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Abstract: Mottled ducks (Anas fulvigula) are endemic to Gulf Coastal United States, Florida, and Mexico. Birds from Florida, Louisiana, and Texas were 
released in coastal South Carolina from 1975–1983, and subsequent banding data suggest a dispersing and increasing population in the state. Because 
autecology of mottled ducks is little known in South Carolina, we radio-marked 116 females in August 2010–2011 in the Ashepoo, Combahee, and 
Edisto Rivers Basin to assess habitat use throughout the annual cycle. We monitored habitat use by aircraft during fall-winter and via ground reconnais-
sance during spring-summer. Because of small sample size due to radio-transmitter failure and logistics, we pooled data across years to obtain 1,241 
locations from 67 females. Selection ratios (wi) showed that females selected managed tidal impoundments but avoided unmanaged wetlands during 
fall-winter and spring-summer. In fall-winter, females selected wetlands containing planted corn (wi = 1.96 [1.25, 2.57]) over wetlands with natural 
vegetation (wi = 0.92 [0.86, 0.98]). Mottled ducks also selected brackish wetlands (wi = 1.87 [1.68, 2.07]) over wetlands that were fresher (wi = 0.18 [0.08, 
0.29]) or more saline (wi = 0.65 [0.37, 0.92]). Our study highlights the importance of managed brackish impoundments to mottled ducks in South Caro-
lina and underscores differences between birds’ habitat use compared to elsewhere in their range.
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The annual cycle of waterfowl consists of several physiological-
ly- and behaviorally-distinct periods, including breeding, summer 
molting, fall and spring migration, and winter (Bellrose 1980, Smith 
et al. 1989, Batt et al. 1992, Baldassarre and Bolen 2006). Most Ne-
arctic species of dabbling ducks nest at northern latitudes and winter 
in central to southern United States or farther south (Bellrose 1980, 
Baldassarre and Bolen 2006). However, some species of dabbling 
ducks are relatively non-migratory. For example, western (e.g., Cali-
fornia) breeding mallards (Anas platyrhynchos; Yarris et al. 1994, 
McLandress et al. 1996), southern populations of wood ducks (Aix 
sponsa; Bellrose and Holm 1994) and hooded mergansers (Lopho-
dytes cucullatus; Baldassarre 2014), and Gulf coastal and Florida 
mottled ducks (Anas fulvigula) live year-round in local to regional 
areas (Stutzenbaker 1988, Bielefeld et al. 2010). Indeed, knowledge 
of annual autecology is critical to meet annual-cycle needs of non-
migratory species given that they typically reside in a smaller geo-
graphic region (Wilson 2007, Bielefeld et al. 2010).

Mottled ducks are endemic to peninsular Florida and coastal 
regions of Alabama, Mississippi, Louisiana, and Texas (Bielefeld 
et al. 2010). Mottled duck habitat use has been studied throughout 
their endemic range (Stutzenbaker 1988, Zwank et al. 1989, John-

son et al. 1991, Davis 2012, Moon 2012, Varner 2013). Mottled 
ducks in the Gulf coast region use flooded ricelands considerably 
during the breeding season, but a complex of agricultural and oth-
er habitats and resources, including coastal marsh, pastures, and 
prairies, are also important for non-breeding birds (Stutzenbaker 
1988, Holbrook et al. 2000, Durham and Afton 2006, Bielefeld et al. 
2010). Moreover, Gulf coastal mottled ducks also appeared to se-
lect brackish and fresh marshes over other coastal habitats during 
both the breeding and non-breeding period (Davis 2012, Moon 
2012). Historically, mottled ducks inhabited fresh emergent and 
brackish wetlands inland and along both coastlines of Florida, but 
today these birds use a variety of habitats because of wetland loss 
and degradation (Bielefeld et al. 2010). It is estimated that > 50% 
of mottled ducks in Florida use urban/suburban wetlands such as 
retention ponds and drainage ditches during both the breeding 
and non-breeding periods (Bielefeld 2002, Bielefeld et al. 2010). In 
more rural regions of Florida, such as the Everglades Agricultural 
Area, mottled ducks use seasonally flooded ponds and marshes as-
sociated with major rivers and lakes, storm-water treatment areas, 
and the Everglades (Johnson et al. 1991, Bielefeld 2002, Bielefeld 
et al. 2010). 
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Wetland habitats of South Carolina differ from resources en-
countered by mottled ducks in Gulf coastal and Florida regions. 
Natural marshes of coastal South Carolina exhibit a semi-diurnal 
tidal cycle where water depths fluctuate by as much as 2.29 m 
(Ricketts 2011). In contrast, Gulf coastal tidal marshes have an 
amplitude of < 1 m (Dardeu et al 1992). Unlike elsewhere in the 
mottled duck’s range, flooded pastures, associated seasonal wet-
lands, flooded croplands, and retention ponds associated with 
agriculture and storm water treatment have typically been absent 
from coastal South Carolina. Rice production that was initiated 
in the early 1700s in the Lowcountry was an important precursor 
to current-day managed tidal impoundments in South Carolina. 
Intensive management of these impoundments for migrating and 
wintering waterfowl may have begun as early as the early 1900s, 
and today the impoundments mimic seasonally flooded wet prai-
rie habitats. Prior to the mid 1970s mottled ducks apparently did 
not exist in South Carolina, despite suitable habitats apparently be-
ing available. Wildlife managers and private conservationists from 
South Carolina and elsewhere translocated 1,285 mottled ducks 
from Louisiana, Texas, and Florida to two coastal regions of South 
Carolina from 1975–1983. By 2010, the South Carolina population 
of mottled ducks was estimated to be between 15,000 and 20,000 
individuals (South Carolina DNR, unpublished data).

To our knowledge, only one study of breeding mottled ducks 
has been conducted in coastal South Carolina (Weng 2006). Mot-
tled ducks preferred water depths of 3–45 cm in managed tidal 
impoundments, but Weng (2006) did not study other potentially 
important habitat covariates such as salinities, vegetation dynam-
ics, hunting regime, or wetland management practices. To bet-
ter understand the annual autecology of mottled ducks in South 
Carolina, we assessed habitat use of these birds throughout much 
of their annual cycle (Shipes 2014). Wetland managers also desire 
information on specific habitat needs of mottled ducks during the 
birds annual cycle to guide habitat conservation planning for mot-
tled ducks (Shipes 2014). 

Study Area
We conducted our study in the 182,115-ha estuarine complex 

of the ACE Basin located in the southern half of South Carolina’s 
coastline in Beaufort, Charleston, and Colleton counties. The ACE 
Basin is one of 27 national research reserves monitored by the Na-
tional Estuarine Research Reserve System and contains 128,000 ha 
of land protected by state, federal, private, and nonprofit organi-
zations (NOAA 2012). The ACE Basin contains pine and hard-
wood uplands, forested wetlands, fresh, brackish and salt water 
tidal marshes, barrier islands, and beaches (SCDNR 2013). Our 
study included wetlands and associated habitats on private, state, 

and federal lands including Ernest F. Hollings ACE Basin National 
Wildlife Refuge (NWR), Bear Island Wildlife Management Area 
(WMA), Nemours Plantation Wildlife Foundation, and Cheeha 
Combahee Plantation.

Methods
Mottled Duck Capture 

We captured mottled ducks on our study area using night-light-
ing techniques during August–September 2010–2011 when most 
birds were wing-molting (Merendino et al. 2005, Mills et al. 2011). 
We transported all captured females to the laboratory at Nemours 
Plantation and prepared them for radio-marking. We outfitted 115 
hatch-year and after-hatch-year females either with a harness style 
transmitter (21 g; Advanced Telemetry Systems model A2300, 
Isanti Minnessota) or an intra-abdominal transmitter (18 g; Ho-
lohil Systems Model RI-2D, Carp, Ontario, Canada) in 2011, but 
only used intra-abdominal transmitters in 2012, as these devices 
have been successfully used on mottled ducks in other studies (Da-
vis 2012). We followed Dwyer’s (1972) method for attaching har-
ness transmitters and Korschgen et al. (1984) for intra-abdominal 
transmitters, using a team of skilled veterinarians to implant trans-
mitters in a laboratory at Nemours (Korschgen 1984). Both trans-
mitters were ≤ 3% of the bird’s body mass at capture (mean body 
mass: 752.7 ± 6.3 g) and had an estimated 30-month lifespan. Each 
transmitter was equipped with a mortality sensor that doubled the 
pulse rate when the transmitter was motionless ≥ 8 hours. We also 
banded each mottled duck with a standard USGS aluminum leg 
band. 

Radio Tracking
We began monitoring radio-marked females five days post 

release. In August–December 2010 and 2011, we located radio-
marked females weekly using an aircraft equipped with strut-
mounted 4-element Yagi antennas (Gilmer et al. 1981). Beginning 
in January 2011 and 2012, we located radio-marked birds ≥ 3 times 
per week from a truck using an ATS receiver (Model R4000, Ad-
vanced Telemetry Systems, Inc. Isanti, Minnesota) and a hand-
held 3-element Yagi antenna. For both aerial reconnaissance and 
ground tracking we recorded positions using a handheld GPS unit 
(Garmin Corporation, Olathe, Kansas) where error was < 5 m for 
each fix and triangulated each birds’ location during daylight hours 
(White and Garrott 1990). We used Locate 3.33 (Pacer Comput-
ing, Nova Scotia, Canada) to convert the raw coordinates to actual 
bird locations. Upon detecting a mortality signal, we attempted to 
retrieve the transmitter and determine cause of bird’s death. 
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Habitat Categorization 
We used ArcMap 10 and overlaid bird locations onto 2011 Na-

tional Agricultural Imagery digital orthophoto images of the study 
area. We used a 95% kernel density estimator to determine area 
used by radio-marked mottled ducks (Legagneux et al. 2008). We 
created polygons within the 95% KDE to differentiate the following 
habitat and management categories: 1) management regime; i.e., 
whether or not wetland impoundments received active hydrologi-
cal management by managers, 2) salinity regime; i.e., intermediate 
(1–5 ppt.), brackish (5–15 ppt.), and brackish/salt (15–25 ppt.), 3) 
hunting regime; whether or not waterfowl hunting occurred within 
a wetland, and 4) vegetation coverage; whether wetlands contained 
natural wetland vegetation only or natural vegetation and agricul-
tural crops, such as corn and Japanese millet. In GIS, we assigned 
each of these four categorical variables to individual polygons and 
used the join function in ArcMap 10 to assign or link categories and 
individual female locations. Lastly, we calculated the total area of 
each category within the 95% KDE so proportions of each category 
could be differentiated for subsequent analyses of habitat selection. 

Statistical Analysis
We assessed habitat selection by female mottled ducks using the 

Manly et al. (2002) selection ratio approach, where: wj = uj / aj and 
uj was the proportion of use of the habitat class j and aj is the pro-
portion of this habitat available to individual mottled ducks within 
their KDE. Habitat selection ratios are a simplified case of resource 
selection functions where each resource unit is classified into dis-
tinct categories (Manly et al. 2002). We used chi–square analysis 
to determine whether female mottled ducks used resource units 
similar to one another and whether habitat use occurred in pro-
portion to availability (Manly et al. 2002, Rogers and White 2007). 
We then calculated selection ratios and accompanying 95% Bon-
ferroni confidence intervals to determine if specific resource units 
were used disproportionally to their availability, implying units 
were selected or alternatively avoided by mottled ducks (Thomas 
and Taylor 1990, Manly et al. 2002, Rogers and White 2007). Se-
lection ratio values greater than one imply selection for a category 
while ratio values less than one suggest avoidance. We used pro-
gram Fishtel (v 1.4) to calculate chi-square statistics and selection 
ratios (Rogers and White 2007). This analysis does consider indi-
vidual variation associated with resource selection, but it allows 
pooled observations among all individuals in a sample population. 
Therefore, our resulting selection ratios are provided at a popula-
tion and not individual level (Manly et al. 2002).

As described, our distinct resource units included hydrological 
management, salinity category, vegetation types within wetlands, 

and presence or absence of hunting. We examined selection of hy-
drological management and salinity category for two time periods: 1) 
15 August – 31 January, which encompassed post-breeding through 
mid-winter, and 2) 1 February–1 June, or post-waterfowl hunting 
through the breeding season. We evaluated habitat selection rela-
tive to presence or absence of hunting only during the regular South 
Carolina waterfowl hunting season (i.e., 20 November – 30 January). 
We evaluated habitat selection for vegetation types (natural vs. ag-
ricultural vegetation) in wetlands for the period 15 November–15 
February, when we were certain agricultural crops were available to 
mottled ducks. Crops in wetlands generally were toppled, decom-
posed, or eliminated by managers soon after the waterfowl hunting 
season, thus only leaving wetlands with native vegetation and non-
cropped wetlands for comparison of duck use.

Results
Radio Instrumentation and Tracking

We radio-marked 80 and 36 female mottled ducks from August–
September 2010 and 2011, respectively. Because of failed transmit-
ters (primarily backpacks), non-detection of radio-marked females 
in (or outside) the study area after their release, or birds’ deaths, we 
obtained 1,241 locations from 67 females (58%) from fall-spring 
2010–2012 and used these data in analyses for habitat selection. All 
results reported here are from females with implanted transmit-
ters. Despite unexplained lack of detection of backpack transmitted 
mottled ducks, we have no reason to believe that this cohort of birds 
would have used regions or habitats differently (i.e., biasing habitat 
use/selection results) than birds marked with implants, as we cap-
tured birds at similar times and molting wetlands in both years. 
Thus, although non-detection of backpack transmitters limited our 
sample size, we regarded results from mottled ducks with implant-
ed transmitters being representative of the greater population.

Habitat Use and Selection
Fall-winter.  We obtained data from 67 females (n = 693 loca-

tions) to investigate habitat selection during fall-winter relative to 
hydrologic management and salinity category. Females used hy-
drologically managed wetlands > 8 times more than unmanaged 
wetlands (χ2

66 = 92.15, P = 0.01; Table 1). Additionally, females’ 
use of managed wetlands exceeded availability of these wetlands 
(χ2

67 = 606.40, P < 0.001), implying females selected managed habi-
tats (wi = 1.86 [1.79–1.93] [CI]) but avoided unmanaged wetlands 
(wi = 0.89 [0.80, 0.98]); Table 1). 

Females also differentially used wetlands relative to salinity des-
ignation (χ2

132 = 321.90, P < 0.001), and use was disproportional to 
availability of the wetlands (χ2

133 = 612.97, P < 0.001). Females were 
10 times more likely to select brackish over intermediate wetlands, 
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and 4 times more likely to select brackish over brackish/saline wet-
lands (Table 1).

Winter-Waterfowl Hunting Season.  We obtained data from 
55 females (n = 354 locations) to investigate habitat selection in 
relation to presence or absence of waterfowl hunting in wetlands 
used by females during South Carolina’s waterfowl hunting sea-
son. Females differentially used hunted over non-hunted wetlands 
(χ2

54 = 110.0, P < 0.001), and use was disproportional to availability 
(χ2

55 = 112.2, df = 55, P < 0.001). However, because Bonferroni 95% 
confidence intervals included 1 we could not demonstrate selec-
tion of one habitat type over another by females (Table 1). 

We evaluated selection by 55 radio-marked females (n = 364 lo-
cations) for wetlands with natural vegetation versus those with a 
combination of crops and native vegetation. Female use between 
types differed (χ2

54 = 78.9, P = 0.015) and these habitats were used 
disproportionally to their availability (χ2

55 = 93.5, P < 0.001). Selec-
tion ratios indicated that females were two times more likely to select 
wetlands containing crops than only natural vegetation (Table 1).

Spring-summer.  We used data from 36 radio-marked females 
(n = 548 locations) to investigate selection of habitats during 
spring-summer relative to hydrological management and salinity. 
Crops in wetlands generally were toppled, decomposed, or elimi-
nated by managers soon after the waterfowl hunting season, thus 
only leaving wetlands with native vegetation but no other wetland 
types for comparison. Females differentially used managed and 
unmanaged wetlands (χ2

35 = 755.3, P < 0.001), and use was dispro-
portional to availability of these wetlands (χ2

36 = 773.7, P < 0.001). 

Female mottled ducks were > 27 times more likely to select man-
aged wetlands (wi = 2.02 [1.89, 2.15]) over unmanaged wetlands 
(wi = 0.10 [0.05, 0.15]; Table 1).

Female mottled ducks differentially used wetlands of varying 
salinities (χ2

68 = 277.1, P < 0.001) throughout spring and sum-
mer. Females use of brackish wetlands exceeded availability of 
these wetlands (χ2

69 = 722.5, P < 0.001), implying females selected 
brackish wetlands (wi = 2.01 [1.74, 2.28]) but avoided intermediate 
(wi = 0.21 [0.09, 0.33]) and brackish/salt wetlands (wi = 0.47 [0.12, 
0.82]; Table 1).

Discussion
Resource Selection 

Our study was one of the first to demonstrate empirically habi-
tat selection by radio-marked female mottled ducks in South Car-
olina. Gordon et al. (1998) reported more migrating and wintering 
dabbling ducks in managed tidal impoundments than unmanaged 
tidal wetlands, but did not report individually on mottled ducks. 
Patterns of selection of managed brackish wetlands by radio-
marked mottled ducks in our study seemed consistent across fall-
winter and spring-summer seasons and commensurate with previ-
ous observations of waterfowl in general (Gordon et al. 1998). For 
decades, managed brackish wetlands have been acknowledged as 
critical for waterfowl migrating through and wintering in the ACE 
Basin (Gordon et al. 1998). Our findings also corroborate habi-
tat associations of mottled ducks during the breeding season that 
were observed during aerial surveys in the Santee River Basin. 

Managed tidal impoundments differ considerably from un-
managed tidal wetlands in South Carolina, especially in vegetation 
communities and surface-water area (Gordon et al. 1989). Man-
aged tidal impoundments are typically shallowly flooded (< 1 m). 
Water levels are managed in summer to promote growth of wetland 
emergent and submerged aquatic plants, such as dwarf spikerush 
(Eleocharis parvula) and wigeongrass (Ruppia maritima; Gordon et 
al. 1989). Foliage and seeds of these species provide quality food for 
nonbreeding dabbling ducks in this region (Prevost et al. 1978, Gor-
don et al. 1989). Moreover, vegetation in managed tidal impound-
ments is often actively manipulated to create interspersed herba-
ceous vegetation and open water (i.e., hemi-marsh) that enhances 
access and other activities by nonbreeding waterfowl (Gordon et al. 
1989, Gordon et al. 1998, Smith et al. 2004). In contrast, unman-
aged tidal areas in our study area were dominated by smooth cord-
grass (Spartina alterniflora), with black needlerush (Juncus roemar-
ianus) forming largely homogenous patches in higher elevations. 
Also, saltmarsh bulrush (Schoenoplectus robustus), giant cordgrass 
(Spartina cynosuroides), and soft-stemmed bulrush (Schoenoplectus 
tabernaemontani) are interspersed with Spartina alterniflora (Rick-

Table 1. Habitat categories, selection ratios, and corresponding 95% Bonferroni confidence intervals 
for radio-marked mottled ducks (n) in the Ashepoo, Combahee, and Edisto Rivers Basin, South 
Carolina, fall-summer 2010-2012.

Wetland 
characteristic

Fall-Winter Spring-Summer

n
Selection ratio 

wi (CI)a n
Selection ratio 

wi (CI)a

Managed 67 1.86 (1.79, 1.93) 36 2.02 (1.89, 2.15)

Unmanaged 0.89 (0.80, 0.98) 0.10 (0.05, 0.15)

Agricultural Vegetation 55 1.96 (1.25, 2.67)

Natural Vegetation 0.92 (0.86, 0.98)

Hunted areas 55 1.02 (0.95, 1.09)

Non-hunted areas 0.79 (0.31, 1.27)

Intermediate 67 0.21 (0.06, 0.36) 36 0.21 (0.09, 0.33)

Brackish 2.00 (1.73, 2.27) 2.01 (1.74, 2.28)

Brackish / Salt 0.45 (0.09, 0.81) 0.47 (0.12, 0.82)

a. Selection ratios and corresponding 95% Bonferroni confidence intervals for habitats encountered by 
radio-marked mottled ducks.

b. All variables were significant at P <0.03.
c. Blanks denote that wetland characteristic was not applicable.
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etts 2011). Unmanaged tidal wetlands undergo a semidiurnal tide 
cycle (NOAA 2012) where daily frequency, duration, and depth of 
water vary spatially and temporally. These natural dynamics often 
promote tall, dense wetland vegetation with limited open water 
that is difficult to access by waterfowl (Kaminski and Prince 1981, 
Gordon et al. 1998). Consequently, most open water in these tidal 
systems is associated with river and creek channels, which are rela-
tively deeply flooded (> 1 m; Gordon et al 1998). We suspect that 
relatively stable water conditions in managed brackish and saline 
wetlands unlike that of natural tidal marshes contributed to great 
use of brackish-saline wetlands by mottled ducks.

Mottled ducks in Louisiana and Texas may shift habitat use from 
marsh and wet prairie habitats during winter and pre-breeding pe-
riods to agricultural lands (e.g., rice) during the breeding seasons 
(Stutzenbaker 1988, Zwank et al. 1989, Davis 2012). Wetlands with 
planted crops (e.g., corn) were most important to mottled ducks 
during winter, and these resources were unavailable during breed-
ing because wetlands are drained post-hunting season in prepa-
ration for subsequent management. Female mottled ducks in our 
study selected wetlands with planted crops, primarily corn, over 
those with only natural vegetation during fall-winter (15 Novem-
ber–15 February). Davis (2012) observed female mottled ducks 
shifting from natural wetlands to ricelands from winter to the 
breeding period. We likely did not observe this trend because wet-
lands containing crops generally were available during winter for 
waterfowl hunting, then drained shortly after the season. We can-
not fully explain use of agricultural wetlands by mottled ducks but 
corn contains high energy and is among the most metabolizable 
of waterfowl foods (Kaminski et al. 2003). One hypothesis is that, 
like congeneric mallards, mottled ducks may consume corn when 
it is flooded and available. However, we did not study food habits 
of mottled ducks so we can only speculate at this time. 

Across much of their range, mottled ducks select fresh and in-
termediate wetlands over brackish and brackish/salt wetlands dur-
ing winter and breeding seasons (Johnson et al. 1991, Davis 2012, 
Wehland 2012). However, an affinity by mottled ducks in the ACE 
Basin for brackish wetlands may be related to vegetation compo-
sition and water management. Brackish wetlands share vegetation 
characteristics with tidal freshwater and salt marsh (Gordon et al. 
1989). Brackish managed wetlands contain seeds of annual grasses, 
widgeon grass, spikerushes, and other important plants (Gordon et 
al. 1989). Invertebrates are likely a vital component of mottled duck 
diets in these wetlands, but virtually nothing is known about this 
aspect. We found that intermediate wetlands were essentially avoid-
ed during both winter and spring by radio-marked mottled ducks. 
Intermediate wetlands of the ACE Basin are dominated by early 
successional and herbaceous emergent plants such as rice cutgrass 

(Leersia oryzoides) and panic grasses (Panicum spp.). Management 
strategies in intermediate wetlands prioritize quality moist-soil 
plant communities, providing quality food and other resources 
for wintering waterfowl (Kross et al. 2008, Schummer et al. 2012). 
Thus, we cannot fully explain why mottled ducks didn’t select these 
wetlands in winter. Intermediate wetlands in spring and summer 
contain dense and uniform vegetation and water levels < 0.3 m, 
which may have been unfavorable to breeding mottled ducks or 
females with broods because of limited access into the wetlands. 

Hunted and Non-Hunted Wetlands
State and private managed lands and part of ACE Basin NWR 

(4,781 ha) comprised much of our study area, and these areas vary 
in hunting frequency. For example, Bear Island WMA is a 4,864-ha 
wetland complex that allows approximately 20 hunting parties once 
per week (D. Harrigal, personal communication). This level of hunt-
ing disturbance may not be enough to discourage use by mottled 
ducks on non-hunted days, and may explain why hunted areas did 
not seem to be avoided by birds. We had no information on the fre-
quency and intensity of hunting on private lands and it likely varied 
considerably per individual landowner prerogatives. The ACE Basin 
NWR was the only property in our study area prohibiting waterfowl 
hunting. Radio-marked mottled ducks did use wetlands there but 
not in proportion to their availability, perhaps because of most of 
the wetland types there classified as intermediate. The early pairing 
chronology, less gregarious sociobility, and year-round residency of 
mottled ducks may benefit them in safely exploiting habitats amid 
hunting activity (Stutzenbaker 1988, Paulus and Weller 1988, Grand 
1992, Zwank et al. 1989). In conclusion, managed brackish wetlands 
seem vital to mottled ducks in the ACE Basin, but more information 
is needed on the annual ecology and habitat use by the species, espe-
cially with respect to seasonal needs (e.g., diet) and how they relate 
to current wetland management practices in the ACE Basin. 
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