 0.11 0.04 4 0.11 0.04 6 0.07 0.07 2 

Spring 
            

Corrected body mass 314.68 6.48 24 273.11 20.30 3 300.64 4.62 18 286.37 10.93 9 

Esophagus-proventriculus length 16.89 0.72 18 16.40 - 1 17.24 0.80 14 15.00 0.83 6 

Esophagus-proventriculus mass 2.97 0.20 20 2.35 - 1 3.28 0.17 17 2.21 0.14 6 

Flight muscle mass 34.15 0.77 21 31.09 - 1 33.15 0.56 17 30.12 0.84 6 

Gizzard mass 15.46 0.50 21 14.96 - 1 15.16 0.52 17 12.37 0.72 6 

Heart mass 3.58 0.13 21 2.86 - 1 3.68 0.11 17 3.32 0.22 6 

Intesting length 109.20 2.65 21 89.70 - 1 107.08 3.33 17 105.33 3.74 6 

Intestine mass 11.20 0.71 21 7.79 - 1 9.62 0.45 17 10.25 1.07 6 



 
Adult male Adult female Juvenile male Juvenile female  

�̅� SE n �̅� SE n �̅� SE n �̅� SE n 

Leg muscle mass 10.86 0.37 21 9.57 - 1 10.83 0.28 17 9.36 0.36 6 

Liver mass 6.21 0.27 21 3.61 - 1 6.00 0.35 17 6.93 0.56 6 

Mesentery fat mass 1.87 0.75 21 0.39 - 1 1.26 0.20 17 0.32 0.07 6 

Omental fat mass 2.34 0.44 21 0.17 - 1 1.08 0.17 17 0.41 0.08 6 

Skin mass 48.42 3.10 21 59.00 - 1 46.35 2.09 17 40.90 2.31 6 

Visceral fat mass 0.19 0.03 20 0.37 - 1 0.17 0.03 17 0.19 0.03 6 



Table A1.3. Mean (with SE) external and internal morphological measurements in fall (1 September – 15 November), early-winter (16 

November – 31 December, late-winter (1 January – 28 February), and spring (1 March – 30 March) for scientifically collected 

Northern Shoveler at the Richland Creek Wildlife Management Area, Texas, in 2004-2005 and 2005-2006. Mass measurements are in 

g and linear measurements are in mm. 
  Adult male Adult female Juvenile male Juvenile female  

�̅� SE n �̅� SE n �̅� SE n �̅� SE n 

Fall 
            

Corrected body mass - - - 551.86 37.56 4 - - - 506.47 26.04 4 

Esophagus-proventriculus length - - - 23.50 2.40 2 - - - 14.00 - 1 

Esophagus-proventriculus mass - - - 7.29 1.30 2 - - - 2.45 - 1 

Flight muscle mass - - - 48.54 0.57 2 - - - 50.03 - 1 

Gizzard mass - - - 21.40 2.31 2 - - - 11.80 - 1 

Heart mass - - - 5.53 0.74 2 - - - 8.09 - 1 

Intesting length - - - 298.90 19.50 2 - - - 215.00 - 1 

Intestine mass - - - 55.77 7.89 2 - - - 25.35 - 1 

Leg muscle mass - - - 14.89 0.57 2 - - - 13.33 - 1 

Liver mass - - - 16.78 0.23 2 - - - 11.54 - 1 

Mesentery fat mass - - - 8.38 4.18 2 - - - 8.53 - 1 

Omental fat mass - - - 11.50 9.83 2 - - - 14.28 - 1 

Skin mass - - - 95.41 27.16 2 - - - 95.45 - 1 

Visceral fat mass - - - 0.14 0.01 2 - - - 0.00 - 1 

Early-winter 
            

Corrected body mass 567.94 24.58 4 504.46 18.98 6 488.93 32.39 3 465.31 11.89 8 

Esophagus-proventriculus length 25.20 0.90 2 21.77 0.77 3 23.23 1.34 3 21.27 0.73 6 

Esophagus-proventriculus mass 6.46 0.38 2 6.46 0.48 3 4.69 0.54 3 5.04 0.90 6 

Flight muscle mass 56.98 3.46 2 48.03 1.92 3 49.10 3.13 3 49.77 1.64 6 

Gizzard mass 16.38 3.08 2 16.61 2.05 3 14.28 1.37 3 12.42 0.83 6 

Heart mass 6.24 0.38 2 5.47 0.35 3 6.06 0.55 3 4.79 0.34 6 

Intesting length 287.00 14.00 2 255.07 20.52 3 262.97 32.59 3 246.57 18.49 6 

Intestine mass 30.20 3.20 2 35.57 2.80 3 26.89 3.21 3 25.67 2.92 6 

Leg muscle mass 17.82 0.69 2 13.14 1.16 3 15.15 1.53 3 15.58 0.73 6 



  Adult male Adult female Juvenile male Juvenile female  
�̅� SE n �̅� SE n �̅� SE n �̅� SE n 

Liver mass 15.57 1.42 2 11.46 0.35 3 12.04 1.93 3 11.97 1.11 6 

Mesentery fat mass 2.69 0.09 2 2.70 1.22 3 1.65 0.13 3 1.66 0.50 6 

Omental fat mass 7.33 5.94 2 5.25 3.06 3 19.61 17.60 3 2.60 0.78 6 

Skin mass 85.67 26.73 2 60.79 14.41 3 63.52 8.72 3 68.76 7.15 6 

Visceral fat mass 0.30 0.07 2 0.22 0.05 3 0.28 0.13 3 0.22 0.06 6 

Late-winter 
            

Corrected body mass 502.53 7.86 30 445.98 26.05 6 478.88 10.40 11 464.09 11.02 8 

Esophagus-proventriculus length 23.38 0.66 22 19.25 1.94 4 22.44 1.54 6 22.93 0.53 7 

Esophagus-proventriculus mass 4.95 0.23 26 4.22 0.90 4 4.81 0.59 7 4.73 0.28 7 

Flight muscle mass 53.19 1.25 26 45.90 4.47 4 53.51 2.56 7 50.60 2.54 7 

Gizzard mass 11.68 0.53 26 12.71 0.94 4 12.01 0.75 7 11.10 0.56 7 

Heart mass 5.77 0.18 26 4.63 0.30 4 5.87 0.18 7 5.29 0.51 7 

Intesting length 257.67 5.76 24 258.73 13.58 4 281.86 9.57 7 251.64 9.94 7 

Intestine mass 24.12 1.41 25 24.25 3.52 4 22.45 0.99 7 24.52 1.88 7 

Leg muscle mass 16.69 0.50 26 13.67 1.28 4 15.52 1.44 7 15.96 0.69 7 

Liver mass 12.61 0.55 25 10.51 1.05 4 12.60 1.28 7 12.09 0.88 7 

Mesentery fat mass 2.53 0.40 25 2.08 0.71 4 2.03 0.45 7 3.41 0.94 7 

Omental fat mass 4.69 0.65 25 4.19 1.40 4 3.06 0.73 7 2.97 0.65 7 

Skin mass 69.55 3.86 26 55.91 11.31 4 56.21 5.65 7 61.05 5.57 7 

Visceral fat mass 0.20 0.03 23 0.18 0.08 4 0.24 0.09 7 0.23 0.03 7 

Spring 
            

Corrected body mass 524.09 25.48 24 463.74 21.02 7 425.27 25.77 4 495.16 27.30 2 

Esophagus-proventriculus length 22.69 1.58 13 20.25 1.28 4 22.05 2.55 2 - - - 

Esophagus-proventriculus mass 6.37 0.36 16 3.54 0.21 4 4.92 1.88 2 - - - 

Flight muscle mass 56.71 1.38 16 44.38 3.48 4 40.96 1.53 2 - - - 

Gizzard mass 13.23 0.73 16 12.92 0.64 4 11.85 0.98 2 - - - 

Heart mass 6.00 0.26 16 5.24 0.24 4 4.58 0.41 2 - - - 

Intesting length 291.02 27.81 16 278.40 16.20 4 264.15 19.05 2 - - - 

Intestine mass 30.07 1.59 16 30.69 5.60 4 24.80 2.52 2 - - - 



  Adult male Adult female Juvenile male Juvenile female  
�̅� SE n �̅� SE n �̅� SE n �̅� SE n 

Leg muscle mass 17.89 0.69 16 14.07 1.34 4 12.44 1.65 2 - - - 

Liver mass 14.42 0.73 16 11.85 2.51 4 7.43 0.15 2 - - - 

Mesentery fat mass 3.68 0.46 16 2.85 2.04 4 1.21 1.11 2 - - - 

Omental fat mass 5.87 0.77 16 4.89 3.90 4 1.80 0.59 2 - - - 

Skin mass 75.42 5.31 16 62.62 22.07 4 40.21 0.85 2 - - - 

Visceral fat mass 0.37 0.15 16 0.22 0.09 4 0.09 0.06 2 - - - 



Table A1.4. Mean (with SE) body mass (g) for and numbers of hunter-harvested and scientifically collected waterfowl species at the 

Richland Creek Wildlife Management Area, Texas, during fall, winter, and spring in 2004-2005, 2005-2006, and 2006-2007. 
 

Scientifically 

collected 

Hunter- 

harvested 

Scientifically 

collected 

Hunter- 

harvested 

Scientifically 

collected 

Hunter- 

harvested  
�̅� SE n �̅� SE n �̅� SE n �̅� SE n �̅� SE n �̅� SE n  

Blue-winged Teal Green-winged Teal Northern Shoveler 

   Fall 
                  

Adult male - - - 314.04 11.58 47 340.28 7.55 4 - - - - - - 549.25 18.84 24 

Adult female 377.43 7.00 21 286.98 11.45 38 - - - - - - 585.32 48.68 4 562.32 14.20 22 

Juvenile male 386.91 14.68 11 310.17 10.12 59 - - - - - - - - - - - - 

Juvenile female 334.95 8.97 10 284.11 7.53 53 - - - 219.31 14.88 8 517.23 29.60 4 458.20 19.46 25 

   Early-winter 
                  

Adult male - - - - - - 366.14 11.15 8 320.08 5.72 105 617.36 11.03 4 549.25 18.84 24 

Adult female - - - - - - 334.84 23.60 5 289.69 7.90 60 554.79 25.54 6 562.32 14.20 22 

Juvenile male - - - - - - - - - 299.87 9.40 38 - - - 540.50 19.14 6 

Juvenile female - - - - - - - - - 276.05 6.85 60 533.87 14.74 8 458.20 19.46 25 

   Late-winter 
                  

Adult male - - - - - - 335.11 5.24 22 335.44 6.25 21 576.72 9.22 30 589.56 11.74 17 

Adult female - - - - - - 311.49 17.10 4 302.60 10.17 9 489.57 23.67 6 532.43 22.32 6 

Juvenile male - - - - - - 317.31 8.25 6 324.29 14.16 7 537.43 14.58 11 540.50 19.14 6 

Juvenile female - - - - - - - - - 294.40 9.09 5 523.62 15.36 8 520.00 31.26 5 

   Spring 
                  

Adult male 370.38 3.57 61 - - - 352.56 6.20 24 - - - 601.19 11.10 24 - - - 

Adult female 355.89 9.28 8 - - - 
   

549.25 18.84 24 512.15 22.48 7 - - - 

Juvenile male 362.93 8.04 23 - - - 343.94 5.64 18 562.32 14.20 22 471.41 32.04 4 - - - 

Juvenile female 319.01 9.16 7 - - - 304.13 7.83 9 - - - - - - - - - 

 



Table A1.5. Mean (with SE) molt score for and numbers of scientifically collected waterfowl 

species at the Richland Creek Wildlife Management Area, Texas in fall (1 September – 15 

November), early-winter (16 November – 31 December, late-winter (1 January – 28 February), 

and spring (1 March – 30 March) in 2004-2005 and 2005-2006. 

Species Season Molt score n 

Blue-winged Teal Fall 2.34 (0.65) 28  
Early-winter 2.41 (NA) 1  
Late-winter 2.21 (1.5) 2  
Spring 6.81 (0.99) 62 

Green-winged Teal Fall 5.12 (2.57) 9  
Early-winter 5.97 (1.31) 9  
Late-winter 1.09 (0.56) 8  
Spring 8.73 (3.74) 23 

Northern Shoveler Fall 14.52 (4.84) 4  
Early-winter 3 (1.16) 8  
Late-winter 14.64 (2.98) 34  
Spring 16.78 (4.48) 19 
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