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Mottled ducks (Anas fulvigula) are a non-migratory waterfowl species endemic to
the western Gulf Coast, with a separate, genetically distinct subspecies (A. fulvigula
fulvigula) occurring in peninsular Florida. Birds from Texas, Louisiana, and Florida
were released in coastal South Carolina from 1975-1983, and banding data suggest an
expanding population. I monitored 72 mottled duck nests and captured and radio-marked
196 pre-breeding and nesting females between 2010 and 2014 to study breeding ecology
of these birds in the Ashepoo, Combahee, Edisto Rivers Basin. Nest success averaged
12% and varied with vegetation height and year. Indicated breeding pair surveys
revealed breeding mottled ducks select managed wetland impoundments, predominately
influenced by water depth. Future research should investigate ecology of nest predators
of mottled ducks to devise successful habitat management strategies for breeding birds.
Preliminary evidence suggests that managed wetland impoundments are important to
breeding and brood rearing mottled ducks in coastal South Carolina.
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GENERAL INTRODUCTION
The mottled duck (Anas fulvigula) is one of three southern “dusky ducks”
including the Florida duck (A. fulvigula fulvigula) and Mexican duck (A. platyrhynchos
diazi; Stutzenbaker 1988). Males and females are monochromatic, having nearly
identical dark plumages—hence their moniker “dusky ducks” (Bellrose 1976). Mottled
ducks are members of the “mallard complex” and thus closely related to 13 species of
ducks in the Tribe Anatini (Kulikova et al. 2005, Baldassaree and Bolen 2006). Recent
genetic analyses indicate mottled ducks are more closely related to the American black
duck (A. rubripes) than other species of Anatini (McCracken et al. 2001).
Mottled ducks are endemic to the Gulf of Mexico and inhabit coastal marshes
from Mexico, and north along coastlines of Texas, Louisiana, Mississippi, and Alabama
(Bielefeld et al. 2010). A separate population exists in Florida (Bielefeld et al. 2010).
Throughout their ranges, mottled ducks are largely non-migratory and occupy similar
habitats during its annual life cycle (Stutzenbaker 1988). Mottled ducks typically inhabit
shallow, fresh to saline coastal marshes. In southern Texas and Louisiana, mottled ducks
use inshore rice fields and cattle pastures, while mottled ducks in Florida often occupy
man-made impoundments such as storm and wastewater treatment areas and ditches
(Stutzenbaker 1988, Bielefeld et al. 2010).
Mottled ducks are considered to be the least gregarious of all dabbling ducks, but
1

they do aggregate during summer remigial molt. Mottled ducks typically engage in
courtship and pair formation annually in August, and this intensifies October through
December (Paulus 1988). Initial pair bonds often are formed in late summer while males
court flightless females still engaged in remigial molt. About 90% of females are paired
by December (Paulus 1988). In Texas, peak nesting occurs from April to May, but nests
have been discovered as early as February (Stutzenbaker 1988, Bielefeld et al. 2010).
Peak nest initiation of mottled ducks in Florida occurs from late March through May
(Bielefeld et al. 2010). Mottled ducks use diverse habitats for nesting, but smooth and
rough cordgrass (Spartina alterniflora, S. patens) on ridges located adjacent to
permanently wet marsh seems to be desirable nesting substrates (Stutzenbaker 1988).
Mottled duck broods also seem to use diverse habitats that contain food, shallow
water (< 30 cm), and escape cover (Stutzenbaker 1988, Bielefeld et al. 2010). Wetlands
used by these broods tend to be small, or < 30 m diameter, with irregular shaped edges of
cordgrass (Spartina spp.) or cattails (Typha latifolia; Johnson 1974, Stutzenbaker 1988).
Water depths of < 30 cm and that support dense stands of dwarf spikerush (Eleocharis
spp.) and widgeon grass (Ruppia maritima; Johnson 1974, Stutzenbaker 1988) also seem
important to the species. Submerged wetland vegetation can harbor rich invertebrate
communities essential to duckling survival and growth, and replenishment of protein in
post-breeding and molting females (LaHart and Cornwall 1970, Hohman et al. 1992).
Despite the importance of submerged wetland vegetation to broods, ducklings also use
deeper water as they age (Johnson 1974). In Texas, broods often use ponds and grassy
ditches containing abundant invertebrate species and emergent and submerged
vegetation, but rice fields were deemed poor quality brood rearing habitat in Texas
2

(Stutzenbaker 1988). Brackish marshes, freshwater prairie ponds, pasture ponds, ditches,
and storm water treatment areas are commonly used by mottled duck broods in Florida
(LaHart and Cornwall 1970, Bielefeld et al. 2010).
A free ranging population of mottled ducks was not endemic to South Carolina or
Georgia (Bielefeld et al. 2010). Efforts to establish a resident breeding population of
mottled ducks in South Carolina by the South Carolina Department of Natural Resources
(SCDNR) were initiated from 1975–1982, when approximately 1,285-banded birds were
released in the coastal marshes of the Santee River Delta and the Ashepoo, Combahee,
Edisto Rivers (ACE) Basin (SCDNR unpublished data). Birds were translocated from
Texas, Louisiana, and Florida. Since their release, the mottled duck population in South
Carolina apparently has increased according to banding data and through observations by
wetlands managers in many coastal wetlands in the state (Shipes 2014). Several studies
of mottled duck nesting ecology and brood rearing habitat have been conducted
elsewhere in the species’ range (Johnson et al. 2002, Durham and Afton 2003, Finger et
al. 2003, Dugger et al. 2010, Varner et al. 2013), but only two studies have investigated
mottled ducks in South Carolina (i.e., Weng 2006, Shipes 2004); no studies of broods
have been conducted there.
In 2008, SCDNR initiated banding of mottled ducks in South Carolina to estimate
survival, harvest, and population size. Preliminary population estimates were 23,000
mottled ducks for years 2009–2011 (SCDNR unpublished data). Given apparent growth
in the mottled duck population, there is increasing interest to study ecology and
management of the species in South Carolina. Thus, beginning in fall 2010, SCDNR,
Nemours Wildlife Foundation, and Mississippi State University initiated a cooperative
3

research project to investigate habitat use and nesting ecology of mottled ducks in South
Carolina. Two studies, Shipes (2014) and this one, were conceived to examine ecology
of the species during breeding and brood rearing seasons. The over-arching goal of these
studies was to discover several but previously unknown aspects of breeding ecology of
mottled ducks such as densities of breeding pairs, nesting substrates (e.g., islands,
mainland) important to the species, brood ecology, and general habitat use.
Populations of North American prairie ducks (i.e., mallards) are mostly
influenced by nest success, female survival during the breeding season, and survival of
ducklings and broods (Hoekman et al. 2002). Because these factors are also likely
important to mottled duck populations, conservation and management of mottled ducks
within the ACE Basin requires an understanding of factors that influence nesting and
brood rearing success of the species. Therefore, my study intended to: 1) index the
occupancy of wetlands and associated habitats used by spring-breeding mottled ducks, 2)
determine nest site selection and estimate nest survival, plus identify potentially
important site-specific areas and local nest site characteristics (e.g., 3rd–4th Order
processes; Johnson 1980, Eichholz and Elmberg 2014) that contributed to successful or
unsuccessful nesting; and 3) quantify movements and habitat use of mottled duck broods
in ACE Basin habitats. My study complements Shipes’ (2014) research and provides
longer-term understanding of the breeding and brood rearing ecology of mottled ducks in
the ACE Basin.
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SOCIAL INDICIES OF BREEDING MOTTLED DUCKS IN THE ASHEPOO,
COMBAHEE, AND EDISTO RIVERS BASIN, SOUTH CAROLINA
Breeding populations of North American waterfowl have been surveyed and
studied since the 1950s, including a system of extensive, systematic aerial and ground
surveys (e.g., annual May Pond Breeding Population Survey and Waterfowl Production
Survey) to estimate annual population fluctuations (Cowardin and Blohm 1992,
Baldassaree and Bolen 2006). Annual estimates derived from these surveys are vital to
monitor population trends, evaluating habitat conditions, and ultimately guiding habitat
conservation and developing harvest regulations (Cowardin and Blohm 1992, Brasher et
al. 2002, Baldassaree and Bolen 2006). Spring surveys of social behavior have long been
used to index numbers of breeding pairs and other social groups of waterfowl in the
northern prairies of the United States and Canada (Hochbaum 1944, Sowls 1955,
Cowardin and Blohm 1992, Brasher et al. 2002). Duzbin (1969) and Hammond (1969)
were first to develop criteria for using indicated breeding pair surveys (IBPs) to index
breeding populations by observing relative abundance of various social groups of
waterfowl, which typically include breeding pairs, lone males, and flocked males
(Hochbaum et al. 1987, Serie and Cowardin 1990, Brasher et al. 2002, Arnold et al.
2008). Indicated breeding pair surveys reveal important information about nesting
behavior and timing of breeding activities (Dzubin 1969, Hochbaum et al. 1987, Serie
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and Cowardin 1990, Arnold et al. 2008). Since inception of the formal IBP criteria,
survey methodology has been refined numerous times to increasingly understand nesting
effort, nesting success, female success, and duckling fledging rates (Sauder et al. 1971,
Hochbaum et al. 1987, Serie and Cowardin 1990, Brasher et al. 2002, Pagano and Arnold
2009).
While IBPs were originally developed for use on breeding ducks in the Northern
Prairies, they have been successfully modified and adapted for waterfowl species in
various geographical landscapes and areas not covered by the traditional breeding
population and waterfowl production surveys (Ballard et al. 2001, Lemelin et al. 2010,
Zimmerman et al. 2011). The IBP surveys function by noting changes in the abundance
of social groups, which in turn reveal important information on the status of the breeding
season (Dzubin 1969, Hochbaum et al. 1987, Arnold et al. 2008). Knowledge of basic
life histories of various species of waterfowl are important for conducting IBP surveys, as
temporal nesting patterns and environmental and landscape configuration (e.g. upland,
overwater substrates) may influence variation in breeding behaviors (Sowls 1955,
Hammond and Johnson 1984, Baldassarre and Bolen 2006).
Social indices have been successfully used for studying mottled ducks (Anas
fulvigula) and other sexually monomorphic species throughout their endemic ranges
(Ballard et al. 2001, Haukos et al. 2010, Zimmerman et al.2011). Development of unique
survey techniques for coastal mottled ducks is necessary as these populations and
geographic areas are not included in traditional or annual range-wide breeding population
surveys (Haukos et al. 2010). Surveys of social indices have been applied in Texas to
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index the relative abundance of mottled ducks in these regions (Ballard et al. 2001,
Haukos et al. 2010).
A population of mottled ducks was established in coastal South Carolina during
the late 1970s and early 1980s. During this time 1,285 mottled ducks were translocated
from Florida, Louisiana, and Texas to the Santee Basin and Ashepoo, Combahee, and
Edisto Rivers Basin (ACE Basin; South Carolina Department of Natural Resources
[SCNDR] unpublished data, Weng 2006, Shipes 2014). Since translocation, mottled
duck populations have apparently increased based on banding data and observations of
coastal wetland managers within the state (South Carolina Department of Natural
Resources, unpublished data, Shipes 2014). Following the final release of mottled ducks
to coastal South Carolina in the early 1980s, SCDNR initiated systematic aerial surveys
of brood rearing, molting, and roosting habitats (SCDNR unpublished data, Shipes 2014).
Nearly all mottled ducks observed used managed brackish and saline impounded
wetlands in the ACE Basin and populations were thought to be increasing (SCDNR
unpublished data, Shipes 2014). Only two formal studies have been conducted on the
ecology of this population of birds in South Carolina, and indications were that wintering
and breeding pairs both occurred in several coastal wetlands of the state (Weng 2006,
Shipes 2014, Shipes et al. 2015).
To help sustain and expand the breeding population of mottled ducks in South
Carolina, continued research is needed on nesting and brood rearing ecology. The ACE
Basin is of great historical significance to migrating and wintering waterfowl owing
importantly to rice production during the 17-19th centuries (Gordon et al. 1989, 1998;
Beach 2015). Formed by the Ashepoo, Combahee, and Edisto Rivers, the 182,115 ha
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estuary is comprised of state, federal, and private lands containing considerable wetlands
and associated habitats (Gordon et al. 1989). Private landowners in the ACE Basin are
dedicated land managers and conservationists of wetlands and waterfowl. Many private
landholdings contain perpetual conservation easements demonstrating collective interests
in maintaining wetlands and waterfowl populations within the region. While the ACE
Basin has relatively few active production ricefields nowadays and extensive upland
grassland habitats, wetlands and associated emergent vegetation communities, serve as
important nesting substrates for mottled or other dabbling ducks (Cowardin et al. 1985,
Greenwood et al. 1995, Durham and Afton 2003, Varner et al. 2013a, Chapter III of this
thesis). Currently, we are in the infancy of our understanding of the preferred habitat for
breeding pairs and important nesting substrates of mottled ducks in the ACE Basin
(Shipes 2014).
To build upon our current understanding of nesting ecology (Chapter III), I
continued Shipes’ (2014) study to gain a longer-term understanding of breeding ecology
of the species. Shipes (2014) and I applied IBP surveys to locate areas of potential
nesting activity throughout the study sites in the ACE Basin. My objectives were: 1) to
index the occupancy of wetlands and associated habitats used by potentially breeding
mottled ducks, 2) use survey data to identify site-habitat characteristics that seemed
important to nesting mottled ducks and subsequently focus nest searching efforts there,
and 3) derive management implications consistent with site-habitat characteristics
seemingly important to breeding pairs of mottled ducks. I did not use IBPs to estimate
breeding population size because mottled ducks are thought to exhibit low nesting
propensity (Varner et al. 2013). While a sizable proportion of mottled duck may pair
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before and during the breeding season (Paulus 1988, Stutzenbaker 1988), using IBPs to
estimate the size of the breeding population could potentially bias high these estimates.
I hypothesized that IBP abundances would increase with wetland area, as larger
wetlands could result in a greater level of interspersion between vegetation and water
(i.e., hemi-marsh), which theoretically would increase habitat complexity and attract
additional breeding mottled ducks, as opposed to smaller wetlands (Kaminski and Prince
1984). I also hypothesized that water depth would influence pair use of wetlands, as
several studies have indicated that mottled ducks use shallowly flooded wetlands (i.e., 4–
20 cm) throughout their annual cycle in greater proportion to more deeply flooded
wetlands (Stutzenbaker 1988, Grand 1992, Haukos et al. 2010). Lastly, I hypothesized
that the presence of islets of emergent vegetation among survey wetlands would increase
abundances of IBPs compared to wetlands lacking islets, as islets may provide important
nesting sites for breeding mottled ducks (e.g., Chapter III).
2.1

Study Area
The ACE Basin is one of the largest undeveloped estuarine systems on the United

States Atlantic Coast (SCDNR 2011). The ACE Basin is 182,115 ha and situated in the
southern portion of coastal South Carolina between Charleston and Beaufort, South
Carolina (UTM: 530202, 3614843; Figure 2.1). The ACE Basin contains 128,000 ha of
land protected by federal, state, private, and non-profit conservation organizations and is
one of 27 national research reserves monitored by the National Estuarine Research
Reserve System (SCDNR 2011). Diverse resources including pine and hardwood
uplands, forested wetlands, fresh, brackish, and salt tidal marshes, barrier islands, and
beaches comprise this system (SCDNR 2011). These diverse habitats accommodate rich
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communities of aquatic and terrestrial wildlife species, including endangered and
threatened species such as woodstorks (Mycteria americana), loggerhead sea turtles
(Caretta caretta), and shortnose sturgeon (Acipenser brevirostrum; SCDNR 2011).
In the mid-18th century, tidal swamps adjacent to the Ashepoo, Combahee, and
Edisto Rivers were cleared and diked for rice cultivation (SCDNR 2013, Beach 2014).
When the rice culture declined in this region, wealthy sportsmen purchased plantations
and managed remnant rice fields and uplands for multiple species of wildlife (SCDNR
2013). Continued and intensive management of remnant rice fields has resulted in
habitats that support approximately 30% of the wintering dabbling ducks in the Atlantic
Flyway (Gordon et al. 1998). The significance of these wetlands to waterfowl and
migratory shorebirds has gained recognition for protection under the North American
Waterfowl Management Plan (NAWMP 2012, SCNDR 2013).
I studied primarily in natural tidal marshes and managed tidal impoundments on
the Ernest F. Hollings ACE Basin National Wildlife Refuge (hereafter, ACE Basin
NWR), Bear Island and Donnelley Wildlife Management Areas (WMA), Cheeha
Combahee Plantation, and the Nemours Plantation Wildlife Foundation (Figure 2.1).
Wetlands in these areas are typically categorized as fresh (< 1 ppt), intermediate (1 ̶ 5
ppt), brackish (5 ̶ 20 ppt), brackish/salt (20 ̶ 30 ppt), and salt marsh (30 ̶ 35 ppt). I
provide a list of plant species common to each wetland type in the Appendix (Gordon et
al. 1989).
2.2

Methods
Similar to Shipes (2014), I continued to study breeding ecology of mottled ducks

which provided four years of indicated breeding pair data (2011–2014). Shipes (2014)
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developed protocol used to implement IBP suveys for observing pre-breeding and
breeding mottled ducks in the study area during spring and summer 2011–2014 (Dzubin
1969, Cowardin et al. 1995, Pagano and Arnold 2009). I assisted Shipes (2014) in his
research in 2011 and 2012. Together we used maps and personal knowledge of the ACE
Basin to identify a population of habitats, mostly wetlands, which mottled ducks might
select for nesting. Shipes (2014) initially used a priori criteria integrating characteristics
representative of the ACE Basin such as variable water management regimes among
wetlands, average salinities, and establishing select study sites in the larger geographic
area representative of habitats encountered by mottled ducks.
2.2.1

Survey Sites
Virtually nothing was known about wetland selection or breeding ecology of

mottled ducks in South Carolina prior to initiating these two studies. Therefore when
designing the original study, Shipes (2014) judiciously selected what he hypothesized to
be representative wetlands and associated environments available to nesting mottled
ducks. Furthermore, because manpower was limited, we both approached use of IBP
surveys as a means to locate potentially important nesting areas, and not so much
invoking a blind-and double-observer approach to estimate mottled duck populations
(Pagano and Arnold 2009). Overall, we selected a total of 10 wetlands in the ACE Basin,
which were representative of the diversity of wetland types in this landscape (Figure 2.2).
One wetland was selected in the northern ACE Basin (x = 526322, y = 3614814) where:
1) salinities were least (0 ̶ 5 ppt.) compared to other region and 2) the wetland was
typically drained in spring and summer and water levels were shallow (0 ̶15 cm) to
promote early succession plants that subsequently benefit migrating and wintering
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waterfowl. Sampling was restricted to this one wetland in the northern ACE Basin
because of lack of representative wetlands in the area and restricted landowner access.
From the central ACE Basin (x = 530164, y = 3614188) we selected four wetlands
because there was greater wetland diversity relative to fresh and saltwater systems in this
region. These four wetlands were selected based upon access granted by private
landowners. Wetlands in the central region of the ACE Basin were designated per the
context of “legal” saltwater-freshwater interface; ‘legal’ interface signifies the divide
between salt and freshwater resources, differentiating them commercially for sport
fishing (SCDNR Section 50-5-80). Wetlands in the central ACE Basin ranged from low
(e.g., 2 ppt.) to high (e.g., 20 ppt.) salinities and water levels fluctuated from 5 ̶ 50 cm to
enhance the growth of desirable foraging emergent plants such as dwarf spikerush
(Eleocharis spp.) and salt-marsh bulrush (Scirpus robustus). In the southeastern ACE
Basin, Shipes (2014) used a random number generator to select four wetlands for
sampling from a pool of 29 available wetlands in the Bear Island Wildlife Management
Area complex (x = 552552, y = 3609860). These wetlands typically contained mid to
high salinities (e.g., 5 ̶ 22 ppt.) and water levels fluctuated from 5 ̶ 50 cm to enhance
growth of dwarf spikerush, salt-marsh bulrush, and widgeon grass (Ruppia maritima).
The southwest ACE Basin has few wetlands and limited access. One wetland was
sampled in this region (x = 534473, y = 36087639), and its salinities ranged from (2 ̶ 35
ppt.). Flooding was normally maintained through spring and summer to promote
spikerush, widgeon grass, and other desirable species in this wetland.
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2.2.2

Survey Approach
I followed established IBP protocol as closely as possible (Ballard et al. 2001,

Brasher et al. 2002, Arnold et al. 2008) but man-power limitations did not allow for a
double observer approach. I conducted IBP surveys of each selected wetland once
weekly from sunrise until 1.5 hours after sunrise (McLandress et al. 1996) from the first
week of March through the last week of June 2011–2014. Prior to Shipes (2014) study,
there was no previous history of mottled duck nesting ecology in the ACE Basin. With
little information from which to work, our first priority was to simply discover potentially
mottled ducks in these areas of the ACE Basin in spring. As a result, Shipes (2014) and I
had to be less concerned with devising a rigorous breeding population estimate, and we
did not include the second observer approach in IBP surveys ( Pagano and Arnold 2009).
To sample more wetlands for existence of breeding mottled ducks, Shipes (2014) and I
used a second observer to assist in enumerating birds, but those individuals surveyed
independent wetlands from where we surveyed.
Before observers initiated IBP surveys independently, I trained the second
observer who assisted me in both years of study. Shipes (2014) and I previously
replicated this approach for data collected in the first two years of these studies. During
this experimental training period, each of us observed mottled duck activity
simultaneously on the same wetland, but did not share information until the conclusion of
the survey period. After several observation days and reaching acceptable survey parity
between observers, we each conducted surveys independently in separate wetlands, to
survey as many areas as possible (Cowardin et al. 1995, Shipes 2014).
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Our approach was to count every mottled duck that we could see within an entire
wetland or count all birds in a specified portion of larger wetlands that could not be
surveyed in their entirety (McLandress et al. 1996). We classified all mottled ducks
observed by gender and social status (Grand 1992, Haukos et al. 2010). Specifically, I
used IBP criterion as described by Cowardin et al. (1995), which was slightly modified
from that of Hammond (1969) and Dzubin (1969). I considered pairs, lone males, and
groups of two males and one female as representatives of mottled duck breeding pairs
(Arnold et al. 2008). I only conducted surveys when weather did not prevent clear
visibility of birds (Arnold et al. 2008). At the conclusion of each survey, I inserted a
salinity meter (YSI model 63; YSI Incorporated, Yellow Springs, Ohio) to the bottom of
the wetland where we observed birds (Haukos et al. 2010), or by consulting with wetland
managers who maintained careful records on water delivery among impoundments and
subsequent changes in salinity. I estimated wetland water depth by permanently affixing
a meter stick in a wetland or consulting records of wetland managers who archived data.
2.3

Statistical Analysis
Given the current uncertainty as to how mottled ducks use wetlands in the ACE

Basin, I could not assume that this was a closed population (Mackenzie et al. 2006).
Therefore, I applied a generalized open-population hierarchical N-mixture model
(hereafter, Dail-Madsen model) to estimate abundance of breeding mottled ducks in ACE
Basin wetlands with respect to potentially important covariates previously described for
the sampled wetlands (Shipes 2014). Using spatially and temporally replicated point
counts, the Dail-Madsen model allows the user to estimate organism abundance from
inter- or intra-seasonally obtained data while loosening the closure assumption made by
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previous N-mixture models (e.g. Royle 2004, Shipes 2014). The Dail-Madsen model
uses a modified Jolly-Seber model structure for meta-populations that removes the need
to mark and recapture individuals (Peterson 2014). This model assumes an open
population, which allows for the estimation of population abundance where births,
deaths, immigration, and emigration may be realistically occurring during survey periods.
Dail-Madsen estimates several demographic parameters including: time- and site-specific
abundance (λ), recruitment (γ), apparent survival rate (including mortality and
emigration; ω), and detection probability (p; Hostetler and Chandler 2015). This model
limits site-level covariates only on abundance, while site-level and observation-level
covariates can be included on recruitment, apparent survival rate, and detection
probability (Fiske and Chandler 2011, Peterson 2014).
The Dail-Madsen model can be adapted to multiple survey methodologies to
determine the effects of variables on demographic parameters. The flexibility of this
model allowed me to estimate both initial abundance of IBPs and the relationship of
wetland variables on the population growth (γ) of IBPs, given that our surveys were
conducted on wetlands or portions of them that varied by size (Shipes 2014). The DailMadsen model does not calculate estimates on a per area basis when testing, for example,
the effect of variables on population growth rate of mottled ducks. Given that our
objective was not to estimate the population size of breeding mottled ducks in the ACE
Basin, the Dail-Madsen model functions adequately to estimate the effects of
predetermined covariates on the abundance of potential breeding pairs of mottled ducks
considering that surveys were conducted on wetlands of varying size (Shipes 2014).
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Detection probabilities of observers can vary in relation to their ability to detect
and count birds (Pagano and Arnold 2009). Pagano and Arnold (2009) indicated that
even for experienced observers and more detectable species, detection of birds typically
is not 100%. Fitting models of population dynamics to field data is challenging given
inherent observation error which can bias parameter estimates when observation error is
ignored (Arnold et al. 2008, Hostetler and Chandler 2015). Modeling surveys using the
Dail-Madsen approach allows the user to model detection probability based on varying
parameters and account for imperfect detection, avoiding biases in abundance. Although,
I was not interested in a rigorous population estimate, but was more so interested in
examining wetland characteristics that might influence mottled duck use for developing
an index of mottled duck breeding habitat use (Shipes 2014).
The Dail-Madsen model can also be applied in the sense of a classical population
growth rate model (Hostetler and Chandler 2015). Partitioning population growth into
recruitment and survival can be useful when providing a mechanistic description of
population dynamics, but this is not always possible when using simple count data,
especially when sites are considered open with respect to movement (Hostetler and
Chandler 2015). When the mechanistic model is unrealistic, it can be replaced with
classical population growth models, where the user can model a trend on abundance
using habitat-covariates on γ to model population growth rate. I used this approach in the
analysis of IBP survey count data, given that I was using simple count data and that I was
mostly interested in habitat covariates that attracted breeding mottled ducks to wetlands.
I applied the Dail-Madsen model using the pcountOpen Function of the
Unmarked Package in Program R (v.3.2.2: Fiske and Chandler 2011). I applied the Dail18

Madsen model in the sense of a classical population growth rate model (i.e., dynamics =
trend; Hostetler and Chandler 2015) and only tested covariates for abundance (λ),
population growth rate (γ), and detection probability (p) as I was focused on what habitat
covariates attracted pre-breeding and breeding mottled ducks to wetlands. To test for
abundance (λ), I included site-level covariates of wetland area (ha), presence of absence
of islets of emergent vegetation within the wetland, and year. I included effects of date,
wetland area (ha), observer, and year on detection probability (p), and included a priori
selected ecologically relevant covariates of Julian date of survey, wetland area, wetland
salinity (ppt), wetland water depth (cm), and the presence of absence of islets of emergent
vegetation within the wetland to test against population growth rate (γ).
The Dail-Madsen model allows for specification of surveys into primary and
secondary survey periods (Dail and Madsen 2011, Fiske and Chandler 2011). Primary
periods are considered different years, months, or survey periods when the population is
considered closed, meaning that no births, deaths, population growth rate, or emigration
is occurring (Dail and Madsen 2011, Fiske et al. 2014). Populations can be assumed to
be open between, but not within, separate primary periods (Fiske et al. 2014). Within
each primary period, multiple survey periods called secondary periods may be included
which can improve model estimates. Because I assumed an open population, I only used
primary survey periods. The pcountOpen Function also allows for specification of
negative binomial, Poisson, or zero-inflated Poisson data distributions (Fiske et al. 2014).
Using exploratory global models, I determined the most appropriate distribution by
selecting the distribution with the lowest Akaike’s Information Criterion (AIC) value that
also generated realistic estimates with no extraneous standard errors (Akaike 1973,
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Peterson 2014). Based upon modeling results and examination of SEs, I selected the
negative binomial distribution.
2.3.1

Model Selection
Using an information theoretic approach, I developed ecologically relevant

models potentially important to detection of mottled ducks (p), abundance (λ), and
wetland use as population growth rate (γ) by pre-breeding and breeding mottled ducks
(Table 2.1). I included covariates only when pair-wise comparisons of covariates were
not significant (P > 0.05). I developed 16 models a priori for detection probability (p), 8
models for abundance (λ), and 17 models for population growth rate (γ). I used a manual
stepwise selection process based upon Akaike’s Information Criterion (AIC) to find the
best combination of models on λ, γ, and p (Chandler and King 2011). I ran models on p,
keeping λ and γ fully parameterized (Lebreton et al. 1992). Upon determining the model
with the lowest AIC value for p, I then proceeded with the next step of the modeling
process and included the best model for p in all models of γ and evaluated and ranked
these models based on AIC. I then included the best models for p and λ in all models of
γ. I evaluated models by examining model weights and model averaged parameter
estimates of competing models when necessary (Burnham and Anderson 2002). I then
evaluated associated 95% confidence intervals (CIs). For covariates that had coefficients
with 95% CIs that included zero, I assumed the variable effect was inadequate and
eliminated it from further consideration (Burnham and Anderson 2002, Shipes 2014).

20

2.4
2.4.1

Results
Surveys
I conducted 17 surveys on 10 different wetlands from March-June 2011–2014 (n

= 524 surveys) and counted 5,714 mottled ducks in ACE Basin wetlands. The trend of
IBP abundance varied by year, with primary and secondary peaks in abundance of IBPs
occurring in different periods among years (Figure 2.3). Relative to social groupings of
mottled ducks, I most often observed them as pairs (n = 1,716 [30.0%]), lone males (n =
524 [9.2%]), and groups of two males and one female (n = 267 [4.7%]; Figure 2.4).
2.4.2

Dail-Madsen Results
I model averaged 4 population growth rate models that were < 2 ∆AIC units from

the most supported model (Table 2.2). Population growth rate of IBPs of mottled ducks
was best explained by the additive model of presence or absence of islets, wetland area
(ha), date of survey, and water depth (cm). The 95% confidence intervals for date of
survey (β = -0.00, 95% CI = -0.01, -0.00) and water depth (β = -0.00, 95% CI = -0.00, 0.00) did not include zero, suggesting these covariates reliably explained variation in
mottled duck population growth of IBPs (Table 2.3). Water depth and date of survey
were negatively associated with the population growth of IBPs. Although included in
competing models, presence or absence of islets and wetland area showed no evidence of
influencing wetland use by breeding pairs of mottled ducks as confidence intervals
included zero (Table 2.3). The most important explanation for abundance of IBPs of
mottled ducks was the single covariate of year. The effect of year was variable for
abundance estimates of IPBs. Yearly estimates for year were as follows: 2011 was
included in the intercept (β = 1.87, 95% Confidence Interval [CI] = 1.48, 2.26), 2012 (β =
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0.02, 95% CI = -0.55, 0.59), year 2013 (β = 0.09, 95% CI = -0.55, 0.72), and year 2014
(β = 0.70, 95% CI = 0.14, 1.24; Table 1.3). Confidence intervals for 2012 and 2013
included zero, suggesting that these estimates did not reliably explain variation in
abundances of IBPs of mottled ducks. Lastly, three detection probability parameters
were included in model-averaged estimates, which accounted for imperfect detection of
mottled ducks counted in IBP surveys; they were date of survey, wetland area, and year.
Year 2011 was included in the model intercept (β = 3.41, 95% CI = 2.22, 4.60);
additionally, years 2012 (β = -0.51, 95% CI = -1.73, 0.71), 2013 (β = -1.84, 95% CI = 2.80, -0.89), and 2014 (β = -2.28, 95% CI = -3.17, -1.40; Table 1.3) affected detection
probability. Detection of IBPs of mottled ducks declined with survey date (β = -0.02,
95% CI = -0.03, -0.02), and negatively influenced detection probability, whereas wetland
area (β = 0.00, 95% CI = -0.00, 0.00) had no biological effect on detection probability.
2.5

Discussion
Application of social indices to study breeding activity of ducks has been used for

decades in the prairies of North America (Sowls 1955, Cowardin and Blohm 1992,
Arnold et al. 2008). Studies related to breeding activity of mottled ducks in their
endemic range have also occurred, but they have been much more limited in number
(Stutzenbaker 1988, Johnson et al. 1991, Grand 1992, Haukos et al. 2010). Surveys in
Florida during the breeding season indicate the greatest abundances of mottled ducks
occur in prairie habitats having seasonally flooded, emergent wetlands (Johnson et al.
1991). In Louisiana, flooded rice fields provide important feeding and loafing sites for
mottled ducks breeding on agricultural lands (Durham and Afton 2006). In Texas
wetlands amid freshwater prairies that formed from temporary pooling of water, birds
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will defend territories from 10 to 130 ha in size (Stutzenbaker 1988, Haukos et al. 2010).
In contrast, habitats available to mottled ducks in South Carolina differ in structure and
availability from those elsewhere in the species range. My study was specifically
intentioned to use IBP surveys to identify breeding areas and correlates of habitat use by
mottled ducks, and not to specifically generate precise estimates of population abundance
(sensu Johnson et al. 1991). However, my surveys allowed me to index habitat use
through estimated abundances of IBPs (Kaminski and Elmberg 2014). Below I organize
the remainder of the Discussion on use of the Dail-Madsen model to detect relationships
between abundances of IBPs of mottled ducks and wetland covariates, which is a
preliminary step for discovering and interpreting ecological and environmental correlates
important to mottled duck social status and reproductive ecology in the ACE Basin
(Peterson 2014).
2.5.1

Efficacy of the Dail-Madsen Model
I applied the Dail-Madsen model to account for imperfect detection of mottled

ducks in my surveys. The modeling approach was useful for identifying changes in IBP
abundances as a function of wetland covariates, where changes in population λ are
modeled using habitat covariates on γ (Hostetler and Chandler 2015). Model simulations
based on this approach indicated, due to the lack of temporal replicates in my data, that
parameter estimates are imprecise and highly variable (M. Colvin, Mississippi State
University, personal communication). Therefore, caution is needed when interpreting
model outputs because of sample size and survey design. Hence, I recommend future
work increase sample size and implement a robust survey design to improve precision of
parameter estimates, specifically by including secondary periods within annual surveys
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(M. Colvin, Mississippi State University, personal communication). An example of a
secondary period would be to survey each of the 10 wetlands and then institute a 10 day
period of no surveys, while repeating this methodology throughout the breeding season.
2.5.2

Water Depth
At the study’s outset, I hypothesized that water depth would influence pair use of

ACE Basin wetlands. Previous studies indicated that mottled ducks use shallowly
flooded wetlands (4–20 cm) throughout their annual cycle in greater proportion than
those flooded more deeply (Stutzenbaker 1988, Grand 1992, Haukos et al. 2010).
Likewise, I found that abundance of breeding pairs of mottled ducks declined with
increasing wetland water depth in my study. Over my four survey-years, wetland water
depth averaged 25 cm and ranged 0–61 cm. My study area wetlands are typically
managed throughout the year to promote desired waterfowl foods (Gordon et al. 1989).
Maintenance of shallow water levels (i.e., 5–30 cm) is required to achieve growth of
desired plants (Landers 1976, Gordon et al. 1989, Gordon et al. 1998). Studies of mottled
ducks in many areas of their endemic range have documented birds responding to
changes in environmental conditions and water levels by abandoning deeply flooded for
more shallowly-flooded wetlands (Stutzenbaker 1988, Zwank 1989, Varner 2013b).

24

2.5.3

Date of Survey
Short-term pair bonds are characteristic of most dabbling ducks occupying

seasonally productive environments at temperate latitudes (Oring and Sayler 1992). My
modeling results indicate that the number of IBPs declined with the progression of the
breeding season, which is somewhat universal among dabbling ducks (Oring and Sayler
1992). Mottled ducks begin forming pair bonds as early as August, but most commonly
it occurs in September-October (Paulus 1988). Breeding and nesting typically peaks in
March-May, with most pair bonds terminating during incubation, although some may
persist through brood rearing (Bielefeld et al. 2010). Likewise, many prairie nesting
ducks exhibit propensity to nest early in the breeding season and experience greater
reproductive output than later nesting individuals (Rohwer1992), which allows for an
earlier dissolution of pair-bonds in early nest waterfowl. This pattern is likely
representative of the dissolution of pair-bonds with the progression of the breeding
season observed in this study (Figure 2.1).
2.5.4

Presence or Absence of Islets
Increased interspersion of vegetation and open water (e.g., hemi-marsh) in

wetland habitats could increase habitat complexity, providing food and nesting sites, and
therefore attract breeding mottled ducks (Kaminski and Prince 1981, Johnson and Grier
1988). Island nesting by waterfowl is theorized to be a deliberate choice to improve
nesting success (Newton and Campbell 1975, Duebbert et al. 1983), therefore I
hypothesized that wetlands containing islets of emergent vegetation would attract greater
abundances of IBPs of mottled ducks than wetlands lacking islets. Despite the
importance of islets for improving nest success, my results provided little support that the
25

presence of islets influenced use of wetlands by breeding pairs of mottled ducks. In
contrast, this pattern opposes that of nest site selection (Chapter II), where islets were 2.6
times more likely to be selected as a nest site than a levee. Mottled duck IBPs may not
select wetlands for breeding simply based on the presence of islet habitats, but based on a
more complex combination of wetland variables (Stutzenbaker 1988, Shipes 2014).
However, females may benefit from the availability of islet habitats within wetlands that
they ultimately choose for nesting. Future research should explore the relationship
between mottled duck IBP abundance and the interspersion or abundance of islets, other
emergent vegetation, and water (Kaminski and Prince 1981, 1984).
2.5.5

Wetland Area
I also hypothesized that wetland area would positively influence abundances of

breeding mottled ducks. Wetland area often increases abundances and species richness
of dabbling ducks during some periods of the annual cycle (e.g., winter, Pearse et al.
2012; migration, Webb et al. 2010; breeding, Kaminski and Weller 1992). Haukos et al.
(2010) found a positive correlation between wetland area and the abundance of mottled
duck pairs in Texas. However, my results s suggest that wetland area had no biologically
meaningful effect on wetland use by IBPs of mottled ducks in the ACE Basin. Wetland
area in my study averaged 115 ha, whereas wetlands in Haukos et al. (2010) averaged
0.12 ha. I would expect larger wetlands to contain greater abundances of IBPs given that
mottled ducks are territorial during the breeding season and commonly defend nest sites
and loafing ponds from other pairs (Stutzenbaker 1988). Furthermore, larger wetlands
may provide increased habitat benefits, such as emergent nest sites and shallow water
edge to sustain greater abundances of birds (Kaminski and Prince 1981, Webb 2010,
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Shipes 2014). Wetlands in the ACE Basin typically exhibit hemi-marsh configurations
and therefore habitat complexity could attract breeding mottled ducks (Kaminski and
Prince 1981, Johnson and Grier 1988, Shipes 2014). To further validate these
possibilities, I advocate that future research attempt to increase precision of estimates of
habitat covariates to better reconcile biological influences of these parameters by
increasing sample size and implementing more robust survey designs.
2.6

Management Implications
Wetlands of the South Atlantic Coastal Zone have historically been intensively

managed for wintering waterfowl (Gordon et al. 1989). Given the importance of this
region to numerous species of wetland dependent birds in the Atlantic flyway (Gordon et
al. 1989), wetland managers have a unique opportunity to meet the annual needs of
mottled ducks while providing for wintering waterfowl. My study of social indices of
breeding mottled ducks suggested that wetland water depth is important potentially to
breeding pairs of mottled ducks in the ACE Basin. Breeding mottled ducks appear to be
attracted to shallowly flooded (4–20 cm) wetlands, more so than those exceeding 20 cm
depths. Wetland managers in the ACE Basin can deliberately re-create habitats for
breeding mottled ducks by managing hemi-marsh that provides interspersed emergent
and submerged aquatic vegetation with open water. By managing for shallow water (5–
25 cm), managers can promote hemi-marsh in ACE Basin wetlands. For instance, when
shallow water is maintained within brackish or saline impoundments for an entire year, a
late-spring drawdown (e.g., June 1) followed by gradual re-flooding in early summer will
encourage emergence of islets of Spartina bakeri (Gordon et al. 1989), which provide
suitable nest sites for breeding birds. Likewise, shallow water will also encourage
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wetland use by breeding pairs and encourage growth of submersed vegetation important
as forage, such as widgeongrass (Ruppia maritima) that also provide substrates for
invertebrates.
Future studies of social indices of mottled ducks in the ACE Basin should
incorporate a robust survey design with temporal replicates within each breeding season
to improve precision and direction of parameter estimates. Aerial line-transect surveys of
mottled duck IBPs and other waterbirds could be conducted intra- and inter-seasonally to
monitor population sizes through time and space amid dynamics of climate change, sea
level rise, and human development (e.g., Pearse et al. 2008). Additionally, mottled duck
females could be radio-telemetered during winter before the breeding season to determine
nest propensity and success and brood and duckling survival which were accomplished
adequately by my study (Chapters III and IV). These studies will provide the scientific
understanding needed to guide future conservation and management of coastal wetlands
for mottled ducks.
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Date that the survey was conducted
Average water depth of the entire wetland surveyed
Presence of absence of islets within the wetland
Salinity of the wetland when surveyed
Observer that conducted the survey

Date

Depth

Islet

Salinity

Observer
Year that the survey was conducted

Area of the entire wetland surveyed

Area

Year

Description

λ&p

p

γ

λ, γ, & p

γ

γ&p

λ, γ, & p

Modeled on

Variables used to model abundance (λ), population growth rate (γ), and detection probability (p) of indicated breeding
pairs of mottled ducks (Anas fulvigula) using wetlands within the Ashepoo, Combahee, and Edisto Rivers Basin, South
Carolina, spring-summer 2011–2014.

Covariate name

Table 2.1
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Area + date
Date
Isletf + area + date
Depth + date
Islet + date
Null
Salinity
Islet
Salinity + islet
Depth
Depth + salinity
Salinity + islet + area
Area
Salinity + area
Islet + area
Salinity + island + area +
depth
Depth + area

Year
Year
Year
Year
Year
Year
Year
Year
Year
Year
Year
Year
Year
Year
Year
.

.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

ω

Date + area + year

Date + area + year

Date + area + year
Date + area + year
Date + area + year
Date + area + year
Date + area + year
Date + area + year
Date + area + year
Date + area + year
Date + area + year
Date + area + year
Date + area + year
Date + area + year
Date + area + year
Date + area + year
Date + area + year

p

14

16

14
13
15
14
14
12
13
13
14
13
14
15
13
14
14

kb

2407.62

2406.43

2373.41
2373.69
2374.06
2374.66
2375.83
2400.00
2400.81
2401.65
2402.04
2402.37
2402.60
2403.88
2404.81
2405.32
2405.47

AICc

34.21

33.02

0.00
0.28
0.65
1.25
2.42
26.59
27.40
28.24
28.63
28.96
29.19
30.47
31.40
31.91
32.06

∆AICd

< 0.0001

< 0.0001

0.29
0.25
0.21
0.16
0.09
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

wie

Models were averaged where: λ is initial abundance, γ is population growth rate, ω is apparent survival (emigration and mortality), and p is detection probability. A dot signifies no covariate effect. Data
were collected from 524 surveys of 10 independent wetlands.
a
+ denotes an additive effect.
b
Number of estimated parameters.
c
Akaike’s Information Criterion.
d
Difference between current model and the model with the lowest AIC.
e
Relative likelihood of the current model (i) base on the AIC value.
f
Islet (presence or absence

Year

Year

γ

Candidate models for estimating population growth rate per wetland of indicated breeding pairs of mottled ducks (Anas
fulvigula) in the Ashepoo, Combahee, and Edisto Rivers Basin, South Carolina, spring-summer 2011–2014.

γa

Table 2.2
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Table 2.3

a

Model averaged log-scaled coefficient estimates for Dail-Madsen models
examining factors influencing abundance, population growth rate, and
detection probability of mottled ducks (Anas fulvigula) using wetlands in
the Ashepoo, Combahee, and Edisto Rivers Basin, South Carolina, springsummer 2011–2014.
Estimate

SE

Abundance:
Intercepta
2012
2013
2014

Lower 95%
CI

Upper 95%
CI

1.87
0.02
0.09
0.70

0.20
0.29
0.32
0.28

1.47
-0.55
-0.55
0.14

2.26
0.59
0.72
1.24

Population growth rate:
Intercept
Isletb
Area
Date
Depth

0.40
-0.01
0.00
-0.00
-0.00

0.06
0.01
0.00
0.00
0.00

0.28
-0.02
-0.00
-0.01
-0.00

0.52
0.01
0.00
-0.00
-0.00

Detection:
Intercepta
Date
Area
2012
2013
2014

3.41
-0.02
0.00
-0.51
-1.84
-2.28

0.61
0.00
0.00
0.62
0.49
0.45

2.23
-0.03
-0.00
-1.73
-2.80
-3.17

4.60
-0.02
0.00
0.71
-0.90
-1.40

Included effect of year 2011
Islet (Presence or absence)
Standard errors and 95% confidence intervals are included for estimates.
b
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Figure 2.1
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The Ashepoo, Combahee, and Edisto River Basin (ACE Basin) and study sites for studying occupancy of wetlands and
associated habitats by breeding mottled ducks (Anas fulvigula) in South Carolina, spring-summer 2011–2014.

Figure 2.2
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Sites of indicated breeding pair surveys for mottled ducks (Anas fulvigula) in the Ashepoo, Combahee, and Edisto
Rivers Basin, South Carolina, spring-summer 2011–2014.

Figure 2.3
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Trend of abundance of indicated breeding pairs (IBPs) of mottled ducks (Anas fulgivula) in the Ashepoo, Combahee,
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n IBPs recorded per 10 day period

Figure 2.4
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NESTING ECOLOGY OF MOTTLED DUCKS IN THE ASHEPOO, COMBAHEE,
AND EDISTO RIVERS BASIN, SOUTH CAROLINA
Breeding and brood rearing are significant annual events and influence population
dynamics of North American dabbling ducks (Cowardin and Johnson 1979, Hoekman et
al. 2002, Eichholz and Elmberg 2014). Mallards (Anas platyrhynchos) and other ducks
that breed in the northern United States and Canada are well studied (Clark and Shutler
1999, Garrettson and Rohwer 2001, Amundson et al. 2013). We have accumulated
knowledge of patterns and processes of nest site selection and success for most Nearctic
species of ducks, but proximate cues used by females are likely adaptive to conditions
experienced at the time of nesting, such as interspersion of vegetation and wetlands,
wetland density, vegetation characteristics, and other factors (Hines and Mitchell 1983,
Elmberg et al. 2009, Eichholz and Elmberg 2014). Understanding patterns of habitat use
and nest site selection at multiple scales by waterfowl is important to inform landscape
conservation planning and management, such as providing adequate sizes of grassland
tracts that enhance reproductive success in breeding birds (Horn et al. 2005, Stephens et
al. 2005, Amundson and Arnold 2011).
Unlike most dabbling ducks, ecology of nesting and brood rearing mottled ducks
(A. fulvigula) have been less studied, especially in newly established parts of the species
range such as coastal South Carolina (Weng 2006, Shipes 2014). Mottled ducks are one
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of six species or populations within species (e.g., wood ducks, Aix sponsa) of ducks
considered non-migratory in North America. Mottled ducks are endemic to the coastal
marshes and associated habitats of Mexico, Texas, Louisiana, Mississippi, and Alabama,
with a genetically distinct sub-species (A. f. fulvigula) occurring in Florida (McCracken et
al. 2001, Williams et al. 2005, Bielefeld et al. 2010). Several studies have investigated
mottled duck ecology in its range (Baker 1983, Stutzenbaker 1988, Varner et al. 2013).
However, establishment of a resident population of mottled ducks in South Carolina was
recent and occurred in the 1970 ̶1980s. An estimated 1,285 mottled ducks were
translocated from Florida, Louisiana, and Texas, banded and released in the coastal
marshes of the Ashepoo, Combahee, Edisto Rivers Basin (hereafter, ACE Basin) and
Santee River Delta in South Carolina (South Carolina Department of Natural Resources
[SCNDR] unpublished data, Weng 2006, Shipes 2014). Since establishment, the mottled
duck population in South Carolina has increased, according to banding data and through
observations by wetlands managers in many coastal wetlands in the state (Shipes 2014).
The SCDNR initiated surveys of brood rearing, molting, and roosting habitats of
mottled ducks after birds’ release (SCDNR unpublished data, Shipes 2014). Nearly all
mottled ducks observed used managed brackish and saline impoundments in the ACE
Basin. Since the initial SCDNR surveys, only two studies have investigated mottled
ducks in South Carolina.
Weng (2006) studied genetics of mottled ducks in the South Atlantic Coastal
Zone, and Shipes (2014) addressed winter wetland use and nesting ecology of mottled
ducks in the ACE Basin from winter-summer 2010–2012. The ACE Basin lacks active
rice fields and extensive upland habitats that often typify nesting habitats for mottled
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ducks in Louisiana and Texas (Baker 1983, Durham and Afton 2003, Dugger 2010).
However, Shipes (2014) determined that mottled ducks nested in remnant rice fields (i.e.
managed tidal impoundments), systems that now represent a range of fresh to salt marsh
wetlands.
I continued nesting ecology studies initiated by Shipes (2014) to acquire longer
term data for improved understanding and management of this population of mottled
ducks. My specific objectives were to determine nest site selection and estimate nest
survival, plus identify potentially important site-specific areas and local nest site
characteristics (e.g., 3rd–4th Order processes; Johnson 1980, Eichholz and Elmberg 2014)
that contributed to successful or unsuccessful nesting. Based on Shipes’ (2014) results, I
hypothesized that islets of dense vegetation in managed tidal wetlands would be
important nesting substrates for mottled ducks, providing birds with cover and possibly
refuge from predators.
3.1

Study Area
The ACE Basin is one of the largest undeveloped estuarine systems on the United

States Atlantic Coast (SCDNR 2011). The ACE Basin is 182,115 ha and situated in the
southern portion of coastal South Carolina between Charleston and Beaufort, South
Carolina (UTM: 530202, 3614843; Figure 3.1). The ACE Basin contains 128,000 ha of
land protected by federal, state, private, and non-profit conservation organizations and is
one of 27 national research reserves monitored by the National Estuarine Research
Reserve System (SCDNR 2011). Diverse resources including pine and hardwood
uplands, forested wetlands, fresh, brackish, and salt tidal marshes, barrier islands, and
beaches comprise this system (SCDNR 2011). These diverse habitats accommodate rich
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communities of aquatic and terrestrial wildlife species, including endangered and
threatened species such as woodstorks (Mycteria americana), loggerhead sea turtles
(Caretta caretta), and shortnose sturgeon (Acipenser brevirostrum; SCDNR 2011).
In the mid-18th century, tidal swamps adjacent to the Ashepoo, Combahee, and
Edisto Rivers were cleared and diked for rice cultivation (SCDNR 2013, Beach 2014).
When the rice culture declined in this region, wealthy sportsmen purchased plantations
and managed remnant rice fields and uplands for multiple species of wildlife (SCDNR
2013). Continued and intensive management of remnant rice fields has resulted in
habitats that support approximately 30% of the wintering dabbling ducks in the Atlantic
Flyway (Gordon et al. 1998). The significance of these wetlands to waterfowl and
migratory shorebirds has gained recognition for protection under the North American
Waterfowl Management Plan (NAWMP 2012, SCNDR 2013).
I studied primarily in natural tidal marshes and managed tidal impoundments on
the Ernest F. Hollings ACE Basin National Wildlife Refuge (hereafter, ACE Basin
NWR), Bear Island and Donnelley Wildlife Management Areas (WMA), Cheeha
Combahee Plantation, and the Nemours Plantation Wildlife Foundation (Figure 3.1).
Wetlands in these areas are typically categorized as fresh (< 1 ppt), intermediate (1 ̶ 5
ppt), brackish (5 ̶ 20 ppt), brackish/salt (20 ̶ 30 ppt), and salt marsh (30 ̶ 35 ppt). I
provide a list of plant species common to each wetland type in the Appendix (Gordon et
al. 1989).
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3.2
3.2.1

Methods
Mottled Duck Capture and Marking
We captured mottled ducks using night-lighting techniques from July ̶ September

2010 ̶ 2012, generally the period of the birds’ annual remigial molt (Merendino et al.
2005, Mills et al. 2011). Each captured mottled duck was banded with a standard USGS
stainless steel leg band (Federal Bird Banding Permit 23417). Male mottled ducks were
released the same night onto the wetland where captured. Because pair bonds are not
established and birds are gregarious during remigial molt (Paulus 1988, Stutzenbaker
1988), we did not hold males and females together. We transported only females to the
Nemours Plantation laboratory and prepared them for radio-marking. In 2010, we
outfitted hatch-year and after-hatch year females with either a harness style transmitter
(21 g; Advanced Telemetry Systems model A2300, Isanti, Minnesota, USA) or an intraabdominal transmitter (18 g; Holohil Systems model RI-2D, Carp, Ontario, Canada;
Shipes 2014). We used only intra-abdominal transmitters in 2011 and 2012 because of
apparent failure of harness style transmitters in 2010 (Shipes 2014). We followed
protocol of Korschgen et al. (1996) for implantation of intra-abdominal transmitters and
Dwyer (1972) for attaching harness style transmitters. Both transmitters were < 3% of
the birds’ total body mass at capture, were equipped with a mortality sensor, and had an
estimated transmitter lifespan of 30-months. Our procedures were approved by
Mississippi State University Institutional Animal Care and Use Committee (IACUC)
protocol number 12-005.
A team of veterinarians implanted all transmitters in mottled ducks. Birds
selected to receive intra-abdominal transmitters were anesthetized with isoflurane before
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surgery (Olsen et al. 1992, Korschgen et al. 1996, Shipes 2014). Post-surgery, we placed
birds in individual poultry crates and provided them with water to recover (i.e., 30 ̶ 45
min.; Shipes 2014). We monitored instrumented individuals for > 2 hours post-surgery to
ensure full recovery (Olson et al. 1992). We transported females to the wetland of
capture and released them < 18 hours after capture.
3.2.2

Radio Tracking
We began monitoring radio-marked females’ 5-days post release. A wildlife

biologist from Nemours located radio-marked birds weekly from August ̶ December 2010
and 2011 using an aircraft outfitted with strut-mounted 4-element Yagi antennas (Gilmer
et al. 1981, Shipes et al. 2015). When a mortality signal was detected, we attempted to
locate and retrieve the transmitter as soon as possible to determine cause of death
(Sargeant et al. 1998).
Beginning in January 2011 ̶ 2013, we located radio-marked birds > 3 times per
week to detect potential nesting activity. We located females using an ATS receiver
(Model R4000, Advanced Telemetry Systems, Inc. Isanti, Minnesota, USA) and a
handheld 3-element Yagi antenna. We located females either by pickup truck, airboat,
jon boat equipped with a surface drive mud motor, by walking levees and wading
marshes, or scanning for birds from atop a large observation tower on one study area.
Upon detecting a radio-marked female in the same location for three consecutive days at
varying times throughout the day, we assumed the bird was nesting and triangulated the
female’s location (Dugger et al. 2010).
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3.2.3

Nest Sites
When in an area of a suspected nest site, we either flushed the female from the

nest or revisited the site later in the day using triangulation (Klett et al. 1986, McPherson
et al. 2003). Upon detecting a nest, we recorded clutch size and candled eggs to estimate
nest initiation and hatch dates (Weller 1956, Bellrose 1980). We used 26 days as the
average incubation period plus clutch size to back calculate nest initiation dates,
assuming a laying rate of one egg per day (Stutzenbaker 1988). We monitored females
suspected of nesting at least once every three days to confirm continued nesting activity
(Dugger et al. 2010). We revisited the nest site to determine fate as soon as we presumed
the nest had hatched, was depredated before hatch, or if the female had abandoned the
nest (Klett et al. 1986, Sargeant et al. 1998, Dugger et al. 2010). For any nest that was
deemed abandoned the day after our initial visit, we categorized it as researcher-induced
and excluded it from analysis (McPherson et al. 2003, Dugger et al. 2010).
3.2.4

Vegetation Measurements
We did not measure nest site characteristics at time of nest discovery so as not to

disturb the site initially. Instead, we visited the site after its fate was determined and
recorded several characteristics of vegetation bound by a 0.25 m2 (0.5 m x 0.5 m) frame
centered on the nest. We identified and measured: 1) vegetation species present within
the frame; 2) dominant vegetation height (i.e., mean height of vegetation recorded in each
of the four cardinal directions inside of the sampling frame [cm]); 3) percent cover of
each species of vegetation within the frame, determined by counting the number of stems
of each species, dividing by total stems, and summing the proportions; 4) percent cover
over the nest; 5) stem density (i.e., number of stems of each species inside the sampling
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frame); and 6) distance to nearest water (Dugger et al. 2010, Rush et al. 2010, Ricketts
2011). We also measured the same set of habitat characteristics inside the sampling
frame at a random local site. We selected local sites by using a random number generator
to determine both distance (< 100 m) and azimuth from each nest (Ricketts 2011, Shipes
2014).
3.2.5

Ancillary Nest Searches
In addition to our sample of radio-marked birds, we also searched upland and

wetland habitats to find nests of non-instrumented females. Given the expansive tidal
marsh, diverse inland wetlands, and general physiography of our study area, use of allterrain vehicles and the cable-chain drag method was virtually impossible (Klett et al.
1986). Therefore, we searched for nests in limited uplands and wetland habitats by
walking and beating vegetation with a long pole, or using an airboat or a jon boat with a
surface drive mud motor to flush females from their nests (Stutzenbaker 1988, Huseby
2001). We marked nest locations with a handheld GPS unit and defined active nests as
those containing at least one egg (Klett et al. 1986). For incubated nests, we candled
eggs to estimate approximate hatch dates and back calculated to determine nest initiation
dates (Weller 1956, Bellrose 1980). We revisited nests approximately 4 ̶ 10 days to
determine nest fates. We attempted to revisit active nests when females were away on
nesting recesses. When we determined nest fate, we replicated the same vegetation
measurements around nests of radio-marked females.
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3.2.6

Artificial Nests
Because we experienced egg and nest predators during our study, I constructed 10

artificial nests in 2014, in managed tidal impoundments that also contained active mottled
duck nests. I selectively placed artificial nests on levees and islets throughout the
impoundments where nests had been discovered in previous years. Each artificial nest
consisted of a nest bowl containing down and three to four eggs. I obtained down and
eggs from a local source of pen-reared mallards to simulate olfactory cues to predators
(IACUC protocol number 12-005; Butler and Rotella 1998). To construct artificial nests,
I used a trowel to excavate nest bowls approximately 10 cm in diameter (Butler and
Rotella 1998). I was careful to not disturb vegetation surrounding the selected artificial
nest sites. For a sub-sample of 5 nests, I constructed them as described above, but also
inserted an ivory colored clay egg to mimic a mottled duck egg, and placed it in the
artificial nest with the three or four mallard eggs in an attempt to record claw, tooth, or
beak imprints from potential predators (Bayne and Hobson 1999). I also erected a
Bushnell Trophy Camera (model 119436) four to five meters south of each artificial nest
site. The camera was placed on a bamboo pole approximately 50 cm above the ground or
water. I rechecked nests for disturbance approximately every 4 ̶ 10 days, similar to
protocol for active mottled duck nests. I understand that nest success of artificial nests
may not be reflective of demographic patterns of natural nests (Butler and Rotella 1998).
However, my primary purpose in creating artificial nests was to identify potential
predators of mottled duck nests.
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3.3
3.3.1

Statistical Analysis
Nest Site Selection
I used conditional logistic regression in program R (version 3.0.2) to evaluate

factors that may have influenced nest site selection by mottled ducks. This method
compared matched binary (i.e., case vs. control) response variables to measured
covariates (Ricketts 2011, Hosmer et al. 2013, Shipes 2014). I included covariates only
when pair-wise comparisons of covariates were not significant (P > 0.05). Cases (i.e.,
nest sites, assigned a value of 1) were matched with controls (local paired random sites,
0). Each nest site was considered its own stratum. Parameter estimates of each stratum
were considered to be “nuisance” parameters, and thus overall emphasis was placed on
the probability of estimates describing a case versus a control (Ricketts 2011, Shipes
2014). This approach allowed me to analyze selection of nest sites compared to local
paired sites. I also used t-tests to compare vegetation characteristics between nest sites
and random sites among years (Kaminski et al. 2013).
I developed 23 a priori candidate models to explain nest site selection by mottled
ducks (Burnham and Anderson 2002). Using an information theoretic approach, I
evaluated the support for candidate models according to second order Akaike Information
Criterion corrected for small sample size (AICC; Akaike 1973, Hurvich and Tsai 1989).
Use of AICC is supported if the ratio of the sample size (n) to the number of parameters
within a model (K) is < 40 (e.g. n/K < 40). The most plausible model describing nest site
selection would have the lowest AICC value and the highest Akaike weight of evidence
(wi). I created a 95% confidence set of models from all models (Burnham and Anderson
2002). I created a composite model set by including all of the parameter estimates
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present in the 95% confidence set of models. When necessary, I model-averaged
parameter estimates within 2 ∆AICC of the most supportive model (Burnham and
Anderson 2002). Model averaging reduces bias and increases precision on parameter
estimates as opposed to using a single top model (Burnham and Anderson 2002). I then
calculated confidence intervals and scaled odds-ratios of the parameters of the model
averaged estimates to address effects of individual covariates on the dependent variable
of nest site selection versus the random site (Ricketts 2011, Hosmer et al. 2013).
3.3.2

Nest Survival
I used a logistic exposure method to estimate daily survival rate (DSR) of mottled

duck nests (Shaffer 2004, Shipes 2014). The logistic exposure method is a generalized
linear modeling approach that models DSR as a logistic function for any nest during any
nest-observation intervals based upon values of explanatory variables from the nest
during that interval (Pieron and Rohwer 2010). This method assumes DSR of each nest
is independent of all other nests, a characteristic common to other methods (Shaffer
2004). Daily survival rate estimates attained with the logistic exposure method can be
compared to estimates attained using other methods (e.g., Mayfield 1975) that assume
daily nest survival is constant (Shaffer 2004). However, the logistic exposure method is
advantageous to other techniques, because DSR could vary with observation interval
length and differing values of covariates, therefore it does not assume that daily nest
survival probabilities are constant across days (Shaffer 2004).
Logistic exposure is similar to the logistic regression model (i.e., Dinsmore et al.
2002), but the differences between the two models lie in the use of a logit link function
containing a “nuisance” variable, which recognizes that nests vary in individual exposure
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time (Shaffer 2004). The nuisance variable is the exponent 1/t, where t represents the
number of days in an observation interval and accounts for the fact that the probability of
surviving an interval is dependent on interval length (Shaffer 2004). The probability of
success (i.e., survival) during that period is represented by Θ. The equation is as follows:
1

g (Θ) = ln (

3.3.2.1

𝛩𝑡

1

1−𝛩 𝑡

)

(3.1)

Modeling Nest Survival
I developed 36 a priori candidate models potentially important to daily survival of

mottled ducks nests. I also included a global model that included all covariates and a null
model that contained no explanatory variables and assumed constant survival (Burnham
and Anderson 2002, Ricketts 2011, Shipes 2014). I evaluated all pair-wise correlations
of covariates and included only one variable of correlated pairs as described previously. I
again used an information theoretic approach, as described above.
To obtain DSR, I used regression coefficients (βk) from my 95% confidence
model set that describe effects of explanatory variables on daily survival (Shaffer 2004).
I standardized the parameters (x̄ = 0, SD = 1) of interest among years. I used the method
of maximum likelihood estimation to obtain estimates of the regression coefficients and
then weighted regression coefficients by the Akaike model weights (Shaffer 2004). Daily
survival rate estimates for various values of the explanatory variables were then obtained
using the equation as follows:
(3.2)
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This produced probabilities of DSR for a mottled duck nest. I raised DSR to a power of
35 (i.e., mean clutch size of 9 in addition to 26 days incubation period) to estimate
interval nest success, as this metric is generally more meaningful for waterfowl managers
(Arnold et al. 2007, Pieron and Rohwer 2010). I determined 95% confidence intervals of
DSR by calculating unconditional standard errors weighting the standard errors of model
fit by the Akaike model weights (Burnham and Anderson 2002).
While DSR estimates attained with the logistic exposure method can be compared
to estimates attained using other methods (e.g. Mayfield 1975) that assume daily nest
survival is constant (Shaffer 2004), I also chose to compute DSR using the Johnson
(1979) method. Because several previous studies use Mayfield (1975) and that method as
modified by Johnson (1979) to compare discrepancies between estimates of nest success,
I also computed DSR using these methods to justify direct comparison with other nest
success metrics of mottled ducks in other parts of their range.
3.4
3.4.1

Results
Radio Instrumentation and Tracking
We instrumented 80 and 36 female mottled ducks with radio transmitters during

August-September 2010 and 2011, respectively, and radio-marked 73 additional female
mottled ducks in August-September 2012 (x̄ mass = 754.9 ± 5.0 g [SE], n = 189). In
2010, 40 females each had either a harness-style or intra-abdominal transmitter (n = 80).
All marked females in 2011 and 2012 received intra-abdominal implant transmitters.
After an eight day adjustment period in 2010, one bird with an implanted transmitter was
found dead. No mortalities were detected in 2011 and 2012 within 14 days of
deployment. During winter 2010 ̶ 2011, there was extreme transmitter malfunction,
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possible disappearance of marked birds to other regions not monitored, or unexplained
mortality of females outfitted with harness-style and intra-abdominally implanted
transmitters, resulting in our inability to monitor 69 previously radio-marked birds. Near
beginning of the February 2011 breeding season, only four female mottled ducks with
functional implanted transmitters remained on the study area, and none was detected by
early March 2011. At the onset of the 2012 breeding season, 12 of 36 females
telemetered in fall 2011 were located in the study area, and eight females survived the
entire 2012 breeding season and remained in the study area. Three nests were initiated by
radio-marked females in 2012. In February 2013, 39 radio-marked females were located
in the study area, and 24 of them survived the entire 2013 breeding season and remained
in the area. I did not detect any pre-laying or nesting behavior by these radio-marked
females.
3.4.2

Nest Sites
An average of 40 ha of upland and 1,551 ha of wetlands were searched for nests

March-June 2011 ̶ 2014. Uplands were fallow fields adjacent to managed or nonmanaged wetlands and mostly contained bluestem grasses (Andropogon spp.),
broomsedge (Andropogon virginicus), and ragweeds (Ambrosia spp.); we never found a
mottled duck nest in uplands.
Collectively, 72 nests of non-instrumented birds were discovered in managed tidal
impoundments or on levees from 2011 ̶ 2014. I excluded three nests from analysis due to
predation events that precluded accurate determination of nest site location, so I included
69 nests in analysis. Nests were located in impoundments that were not flooded at the
time of detection (n = 9), on levees (n = 18), or on islets of emergent vegetation in
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flooded impoundments (n = 42). Generally, nest sites had greater vegetative cover (t68 =
5.78, P < 0.0001) surrounding the nest, less percent bare ground (t68 = -5.32, P < 0.0001),
and greater islet area (t15 = 2.53, P = 0.01) than random local sites (Table 3.1). Of 69
mottled duck nests found, 61% (42/69) were on islets of emergent vegetation in managed
tidal impoundments (n = 14/24 in 2011; n = 13/16 in 2012; n = 8/15 in 2013; n = 7/14 in
2014). Vegetation at or associated with the immediate nest site included bunch cordgrass
(Spartina bakeri; 54/69 [78%] of nests), salt marsh bulrush (Scirpus robustus; 29/69
[42%]), giant cordgrass (Spartina cynosuroides; 5/69 [7%]), and saltmeadow cordgrass
(Spartina patens), broadleaf cattail (Typha latifolia), and three-square bulrush (Scirpus
americanus), each present < 4%. No more than three of any aforementioned species of
vegetation occurred together in the immediate vicinity of a mottled duck nest during the
study.
I evaluated 19 models to explain variation in nest site selection by mottled ducks.
The most supportive model contained additive effects of site (islet or levee) and percent
vegetation (Table 3.2). It was 3.8 times more likely than the second best approximating
model, which was > 2 ∆AICC from the top model. The variable site significantly
influenced nest site selection. Odds-ratios indicated that islets were 2.6 times more likely
to be selected than levees for nesting. Percent vegetation also positively influenced nest
site selection; for every 5% increase in percent vegetation a site was 1.2 times more likely
to be selected for nesting. The 95% confidence limits of the odds-ratio for islet sites
(1.05, 6.27) and percent vegetation (1.10, 1.39) did not contain one and therefore were
considered biologically relevant (Table 3.3).
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3.4.3

Nests, Initiation Dates, and Clutch Sizes
A total of 75 mottled duck nests were monitored from 2011̶ 2014; 72 nests were

initiated by non-instrumented females (2011, n = 25; 2012, n = 17; 2013, n = 16; 2014, n
= 14) and 3 nests were initiated by unmarked females in 2012. Nest initiation dates
across all nests and years ranged from 19 February to 17 June (Table 3.4) and mean nest
initiation date during 2011 ̶ 2014 was 10 April (± 3.0 days [SE]; Figure 3.2). The mean
interval between the first and last nest initiation was 87 (± 3.0) days and mean nest
initiation varied among years (F3, 68 = 7.22, P = 0.003). The earliest detected nest in 2011
was initiated later (25 March) than any nests from 2012 ̶ 2014. The 2013 nesting season
was most protracted; earliest and latest nests were initiated on 19 February and 17 June,
respectively. Mean clutch size for all years was 8.9 (± 0.21 [SE]; n = 53, range 6 to 12)
eggs per nest surviving to incubation (Table 3.5). Clutch size varied among years (F3, 49 =
5.61, P = 0.002) and was smaller in 2011(x̄ = 7.6; ± 0.33; range 6 to 10) than 2012 ̶ 2014
(x̄ = 9.4; ± 0.23; range: 6 to 12). I detected seasonal declines in clutch size in 2011 (R2 =
0.37, P = 0.02, n = 14) and 2014 (R2 = 0.47, P = 0.01, n = 12) by rates of -0.04 and -0.05
eggs/day, respectively. Overall, I detected a seasonal decline in clutch size of -0.03
eggs/day across 2011 ̶ 2014 (R2 = 0.22, P < 0.001, n = 53; Figure 3.4).
3.4.4

Nest Survival
I included 67 of 72 nests (2011, n = 23; 2012, n = 16; 2013, n = 15; 2014, n =13)

initiated by non-instrumented females in nest survival analysis; I excluded five nests
because of presumed researcher induced abandonment. I also excluded nests (2012, n =
3) of two radio-marked females because of an inadequate sample size to compare nest
survival between marked and un-marked individuals.
57

I evaluated 36 models that could potentially explain variation in DSR of mottled
ducks. The most supportive model for DSR was an interaction model of vegetation
height and year (Table 3.6). This model was 3.1 times more likely than the second best
approximating model of vegetation height alone and only contributed 10% of total model
weight.
Effect of vegetation height on nest DSR varied among years (Figure 3.5). In
2011, nest DSR improved with increasing vegetation height at nest sites (β 2011 = 0.00
[95% CI = -0.01, 0.03]), whereas DSR was inversely related to vegetation height for
2012–2014 (β 2012 = -0.01[-0.04, 0.02], β 2013 = -0.02 [-0.05, 0.01]). Vegetation height
significantly influenced daily survival rates only in 2014 (β 2014 = -0.11, [-0.31 ̶ -0.01]).
For 2011-2013 confidence intervals for the interaction of vegetation height and year
included zero, indicating no significant effect between estimates (Table 3.7). I also found
mean vegetation height to differ among years (F3, 63 = 9.27, P = <0.0001). In 2014, mean
vegetation height (135.0 cm ± 9.2) was significantly greater than 2011 and 2013, while
vegetation height in 2012 was not significantly different than 2011 and 2013.
I hypothesized that islets of dense vegetation in managed tidal wetlands would
provide important nesting substrates for mottled ducks and provide refuge from
predators. Hence, I examined the effect of nest site (islets or levee) on daily nest
survival. I found that nest site had no effect on nest survival as all confidence intervals
included zero (Table 3.8). Survival of nests on islets was 12.6% and 11.0% on levees.
Moreover, effects of nest age, Julian date, site, and nest initiation date did not appear to
influence survival of mottled duck nests.
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Logistic exposure revealed that greatest nest survival occurred in 2011 (10.7%;
DSR= 0.938 ± 0.231), and survival was least in 2014 (5.0%; DSR= 0.918 ± 0.327; Table
3.9). Overall, nest survival rate among years was 7.6% (DSR=0.929 ± 0.220; Table 3.9).
Modified Mayfield estimates were greatest in 2013 (23.7%; DSR= 0.960 ± 0.013) and
least in 2014 (1.0%; DSR= 0.877 ± 0.032). Pooled modified Mayfield estimate of nest
success across years was 11.9% (DSR= 0.941 ± 0.008; Table 3.9).
3.4.5

Possibly Causes of Nest Loss
Of 49 unsuccessful nests, I suspect that predators depredated 35 nests (71%). I

observed eggshell fragments in 26 nests before the expected hatch date, or mammal
tracks in the vicinity of the nests. All tracks observed at or near the nest sites were
raccoon (Procyon lotor). On one occasion, a nest was located with eggs that appeared to
have been pecked, and eggshell fragments were located at the base of a bamboo pole
located 5 m from the nest site. In this case, I suspected an unknown avian predator which
may have perched on the pole. I frequently observed American crow (Corvus
brachyrhynchos), fish crow (C. ossifragus), boat-tailed grackle (Quiscalus major), and
common grackle (Q. quiscula) in the vicinities of nests and associated wetlands. I could
not determine causes of mortality of 9 other nests, but in all cases I observed complete
clutch removal and no disturbance to the nest bowl or surrounding vegetation. I
hypothesize that black-crowned night heron (Nycticorax nycticorax), or American mink
(Mustela vison) may have removed eggs from mottled duck nests and went undetected.
Both canebreak rattlesnake (Crotalus horridus) and cottonmouth (Agkistrodon
piscivorus) were observed in these wetlands, but I didn’t suspect them as egg predators
because Viperidae typically immobilize and feed on live prey or carrion. Lastly, banded
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watersnake (Nerodia fasciata) and brown watersnake (N. taxipilota) tend to feed on
amphibians and fish, but I rarely observed these snakes at or near nests. I never observed
a rat snake (Elaphe obsolete) in these wetlands or associated uplands, although they are
known to depredate eggs in cavities of trees or nest boxes, and have been espied
predating eggs in the natural marsh.
3.4.6

Artificial Nests
I constructed 10 artificial nests in managed tidal wetland impoundments during

periods of active mottled duck nesting activity in 2014. I established five artificial nests
on 2 May, three of which contained clay eggs, and monitored them through 16 May. I
constructed five more nests on 19 May, two of which contained one clay egg, and
monitored them through 2 June. Despite approaching the mid-latter part of the nesting
season, all artificial nests coincided with active mottled duck nests. However, I never
detected any disturbance to artificial eggs, nest bowls, or surrounding vegetation in all 10
artificial nests. Moreover, I never detected a single image of a possible predator on the
game cameras.
3.5
3.5.1

Discussion
Nest Site Selection
Within their endemic range, mottled ducks nest in wetlands, pastures, idle and

active agricultural fields, sod fields, and marsh ridges of cordgrass (Spartina patens, S.
spartinea) meadows (Baker 1983, Stutzenbaker 1988, Bielefeld 2002, Durham and Afton
2003, Bielefeld et al. 2010). These habitats arguably represent southern ecological
equivalents of herbaceous uplands and associated wetlands of the northern prairies where
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Anas spp. nest (Clark and Shulter 1999, Hoekman et al. 2002). In contrast, my study area
was comprised predominantly of wetlands, often bordered by small fallow fields or pine
and mixed pine-hardwood forests. These natural areas presumably lack expansive
grassland or associated upland habitats characteristic of northern prairie environments.
I found all nests either on emergent islets or levees of managed tidal
impoundments. What remains unknown is if natural tidal marsh and unmanaged tidal
wetlands provide important habitats for nesting mottled ducks, because neither Shipes
(2014) nor I had resources to search these areas. However, natural tidal marshes are
completely inundated twice daily through tidal influences (Gordon et al. 1989), so I
hypothesize that these systems may be unsuitable for nesting mottled ducks. Although
natural tidal marsh is expansive in my study area, mottled ducks are infrequently
observed there. Shipes et al. (2015) found that female mottled ducks in coastal South
Carolina were about 8 and 27 times more likely to select managed wetlands over
unmanaged wetlands from early fall through late winter and from early spring to late
summer, respectively. Hence based on my results and prior studies (SCDNR unpublished
data, Shipes et al. 2015), managed tidal impoundments seem to be critical habitats for
mottled ducks in coastal South Carolina.
Within managed tidal impoundments, mottled ducks seemed to prefer to nest on
islets having live and dense emergent vegetation that provided nearly complete
concealment of the nest bowl. Dense vegetation seems to be an important proximate cue
to nest site selection in this species, as local random sites without nests contained less
vegetation. Endemic populations of mottled ducks have also been found to select nest
sites in dense vegetation (Bielefeld 2002, Bielefeld et al. 2010). Likewise, this pattern
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also has been supported among studies of nest site selection in blue-winged teal (A.
discors), northern shovelers (A. clypeata), and mallards in the northern prairies (Duebbert
and Lokemoen 1976, Crabtree et al. 1989, Clark and Shutler 1999). Based on
observations of female mottled ducks during the breeding season on my study areas, birds
exhibited proclivity to select islet over levee substrates for nesting. Island nesting by
dabbling ducks is well studied, and islands, per se, may host numerous female ducks,
particularly when islands are large (i.e., > 200 m2; Stieglitz and Wilson 1968, Hines and
Mitchell 1983, Lokemoen and Woodward 1992, Lapointe et al. 2000). However, islets
that we studied were < 50 m2 in size and contained only one mottled duck nest.
Other factors related to nest site selection such as distance to water and vegetation
height did not appear to influence selection of nest sites by mottled ducks. Although
mean distance of nest from water in my study (3.1 m) was much closer than other studies
such as in Florida (188 m, range = 147 ̶ 229 m; Dugger et al. 2010), Louisiana (185 m,
range = 14 ̶ 713 m; Durham and Afton 2003), and Texas (119 m, range = 15 ̶ 219 m;
Stutzenbaker 1988). However, all nests discovered in my study were located within
managed tidal impoundments on small islets or on interior levees throughout managed
tidal impoundments, whereas nests of other studies were located in uplands or rice fields
(Durham and Afton 2006, Varner et al. 2013).
I primarily examined nest site selection at the local scale, but recognize that
several landscape and spatial-scale factors likely interact to influence nest site selection,
including possible competition for nest sites with other mottled ducks or locally nesting
birds, availability or abundance of invertebrates and other potential foods in wetlands,
predator communities, proximity to nest sites of other avian species, and other reasons.
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Moreover, mottled ducks could be nesting in areas or habitats in which we did not search,
but my results suggest islets of dense vegetation in managed tidal impoundments are
important nesting substrates for mottled ducks in the ACE Basin. Lastly, my study areas
were rather inviolate to human disturbance, thus I do not believe that people influenced
nest site selection or subsequent nest success of birds on any of my sites.
3.5.2

Nest Survival
I found variable nest survival rates of mottled ducks across years. However,

estimated nest survival (11.9%; modified Mayfield) in my study is within the range (5–
28%) of estimates in parts of the species endemic range (Baker 1983, Stutzenbaker 1988,
Varner et al. 2013; Table 2.10). I am concerned about the four-year estimate of nest
success being below the 15% nest survival deemed necessary to maintain mid-continent
mallard populations. However, I do not know how my results translate to populationlevel effects for this population of mottled ducks, because the 95% confidence limits
included 15% (Cowardin et al. 1985, Klett et al. 1988, Hoekman et al. 2002). Nest
survival was 1% in 2014, but was greater in the previous three years of study. Duck
production can be “boom-or-bust” as annual weather conditions, predator oscillations,
potential density-dependent processes, and other factors influence habitat conditions or
quality and subsequently influence nest survival (Lynch 1984, Drever et al. 2004,
Gunnarsson et al. 2013). I suspect that precipitation somehow influenced habitat changes
and potential predator dynamics, which in turn influenced nest survival in 2014. During
2011 and 2012 breeding seasons, my study area experienced incipient to moderate
drought conditions, where brackish to salt (5 ̶ 30 ppt) level salinities predominated in
wetlands. In contrast, normal rainfall promoted intermediate (1 ̶ 5 ppt) level salinities in
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wetlands in 2013 and 2014 (South Carolina State Climatology Office 2015, M. Kneece
unpublished data). How precipitation or other unexplained factors affected dismal nest
success in 2014 is unknown. However, inter-annual variability in nest success is
common in ground-nesting ducks (Lynch 1984, Drever et al. 2002, Ackerman et al. 2004)
and researchers have suggested that appreciable duck production may only occur in 2 or 3
years out of 10 (Greenwood et al. 1995).
3.5.3

Vegetation Community and Nest Success
I found an interaction of vegetation height and year were important predictors of

mottled duck nest success in 2014, when interval nest survival was inversely related to
vegetation height, and interval nest survival was significantly less than that in 2011 ̶
2013. In 2014, depredation was the primary cause of nest failure and typified by intact
nest bowls void of eggs or shell fragments, possibly suggesting avian (Sargeant et al.
1993, 1998) or snake predation (Stutzenbaker 1988, Sargeant et al. 1998). Prolonged
periods of precipitation and low salinities in 2013 and 2014 likely contributed to leaf
elongation of the primary nesting substrate, bunch cordgrass (Spartina bakeri), as these
conditions can promote growth of other species of Spartina (e.g., S. alterniflora, S.
patens, S. foliosa; Adams 1963, Phleger 1971, Naidoo et al. 1992, Trnka and Zedler
2000). Some studies have purported that taller vegetation and increased cover effectively
conceal avian nests from predators (Hill 1984, Sugden and Beyersbergen 1987, Crabtree
et al. 1989), while others indicate that avian predators may use cues, such as watching
nesting females, to locate nests (Hammond and Forward 1956, Erikstad et al. 1982,
Sullivan and Dinsmore 1990). Despite the intuitive benefits of tall, dense vegetation
concealing nests, this vegetation near waterfowl nests may provide perching, or possibly
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nest sites, for avian predators, which may exacerbate predation of waterfowl nests
(Sullivan and Dinsmore 1990, Lokemoen and Woodward 1992, Amundson and Arnold
2011). Vegetation communities of bunched cordgrass and saltmarsh bulrush (Scirpus
robustus) dominated my wetlands in 2011–2013. However, with increased precipitation
the vegetation communities transitioned to bunched cordgrass and cattail (Typha spp) in
2013 ̶ 2014. As cattail proliferated in spring 2014, I frequently observed boat-tailed
grackles perching in the tall vegetation. Therefore, I suspect given the increased
abundance of tall vegetation in 2014, avian species, such as boat-tailed grackles or other
unidentified species, capitalized on greater opportunities to perch in more robust
vegetation. I can only merely hypothesize that vegetation structure provided perches for
avian species to espy and locate nests as females moved to and from nest sites, which
increased predation of mottled duck nest in the last year of study.
Beyond possible avian or mammal predators of mottled duck nests, intermediate
wetland salinities in the 2013 and 2014 breeding seasons may have promoted wetland use
by snakes, another potential predator of mottled duck eggs. However, during my four
years of study, I only observed canebrake rattlesnakes and cottonmouths in managed tidal
impoundments, species which tend to immobilize and consume prey (i.e., small
mammals, amphibians, fish, and other reptiles; Gibbons and Dorcas 2005). Nonetheless,
yellow rat snakes are common throughout this region and reportedly feed on bird eggs
(Gibbons and Dorcas 2005). In a study on predation of colonial nesting wading birds in
the Florida Everglades, Frederick and Collopy (1989) attributed 23% of nest failures to
rat snakes, where the snakes traveled long distances across water to nesting colonies. Rat
snakes use salt marshes in my study area and will consume bird eggs (J. Whitfield
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Gibbons, University of Georgia, personal communications). Missing mottled duck eggs
that I observed in 2014 could be attributed to yellow or other rat snakes, but this
possibility remains unresolved. Generally, the inverse relationship between vegetation
height and nest success is difficult to fully resolve at this time.
Like my study, previous studies on prairie nesting ducks have similarly examined
local-site variables on nest success, focusing on vegetation characteristics at nest sites or
at the patch-scale where nests occurred. However, these studies never revealed strong
consistent patterns of nest success (Livezey 1981, Clark and Nudds 1991). Recent
studies suggest that landscape-level factors may be better predictors of the variation in
nest survival in ground-nesting ducks, which may be important to consider for future
investigations of mottled duck nest success (Stephens et al. 2005, Amundson and Arnold
2011, Amundson et al. 2013).
Landscape composition and configuration may influence reproductive success of
prairie and other ground-nesting birds (Stephens et al. 2003, Horn et al. 2005, Stephens et
al. 2005). Nests of mottled ducks in the ACE Basin were located either on small islets
that averaged 12 m2 (range = 0.56 – 48.04 m2), or on interior levees (>250 m2) of
managed tidal impoundments. Island nesting by North American waterfowl is common,
but its frequency of occurrence may depend on breeding location, alternative nesting
substrates, predator populations, and other factors (Hammond and Mann 1956, Vermeer
1970, Newton and Campbell 1975, Kaminski and Prince 1977, Giroux 1981, Duebbert et
al. 1983, Lokemoen and Woodward 1992, Kaminski et al. 2013, Shipes 2014). Island
nesting waterfowl generally have greater nest survival than mainland nesting birds, where
the former strategy is likely deliberate to avoid predators (Newton and Campbell 1975,
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Duebbert et al. 1983). Based on patterns for other ducks, I hypothesized that islets in
managed tidal impoundments would buffer nesting mottled ducks from nest predators. I
also predicted that greater nest success would occur on islets more distant from levees
that are likely used as corridors by meso-carnivores (e.g., raccoons). Although mottled
ducks seemed to prefer nesting on islets versus levees, nest survival between these
substrates differed by only about 2%. Mottled ducks nesting in Louisiana and Florida
have reported relatively high nest survival on islands (Stieglitz and Wilson 1968,
Holbrook et al. 2000, Walters et al. 2001). In Florida, an estimated 98% of local mottled
ducks nested on islands and Mayfield nest success was 76% (Stieglitz and Wilson 1968).
In Louisiana, Holbrook et al. (2000) located > 300 mottled duck nests in the Atchafalaya
River Delta and Mayfield nest success was variable (6–76%). In contrast, Walters et al.
(2001) found 120 mottled duck nests on spoil islands in the Mississippi River Delta and
reported low but somewhat consistent Mayfield nest success ranging from 21 ̶ 25%.
Although nest success of island nesting mottled ducks in these studies were consistently
greater than my estimates, a fundamental difference between these and my study is that
islands in the previous studies were large barrier or spoil islands that ranged in area from
200–25,000 m2. In contrast, islet habitats in my study were small mounds of vegetation
that averaged 12 m2 (range = 0.56 – 48.04 m2) and nest success did not vary with island
area. Alligators are abundant in my study area and often use larger islets as loafing sites;
hence, I hypothesize that female mottled ducks avoid large and prefer small islets for
nesting.
Nest initiation date, nest age, and Julian date of nest discovery can influence nest
survival (Klett and Johnson 1982, Dinsmore et al. 2002). Nests detected closer to
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hatching are more likely to survive than those found earlier in laying or incubation which
are more prone to depredation (Klett and Johnson 1982, Dinsmore et al. 2002, Varner et
al. 2013). In Florida, Varner et al. (2013) found that age of Florida mottled duck (A.
fulgivula fulgivula) nests positively impacted nest survival; however, I found little
support for a relationship between nest survival and initiation date, nest age, nor Julian
date of nest discovery. Thus, a nest initiated in February was as likely to hatch as a nest
initiated in June. Likewise, nests located in early incubation were as likely to hatch as
those located in latter incubation.
I believe suitable nesting substrates exist for mottled ducks in the ACE Basin.
However, there are several unanswered questions. A primary question is why and how
individual females select islets versus alternative nesting sites (e.g., levees). For
example, we do not know the relationship between the number of potentially available
islets and number of breeding mottled ducks nor do we have reliable estimates of nest
success regardless of substrate. These numbers are likely quite variable annually, and of
importance is how these relationships influence this population of ducks. If islets are
limiting, nesting females may have to choose levees or other microhabitats for nesting.
However, ground-nesting birds nesting along roads or levees are subject to exploitation
by predators. Hence, I was surprised that nest success between islets and levees was not
different in my study. Second, I need to better understand the role of vegetation height in
nest success of mottled ducks, but one explanation is that this could have been a spurious
result (Burnham and Anderson 2002). Alternatively, tall-robust vegetation may have
provided perches for avian predators or concealment for yellow ratsnakes, potential egg
predators. In other recent studies of nesting mottled ducks, no specific vegetation
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characteristics seemingly influenced nest success (Dugger et al. 2010, Varner et al. 2013).
Further study of vegetation and site characteristics, such as patch-level features and local
predator communities, may be important to further elucidate patterns of mottled duck
nesting ecology in coastal South Carolina. Nest survival, female survival during the
breeding season, and duckling survival are the most important parameters influencing
population growth of mallards (Hoekman et al. 2002). How these parameters affect
populations of mottled ducks in South Carolina, and elsewhere in the birds’ range are not
well known. Mottled ducks throughout their range have been difficult to study given
their solitary and secretive behavior and apparent intolerance to disturbance. Until we
have reliable information on these other demographic processes and aspects of the birds’
annual cycle, implications of my observed patterns in nest survival will likely remain
ambiguous.
3.6

Management Implications
Discovering the apparent selection of managed tidal impoundments by breeding

mottled ducks was revealing toward understanding the annual ecology of this species in
coastal South Carolina. Although Shipes (2014) and I did not have the manpower to
search natural tidal wetlands and unmanaged tidal wetlands, I am rather confident that
these areas contained few nests, if any. Based on my observations, managed tidal
impoundments seem very important to breeding mottled ducks in the ACE Basin.
Natural tidal influences are likely prohibitive to nesting by mottled ducks, and expansive
grasslands and wet prairie are not present in the ACE Basin as they are in the Northern
Prairies (e.g., mallards), or coastal Louisiana and Texas (e.g., mottled ducks). Therefore,
increasing the availability of islets for nesting within managed tidal impoundments may
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serve to provide additional nest sites for mottled ducks. A future ecological question of
interest may be how increased density of islets influences nest propensity and subsequent
success in this species in the ACE Basin.
Wetlands of the South Atlantic Coastal Zone have historically been intensively
managed for wintering waterfowl (Gordon et al. 1989). Given the importance of this
region to numerous species of wetland dependent birds in the Atlantic flyway (Gordon et
al. 1989), I advocate for continuing management for wintering waterfowl in the ACE
Basin. However, I believe there is compatibility in wetland management to create
multiple benefits, specifically to include nesting mottled ducks. Wetland managers in the
ACE Basin can deliberately provide additional dry ground in managed tidal
impoundments, which creates nesting substrates for mottled ducks. Specifically, I
advocate for the creation of islets through hydrological management of tidal
impoundments. When shallow water (5–25 cm) is maintained within brackish or saline
impoundments for an entire year, with periodic 2–3 day drawdowns, islets of Spartina
bakeri emerge, which create the suitable nest sites (Shipes 2014). While it is unknown
whether there are adequate numbers of nesting substrates to support current populations
of mottled ducks in the ACE Basin, I recommend that wetland stewards use management
schemes that create and maintain islet habitat for nesting mottled ducks. Islets would
create a hemi-marsh effect which is known to be of great ecological value to wetland
dependent birds in the northern prairies (Kaminski and Prince 1977).
With uncertainty as to whether adequate numbers of natural nest sites are available in
my study area for the current population of breeding mottled ducks, and low estimates of
nest success (< 15%), future research may investigate the use of artificial nesting
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structures (i.e., hen houses) placed in wetland impoundments for mottled ducks in South
Carolina. In some areas of the Prairie Pothole Region (PPR) where locally-breeding
birds or their nests endure mortality rates that negatively influence recruitment, artificial
structures have been used and improved nest success (e.g., 34–100%) has occurred,
which exceeds the threshold necessary to sustain populations (Johnson et al. 1994,
Chouinard 2003). Predation could still remain a concern when using artificial nesting
structures as crows (Corvus brachyrhynchos) and mammalian predators have contributed
to 84% of nest failures in hen houses in the PPR (Chouinard et al. 2005). A previous
study of nesting mottled ducks provided birds with several types of artificial nesting
structures in areas with known mottled duck nesting, but apparently no nesting has
occurred within artificial nesting structures (B. Wilson, unpublished data; Bielefeld et al.
2010). It has been speculated that mallard use of artificial nesting structures in the PPR
may contribute to local production and population size (Eskowich et al. 1998, Chouinard
et al. 2005). Therefore, I recommend initially experimenting with a sample of one
artificial nesting structure per 2 ha of wetland (Chouinard et al. 2005) in an effort to
stimulate mottled duck nesting activity in South Carolina wetlands to further evaluate
their use as potential nesting substrates by the species.
Given the abundance of documented nest losses to unknown predators, I
recommend that future research investigate these phenomena, particularly in relation to
the size and spatial arrangement of wetlands, with concern for islet contiguousness with
upland sites and exterior levees of impoundments. Understanding the habitat use of
mesopredators, potential avian predators, and possibly snakes, could lead to strategies for
improving nest success of mottled ducks (Chalfoun et al. 2002, Phillips et al. 2003,
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Stephens et al. 2005). Examining predator selection of wetland features in relation to
nesting mottled ducks could identify specific wetland characteristics that increase or
decrease the probability of nest predation. Meanwhile, management of wetland
impoundments, particularly fresh, intermediate, and brackish wetlands are important to
meet annual cycle needs of mottled ducks and generally many wetland dependent birds in
coastal South Carolina. Similar dedication to important annual habitat needs is given to
mallards in California, where the species is coveted by hunters during winter, and a
significant portion of western mallards breed in the Central Valley (McLandress et al.
1996, Ackerman 2002, Chouinard et al. 2007). I believe western mallards and mottled
ducks have shared uniqueness amid their respective geographies, in that a diversity of
breeding and nonbreeding habitats must exist in a relatively small range to meet birds’
annual needs. Like that of the western mallard, this situation creates unique challenges
and opportunities for ACE Basin wetland managers to create annual habitats for mottled
ducks, and other waterfowl in winter.
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Table 3.1

a

Descriptive statistics (x̄ ± SE) of vegetation and other metrics for mottled
duck (Anas fulvigula) nests and random local sites (n = 69) in the Ashepoo,
Combahee, Edisto Rivers Basin, South Carolina, spring 2011–2014.

Parameter

Nest site

Random site

Pa

Distance to water (m)

3.1 ± 1.2

2.2 ± 0.6

0.39

Vegetation height (cm)

103.2 ± 4.2

94.7 ± 5.3

0.18

Percent vegetation

88.0 ± 2.1

62.0 ± 3.8

<0.0001

Percent bare ground

12.7 ± 2.2

36.1 ± 3.8

<0.0001

Islet area (m2)

14.0 ± 1.8

7.5 ± 1.7

0.02

Probability of difference based on t-test.
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Table 3.2

Candidate models for mottled duck (Anas fulvigula) nest site selection in
the Ashepoo, Combahee, Edisto Rivers Basin, South Carolina, spring
2011–2014.

Modela
Sitef + percent cover

kb
2

AICCc
66.50

∆AICCd
0.00

wie
0.57

Percent cover

1

69.11

2.61

0.15

n stems of Spartina bakeri

1

69.93

3.44

0.10

Distance to water (m) + percent cover

2

70.65

4.15

0.07

Percent Spartina bakeri

1

71.17

4.67

0.05

Site + percent Spartina bakeri

1

71.26

4.76

0.05

Site + vegetation height (cm)

2

88.72

22.22

0.00

Site

1

88.93

22.43

0.00

Site + percent Scirpus robustus

2

89.45

22.96

0.00

Site + vegetation height + distance to water

3

89.66

23.16

0.00

Site + distance to water

2

89.85

23.35

0.00

Site + percent Spartina cynosuroides

2

90.88

24.38

0.00

Stem of Scirpus robustus

1

92.94

26.45

0.00

Percent Scirpus robustus

1

93.61

27.11

0.00

Null

1

95.08

28.58

0.00

Vegetation height

1

95.50

29.00

0.00

Distance to water

1

96.29

29.80

0.00

Distance to water + vegetation height

1

96.72

30.22

0.00

Percent Spartina cynosuroides

1

96.78

30.28

0.00

Stems of Spartina cynosuroides

1

96.81

30.31

0.00

a

+ denotes additive effect.
Number of estimated parameters.
c
Akaike’s Information Criterion adjusted for small sample sizes.
d
Difference between the current model and the model with the lowest AICC.
e
Relative likelihood of the current model (i) based on AICC value.
f
Site (Islet or levee).
b
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0.94
0.04

Site (Islets, levee)

Percent cover

Estimate

5

0

Odds-ratio
unit change
1.24

2.56

Estimated oddsratio
1.10

1.05

Odds-ratio 95%
LCL

1.39

6.27

Odds-ratio 95%
UCL

Odds-ratios for nest site selection by mottled ducks (Anas fulvigula) in the Ashepoo, Combahee, Edisto Rivers Basin,
South Carolina, spring 2011–2014.

Parameter

Table 3.3

75

72

Intervalc
74

b

2013

118

7.1

19 February –
17 June

6 April

Mean nest initiation date
Range from first nest initiation to the last nest initiation
c
Interval (days) from the first to the last nest initiations within a year

a

3.6

SE

4.9

24 February –
8 May

25 March –
5 June

Rangeb

2012
3 April

2011
26 April

x̄ a

Statistic

85

3.0

22 February –
18 May

3 April

2014

87

3.0

19 February –
17 June

10 April

Pooled

Table 3.4 Nest initiation dates (n = 72) for mottled ducks (Anas fulvigula) in the Ashepoo, Combahee, Edisto Rivers Basin, South
Carolina, spring 2011–2014.
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2011
14
7.6
0.3
6–10

n Nests

x̄ eggs per clutch

SE

Range

6 – 12

0.5

9.4

12

2012

9 – 11

0.2

9.5

15

2013

7 –12

0.5

9.2

12

2014

6 – 12

0.2

8.9

53

Pooled

Nest and clutch size metrics for mottled duck (Anas fulvigula) nests (n = 53) that survived to incubation (e.g., complete
clutches) in the Ashepoo, Combahee, Edisto Rivers Basin, South Carolina, 2011–2014.

Statistic

Table 3.5
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Table 3.6

a

Candidate models for daily survival of mottled duck (Anas fulvigula) nests
in the Ashepoo, Combahee, Edisto Rivers Basin, South Carolina, spring
2011–2014.

Modela

kb

AICCc

∆AICCd

wie

Vegetation height (cm) × year
Vegetation height
Year
Age + Julian date + year
Agef × Julian date + year
Siteg + year
Site + vegetation height
Vegetation height + initiation date
Null
Site + initiation date + year
Site + age × year
Site + vegetation height + salinity (ppt)
Site + vegetation height + distance to water (m)
Age
Age × year + Julian date
n vegetation stems
Initiation date
Julian date
Site
Julian date2
Distance to water
Initiation date2
Salinity
Age2

8
2
4
6
7
5
3
3
1
6
9
4
4
2
9
2
2
2
2
2
2
2
2
2

207.59
209.79
210.23
210.44
211.32
211.36
211.40
211.47
212.99
213.01
213.31
213.42
213.48
213.64
213.68
214.25
214.75
214.77
214.79
214.84
214.92
214.95
214.95
215.02

0.00
2.20
2.64
2.85
3.73
3.76
3.81
3.88
5.40
5.41
5.72
5.83
5.89
6.05
6.08
6.66
7.16
7.18
7.20
7.25
7.33
7.36
7.36
7.43

0.31
0.10
0.08
0.07
0.04
0.04
0.04
0.04
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

Denotes additive effect.
Number of estimated parameters.
c
Akaike’s Information Criterion adjusted for small sample sizes.
d
Difference between current model and the model with the lowest AICC.
e
Relative likelihood of the current model (i) based on the AICC value.
f
Age indicates the age of the nest when it was discovered.
g
Site (Islets or levees).
b
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Table 3.7

Model-averaged parameter estimates and confidence intervals for daily
survival rate of mottled duck (Anas fulvigula) nests in the Ashepoo,
Combahee, Edisto Rivers Basin, South Carolina, spring 2011–2014.

Parameter

Estimate

SE

95% LCL

95% UCL

Intercept

2.56

0.86

0.78

4.14

2012

0.96

1.42

-1.80

3.76

2013

2.26

1.46

-0.32

5.20

2014

10.67

7.71

0.56

31.94

Vegetation height (cm) 2011

0.00

0.01

-0.01

0.03

Vegetation height 2012

-0.01

0.01

-0.04

0.02

Vegetation height 2013

-0.02

0.02

-0.05

0.01

Vegetation height 2014

-0.11

0.07

-0.31

-0.01
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b

a

0.00

0.33

0.00

0.33

Levees

Levees
0.9429
(0.8985,
0.9873)

0.9140
(0.8334,
0.9946)

0.9640
(0.9357,
0.9928)

0.8537
(0.7455,
0.9618)

Islets
0.9388
(0.9254,
0.9521)

0.9610
(0.9335,
0.9873)

0.9469
(0.8884,
1.0053)

0.8915
(0.8156,
0.9674)

Mayfield DSRa

0.8939
(0.7074,
0.9593)

0.9242
(0.8038,
0.9731)

0.9121
(0.8238,
0.9583)

0.9103
(0.8239,
0.9565)

Islets

0.8782
(0.6944,
0.9581)

0.9209
(0.7993,
0.9715)

0.9082
(0.8159,
0.9568)

0.9065
(0.8179,
0.9544)

Levees

Logistic-exposure DSR

1.80

14.81

24.85

10.97

Islets

0.40

27.71

4.30

12.77

Levees

Mayfield interval survival
(%)b

Daily Survival Rate.
Interval nest survival based on a 9 day egg laying period and incubation for 26 days.

0.00

2014

0.33

2012

0.50

0.36

2011

2013

Islets

Apparent survival

1.97

6.34

4.00

3.73

Islets

1.10

5.60

3.44

3.22

Levees

Logistic-exposure interval
survival

Daily survival rates (95% confidence intervals) and interval nest survival of mottled duck (Anas fulvigula) nests (n = 67)
by Site (islets or levee) in the Ashepoo, Combahee, Edisto Rivers Basin, South Carolina, spring 2011–2014.

Year

Table 3.8
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b

a

10.70

0.9381
(0.4863, 1.3899)

11.67

0.9405
(0.9113, 0.9698)

34.78

23

9.01

0.9338
(0.5334, 1.3342)

17.69

0.9510
(0.9243, 0.9777)

25.00

16

2012

Year

10.4

0.9273
(0.4346, 1.4200)

23.65

0.9596
(0.9337, 0.9855)

40.00

15

2013

Daily Survival Rate.
Interval nest survival is based on a 9 day egg laying period and incubation for 26 days.

Logisticexposure
interval nest
survival
(%)

Logisticexposure
DSR

Mayfield
interval nest
survival (%)b

Mayfield
DSRa

Apparent (%)

n Nests

2011

4.97

0.9178
(0.2775, 1.558)

1.00

0.8768
(0.8141, 0.9395)

0.00

13

2014

7.62

0.9291
(0.5367, 1.3215)

11.86

0.9409
(0.9248, 0.9570)

26.87

67

Pooled

Daily survival rates (95% confidence intervals) of mottled duck (Anas fulvigula) nests (n = 67) in the Ashepoo,
Combahee, and Edisto Rivers Basin, South Carolina, spring 2011–2014.

Parameter

Table 3.9
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n
67
90
25
77
265
279
30
66
146
51

Nest success (%)
Apparent
Mayfield
26.9
11.9
76.7
57.0
16.0
9.5
44.2
28.3
47.5
30.6
40.0
20.0
16.6
5.0
21.0
6.0
24.7
9.0
27.5
11.0

Reference
This Study
Stielglitz and Wilson (1968)
Dugger et al. (2010)
Varner et al. (2013)
Holbrook (2000)
Walters (2000)
Baker (1983)
Durham and Afton (2003)
Stutzenbaker (1988)
Engeling (1950)

Comparison of estimated nest success for mottled ducks (Anas fulvigula) across the birds’ endemic range (adapted from
Durham and Afton 2003, Shipes 2014).

Location
Ashepoo, Combahee, Edisto Rivers Basin, South Carolina
Merritt Island, Florida
Interior Florida
South and east-central Florida
Atchafalaya River delta, Louisiana
Mississippi River delta, Louisiana
Cameron Parish, Louisiana
Cameron and Calcasieu Parishes, Louisiana
Texas and Louisiana
Texas

Table 3.10
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Figure 3.1
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The Ashepoo, Combahee, Edisto Rivers Basin (ACE Basin), South Carolina, mottled duck (Anas fulvigula) nesting
ecology study sites, 2010 ̶ 2014.

Figure 3.2

84
0

2

4

6

8

10

12

14

1

3

February

2

4

1

3

March

2

4

1

3

April

2

4

1

3
May

2

4

1

3
June

2

4
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Figure 3.3

85

Relation of clutch size and nest initiation dates for mottled ducks (Anas fulvigula) nesting in the Ashepoo, Combahee,
Edisto Rivers Basin, South Carolina, spring 2011–2014.

Figure 3.4

Relation of clutch size and nest initiation dates (n = 53) for mottled ducks
(Anas fulvigula) nesting in the Ashepoo, Combahee, Edisto Rivers Basin,
South Carolina, spring 2011–2014.
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Figure 3.5

Interaction effects of vegetation height and year for success of mottled
duck (Anas fulvigula) nests in the Ashepoo, Combahee, Edisto Rivers
Basin, South Carolina, spring 2011–2014.

Sample size of nests were: 2011, n = 23; 2012, n = 16; 2013, n = 15; 2014, n =13.
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HABITAT USE, MOVEMENTS, AND SURVIVAL OF MOTTLED DUCK BROODS
IN THE ASHEPOO, COMBAHEE, AND EDISTO RIVERS BASIN,
SOUTH CAROLINA
Population dynamics of North American dabbling ducks, such as mallards (Anas
platyrhynchos), are significantly influenced by nest success, female survival during the
breeding season, and survival of ducklings and broods (Cowardin and Johnson 1979,
Hoekman et al. 2002, 2006 ). While studies of nest success (Greenwood et al. 1995,
Clark and Shutler 1999, Pieron and Rohwer 2010) and female survival (Sargeant and
Raveling 1992, Brasher et al. 2006, Boyer 2015) have been extensive, those for duckling
and broods are more recent (Sedinger 1992, Gendron and Clark 2002, Bloom et al. 2013).
Habitats selected by broods are likely influenced by birds’ nutrient requirements (e.g.,
protein and lipid acquisition) and behavioral adaptations, such as predator avoidance and
thermal maintenance (Sedinger 1992). Given the significance of duckling and brood
survival on annual population dynamics, knowledge of this period of the annual cycle is
critical (Koons et al. 2014).
The breeding ecology of mottled ducks (A. fulvigula) has been studied for decades
throughout their endemic range (Stutzenbaker 1988, Dugger et al. 2010, Varner et al.
2014), yet little progress has been made in understanding duckling and brood ecology in
the species (cf., Baker 1983, Finger et al. 2003, Rigby 2008). Mottled duck females and
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broods can be difficult to capture for marking, and broods are challenging to observe
(Baker 1983, Finger et al. 2003). Despite these inherent challenges, duckling and brood
ecology of mottled ducks must be researched to understand population trajectories of the
species throughout its range (Bielefeld et al. 2010). This need is especially true of the
established population in coastal South Carolina, which only recently has been studied
(Weng 2006, Shipes 2014).
Mottled ducks are one of six species or populations within species (e.g., wood
ducks, Aix sponsa) of ducks considered non-migratory in North America. Mottled ducks
are endemic to the coastal marshes of Mexico, Texas, Louisiana, Mississippi, and
Alabama, with a genetically distinct sub-species (A. f. fulvigula) occurring in Florida
(McCracken et al. 2001, Williams et al. 2005, Bielefeld et al. 2010). In addition to
endemic populations, mottled ducks were established in South Carolina during the
1970 ̶1980s. An estimated 1,285 mottled ducks were translocated from Florida,
Louisiana, and Texas, banded and released onto coastal marshes of the Ashepoo,
Combahee, Edisto Rivers Basin (hereafter, ACE Basin) and Santee River Delta in South
Carolina (South Carolina Department of Natural Resources [SCNDR] unpublished data,
Shipes 2014). Since their release, mottled duck populations in South Carolina have
appeared to increase in many coastal wetlands in the state, based on banding data and
observations by wetlands managers (Shipes 2014).
The SCDNR initiated surveys of brood rearing, molting, and roosting habitats of
mottled ducks after the birds’ release (SCDNR unpublished data, Shipes 2014). Nearly
all mottled ducks observed used managed brackish and saline impoundments. Beyond
the initial SCDNR surveys, only two studies have recently investigated mottled ducks in
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the region (Weng 2006, Shipes 2014). Weng (2006) studied genetics of mottled ducks in
the South Atlantic Coastal Zone, and Shipes (2014) addressed winter wetland use and
nesting ecology of mottled ducks in the ACE Basin from winter-summer 2010–2012.
Information related to mottled duck broods in coastal South Carolina is anecdotal.
From spring-summer in the early 1980s, SCDNR biologists conducting aerial surveys in
the Santee Delta and ACE Basin detected the greatest concentrations of mottled duck
broods in shallow wetlands containing sea purslane (Sesuvium portulascastrum; SCDNR
unpublished data). Wetlands containing sea purslane are mostly managed tidal
impoundments (i.e., remnant rice fields) and are typically fresh- or brackish water. Water
levels in these impoundments are intensively managed, remaining fairly stable for
consecutive days to weeks depending on the management regime. In contrast, during
Shipes’ (2014) study, mottled duck broods were observed using wetlands with salinities >
15 ppt, during spring-summer 2011 during extreme drought (Palmer Drought Severity
Index -2.75 and below; NOAA 2012). This observation seems perplexing, because
mottled duck ducklings are limited in their salt tolerance (Moorman et al. 1991). For
example, for all captive mottled duck ducklings that used water with 18 ppt salinities
eventually died; 90% and 10% brood mortality occurred at 15 ppt and 12 ppt salinities,
respectively (Moorman et al. 1991).
Given the need to understand factors that influence breeding and brood rearing
success of mottled ducks in coastal South Carolina, I initiated research on habitat use,
movements, and survival of mottled duck broods. Additionally, I investigated the daily
survival rate of broods in relation to habitat and environmental covariates during that
period. I hypothesized that habitat use and survival of mottled duck females and their
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broods would increase with habitat complexity (i.e., hemi-marsh) of managed tidal
wetlands. Hemi-marsh habitats provide an interspersion of open water and emergent and
submerged aquatic vegetation that likely supports greater invertebrate densities, with
insects being critical to duckling growth and development (Vogits 1976, Kaminski and
Prince 1981). These complex habitats also may provide important cover for predator
avoidance (Sedinger 1992). Secondly, I hypothesized that survival of broods would
decline with the progression of the brood rearing season, when wetland salinities
typically increase in the region (Swanson et al. 1984, Moorman et al. 1991).
4.1

Study Area
The ACE Basin is one of the largest undeveloped estuarine systems on the United

States Atlantic Coast (SCDNR 2011). The ACE Basin is 182,115 ha and situated in the
southern portion of coastal South Carolina between Charleston and Beaufort, South
Carolina (UTM: 530202, 3614843; Figure 4.1). The ACE Basin contains 128,000 ha of
land protected by federal, state, private, and non-profit conservation organizations and is
one of 27 national research reserves monitored by the National Estuarine Research
Reserve System (SCDNR 2011). Diverse resources including pine and hardwood
uplands, forested wetlands, fresh, brackish, and salt tidal marshes, barrier islands, and
beaches comprise this system (SCDNR 2011). These diverse habitats accommodate rich
communities of aquatic and terrestrial wildlife species, including endangered and
threatened species such as woodstorks (Mycteria americana), loggerhead sea turtles
(Caretta caretta), and shortnose sturgeon (Acipenser brevirostrum; SCDNR 2011).
In the mid-18th century, tidal swamps adjacent to the Ashepoo, Combahee, and
Edisto Rivers were cleared and diked for rice cultivation (SCDNR 2013, Beach 2014).
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When the rice culture declined in this region, wealthy sportsmen purchased plantations
and managed remnant rice fields and uplands for multiple species of wildlife (SCDNR
2013). Continued and intensive management of remnant rice fields has resulted in
habitats that support approximately 30% of the wintering dabbling ducks in the Atlantic
Flyway (Gordon et al. 1998). The significance of these wetlands to waterfowl and
migratory shorebirds has gained recognition for protection under the North American
Waterfowl Management Plan (NAWMP 2012, SCNDR 2013).
I studied primarily in natural tidal marshes and managed tidal impoundments on
the Ernest F. Hollings ACE Basin National Wildlife Refuge (hereafter, ACE Basin
NWR), Bear Island and Donnelley Wildlife Management Areas (WMA), Cheeha
Combahee Plantation, and the Nemours Plantation Wildlife Foundation (Figure 4.1).
Wetlands in these areas are typically categorized as fresh (< 1 ppt), intermediate (1 ̶ 5
ppt), brackish (5 ̶ 20 ppt), brackish/salt (20 ̶ 30 ppt), and salt marsh (30 ̶ 35 ppt). I
provide a list of plant species common to each wetland type in the Appendix (Gordon et
al. 1989).
4.2
4.2.1

Methods
Mottled Duck Capture and Marking During Remigial Molt
I captured mottled ducks using night-lighting techniques from July-September

2012, which coincides with the birds’ annual remigial molt (Merendino et al. 2005, Mills
et al. 2011). Each captured mottled duck was banded with a standard USGS stainless
steel leg band (Federal Bird Banding Permit 23417). Male mottled ducks were released
the same night onto the wetland of their capture. Because pair bonds are not established
and birds are gregarious during remigial molt (Paulus 1988, Stutzenbaker 1988), I did not
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hold males and females together. I transported females to the Nemours Plantation
laboratory and prepared them for radio-marking. Hatch-year and after-hatch year females
were outfitted with an intra-abdominal transmitter (18 g; Holohil Systems model RI-2D,
Carp, Ontario, Canada). I followed the protocol of Korschgen et al. (1996) for
implantation of intra-abdominal transmitters. Transmitters were < 3% of the birds’ total
body mass at capture, were equipped with a mortality sensor, and had an estimated
transmitter lifespan of 30-months. My procedures were approved by Mississippi State
University Institutional Animal Care and Use Committee (IACUC) protocol number 12005.
A team of veterinarians implanted all transmitters in mottled ducks. Birds
selected to receive intra-abdominal transmitters were anesthetized with isoflurane before
surgery (Olsen et al. 1992, Korschgen et al. 1996, Shipes 2014). Post-surgery, birds were
placed birds in individual poultry crates and provided with water to recover (i.e., 30 ̶ 45
min.; Shipes 2014). Instrumented individuals were monitored for >2 hours post-surgery
to ensure full recovery (Olson et al. 1992). I transported females to the wetland of
capture and released them < 18 hours after capture.
4.2.2

Radio Tracking
I began monitoring radio-marked females 5-days after their capture and release.

A wildlife biologist from Nemours located radio-marked birds bi-monthly from August ̶
December 2012 using an aircraft outfitted with strut-mounted 4-element Yagi antennas
(Gilmer et al. 1981, Shipes et al. 2015). When a mortality signal was detected, I
attempted to locate and retrieve the transmitter as soon as possible to determine cause of
death (Sargeant et al. 1998).
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Beginning in January 2013, I located radio-marked birds 3–5 times per week to
detect potential nesting activity. I located females using an ATS receiver (Model R4000,
Advanced Telemetry Systems, Inc. Isanti, Minnesota, USA) and a handheld 3-element
Yagi antenna. I located females either from a pickup truck, airboat, jon boat equipped
with a surface drive mud motor, by walking levees and wading marshes, or scanning for
birds from atop a large observation tower on one study area. Upon detecting a radiomarked female in the same location for three consecutive days at varying times
throughout the day, I assumed the bird was nesting and triangulated the female’s location
(Dugger et al. 2010). All detected mortality signals were pinpointed so that I could
retrieve transmitters and potentially determine cause of bird deaths (Sargeant et al. 1998).
4.2.3

Nest Sites
When in an area of a suspected nest site, I either flushed the female from the nest

or revisited the site later in the day using triangulation (Klett et al. 1986, McPherson et al.
2003). Upon detecting a nest, I recorded clutch size and candled eggs to estimate nest
initiation and hatch dates (Weller 1956, Bellrose 1980). I used 26 days as the average
incubation period plus clutch size to back calculate nest initiation dates, assuming a
laying rate of one egg per day (Stutzenbaker 1988). I monitored females suspected of
nesting at least once every three days to confirm continued nesting activity (Dugger et al.
2010). I revisited nests to determine fate when I detected the female absent for two
consecutive days, or for > 8 hours on or near the estimated hatch date (Sargeant et al.
1998, Finger et al. 2003, Dugger et al. 2010). For any nest that was deemed abandoned
the day after my initial visit, I categorized it as researcher-induced and excluded it from
analysis (McPherson et al. 2003, Dugger et al. 2010).
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4.2.4

Locating and Monitoring Brood Rearing Mottled Ducks
When a radio-marked female and brood departed a nest, I located the brood 1–4

times per day until ducklings were > 30 days age or until all the ducklings were
abandoned or deemed dead. I obtained radio-locations using an ATS receiver with a
handheld 3-element Yagi antenna. I remained on exterior levees or in a kayak from a
distance ~100 m when tracking to minimize disturbing the brood. I recorded positions of
the brood rearing female using a handheld GPS unit where error was < 5 m for each fix.
For brood rearing females that moved to multiple locations per day, I located these
individuals 2–4 times per day. Female dabbling ducks are known to leave broods
temporarily (Ringleman and Longcore 1982, Baker 1983, Talent et al. 1983). Therefore,
when I located a radio-marked female >1 km from its previous location, I assumed the
female was on a temporary break from brood attendance (Paulus 1984). If the female
returned to within 300 m of the previous location within 2 hours, then I excluded the
initial location > 1 km (from the previous location) from analysis (Finger et al. 2003). If
I suspected that a female was not on a brood-rearing break and had lost her entire brood, I
adhered to the following protocol, concluding that the female had lost her brood if she
met > 2 of the following criteria: 1) I repeatedly located the female on several different
wetlands on consecutive days, 2) the female used a large area (> 2 km2), 3) the female did
not display “brooding behavior” (i.e., feigning) when flushed, or 4) the female was espied
with a male mottled duck, with no visible indication of a brood (Rotella and Ratti 1992,
Finger et al. 2003, Bielefeld et al. 2010).
I used various methods such as binoculars, spotting scope, and sneaking on radiomarked females in attempt to count and age ducklings every 5–7 days (Orthmeyer and
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Ball 1990, Gendron and Clark 2002, Finger et al. 2003). I attempted to locate and
observe radio-marked brood rearing females and their brood until all ducklings died or
were 30-days-old (Finger et al. 2003, Bloom 2010). I used standard protocol to count and
age ducklings when I could espy them (Southwick 1953, Gollop and Marshall 1954).
Additionally, I recorded salinity and average water depth of wetlands used by broods
when I accurately determined each brood location. When necessary, I used aircraft
outfitted with strut mounted 4-element Yagi antennas to locate brood females that were
difficult to locate using my other methods (Gilmer et al. 1981).
4.2.5

Brood–Site Vegetation Measurements
I measured micro-habitat variables (e.g., 4th order habitat selection), associated

with each brood location (Johnson 1980). I measured these habitat variables within one
week of collecting locations for each brood (Raven et al. 2007). I used a 0.25 m2 (0.5 m
x 0.5 m) sampling frame to measure: 1) all vegetation species present within the frame; 2)
dominant vegetation height (i.e., mean height of vegetation recorded in each of the four
cardinal directions inside of the sampling frame [cm]); 3) percent cover of submerged
vegetation within the frame, determined by estimating the coverage of submerged
vegetation to open water; 4) percent cover of each species of vegetation within the frame,
determined by counting the number of stems of each species, dividing by total stems, and
summing the proportions; 5) percent open water, 6) percent bare ground (i.e. mudflat), 7)
water depth (cm), and 8) distance to nearest water (m; Daubenmire1959, Isola et al.
2000).
To control for telemetry error with brood locations, I sampled three 0.25 m2
quadrats at each calculated brood location and measured the 8 aforementioned variables
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within each quadrat (Isola et al. 2000). I averaged measurements of the three quadrats to
quantify variables for the brood location (Isola et al. 2000). Additionally, I collected
similar measurements for 25 random points (ARCMAP 10.3 [Environmental Systems
Research Institute, Redlands, California, USA]) generated for each wetland known used
by a brood for ≥ 1 day. I used these points to compare micro-habitat data for brood
locations to random sites in wetlands used by the broods.
4.2.6

Ancillary Nest Searches and Marking of Nesting Females
To supplement sample size of intra-abdominally marked female mottled ducks, I

searched upland and wetland habitats for nests of non-instrumented females. Given
expansive tidal marsh and diverse inland wetlands in my study area, I could not use allterrain vehicles and the traditional cable-chain drag (Klett et al. 1986). Therefore, I
searched for nests in uplands adjacent to wetland habitat and wetlands by walking and
beating vegetation with a long pole, or using an airboat or a jon boat with a surface drive
mud motor to flush females from their nests (Stutzenbaker 1988, Huseby 2001). I
marked nest locations with a handheld GPS unit and defined active nests as those
containing at least one egg (Klett et al. 1986). For nests with incubated eggs, I candled
eggs to estimate approximate hatch dates and back calculated to determine nest initiation
dates (Weller 1956, Bellrose 1980). I revisited nests in approximately 4 ̶ 10 days to
determine nest fates. I attempted to revisit active nests when females were away on
nesting recesses. For nests that were active and > 22 days incubated, I erected a 1.2 m x
1.2 m welded square drop-style trap over the nest to capture the incubating female and
outfit her with a harness-style transmitter (Figure 4.2; Baker 1983, Stutzenbaker 1988). I
placed a ca. 3.5 kg steel pipe atop the trap to cause it to fall rapidly through dense nesting
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vegetation when tripped. I elevated and propped up the weighted side of the trap with a 1
m long pole, adjusting the angle of the pole as needed to allow the trap to maintain a low
profile over the nesting vegetation (Figure 4.3). I tied a rope to the pole, which was
extended and laid down 23 m from the trap. At the time of capture, I pulled the rope to
dislodge the pole and collapse the trap around the incubating female.
To reduce nest abandonment, I set nest traps in early evening while females were
typically recessing from incubation (Baker 1983). For each capture event, I returned the
following morning to the vicinity of the nest site and deployed the nest trap prior to the
incubating female leaving the site for her morning break. After capturing the female, I
outfitted her with a standard United States Geological Survey stainless steel leg band.
Nesting females weighing > 700 g were outfitted with a 21 g back-mounted harness
transmitter (Advanced Telemetry Systems, model A2300, Isanti, MN, USA). I followed
standard protocol for attaching the transmitter to birds (Dwyer 1972). After processing
and radio-marking the female, I released the bird at its nest site to decrease the likelihood
of nest abandonment (Hepp and Manlove 2001). I did not anesthetize females, because
previous research suggested that nest abandonment is greatly reduced if researchers
radio-mark a duck in < 13 minutes (Hepp and Manlove 2001). My procedures were
approved by MSU IACUC 12-005, Federal Bird Banding Permit 23417.
I began monitoring the location of radio-marked females within 2 hours postrelease, and, if necessary, every 2 hours thereafter to ensure females had returned to the
nest. I monitored females that returned to incubate their clutch > 1 time per day. I also
returned to the nest site to determine nest fate when I detected a female absent for > 8
hours on or near the estimated hatch date (Finger et al. 2003). After determining the nest
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fate, I adhered to the criteria above for locating and monitoring brood rearing mottled
ducks and collecting brood-site vegetation measurements.
4.2.7

Decoy Trapping
Despite apparent success of other studies that used intra-abdominal transmitters in

some species of ducks, I failed to detect any pre-laying or nesting behavior from female
mottled ducks marked with implanted transmitters in the first year of my study (i.e.,
2013). This trend also occurred in the related and previous study to mine, where
substantial transmitter failure was detected and only two of 16 females marked with intraabdominal transmitters initiated nests (Shipes 2014). Therefore, I abandoned use of intraabdominal transmitters after the 2013 breeding season. To increase sample size of radiomarked female mottled ducks, I initiated decoy trapping during the final year of study
(2014).
To capture pre-breeding and breeding mottled ducks, I deployed a decoy trap that
has been used in studies of waterfowl breeding ecology for decades (Figure 4.4; Rotella
and Ratti 1992, Paquette et al. 1997, Brasher et al. 2014). I placed a F1 wildstock female
mallard in a central cylinder within the trap to attract paired mottled ducks (Sharp and
Lokemoen 1987, Finger et al. 2003, Rigby 2012). Similar to standard protocol, I
deployed traps in wetlands where I observed isolated pairs and lone male mottled ducks
(Sharp and Lokemoen 1987, Brasher et al. 2014), and I checked traps at least twice daily
(i.e., 0800–1200 and 1630 to sunset; Brasher et al. 2014). My trapping methods were
approved by MSU IACUC 12-005 and Federal Bird Banding Permit 23417.
Upon capturing a pair of mottled ducks, I banded them using a standard United
States Geological Survey stainless steel leg band. I also measured culmen length (mm),
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tarsus length (mm), and body mass (g) to index body condition of each captured female.
Those females weighing > 700 g were outfitted with a 21 g back-mounted harness
transmitter (Advanced Telemetry Systems, model A2300, Isanti, MN, USA). I followed
standard protocol for attaching transmitters to birds, as described above (Dwyer 1972).
To avoid disrupting pair bonds, males captured with a female were banded and penned
separately until the pair could be released together at the site of capture (McPherson et al.
2003, Rigby 2012, Brasher et al. 2014). These individuals were tracked using the
previously mentioned methods for monitoring radio-marked birds.
4.3

Statistical Analysis
I determined brood movements and used Location of a Signal software (LOAS

4.0; Ecological Software Solutions LLC, Hegymagas, Hungary; Gilsdorf et al. 2008) to
analyze telemetry data. I integrated these data into ARCMAP 10.3 (Environmental
Systems Research Institute, Redlands, California, USA) and determined straight line
movements between brood locations collected on consecutive days. Given a limited data
per brood (n broods = 5, range of locations = 1–25), I was only able to generate
descriptive statistics of habitat use, movements, and apparent survival of mottled duck
broods (Tacha et al. 1982).
4.4
4.4.1

Results
Intra-Abdominal Transmitters
I outfitted 73 female mottled ducks with intra-abdominal radio transmitters in

July-September 2012 (x̄ female mass = 760.1 ± 8.3 g [SE], n = 73). I targeted capture
during the birds’ remigial wing molt when earlier researchers have experienced success
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in capturing mottled ducks (Shipes 2014). I did not detect any mortalities of females
within 14 days of deploying transmitters. In February 2013, I located 39 radio-marked
females and 24 of them survived the entire 2013 breeding season and remained in the
study area. However, I did not detect any pre-laying or nesting behavior by these
females.
4.4.2

Harness-Style Transmitters
Upon abandoning implanted transmitters, I opted to use harness-style (hereafter,

backpack) transmitters on nesting female mottled ducks (Dwyer 1972). I captured
females via decoy trapping and nest trapping in 2014. I continuously operated 2–3 decoy
traps from 15 March– 1 May 2014 (94 trap days). However, I only captured three males
and one female mottled duck in one trap on one morning during the entire trapping
period. Two days after radio-marking the female, I never detected another radio signal
from her.
Given the inadequacies of acquiring data from instrumented birds, I located 30
nests of non-instrumented female mottled ducks in 2013 ̶ 2014. Of these nests, 8
survived to 22–27 days incubation in 2013. I captured 7 of these incubating females and
outfitted them with backpack-style transmitters. Five of these individuals returned to
their nest sites and later departed with their brood. In 2014, I located 14 nests of female
mottled ducks. One nest survived to 22 days incubation but subsequently was depredated
during the night following setting the trap on the nest. Because of low nest success in the
last year of my study, I was unable to capture nesting females in 2014. Therefore, I
present data on movements and habitat use of 5 brood rearing females captured and
radio-marked in 2013 (Table 4.1).
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4.4.3

Movements
I began monitoring broods the day after they departed nests. Movement data are

based on 3 of 5 broods, as one brood did not survive 2 days upon leaving the nest, and a
second brood made an initial move to a privately owned wetland impoundment that I was
prohibited from accessing. Initial movements of three broods post-hatch ranged from
50.3–556.0 m with a mean of 294.4 m ± 146.3. Following initial moves, broods became
more sedentary.
Daily movements of the three broods averaged 483.7 m ± 49.0 and ranged from
47.1–2,019.8 m. The longest brood movement was 2,019.8 m and occurred over a 14
hour period. I never observed broods crossing dry land, but they did cross impoundment
levees to access adjacent impoundments. Two of the three broods moved uninterruptedly
across tidal marsh, remaining there < 24 hrs. Both broods initiated these moves by
crossing the Combahee River to access managed tidal wetland complexes. These broods
moved from a wetland with salinities of 3–5 ppt to separate wetlands both being 0–1ppt.
A second brood abandoned one wetland for another after water levels increased in the
former to > 20 cm following a tropical storm. The third radio-marked female remained in
one managed tidal wetland for 15 days, after which I concluded the brood was lost, given
she used 3–5 wetlands in a single day, for 3–4 days. I also flushed the female on two
separate occasions during this period and the female exhibited no feigning behavior,
which would be characteristic of a brood rearing female.
4.4.4

Habitat Use
Four of five broods used fresh to intermediate (x̄ = 3.0 ppt ± 0.25, range = 0.1–5.6

ppt) managed tidal impoundments during 103 cumulative exposure days from 9 May–17
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July. During this same period, salinities in the natural marsh averaged 2.8 ppt (range =
2.0–3.8 ppt). Broods used managed tidal impoundments flooded 0 ̶ 20 cm deep, whereas
water in adjacent canals was 15–30 cm deep and provided habitats when the primary
wetland impoundment was dry. During the 103 exposure days, female mottled ducks and
their broods used wetlands with depths of 4.5 ± 0.7 cm.
A total of six different managed wetland impoundments were used by radiomarked female mottled ducks and their broods. Used wetlands contained emergent and
submerged aquatic vegetation characteristic of freshwater and brackish wetlands (Figure
4.5). At 103 locations of suspected brood use, vegetation most commonly included:
cattail (Typha spp.), saltmarsh bulrush (Scirpus robustus), giant cordgrass (Spartina
cynosuroides), widgeon grass (Ruppia maritima), Johnsongrass (Sorghum halepense),
common duckweed (Lemna minor), swamp smartweed (Polygonum hydropiperoides),
and California bulrush (Schoenoplectus californicus; Figure 4.6). The ratio of open water
to vegetation varied among all six managed tidal impoundments used by broods. For
example, one impoundment that received greatest use by broods contained approximately
5–10% open water, and the remaining 5 used impoundments contained approximately 30 ̶
40% open water.
4.4.5

Apparent Brood Survival
Given limited sample size of marked broods, I could not estimate daily survival of

ducklings or broods. However, based on movements and subsequent behaviors of four
radio-marked female mottled ducks having broods, I suspect that 50% (2 of 4) of broods
had at least one duckling survived to day 30. I did not detect any mortalities of radiomarked females.
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4.5
4.5.1
4.5.1.1

Discussion
Capture Methods
Decoy Traps
Shipes’ (2014) and my study demonstrated low nesting propensity of female

mottled ducks marked with intra-abdominal radio transmitters. Dwyer-style harnesses
have been used successfully to study brood ecology in many waterfowl species in various
breeding environments (Dwyer 1972, Baker 1983, Lokemoen et al. 1984, Stutzenbaker
1988). Given little success in using intra-abdominal transmitters and lingering difficulty
of observing unmarked mottled ducks in wetlands, I attempted to supplement my sample
size of marked females using decoy trapping in 2014. This method has been successfully
used in mottled duck studies elsewhere in the birds’ range (Finger et al. 2003, Rigby
2008, Varner et al. 2013). Despite establishing decoy traps in wetlands with abundant
indicated breeding pair activity (Chapter II), I had difficulty capturing birds. I
constructed traps of two designs, one round and having three independent doors (Sharp
and Lokemoen 1987), and the other square with two independent doors (Afton et al.
1980). I captured mottled ducks on one occasion in the round trap. As spring progressed
and water temperatures increased, American alligators (Alligator mississippiensis)
frequently harassed decoy hens and were often captured in decoy traps, ultimately
destroying the traps. However, all decoy hens survived the trapping period. The greatest
alligator-related damage of decoy traps occurred when traps were set in > 15 cm water.
4.5.1.2

Nest Traps
I modified the drop-style trap design used by Baker (1983) and Stutzenbaker

(1988) by attaching a weight atop the trap to allow it to quickly fall through robust,
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emergent vegetation, where mottled ducks constructed nests in the ACE Basin. Trap
designs with no attached weight were unstable in dense vegetation, and females
otherwise would have easily escaped from deployed traps. Weighting the trap
maintained the efficiency and simplicity of this design and increased its likelihood of
capturing a female.
My greatest concern in marking incubating females was learning how to decrease
their nest abandonments, as these birds seem to tolerate little disturbance (Stutzenbaker
1988). Thus, I first evaluated two different scenarios of bird capture and marking. First,
on two separate occasions, I captured and transported a female in a darkened crate to an
adjacent impoundment levee for radio-marking with a backpack transmitter. The overall
handling time for transporting and marking the two birds was ~40 minutes each, and both
birds subsequently abandoned their nests. Therefore and secondly, I radio-marked the
other five females in the immediate vicinity of the nest site, and reduced overall handling
time to 12–14 minutes per bird. During each procedure, I placed a small opaque bag over
the head of each female to minimize stress while I collected morphological measurements
and outfitted them with a transmitter (Whitworth et al. 2007, Fair et al. 2010). All five
females marked in this manner returned to their nest and eventually departed with their
brood.
In another separate incident, I flushed a female mottled duck from a nest that had
pipped eggs. Given that the female flushed, I immediately erected the drop-style trap in
hopes of capturing her. Despite multiple attempts, I never captured this female, nor did I
observe her return to the nest after the initial flush. I removed the trap and returned one
day later to find the female had departed with five ducklings, leaving four ducklings in
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the nest. Although an isolated observation, this experience demonstrates the challenges
in capturing breeding mottled ducks.
Despite some difficulties, the modified drop-style trap design seems like a hopeful
device for capturing nesting female mottled ducks in the future. However, success of the
method will depend on the available pool of females that can be marked and ultimately
produce successful nests. Despite these challenges, after four years of experience
trapping and marking mottled ducks, this method seems most promising going forward in
future studies of nesting and brood rearing females.
4.5.2

Brood Movements
Mean daily brood movements recorded in my study (i.e., 482.7 m) were

representative of reported mottled duck brood movements (i.e., 116–663 m; Finger et al.
2003, Rigby 2008). Water depths seemingly influenced brood movements in my study;
broods vacated wetlands when mudflats occurred or depths exceeded 20 cm. These
observations are supported by mottled duck studies elsewhere (Finger et al. 2003, Rigby
2008). Extensive overland movements by mottled duck broods are common (Baker
1983, Finger et al. 2003, Rigby 2008). Although I did not observe overland movements
by broods, they did cross the Combahee River to access complexes of managed tidal
impoundments. My study area was a complex of managed tidal impoundments, natural
tidal marsh, ditches, and tidal riverine wetlands with limited upland; hence, overland
movements did not occur.
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4.5.3

Habitat Use
Although my sample size is limited, managed tidal impoundments appear to be

important habitats for mottled duck broods in the ACE Basin. All broods in my study
extensively used managed tidal impoundments and only traversed natural tidal marsh to
access other complexes of the aforementioned habitats. Managed impoundments provide
submerged and emergent vegetation which harbor invertebrates, and cover that likely
afford ducklings protection from some predators (Weber and Haig 1996). I often
observed mottled duck broods using wetlands with clumps of cattail, and broods
frequently fed among patches of widgeon grass. Wetland managers typically maintain
relatively constant water levels in managed tidal impoundments, whereas natural marsh
has two high and low tides daily. However, many managers will drawdown wetlands
during summer to grow sea purslane and then flood in late summer-early fall to promote
a second crop of widgeon grass (Gordon et al. 1989). When wetland impoundments were
drained for management purposes in my study, I recorded 15 locations of broods using
flooded canals adjacent to the managed tidal impoundments. Canals contained 15–30 cm
of water with perimeter emergent vegetation. I suspect that invertebrates existed within
these canals, vegetation provided cover. I hypothesize that shallow water and
interspersed emergent and submerged vegetation that are characteristic of managed tidal
impoundments provide suitable habitat for mottled ducks broods. Given low salinities
(0.1–5.6 ppt) throughout my study, I was unable to determine how salinity may influence
habitat use of mottled duck broods.
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4.5.4

Brood Survival
The behavioral nature of breeding mottled ducks has rendered them difficult for

studying duckling and brood ecology. There have been challenges in observing
ducklings and broods and with transmitter retention (Baker 1983, Finger et al. 2003,
Rigby 2008). Much like these aforementioned studies, I frequently could not observe and
accurately count ducklings given their secretive nature. Dense emergent vegetation often
inhibited views of ducklings, and sneaking on broods for observation was nearly
impossible. Despite these limitations, apparent brood survival may have been 50% for
the 4 broods observed. My limited results lie within the upper bounds of similar
estimates reported in other studies in Texas and Florida (35–69%; LaHart 1970, Finger et
al. 2003, Rigby 2008). Clearly, methods to study and accrue precise estimates of
duckling and brood survival of mottled ducks are needed. Until then, a thorough
understanding of the effects of breeding season demographics on annual populations of
this species will remain elusive.
4.6

Management Recommendations
The use of managed tidal impoundments by breeding and brood rearing mottled

ducks was revealing toward understanding the annual ecology of this species in South
Carolina. This evidence further supports the importance of these wetland systems in the
seasonal or annual cycles of waterfowl in the ACE Basin. For example, wetlands of the
South Atlantic Coastal Zone have historically been intensively managed for wintering
waterfowl (Gordon et al. 1989). I certainly advocate continuing management for
wintering waterfowl in the ACE Basin, but I also believe there are compatible
management strategies to benefit breeding mottled ducks. Wetland managers in the ACE
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Basin can deliberately re-create habitats for breeding and brood rearing mottled ducks by
managing hydrology to promote interspersed emergent and submerged aquatic vegetation
with open water. Additionally, this management creates islets that may be suitable
nesting sites for mottled ducks. For instance, when shallow water (5–25 cm) is
maintained within brackish or saline impoundments for an entire year, using a late-spring
drawdown followed by gradual reflooding in early summer, emergence of islets of
Spartina bakeri occur (Gordon et al. 1989). This management regime could create
additional substrates for other nesting waterbirds and escape or roost cover for broods.
Likewise, the shallow water will also encourage growth of submerged vegetation such as
widgeon grass to provide substrates for invertebrates for foraging broods.
Brood ecology continues to be a challenging aspect of the waterfowl life cycle for
research (Sedinger 1992), yet the brood rearing period is significant relative to population
growth (Cowardin and Johnson 1979, Hoekman et al. 2002, 2006). Various methods
have been used to study brood ecology of mottled ducks including observational studies,
radio-marking the brood female at the nest, or marking ducklings after they have departed
the nest (Johnson 1974, Baker 1983, Davis et al. 2007, Finger et al. 2003, Rigby 2008).
These and other studies have helped build the foundation for brood ecology of mottled
ducks, but much work remains. Regardless of methods used, issues of small sample size
have plagued each of these respective brood studies. Either because of low breeding
propensity or together with low nest success in some instances, finding and marking
adequate numbers of mottled duck ducklings at the nest and prior to their nest departure
remains challenging. Perhaps a future step forward is to use unmanned aerial vehicles
(UAV) to document brood habitat use and movements. Unmanned aerial vehicles are
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particularly useful for monitoring wildlife and habitats that are difficult to access or
observe from the ground (Chabot and Bird 2015). Recently, UAVs have become
increasingly popular for wildlife studies and have been successfully used in detection of
wading birds, breeding population studies of Black-headed Gulls (Chroicocephalus
ridibundus), and surveying staging flocks of spring migrating Canada Geese (Branta
canadensis) and Snow Geese (Chen caerulescens; Watts et al. 2010, Chabot and Bird
2012, Sardà-Palomera et al. 2012). Given these recent applications, UAVs might be
successful for surveying duck broods. Either transect or point-count related
methodologies could be devised to monitor broods, depending on physical features of
wetlands, research questions, and other factors. Furthermore, applications of video
recordings of marked individuals to obtain brood counts or estimate survival of
individuals may be achievable, in addition to determining movements and habitat use by
broods.
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Table 4.1

Summary statistics for monitoring radio-marked female mottled ducks
(Anas fulvigula; n = 5) and broods in spring-summer 2013, Ashepoo,
Combahee, Edisto Rivers Basin, South Carolina.

Exposure daysa
40

n duckling
locations to 30days age
25

n Impoundments
Used
5

8

48

18

2

333

10

14

13

1

282

9

28

3

2b

110

4

1

1

1

Brood ID
393

Brood size at
exodus
6

242

a

3 of 5 broods were suspected of having > 1 surviving duckling, although I could not
unequivocally confirm that for one of the three broods.
b
Unable to confirm
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Figure 4.1
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The Ashepoo, Combahee, Edisto Rivers Basin (ACE Basin) and study sites where I investigated the brood rearing
ecology of mottled ducks (Anas fulvigula) in South Carolina, 2013–2014.

Figure 4.2

Weighted drop-style trap frame used to capture incubating female mottled
ducks (Anas fulvigula) for radio-marking, spring 2013–2014.
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Figure 4.3

Drop-style trap ready to deploy over a mottled duck (Anas fulvigula) nest
in Ashepoo, Combahee, Edisto Rivers Basin, South Carolina, spring 2013–
2014.
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Figure 4.4

A decoy trap deployed with an F1 wildstock, female mallard (Anas
platyrhynchos) for capturing paired mottled ducks (A. fulvigula) in the
Ashepoo, Combahee, Edisto Rivers Basin, South Carolina, spring 2014.
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Figure 4.5

New An example of a managed tidal impoundment frequently used by
mottled duck (Anas fulvigula) broods, Ashepoo, Combahee, Edisto Rivers
(ACE) Basin South Carolina, 2013–2014.

Impoundments typically contained an estimated 30% open water and 70% vegetation.
Vegetation including Spartina bakeri, Scirpus robustus, Ruppia maritima, and Typha spp.
typified the impoundments. This photograph is from the Minkey impoundment, Bear
Island Wildlife Management Area, ACE Basin, South Carolina, summer 2013.
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Frequency of vegetation species occurrence at brood used locations

Figure 4.6

Frequency of occurrence of vegetation species at brood use locations (n
=103) of mottled ducks (Anas fulvigula)in 6 managed tidal impoundments
in Ashepoo, Combahee, Edisto Rivers Basin, South Carolina, spring and
summer 2013.
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Table A.1

Dominant plant species by wetland type commonly found in the Ashepoo,
Combahee, Edisto Rivers Basin, South Carolina (Gordon et al. 1989).

Wetland Type
Tidal Freshwater Marsh

Salt Marsh

Brackish Marsh

Vegetation Species
yellow pond lily (Nuphar lutem)
Canadian waterwed (Anacharis canadensis)
southern wildrice (Zizaniopsis miliacea)
wild rice (Zizania aquatica)
Virginia arrowarum (Peltandra virginica)
pickerelweed (Pontederia cordata)
golden club (Orontium aquaticum)
arrowheads (Sagittaria spp.)
smartweeds (Polygonum spp.)
Cattail (Typha spp.)
sedges (Cyperus spp.)
common rush (Juncus effusus)
softstem bulrush (Scirpus validus)
square-stem bulrush (Elecocharis quadrangulata)
giant cordgrass (Spartina cynosuroides)
climbing hempweed (Mikania scandens)
water-hemp (Amaranthus cannabinus)
compact dotter (Cuscuta compacta)
tag alder (Alnus serrulata)
swamp dogwood (Cornus stricta)
button bush (Cephalanthus occidentalis)
willows (Salix spp.)
common bald cypress (Taxodium distichum)
red maple (Acer rubrum)
tupelo-gums (Nyssa spp.)
salt grass (Distichlis spicata)
black needle rush (Juncus roemerianus)
glassworts (Salicornia spp.)
smooth cordgrass (Spartina alterniflora)
marsh-hay (Spartina patens)
wax myrtle (Myrica cerifera)
sea myrtle (Baccharis halmifolia)
giant cordgrass (Spartina cynosuroides)
black needle rush (Juncus roemerianus)
wax myrtle (Myrica cerifera)
sea myrtle (Baccharis halmifolia)
marsh elder (Iva frutescens)
saltmarsh aster (Aster subulatus)
salt grass (Distichlis spicata)
saltmarsh bulrush (Scirpus robustus)
smooth cordgrass (Spartina alterniflora)
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