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Abstract 

Surveys of the mottled duck (Anas fulvigula) population in Texas have shown steep 

declines over the last 20 years.  The causes of the population decline are not well 

understood, but low recruitment has recently been hypothesized.  Female survival during 

the breeding season has not been widely discussed as a contributing factor, even though it 

plays an important role in population dynamics.  I investigated mottled duck recruitment 

as well as female survival during the breeding season and gathered information on habitat 

use to guide management decisions.  My objectives were to (1) estimate weekly survival 

rates of mottled duck females throughout the breeding season, (2) estimate the daily 

movement and home range of mottled duck females during the breeding season, (3) 

estimate daily survival rates of ducklings and estimate mottled duck recruitment, and (4) 

estimate daily movements and home range of mottled duck broods. 

My study area was the Texas Chenier Plain National Wildlife Refuge (NWR) Complex, 

which was comprised of Anahuac, McFaddin, Texas Point, and Moody NWRs, with most 

research occurring on Anahuac NWR.  I caught female mottled ducks in decoy traps and 

baited swim-in traps on Anahuac NWR from 1 February to mid-April or early May, 

2006-2008.  Females were fitted with back-mounted radio transmitters and tracked 

through the end of the breeding season, 30 June.  I used 2 tracking methods: remote 

locations, where I used observer coordinates and bearings to the female to triangulate 

female locations, and visual locations where I tracked the female until seen.  I captured 

15 females in 2006, 12 in 2007, and 20 in 2008.  Of these, 2 died in each of the first 2 

years and 3 in the third year due to subsequent trapping stress and were removed from 

analyses.   

Survival of a female in each week was documented either with a visual location or a 

remote location that indicated obvious movement since the last location.  I estimated 

weekly female survival using the Known Fate procedure of Program MARK (White and 

Burnham 1999) and tested 5 a priori models with a body condition index (body mass (g) 

/ wing chord (mm) ) included as a covariate.  Models were evaluated based on Akaike’s 
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information criterion corrected for small sample size (AICc) values.  Female survival 

estimates for the entire 19-week breeding season were 75.5% for the top model, range  

63.3% -87.2% for other models with ΔAICc less than 4.  Mottled duck nesting propensity 

was similar for 2006 and 2007 but increased in the third year.  There is some evidence 

that breeding season survival of female mottled ducks decreased when nesting effort 

increased.  Females showed the highest nesting propensity (62.5%) in 2008, the year with 

the lowest female survival rate.  For all years, weekly survival for females was the same 

during the breeding season as it was for the remainder of the year.  Although nesting may 

carry increased risk, as signaled by the decrease in female survival when nesting effort 

increased, nesting rates were so low that the weekly survival rate was not reduced 

significantly during the breeding season.  Low nesting propensity appeared to be linked 

with poor habitat conditions such as drought and high marsh salinity.  The links among 

nesting propensity, female survival, and habitat suitability, suggests that a “trade-off” is 

at play for female mottled ducks.   

 

I also used visual and remote locations of mottled duck females to calculate minimum 

daily movements.  Large dispersal movements (> 10 km) were excluded from daily 

movement and home range calculations.  I calculated  home ranges for females using 

95% adjusted-kernel density estimates.  In 2006, 7 females dispersed > 10 km from the 

study area, moving an average of 31.9 km.  Dispersing females moved to inland 

freshwater impoundments in a year of extreme drought, indicating dispersal is influenced 

by weather and habitat conditions.  Dispersal was precluded during drought in 2008 by 

presence of new local refugia.  Females that nested moved less than females that did not.  

Home range size did not differ between breeding versus non-breeding females or among 

years, suggesting female home ranges were limited by habitat patch size.   

To estimate duckling and brood survival, movement, home range, and habitat use, I 

tracked radio-transmittered ducklings and radio-transmittered females with broods.  I 

caught mottled duck broods from airboats in 2006, 2007, and 2008.  I randomly selected 

2 ducklings from each brood and fitted them with radiotransmitters.  
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I captured 7 ducklings from 4 broods in 2006, 43 ducklings from 23 broods in 2007, and 

9 ducklings from 5 broods in 2008.  I used duckling visual and remote location data to 

estimate daily duckling and brood survival using the Known Fate procedure of Program 

MARK (White and Burnham 1999).  The top models for both brood and duckling 

survival were constant survival among days and years.  My duckling survival estimate 

was greater than expected (66.9% for the 30-day period) and was high compared to a 

previous estimate of 41.1% in Texas, as well as compared to estimates of duckling 

survival for closely related species.  Although duckling survival was high in my study, 

recruitment estimates were low.  To maintain a stable population, I estimated that a 

recruitment rate of R = 0.91 is needed.  When recruitment was calculated using existing 

nest success estimates, all but 1 recruitment estimate were smaller than R = 0.91, 

implying negative population growth.  By comparing mottled duck recruitment 

parameters to mallard parameters, I confirmed that low hen success, determined by nest 

success and nesting propensity, was largely responsible for low mottled duck recruitment.  

Duckling locations and female with brood locations were also used to calculate minimum 

daily brood movements and brood home ranges using 95% adjusted-kernel density 

estimates.  Brood movements differed among years, but brood home range size did not 

because habitat patch size was not limited by water level.   Instead, human created 

barriers (roads, levees, bayous), dry zones, and areas dominated by heavy, impassable 

vegetation formed physical barriers to duckling movement.  There was only 1 observed 

brood movement between habitat patches.  The isolation of broods within habitat patches 

may increase risk to broods in years of severe drought.  Movements were greatest in 

2007, the year with the greatest rainfall and the only year without a drought period.  

Movements and home range were similar for broods in moist soil units (MSUs) and 

broods in coastal marsh. 

The cornerstone of mottled duck management must be the maintenance of a trio of 

habitats necessary for their life cycle: nesting habitat, brood rearing habitat, and adult 

habitat.  Low observed nesting propensity and previously low reported nest success 
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indicate increasing nesting habitat area and quality should be a prominent goal of habitat 

management.  Location of nesting areas is as important as habitat quality.  Nesting areas 

need to be adjacent to areas suitable for broods.  Predator control in mottled duck nesting 

areas has not been widely pursued on the gulf coast but should be carefully considered.  

Current recommendations for desired brood habitat characteristics, such as disturbed, 

broken marsh, were largely supported by habitat use of mottled duck broods in my study.  

Managers should encourage connectivity of brood areas to give broods the widest 

possibilities for habitat selection.  In managing habitats for stages of the mottled duck life 

cycle, managers should be particularly attuned to the effects of drought.  Local refugia 

during drought are critical as adult mottled duck habitat and can reduce the need for 

dispersal of adult mottled ducks from coastal refuges.   
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Chapter I 

Introduction 

The Gulf of Mexico coast hosts millions of migratory waterfowl each winter, but also 

serves as the year-round home of the mottled duck (Anas fulvigula).  These non-

migratory, mallard-like (Anas platyrhynchos) ducks reside primarily in coastal marsh and 

secondarily in agricultural lands, particularly rice fields and cattle pasture (Stutzenbaker 

1988).  Within coastal marsh, they require a variety of habitat types during their life cycle 

and are thus viewed as an indicator species for coastal marsh health.  The species’ range 

includes southern Florida and a narrow strip of coast from northeast Mexico to Alabama 

(Moorman and Gray 1994).  Genetic data indicates that the species is split into 2 

populations currently isolated from gene flow, 1 on the western gulf coast and 1 in 

Florida (McCracken et al. 2001, Williams et al. 2005).  The geographic and genetic 

separation of the 2 populations has resulted in each being managed separately; unless 

otherwise noted, this thesis will address the western gulf coast population only.  The bulk 

of the gulf coast population occurs in Louisiana and southeast Texas, centered on the 

Chenier Plain of the western Louisiana and upper Texas gulf coast (Moorman and Gray 

1994). 

When compared to other North American waterfowl species, which are extensively 

surveyed, the size of the mottled duck population is not well known.  Three of the 4 

annual mottled duck population surveys are conducted only on Texas National Wildlife 

Refuges (NWRs); currently, there is no range-wide population survey of mottled ducks.  

Bellrose (1976) estimated the fall gulf coast population at 250,000, Stutzenbaker (1988) 

estimated the wintering gulf coast population at 169,300, and Wetlands International 

estimated the entire population as 185,000 (Rose and Scott 1997).  The North American 

Waterfowl Management Plan (2004) has estimated that 630,000 mottled ducks reside on 

the western gulf coast, far more than any other estimate.  Ballard et al. (2001) used an 

aerial circling survey method and ground surveys to estimate 105,000 breeding pairs and 

220,000 total mottled ducks along the gulf coast of Texas only.  Their study took place 
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during 1994-1995, however, years that surveys showed high mottled duck populations in 

Texas (Haukos 2007). 

A complete estimate of the mottled duck population is difficult not only due to the 

incomplete coverage of surveys, but because of large annual fluctuations in population 

trends.  Between 1996 and 1997, for example, the breeding pair survey of Texas NWRs 

showed a 60.6% decline, while the monthly waterfowl survey of Texas NWRs showed a 

near doubling between the 2004-2005 and 2005-2006 seasons (Haukos 2007).  These 

drastic population changes appear to be correlated with weather and habitat conditions  

Specifically, population increases appear to be correlated with high rainfall and 

population decreases with low rainfall.  Thus, to properly evaluate the mottled duck 

population, one must examine long-term trends.  The breeding pair survey has shown a 

21-year long-term average of 3.98 pairs/km2, with recent surveys showing steep declines 

(Haukos 2007).  In 2006, the breeding pair survey estimated 0.94 mottled duck pairs/km2, 

a 76% decline from the long-term average.  The breeding pair survey uses a visibility 

index derived from ground surveys to adjust aerial estimates (Haukos 2007).  Monthly 

waterfowl surveys on NWRs detected 10,880 mottled ducks in 2005-2006, a 29.7% 

decline from the 21-year long-term average.  The Texas midwinter inventory, a larger 

survey that extends beyond NWRs, estimated 17,816 mottled ducks within the survey 

area in 2006, a 49.3% decline from the 34-year long-term average of 35,164 (Haukos 

2007).  Indeed, all annual surveys of mottled ducks in Texas have shown steep population 

declines, especially over the last 10 years (Haukos 2007).  The ability of the population to 

grow quickly in years with excellent habitat conditions is encouraging, but the long-term 

population decline of mottled ducks in Texas demands immediate attention. 

The causes of the mottled duck population decline are not clear, but habitat loss and 

habitat degradation are almost certainly components of the decline.  Coastal marsh area in 

Texas and Louisiana has declined severely over the last 2 centuries.  The 2 states are 

ranked second and third (behind Florida) for historical wetland area in the continental 

United States, with a combined estimated 130,285 km2 of wetlands in the 1780s (Dahl 
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1990).  By the 1980s, Texas had already experienced a loss of 52% of its original wetland 

area; Louisiana had lost 46% (Dahl 1990).  Interior coastal wetland loss has accelerated 

in recent years in Texas (Paine and Morton 1990).  Urbanization and development of 

coastal property for real estate has consumed many wetlands, especially near large 

coastal cities like Houston and New Orleans (Morton and Paine 1990).  Gulf coastlines 

are continually subject to natural erosion, artificial boat wake erosion, and diversion of 

fluvial sediments due to river channelization.  In some areas, shoreline loss along the gulf 

coast has reached 6-12 m per year (Esslinger and Wilson 2001).  Most interior wetlands 

have been subjected to hydrological alteration through construction of canals, channels, 

and levees, often resulting in saltwater intrusion into interior wetlands.  Subsidence, in 

part due to subterranean groundwater and hydrocarbon extraction, has caused the 

submergence of an estimated 10,700 ha of coastal marsh in the Galveston Bay area alone 

(White and Tremblay 1995).  Coastal marshes and prairies also suffer from several 

destructive invasive plant species, primarily invasive Chinese tallow (Sapium sebiferum), 

which converts wetlands into shrubby or wooded habitat.  Agricultural rice fields, often 

used by mottled ducks, have also greatly declined on the gulf coast due to a slump in the 

market for rice and decreased government supports.  Texas lost 527 km2 of rice fields 

from 1988 to 1998, a 34% reduction (Esslinger and Wilson 2001). 

While outright habitat destruction has certainly played a role in the decline of mottled 

ducks in Texas, there are likely other influential factors.  Mottled duck numbers have 

declined in surveys conducted on NWRs, which have largely been spared outright habitat 

destruction.  In order to determine the causes of the decline, biologists have turned their 

attention to the population parameters of the species, in search of a limiting factor.  Based 

on expert opinion, the Gulf Coast Joint Venture regarded mottled duck recruitment to be 

twice as important as adult survival in limiting the population (Wilson 2007).  The group 

also named increasing nest success and brood survival as the top management priorities 

for increasing the mottled duck population on the gulf coast.  Although these priorities 

are based on expert opinion, there exists little research supporting them.  Evidence of low 

recruitment rates is clearly lacking.  Moorman and Gray (1994) identified the need for 
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additional research on brood survival and recruitment rates.  Holbrook et al. (2000) cited 

adult female and brood survival as the primary deficiencies in data regarding mottled 

duck productivity.  Durham and Afton (2003) reported lower than expected nest success 

rates for mottled ducks in Louisiana, and stated that, when compared to mallard 

population models, mottled duck recruitment may be too low to sustain a stable 

population.  They emphasized the need for more research to determine whether there is a 

“recruitment problem” on the gulf coast.  Investigating mottled duck recruitment is 

critical to understanding the species’ population dynamics and determining management 

priorities. 

Waterfowl recruitment (defined as number of young females in the fall population 

produced per adult female in the previous spring population [Cowardin and Johnson 

1979]) is difficult to estimate directly (Cowardin and Blohm 1992).  Instead, recruitment 

is more easily split into its components for measurement.  Recruitment rate (R) is most 

easily defined as R = HZB/2, where H = hen success (a composite of nest success and 

renesting effort), Z = probability that at least 1 member of the brood survives to fledging 

(brood survival), and B = average brood size at fledging (Cowardin and Johnson 1979).  

With a minor change to the equation (average number of ducklings hatched per female 

substituted for B), duckling survival can also be used to estimate recruitment.  Some of 

these components have already been estimated for mottled ducks.  Nest success has been 

estimated in several studies (Baker 1983, Stutzenbaker 1988, Holbrook et al. 2000, 

Walters et al. 2001, Durham and Afton 2003).  Average brood size can be estimated 

fairly easily with breeding season brood surveys.  Brood and duckling survival, however, 

are not well known for mottled ducks.  Early studies used brood count surveys to estimate 

survival (Engeling 1950), but such surveys are unreliable because total brood losses are 

necessarily excluded.  Baker (1983) and Finger et al. (2003) estimated brood survival 

based on observation of radio-transmittered females, but these studies had low sample 

sizes (N = 8 and N = 19 females with broods, respectively) and had the bias of tracking 

females rather than ducklings themselves.  Ducklings scatter and hide when they become 

aware of an approaching observer, making accurate brood counts difficult when tracking 
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a female.  Finger et al. (2003) estimated Mayfield daily duckling survival as 97% and 30-

day survival as 41.1%, calculated from once-weekly observations of radio-transmittered 

females with broods.  Baker (1983) observed a 58% duckling mortality rate for 7 tracked 

broods over 146 total brood-tracking days but did not report a daily survival estimate.  In 

order to accurately estimate mottled duck recruitment, a reliable brood survival or 

duckling survival estimate is needed.  

In addition to recruitment, the Gulf Coast Joint Venture identified adult survival as a 

potential limiting factor of the mottled duck population (Wilson 2007).  Adult survival 

has been estimated from banding and recovery data (Haukos 2007), but differential 

female mottled duck survival throughout the year is not well understood.  Female 

survival during the breeding season can have a sizeable effect on population dynamics.  

For mallards, a closely related species, female breeding season survival was second only 

to nest success in affecting the population growth rate of the mid-continent population 

(Hoekman et al. 2002).  A study in Florida examined female mottled duck survival 

throughout the year and found that survival was lowest during post-breeding molt 

(Bielefeld and Cox 2006).  Although that study did not find a decrease in female survival 

during the breeding season, many waterfowl species do suffer higher mortality rates due 

to increased predation risk during incubation and brood rearing (Sargeant and Raveling 

1992, Devries et al. 2003, Hartke et al. 2006).  

Although estimates exist for duckling survival and female breeding season survival for 

several similar species, it is difficult to estimate mottled duck population parameters 

based on those data because of mottled ducks’ breeding range.  Parameters likely differ 

due to the countless climatic, vegetative, and hydrologic differences between a saline-

influenced mottled duck gulf coast nesting area and a freshwater northern prairie nesting 

area.  The absence of migration from mottled ducks’ annual cycle may also separate them 

from other species.  For example, in many waterfowl species, individuals with greater 

body condition indices have higher survival rates, as larger ducks have the energy 

resources to endure migration and  harsh winter weather events (Johnson et al. 1992).  
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Because mottled ducks live in a mild climate and do not migrate, body condition may 

play a smaller role in affecting survival.  Further investigation of mottled duck 

recruitment and female survival will help to shed light on the population dynamics of the 

species and may reveal departures from trends seen in other waterfowl species.   

If estimating mottled duck recruitment is important to determine the cause of population 

decline, studying brood ecology is equally important to determine what managers can do 

to support recruitment.  Current management recommendations for broods are primarily 

based on anecdotal observations by local managers.  Although these observations are 

undoubtedly valuable, a closer examination of brood habitat use, movements, and home 

ranges will help refine and direct current management techniques for mottled duck 

broods.  It is not currently known how changes in habitat conditions affect brood 

movements or which areas broods use.  Many areas managed for waterfowl on the gulf 

coast have freshwater impoundments or moist soil units (MSUs), but it is not known how 

mottled duck broods utilize these areas.   

In addition to studying brood ecology, an analysis of movements and home ranges of 

females will also provide insight into how managers can benefit nesting mottled ducks.  

Low nest success rates have been cited as a possible contributory cause of the population 

decline (Durham and Afton 2003).  Most nesting ecology studies, however, have begun 

tracking mottled ducks from the nest; there is little information about female movements 

throughout the entire breeding season.  Similarly, such studies have not provided 

information about females that do not nest.  Considering females throughout the entire 

breeding season will provide new insights into mottled duck nesting and help shape 

management recommendations to increase nesting and nest success. 
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Objectives 

My overall objective for this study was to investigate factors that affect recruitment and 

brood ecology of mottled ducks.  Specific objectives were: 

(1) To estimate weekly survival rates of mottled duck females throughout the breeding 

season; 

(2) To estimate the daily movements and home range of mottled duck females during the 

breeding season; 

(3) To estimate daily survival rates of ducklings and estimate mottled duck recruitment; 

(4) To estimate the daily movements and home range of mottled duck broods.
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Chapter II 

Breeding Propensity and Survival of Female Mottled Ducks During the Breeding Season 

 

Introduction 

Surveys of the mottled duck (Anas fulvigula) population in Texas have shown steep 

declines over the last 20 years.  In 2006, the breeding pair survey of National Wildlife 

Refuges (NWRs) in Texas estimated 0.94 mottled duck pairs/km2, a 76% decline from 

the 21-year long-term average of 3.98 pairs/km2 (Haukos 2007).  The breeding pair 

survey uses a visibility index derived from ground surveys to adjust aerial estimates 

(Haukos 2007).  Monthly waterfowl surveys on Texas NWRs detected 10,880 mottled 

ducks in 2005-2006, a 29.7% decline from the 21-year long-term average.  The Texas 

midwinter inventory, a larger survey that extends beyond NWRs, estimated 17,816 

mottled ducks in surveyed areas in 2006, a 49.3% decline from the 34-year long-term 

average of 35,164 (Haukos 2007). 

The causes of the mottled duck population decline in Texas are not well-understood.  

Female survival during the breeding season has not been widely discussed as a 

contributing factor, even though it plays an important role in population dynamics and 

affects the potential reproductive capability of a population (Johnson et al. 1992).  In a 

sensitivity analysis, Hoekman et al. (2002) found that female survival during the breeding 

season was second only to nest success in affecting population growth of mid-continent 

mallards (Anas platyrhynchos).  Female waterfowl often have lower survival rates during 

the breeding season compared to other seasons due to increased predation risk during 

incubation and brood rearing (Sargeant and Raveling 1992, Devries et al. 2003, Hartke et 

al. 2006).  So far, however, female breeding season survival has not been investigated in 

mottled ducks.  Annual survival of female mottled ducks has been estimated from 

banding and harvest data (Tables 2.1, 2.2) but there are no estimates of the variation of 

female survival rates throughout the year.  It is unknown if female breeding season 
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survival differs from other periods that contribute to annual survival, or if breeding 

mottled ducks face increased predation risk similar to other waterfowl species.  Previous 

studies have indicated that management for mallards should focus on increasing breeding 

season survival and nest success (Hoekman et al. 2002, Brasher et al. 2006), but it is 

unknown if these steps are appropriate for management of mottled ducks. 

It is particularly difficult to know if trends observed in the population parameters of other 

waterfowl species hold true for mottled ducks because of their unique range.  As gulf 

coast residents, mottled duck breeding ecology is markedly different from most North 

American waterfowl.  Without the energetic drain of migration, and with little danger of 

cold weather during the breeding season, mottled ducks potentially have a physiological 

advantage over northern nesters.  Still, there are anecdotal indications that predator 

densities have increased in gulf coastal marshes (Haukos 2007) and ground-nesting 

mottled ducks are likely vulnerable to predators while nesting.  Determining female 

breeding season survival for mottled ducks and whether low survival may play a role in 

population decline is necessary to determine constructive management priorities for the 

species. 

Annual survival of adult female mottled ducks has been estimated as 47.73% from band 

recovery data (Haukos 2007).  Waterfowl survival estimates vary widely, but the 

estimates for mottled ducks are similar to estimates for black ducks, a closely related 

species (Table 2.1).  All previous estimates place female mottled duck annual survival in 

a range of 47%-58% (Table 2.2).  The major known causes of mottled duck mortality are 

predation and hunting (Moorman and Gray 1994, Bielefeld and Cox 2006), although 

mottled ducks also suffer direct or indirect adverse effects from lead contamination 

(Merchant et al. 1991, Merendino et al. 2005), petroleum and pesticide pollution, 

parasites and disease, hurricanes, and collisions with automobiles or human-built 

structures (Stutzenbaker 1988).  Several intrinsic factors may also affect mottled duck 

survival.  Johnson et al. (1992) describes the factors generally held to affect waterfowl 
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survival, namely species, age, sex, condition, social status of bird, geographic variation, 

wetland habitat, weather, and population density.   

My objective was to measure female mottled duck survival during the breeding season 

and compare it to existing estimates of female annual survival.  I hypothesized that the 

weekly survival rate for female mottled ducks would be lower during the breeding season 

than the annual average.  I also hoped to examine female nesting activities and determine 

if survival rates were related to nesting activity.  I further hypothesized that an increase in 

nesting effort would be correlated with a decrease in female weekly survival. 

 

Study Area  

My study area was the Texas Chenier Plain National Wildlife Refuge (NWR) Complex, 

which was comprised of Anahuac, McFaddin, Texas Point, and Moody NWRs.  The 

Chenier Plain Complex covered 428 km2 of coastal marsh and prairie in Chambers and 

Jefferson counties, Texas (Figure 2.1).   The bulk of my research was on Anahuac NWR, 

with some extension to McFaddin NWR.  Movement and dispersal of adults sometimes 

required additional work in Jefferson, Chambers, and Galveston counties outside the 

boundaries of the Chenier Plain Complex.  The Chenier Plain Complex has been 

managed for waterfowl production and wetland conservation for decades, using land 

management tools such as prescribed fire, water management, mechanical disturbance 

(tractor discing), and cattle grazing (U.S. Fish and Wildlife Service 2006).  The 

management of Anahuac NWR for waterfowl has been largely successful, and of the 

NWRs on the mid- and upper Texas gulf coast, this refuge consistently has the greatest 

number of mottled ducks (Anderson and Haukos 1998).  Information gathered on mottled 

ducks on Anahuac NWR should be representative of habitats on the Chenier Plain of 

Texas and Louisiana, but may be optimistic due to the high habitat quality. 

The Chenier Plain Complex lies on eastern edge of the Texas Gulf of Mexico coast, and 

was highly influenced by the gulf both climatically and hydrologically.  The climate on 
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the Chenier Plain Complex was humid sub-tropical, with a mean annual average 

temperature of 20°C (U.S. Fish and Wildlife Service 2005).  Summers were hot and 

humid and winters cool, but major frost events were rare.  Average annual precipitation 

was 143.5 cm (SD 34.8 cm, range 91.6 - 218.3 cm) (U.S. Fish and Wildlife Service 

2005).  Tides associated with Galveston Bay were diurnal and shallow, with an annual 

average tide range of 64 cm (U.S. Fish and Wildlife Service 2005).  Although extreme 

tides were rare, the low elevation of coastal marsh and prairie occasionally resulted in 

large portions of the Chenier Plain Complex flooding under unusually high equinox or 

storm tides.  Infrequently, tropical storms and strong south winds pushed saltwater 

against the northern edge of Galveston Bay and into the Chenier Plain Complex system.  

This interplay between freshwater input from precipitation and saltwater input from 

Galveston Bay has created a wide array of habitat types and vegetation assemblies on the 

Chenier Plain Complex.  All four types of coastal marsh, as described by Stutzenbaker 

(1999) (saline, brackish, intermediate, and fresh), were present on the Chenier Plain 

Complex.  Mottled ducks tend to avoid saline marsh (salinity = 10 ppt or higher,) but 

utilize all other marsh types (U.S. Fish and Wildlife Service 2005).  

Habitat conditions on the Chenier Plain Complex differed greatly among years.  

Hurricane Rita made landfall just east of Sabine Pass, TX, on 24 September 2005, 

approximately 68 km east of Anahuac NWR (Knabb et al. 2006).  The saltwater storm 

surge from the hurricane flooded much of the Chenier Plain Complex.  The lingering 

saltwater, combined with low precipitation levels in autumn and winter 2005 (Figure 

2.2), meant that marsh habitat conditions for the 2006 breeding season were dominated 

by high salinity levels and low water levels.  These conditions continued until late spring 

rains in mid-June 2006 (Figure 2.3).  Habitat conditions during the 2007 breeding season 

were much improved for waterfowl, with higher water levels, lower salinity, and 

consistent rainfall throughout the season.  Precipitation was initially high in 2008, but 

sharply decreased in April, leading to a late breeding season drought.  Habitat conditions 

in both the 2006 early-season and 2008 late-season droughts were characterized by low 

water levels, increasing marsh salinities, and complete drying of many marshes. 
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Vegetation varied across the Chenier Plain Complex, with plant communities shaped by 

salinity and hydrology.  A complete description of conditions on the Chenier Plain 

Complex and Anahuac NWR can be found in U.S. Fish and Wildlife Service (2006) and 

U.S. Fish and Wildlife Service (2005), respectively.  Plant taxonomy below follows 

Stutzenbaker (1999).  Spartina patens dominated much of the intermediate and brackish 

marshes and was commonly associated with Scirpus olneyi, Scirpus robustus, Distichlis 

spicata, Typha spp., Juncus spp., and Paspalum vaginatum.  Fresh marshes, including 

freshwater impoundments and fallow rice fields, were more diverse, featuring 

Alternanthera philoxeroides, Sesbania spp., Ludwigia spp., Nymphaea spp., Sagittaria 

spp., Eleocharis spp., Typha spp., Cyperus spp., Paspalum urvillei, and Panicum 

hemitomon.  Submergent vegetation was common in marsh ponds, with Ruppia maritima 

prevalent in intermediate and brackish marshes and Najas guadalupensis and 

Potamogeton spp. common in fresh marshes.  Coastal prairie areas contained tallgrass 

prairie grasses such as Schizachyrium scoparium, Paspalum plicatulum, Tripsacum 

dactyloides, Panicum virgatum, and Paspalum livium; forbs such as Liatris pynostachya, 

Rudbeckia hirta, Cacalia spp., and Eryngium yuccifolium; and woody species such as 

Baccharis halimifolia and Myrica cerifere.  Invasive plant species were common on 

much of the Chenier Plain Complex, particularly Sapium sebiferum in coastal marshes 

and prairies and Eichornia crassipes in freshwater ponds and ditches. 

The Texas Chenier Plain Complex was severely impacted by Hurricane Ike in September 

2008.  Habitat implications remain to be seen but can be expected to be severe and  

lasting. 

 

Methods 

I caught female mottled ducks in decoy traps and baited swim-in traps on Anahuac NWR 

from 1 February to mid-April or early May, 2006-2008.  All procedures involving live 

animals were performed in accordance with the Texas Tech University Animal Care and 
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Use Committee standards (approval number 06026-06) and under Federal Bird Banding 

Permit 09072.  In 2006, trapping efforts were limited to the East Unit of the refuge 

(Figure 2.4), but in 2007 and 2008 I expanded efforts to include sites west of Oyster 

Bayou.  Decoy traps were baited with a live mallard female to visually and vocally attract 

mottled ducks.  I baited swim-in trap funnels with rice or a mixture of rice, molasses, and 

sweet potatoes.   

Each captured mottled duck was weighed (g), sexed based on plumage and bill 

characteristics and a cloacal inspection, and banded with a U.S. Geological Survey 

aluminum leg band.  I also measured wing chord length (mm) from the radial notch to the 

end of the longest primary for all birds (Carney 1992) in order to estimate body 

condition.  I then fitted females with Advanced Telemetry Systems Inc. (ATS) A1800 

back-mounted radio transmitters (Dwyer 1972).  The transmitter cord was knotted and 

secured with PVC glue and transmitters were tested for frequency shift before female 

release.  Any male mottled ducks caught in a trap with a female were banded, then kept 

in a separate pen so that they could be released simultaneously.  In 2006, females were 

kept in a darkened pen for 10 minutes to acclimate to the transmitter before remote 

release.  I dispensed with this practice in 2007 and 2008, as the ducks frequently 

struggled to escape the pen and risked injury. 

Transmittered females were tracked with ATS model R4000 or R2000 radio receivers via 

a 3-element hand-held AF Antronics Inc. yagi antenna.  I used two methods to determine 

female locations: remote locations, where I recorded triangulation data (GPS coordinates 

of the observer and bearing to the female), and visual locations where I tracked the 

female until seen.  At each visual, I recorded the female’s location with a Global 

Positioning System (GPS), presence of brood or nesting behavior (flushing very close to 

observer, quacking, or flapping to distract observer), and presence of other mottled ducks.  

I attempted to get a visual of each female every 3 days, with occasional longer intervals 

due to inclement weather or logistical constraints.  Nests were marked at least 10 m from 

the nest, then remotely monitored for the remainder of the nesting period.  Proportion of 
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females showing nesting behavior (found on a nest or with a brood) was compared 

among years using a Chi-square test for multiple samples.  Female transmitters featured a 

mortality signal that activated if the transmitter was motionless for > 8 hours.  I 

investigated all mortality signals as soon as possible and recorded female mortality 

location, condition of remains, and cause (if known).  

Survival of a female in each week was documented either with a visual location or a 

remote location that indicated obvious movement since the last location.  In almost all 

instances, 1 or more visual locations were obtained each week.  I estimated weekly 

female survival using the Known Fate procedure of Program MARK (White and 

Burnham 1999).  I analyzed 5 a priori models using Program MARK, with a body 

condition index (body mass (g) / wing chord (mm) ) included as a covariate.  Models 

tested were: survival constant across weeks and years with and without body condition as 

a covariate, survival constant across weeks but differing across years with and without 

body condition as a covariate, and survival constant across years but different across 

weeks.   

Models were evaluated based on Akaike’s information criterion corrected for small 

sample size (AICc) values: models with ΔAIC values less than 3 had “substantial” 

empirical support and models with a ΔAIC value 3-7 had “considerably less” support 

(Burnham and Anderson 2002).  Annual survival rates were extrapolated as S52, where S 

= weekly survival calculated by Program MARK.  Survival histories for all females 

whose fate could not be determined were right-censored. 

 

Results 

I captured and radio-tracked 15 females in 2006, 12 in 2007, and 20 in 2008 (Figure 2.5, 

Appendix A, Appendix B).  Of these, 2 died in each of the first 2 years and 3 in the third 

year due to subsequent trapping stress.  These trapping mortalities were excluded from 

survival analyses.  Two additional females in June 2007 and 1 additional female in June 
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2008 were captured during airboat brood capture.  These females were excluded from 

survival analyses due to the short time period of tracking.   

In 2006, 2 females died during the breeding season: 1 on the study area and 1 at a 

dispersal site 27.6 km west of her previously known location (Figure 2.6).  In 2007, 1 

female died outside the refuge boundaries, 1.8 km from her capture site. In 2008, 4 

females died of non-human causes: 2 in moist soil units or rice fields and 2 in marshes on 

the study area.  Female mortalities were spread evenly across the study area and 

surrounding habitat, with no evident pattern.   It was difficult to determine if predation 

was the cause of mortality or if carcasses were secondarily scavenged as most carcasses 

were partially consumed.   

In 2006, 7 females (54%) dispersed from the study area.  Of the 7 females that dispersed, 

4 were found an average of 31.9 km (range 25.7 km - 37.4 km) from their previous 

position in an aerial search on 12 June 2006.  The other 3 females were not found, but 

were assumed not to be mortalities because their transmitters were fully operational 

before they disappeared.  Transmitter retention was a problem in 2008, but not in any 

other year.  On 12 March 2008, female 4.725 was caught in a decoy trap with no 

transmitter 1 day after her transmitter was found in the marsh.  I refitted the duck with a 

new transmitter (4.462), and tracked her until she was found dead on 25 March 2008.  

Her lower mandible was caught in the anterior transmitter harness, suggesting she had 

become entangled and died.  Two other females’ transmitters were found with no carcass 

or remains in 2008 and were assumed to be shed transmitters rather than mortalities.  

Survival histories of all females whose fate could not be conclusively determined were 

right-censored.   

Mottled duck nesting was similar for 2006 and 2007; 2 females had broods in both years 

and 1 additional female nested in 2007 (Table 2.3).  Nesting effort increased, however, in 

the third year to 6 females with broods and 4 females with nests only (χ2
2 = 7.13, P = 

0.028).   
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There was strong evidence for support of 2 models out of the 5 tested, and weak support 

for 1 additional model (Table 2.4).  For the top 2 models (model likelihood = 1.0 and 

0.62), survival did not differ between years or across weeks.  Body condition was also 

included as a covariate for the top model but did not substantially improve the model.  In 

the third model (model likelihood = 0.17),  survival was constant across weeks but 

differed among years, but support for this model was somewhat weaker.  Survival 

estimates for the entire 19-week breeding season were 75.5% for the top model, range  

63.3%-87.2% for other models with ΔAICc less than 4 (Table 2.5).  I also used Program 

MARK (White and Burnham 1999) to estimate weekly survival during the 19-week 

breeding season (Table 2.6). 

 

Discussion  

There is some evidence that breeding season survival of female mottled ducks decreases 

when nesting effort increases.  Female survival differed among years in the third model, 

ranging from  63.3% survival for the 19-week breeding season in 2008, to 87.2% in 2007.  

Although this model did not have as strong support as the top 2 models, it still may be 

evidence of a trend.  Females showed the highest nesting propensity (62.5%) in 2008, the 

year with the lowest female survival rate.  At the time of death, 2 of the 4 females that 

died in 2008 had broods and 1 was actively incubating.  Similarly, Finger et al. (2003) 

found that 52% of  breeding season mortalities occurred while the female was actively 

nesting or brood rearing.  I was unable to tell if females were predated or secondarily 

scavenged, but increased predation during nesting and brood rearing is usually assigned 

as the primary cause of reduced breeding season survival of female waterfowl (Sargeant 

and Raveling 1992, Devries et al. 2003). 

For all years, weekly survival for females was the same during the breeding season as it 

was for the remainder of the year.  For the first and second model, female weekly 

survival during the breeding season was 98.5% and 98.4%, respectively.  Adult female 
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weekly survival during the entire year was 98.6% according to band recovery data 

(Haukos 2007), well within the 95% confidence intervals for both breeding season 

estimates.  Weekly survival during the breeding season, therefore, was similar to annual 

survival.  Although the third model indicated that female survival decreased when nesting 

propensity increased, the decrease was not great enough to signal a departure from the 

annual survival rate, but may have been influenced by sample size.  With female nesting 

propensity at 62.5% or less in all years, and only 15.4% in 2006 and 30% in 2007, few 

females nested and therefore few incurred the additional risk.  In Florida, daily survival 

for female mottled ducks was greater during the breeding season (99.9%) than daily 

survival for the whole year (99.8%) (Bielefeld and Cox 2006).  That study also suggested 

low nesting propensity as a cause of high breeding season survival.   

Female survival during the breeding season in my study was also similar to breeding 

season survival reported by Finger et al. (2003) on the mid-coast of Texas.  They reported 

a Kaplan-Meier estimate (Kaplan and Meier 1958) of 168-day breeding season survival 

of females of 74.7%.  Converted to a weekly survival estimate, they found 98.8% weekly 

survival, which is similar to my results.  Breeding season survival, therefore, is similar 

for female mottled ducks across the mid- and upper coast of Texas.   

For all years, nesting propensity was lower than expected.  Waterfowl nesting propensity 

is often assumed to approach 100% in years with excellent habitat conditions (Mauser 

and Jarvis 1994).  The greatest nesting effort I observed, however, was only 62.5% in 

2008, during excellent early-season habitat conditions.  Nesting propensity was far lower 

in years with poorer habitat conditions: 15.4% in 2006 and 30% in 2007.  In a telemetry 

study using abdominal implant transmitters, Finger et al. (2003) reported similarly low 

nest initiation rates on the mid-coast of Texas: 33% and 31% in dry years and 77% in a 

wet year.  Nesting propensity this low may have strong negative implications for mottled 

duck population growth.  Low estimates of mottled duck nest success (Durham and Afton 

2003) have already raised alarm among habitat managers.  Nest success studies so far 

have been conducted largely with nest searches (Holbrook et al. 2000, Walters et al. 
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2001, Durham and Afton 2003) which do not account for females that do not nest.  

Actual hen success could be even lower than nest success estimates would suggest if 

female nesting propensity is significantly below 100%.   

Nesting propensity appeared to be linked with habitat conditions.  Nesting effort was low 

in 2006, greater in 2007, and greatest in 2008 (Table 2.3).  Mottled duck habitat on 

Anahuac NWR was still recovering from Hurricane Rita in 2006.  Water levels were low 

and salinities were high as a result of the hurricane’s storm surge and a subsequent 

drought.  Nesting propensity was consequently the lowest in 2006, at 15.4%.  Water 

conditions improved with ample rain in summer 2006, but other habitat characters may 

have been slower to recover.  The small increase in nesting activity in 2007, despite high 

water levels and low salinities, suggests that there may be a time-lag between increase in 

precipitation and increase in mottled duck reproductive output.  This pattern appears 

consistent with slower-acting habitat features, such as vegetation that may take time to 

grow once water conditions have improved.  The increase in nesting activity in 2008 (at 

62.5%, nesting effort was more than double that of 2007) suggests that habitat conditions 

had recovered further from the drought conditions in 2006.  In all years, sex ratio of 

adults appeared roughly equal, indicating the supply of male mates was likely sufficient 

(personal observation). 

The links among nesting propensity, female survival, and habitat suitability suggest that a 

“trade-off” is at play for female mottled ducks.  Females are disinclined or unable to nest 

in years with poor habitat conditions, as the small chance of producing a successful brood 

is not worth the increase in risk during nesting.  Nesting effort increases dramatically 

when habitat conditions improve, which increases probability of reproductive success.
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Table 2.1: Annual survival estimates for sex and age classes of mottled duck and black 
duck, a close relative, based on band recovery analyses. 

 Mottled Duck1 Black Duck2 

Adult Female 0.48 0.47 

Adult Male 0.58 0.63 

Juvenile Female 0.39 0.38 

Juvenile Male 0.49 0.48 

1Haukos 2007. 
2Krementz et al. 1987. 
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Table 2.2: Annual survival estimates for female mottled ducks. 

Study Period Annual Survival Calculation Method Study Location Reference 

1997-2007 
0.477 Adult Females 

0.393 Juvenile Females 

Brownie et al. (1978),     
Program MARK (White and 

Burnham 1999) 

Texas and 
Louisiana 

Haukos 2007 

2000-2002 0.5311 Adult Females Kaplan-Meier (1958) Texas mid-coast Finger et al. 2003 

1965-1971 0.575 Both Males and Females Brownie et al. (1978) 
Texas and 
Louisiana 

Stutzenbaker 1988 

1999-2002 0.52 Adult Females Kaplan-Meier (1958) Florida Bielefeld and Cox 2006 

1983-1990 
0.503 Adult Females 

0.474 Juvenile Females 
Brownie et al. (1985) Florida Johnson et al. 1995 

1Calculated from reported 168-day breeding season survival rate. 
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Table 2.3:  Nesting and brood rates for female mottled ducks on Anahuac National 
Wildlife Refuge, 2006-2008.  Females that died due to trapping related causes were 
excluded. 

 Year 

 2006 2007 2008 

Transmittered females 13 10 16 

Females with broods 2 2 6 

Females with nests only 0 1 4 

Total females showing nesting activity 
(nest or brood) 

2 3 10 

Breeding season mortality 2 1 4 
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Table 2.4:  Akaike Information Criterion corrected for small sample size (AICc) values and model likelihood for breeding mottled 
duck female survival models.  All values calculated with Program MARK (White and Burnham 1999). 

Model AICc ΔAICc 
AICc  

Weight 
Model 

Likelihood 
Number of 
Parameters 

Deviance 

Survival constant across weeks and years with 
body condition as a covariate  
{survival (week same, year same, BCI)} 

72.9 0.00 0.56 1.00 2 68.8 

Survival constant across weeks and years  
{survival (week same, year same)} 73.8 0.94 0.35 0.62 1 71.8 

Survival constant across weeks but different 
across years  
{survival (week same, year differed)} 

76.4 3.56 0.09 0.17 3 70.4 

Survival constant across years but different across 
weeks  
{survival (week differed, year same)} 

94.1 21.27 < 0.001 < 0.001 19 54.3 

Survival constant across weeks but different 
across years with body condition as a covariate  
{survival (week same, year differed, BCI)} 

106.2 33.30 < 0.001 < 0.001 3 100.1 
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Table 2.5:  Survival estimates for the entire 19-week breeding season, 2006-2008, for female mottled ducks on the Chenier Plain 
National Wildlife Refuge Complex.  Estimates are based on the 3 top survival models tested in Program MARK (White and Burnham 
1999).   

Model Year 
Survival of the Entire19-week 

Breeding Season  
Standard 

Error 
95% Confidence 

Interval 

Survival constant across weeks and years with 
body condition as a covariate 

{survival (week same, year same, BCI)} 

All 
years 

0.755 0.089 0.545-0.887 

Survival constant across weeks and years 

{survival (week same, year same)} 
All 

years 
0.736 0.085 0.542-0.868 

Survival constant across weeks but different 
across years 

{survival (week same, year differed)} 

2006 0.747 0.154 0.373-0.936 

2007 0.872 0.120 0.455-0.982 

2008 0.633 0.145 0.337-0.854 
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Table 2.6:  Weekly survival estimates during the breeding season, 2006-2008, for female mottled ducks on  Anahuac National 
Wildlife Refuge.  Estimates are based on the 3 top survival models tested in Program MARK (White and Burnham 1999).   

Model Year 
Weekly Survival during the 

Breeding Season 
Standard 

Error 
95% Confidence 

Interval 

Survival constant across weeks and years with 
body condition as a covariate 

{survival (week same, year same, BCI)} 

All 
years 

0.985 0.006 0.967–0.994 

Survival constant across weeks and years 

{survival (week same, year same)} 
All 

years 
0.984 0.006 0.967-0.992 

Survival constant across weeks but different 
across years 

{survival (week same, year differed)} 

2006 0.985 0.011 0.941-0.996 

2007 0.993 0.007 0.951-0.999 

2008 0.976 0.012 0.938-0.991 
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Figure 2.1: The Texas Chenier Plain National Wildlife Refuge (NWR) Complex on the upper Texas gulf coast.  Mottled duck trapping 
and tracking activities were concentrated on Anahuac NWR. 
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Figure 2.2: Monthly precipitation totals (cm) for Anahuac National Wildlife Refuge, autumn 2005-summer 2008.  Shaded areas 
denote the mottled duck breeding season (1 February - 30 June, 2006 - 2008).  Precipitation was measured with a manual gauge to the 
nearest 0.01 cm.  Drought conditions occurred during the early breeding season 2006 and the late breeding season of 2008. 
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Figure 2.3:  The 60-day running total for precipitation on Anahuac National Wildlife Refuge, 2006-2008.  Precipitation was measured 
to the nearest 0.01 cm with a manual guage.  The shaded area indicates the breeding season of mottled ducks (1 February - 30 June).  
Precipitation in 2006 was low until the end of the breeding season, and precipitation in 2008 decreased sharply at the end of the 
breeding season.  While the timing differed, both years featured a severe drought across the study area. 
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Figure 2.4: Map of Anahuac National Wildlife Refuge.  Mottled ducks were trapped on the East Unit in 2006-2008 and west of Oyster 
Bayou in 2007 and 2008.  The Roberts-Mueller unit had particularly high mottled duck densities and was important for trapping and 
tracking in all years. 
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Figure 2.5:  Locations of radio-transmittered mottled duck females on Anahuac National Wildlife Refuge, 1 February - 30 June, 2006-
2008.  Dispersal locations, defined as 10 km or greater from the female’s previous location, have been omitted.  Points to east and 
south, beyond the extent of the map, are actual locations but exceed the limits of the aerial photography used to construct the map.   
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Figure 2.6:  Mortality locations for radio-transmittered mottled duck females during the breeding season, 2006-2008.  Locations are marked 
with frequency of female transmitter and date of carcass recovery.  In the case of females 4.345 and 4.102, the remote locations of the 
mortalities delayed recovery and recovery date is likely much later than actual mortality date.  For female 4.345, probable date of mortality 
was 8 May 2007, when mortality transmitter signal was first observed.  Female 4.102 was first observed to have a mortality signal during 
aerial search on 12 June 2006. 
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Chapter III 

Movement, Home Range, and Habitat Use of Female Mottled Ducks During the Breeding 

Season 

 

Introduction 

Surveys of the mottled duck (Anas fulvigula) population in Texas have shown steep 

declines over the last 20 years.  In 2006, the breeding pair survey of National Wildlife 

Refuges (NWRs) in Texas estimated 0.94 mottled duck pairs/km2, a 76% decline from 

the 21-year long-term average of 3.98 pairs/km2 (Haukos 2007).  The breeding pair 

survey uses a visibility index derived from ground surveys to adjust aerial estimates 

(Haukos 2007).  Monthly waterfowl surveys on Texas NWRs detected 10,880 mottled 

ducks in 2005-2006, a 29.7% decline from the 21-year long-term average.  The Texas 

midwinter inventory, a larger survey that extends beyond NWRs, estimated 17,816 

mottled ducks in surveyed areas in 2006, a 49.3% decline from the 34-year long-term 

average of 35,164 (Haukos 2007). 

The causes of the mottled duck population decline in Texas are not well-understood, but 

low recruitment has recently been hypothesized.  Based on expert opinion, the Gulf Coast 

Joint Venture regarded mottled duck recruitment to be twice as important as adult 

survival in limiting the population (Wilson 2007).  They also named increasing nest 

success and brood survival as the top priorities for increasing the mottled duck population 

on the gulf coast.  Actual evidence of low recruitment rates, however, is clearly lacking.  

Moorman and Gray (1994) identified the need for additional research on brood survival 

and recruitment rates.  Holbrook et al. (2000) cited adult female and brood survival as the 

primary deficiencies in data regarding mottled duck productivity.  Durham and Afton 

(2003) reported lower than expected nest success rates for mottled ducks in Louisiana 

and stated that, when compared to mallard population models, mottled duck recruitment 
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may be too low to sustain a stable population.  They emphasized the need for more 

research to determine whether there is a “recruitment problem” on the gulf coast.   

Recruitment is necessarily dependent on females, and female mottled ducks have been 

extensively examined in a series of nest success studies (Holbrook et al. 2000, Walters et 

al. 2001, Durham and Afton 2003).  Assessments of nest success, however, usually begin 

at nest sites, so these studies provide no information on pre-nesting activities or females 

that do not nest.  Non-nesting females are often ignored in studies of waterfowl 

population dynamics, as nesting propensity is assumed to approach 100% in years with 

excellent habitat conditions (Mauser and Jarvis 1994).  Nesting propensity in my study 

was low, however, which may have negative implications for recruitment (Chapter II).  

There is therefore a great need to investigate non-breeding females to determine what 

prevents their nesting. 

Investigating movement patterns and home range of nesting and non-nesting female 

mottled ducks throughout the breeding season will provide information about the habitats 

they use and offer a better understanding of mottled duck breeding ecology.  Information 

on movements of nesting females and females with broods will also help managers in 

determining habitat management recommendations for nesting and brood areas.  My 

objective was to estimate female mottled duck movements and home ranges during the 

breeding season and to relate movements to nesting activity, habitat use, and habitat 

conditions.  I hypothesized that females with nests or broods would move less per day 

and use different habitats than nonbreeding females.   

Long-distance movements of mottled ducks are largely undescribed.  Banding data have 

shown that 25%-33% of mottled ducks banded in the Chenier Plain of Texas and 

harvested the following fall moved to Louisiana prior to the hunting season (Haukos 

2007).  It is unknown, however, what triggers these movements, when ducks move, or 

whether they remain in Louisiana.  If this movement is one-way, it could be partially 

responsible for the decline in the mottled duck population in Texas, making Texas a 

population source.  Post-breeding season movement to new molting habitats, known as 
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molt migration, is well-documented for many dabbling duck species but has been 

generally overlooked in non-migratory species like mottled ducks (Hohman et al. 1992).  

Stutzenbaker (1988), however, notes that mottled ducks will molt near nesting habitat if 

suitable conditions are available but will travel up to 160 km during extreme drought to 

find molting habitat.  I hypothesize that long-distance movements by adult mottled ducks 

are motivated by poor local habitat conditions, as adults are seeking habitat suitable for 

molt. 

 

Study Area  

My study area was the Texas Chenier Plain National Wildlife Refuge (NWR) Complex, 

which was comprised of Anahuac, McFaddin, Texas Point, and Moody NWRs.  The 

Chenier Plain Complex covered 428 km2 of coastal marsh and prairie in Chambers and 

Jefferson counties, Texas (Figure 2.1).   The bulk of my research was on Anahuac NWR.  

Movement and dispersal of adults sometimes required additional work in Jefferson, 

Chambers, and Galveston counties outside the boundaries of the Chenier Plain Complex.  

The Chenier Plain Complex has been managed for waterfowl production and wetland 

conservation for decades, using land management tools such as prescribed fire, water 

management, mechanical disturbance (tractor discing), and cattle grazing (U.S. Fish and 

Wildlife Service 2006).  The management of Anahuac NWR for waterfowl has been 

largely successful, and of the NWRs on the mid- and upper Texas gulf coast, this refuge 

consistently has the greatest number of mottled ducks (Anderson and Haukos 1998).  

Information gathered on mottled ducks on Anahuac NWR should be representative of 

habitats on the Chenier Plain of Texas and Louisiana, but may be optimistic due to the 

high habitat quality. 

The Chenier Plain Complex lies on eastern edge of the Texas Gulf of Mexico coast and is 

highly influenced by the gulf both climatically and hydrologically.  The climate on the 

Chenier Plain Complex is humid sub-tropical, with a mean annual average temperature of 
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20°C (U.S. Fish and Wildlife Service 2005).  Summers are hot and humid and winters 

cool, but major frost events are rare.  Average annual precipitation is 143.5 cm (SD 34.8 

cm, range 91.6 - 218.3 cm) (U.S. Fish and Wildlife Service 2005).  Tides associated with 

Galveston Bay are diurnal and shallow, with an annual average tide range of 64 cm (U.S. 

Fish and Wildlife Service 2005).  Although extreme tides are rare, the low elevation of 

coastal marsh and prairie occasionally result in large portions of the Chenier Plain 

Complex flooding under unusually high equinox or storm tides.  Infrequently, tropical 

storms and strong south winds push saltwater against the northern edge of Galveston Bay 

and into the Chenier Plain Complex.  This interplay between freshwater input from 

precipitation and saltwater input from Galveston Bay has created a wide array of habitat 

types and vegetation assemblies on the Chenier Plain Complex.  All four types of coastal 

marsh as described by Stutzenbaker (1999) (saline, brackish, intermediate, and fresh) 

were present on the Chenier Plain Complex.  Mottled ducks tend to avoid saline marsh 

(salinity = 10 ppt or higher,) but utilize all other marsh types (U.S. Fish and Wildlife 

Service 2005).  

Habitat conditions on the Chenier Plain Complex differed greatly among years.  

Hurricane Rita made landfall just east of Sabine Pass, TX on 24 September 2005, 

approximately 68 km east of Anahuac NWR (Knabb et al. 2006).  The saltwater storm 

surge from the hurricane flooded much of the Chenier Plain Complex.  The lingering 

saltwater, combined with low precipitation levels in autumn and winter 2005 (Figure 

2.2), meant that marsh habitat conditions for the 2006 breeding season were dominated 

by high salinity levels and low water levels.  These conditions continued until late spring 

rains in mid-June 2006 (Figure 2.3).  Habitat conditions during the 2007 breeding season 

were much improved for waterfowl, with higher water levels, lower salinity, and 

consistent rainfall throughout the season.  Precipitation was initially high in 2008 but 

sharply decreased in April, leading to a late breeding season drought.  Habitat conditions 

in both the 2006 early-season and 2008 late-season droughts were characterized by low 

water levels, increasing marsh salinities, and complete drying of many marshes. 
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Vegetation varied across the Chenier Plain Complex, with plant communities shaped by 

salinity and hydrology.  A complete description of conditions on the Chenier Plain 

Complex and Anahuac NWR can be found in U.S. Fish and Wildlife Service (2006) and 

U.S. Fish and Wildlife Service (2005), respectively.  Plant taxonomy below follows 

Stutzenbaker (1999).  Spartina patens dominated much of the intermediate and brackish 

marshes and was commonly associated with Scirpus olneyi, Scirpus robustus, Distichlis 

spicata, Typha spp., Juncus spp., and Paspalum vaginatum.  Fresh marshes, including 

freshwater impoundments and fallow rice fields, were more diverse, featuring 

Alternanthera philoxeroides, Sesbania spp., Ludwigia spp., Nymphaea spp., Sagittaria 

spp., Eleocharis spp., Typha spp., Cyperus spp., Paspalum urvillei, and Panicum 

hemitomon.  Submergent vegetation was common in marsh ponds, with Ruppia maritima 

prevalent in intermediate and brackish marshes and Najas guadalupensis and 

Potamogeton spp. common in fresh marshes.  Coastal prairie areas contained tallgrass 

prairie grasses such as Schizachyrium scoparium, Paspalum plicatulum, Tripsacum 

dactyloides, Panicum virgatum, and Paspalum livium; forbs such as Liatris pynostachya, 

Rudbeckia hirta, Cacalia spp., and Eryngium yuccifolium; and woody species such as 

Baccharis halimifolia and Myrica cerifere.  Invasive plant species were common on 

much of the Chenier Plain Complex, particularly Sapium sebiferum in coastal marshes 

and prairies and Eichornia crassipes in freshwater ponds and ditches. 

The Texas Chenier Plain Complex was severely impacted by Hurricane Ike in September 

2008.  Habitat implications remain to be seen but can be expected to be severe and 

lasting.  

 

Methods 

I caught female mottled ducks in decoy traps and baited swim-in traps on Anahuac NWR 

from 1 February to mid-April or early May, 2006-2008.  All procedures involving live 

animals were performed in accordance with the Texas Tech University Animal Care and 
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Use Committee standards (approval number 06026-06) and under Federal Bird Banding 

Permit 09072.  In 2006, trapping efforts were limited to the East Unit of the refuge 

(Figure 2.4), but in 2007 and 2008 I expanded efforts to include sites west of Oyster 

Bayou.  Decoy traps were baited with a live mallard (Anas platyrhynchos) female to 

visually and vocally attract mottled ducks.  I baited swim-in trap funnels with rice or a 

mixture of rice, molasses, and sweet potatoes.   

Each captured mottled ducks was weighed (g), sexed based on plumage and bill 

characteristics and a cloacal inspection, and banded with a U.S. Geological Survey 

aluminum leg band.  I also measured wing chord length (mm) from the radial notch to the 

end of the longest primary for all birds (Carney 1992) in order to estimate body 

condition.  I then fitted females with Advanced Telemetry Systems Inc. (ATS) A1800 

back-mounted radio transmitters (Dwyer 1972).  The transmitter cord was knotted and 

secured with PVC glue and transmitters were tested for frequency shift before female 

release.  Any male mottled ducks caught in a trap with a female were banded, then kept 

in a separate pen so that they could be released simultaneously.  In 2006, females were 

kept in a darkened pen for 10 minutes to acclimate to the transmitter before remote 

release.  I dispensed with this practice in 2007 and 2008, as the ducks frequently 

struggled to escape the pen and risked injury. 

Transmittered females were tracked with ATS model R4000 or R2000 radio receivers via 

a 3-element hand-held AF Antronics Inc. yagi antenna.  I used two methods to determine 

female locations: remote locations, where I recorded triangulation data (GPS coordinates 

of the observer and bearing to the female), and visual locations where I tracked the 

female until seen.  At each visual, I recorded the female’s location with a Global 

Positioning System (GPS), presence of brood or nesting behavior (flushing very close to 

observer, quacking, or flapping to distract observer), and presence of other mottled ducks.  

I attempted to get a visual of each female every 3 days, with occasional longer intervals 

due to inclement weather or logistical constraints.  Female transmitters featured a 

mortality signal that activated if the transmitter was motionless for > 8 hours.  I 
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investigated all mortality signals as soon as possible and recorded female mortality 

location, condition of remains, and cause (if known).  

For the purpose of estimating routine female movements, large dispersal movements 

were excluded from movement and home range calculations unless otherwise noted.  A 

dispersal movement was defined as a single movement of 10 km or more.  We searched 

for dispersed birds aerially on 12 June, 2006 after  multiple females had left the study 

area.  The aerial search was performed in a 4-seat plane at an altitude of approximately 

155 m, with a search area bounded by Smith Point, Texas, to the west, Beaumont, Texas, 

to the east, the Gulf of Mexico to the south, and approximately 16 km north of interstate 

10 to the north.  Female dispersal did not occur in 2007 or 2008 and there was no need 

for further aerial searches.   

I used Program Location of a Signal (LOAS) to triangulate remote female locations 

(Ecological Software Solutions LLC 2005).  Bearings used for triangulation were 

collected within 90 minutes of each other and sets of bearings contained at least 45° 

difference among them.  I used triangulation of known points (birds on nests) to estimate 

bearing error and used LOAS to calculate maximum-likelihood error ellipses with a chi-

squared distribution (Lenth 1981)  for each triangulated point.  Triangulated points were 

excluded from movement and home range analyses if their error ellipses exceeded  the 

90th percentile (Poole et al. 2004, Tucker et al. 2008).   I then entered triangulated 

locations and GPS coordinates of visual locations into ArcMap 9.2 (ESRI 2006).   

Locations of females that were recorded with a distance and bearing qualification (i.e., 

100 m at 180° from a GPS location) were estimated with the ArcGIS Distance-Direction 

tool (ESRI 2006).  All field locations and calculated locations were in the WGS 1984 

datum.  I then calculated the distance between female locations using the Hawth’s 

Analysis Tools for ArcGIS (Beyer 2004).  For consecutive locations separated by > 1 

day, I divided the distance moved by the number of days to obtain a minimum daily 

movement calculation.  I eliminated movements over the course of 6 or more days from 
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the minimum daily movement calculation, as these movements likely underestimated 

daily movement.   

I used Home Range Tools for ArcGIS (Rodgers et al. 2005) to calculate 100% and 75% 

minimum convex polygon (MCP) home ranges for females, as well as 95% adjusted-

kernel density estimates using 2 different calculations for the smoothing factor, h: least-

squares cross-validation (LSCV, Worton 1989) and biased cross-validation (BCV, Sain et 

al. 1994).  Although LSCV is most commonly used for calculating kernel home ranges of 

wildlife, it occasionally under-smoothes home range estimates (Figure 3.1) (Sain et al. 

1994).  BCV estimations may overestimate home range size in comparison but produce 

estimates more intuitively useful to managers.  Minimum convex polygons tend to 

overestimate home range (Harris et al. 1990), but I included them here for comparison to 

other studies.  Although at least 30 locations are recommended for kernel home range 

calculation (Seaman et al. 1999), this restriction reduced the usable sample of females by 

> 50%.  Home range estimates, therefore, are reported both for females with 20 or more 

locations and females with 30 or more locations.  I used the nonparametric Kruskal-

Wallis test to compare female home range size and minimum daily movements among 

years.  I also compared movements and kernel home ranges between females showing 

nesting activity (found on a nest or with a brood) and females that did not show nesting 

activity with a Mann-Whitney U test. 

 

Results  

I captured 15 females in 2006, 12 in 2007, and 20 in 2008 (Figure 2.5, Appendix A, 

Appendix B).  Of these, 2 died in each of the first 2 years and 3 in the third year due to 

subsequent trapping stress.  These trapping mortalities  were excluded from movement 

and home range analyses.  Two additional females in June 2007 and 1 additional female 

in June 2008 were captured during airboat brood capture.  These females were excluded 

from movement and home range analyses due to the short time period of tracking.  In 
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2006, 7 females dispersed from the study area, 1 died on 26 May 2006 within the study 

area, and 1 female’s transmitter failed in early June.  Of the 7 females that dispersed, 4 

were found an average of 31.9 km (range 25.7 km - 37.4 km) from their previous position 

in an aerial search on 12 June 2006.  The other 3 females were not found, but were 

assumed to have dispersed because their transmitters were fully operational before they 

disappeared.  For the 7 females that dispersed, mean dispersal date was 5 May 2006.  In 

2007, no females dispersed, no female transmitters failed,  and 1 female died on 8 May 

2007.  In 2008, no female dispersal was confirmed, but 1 female could not be located 

after 27 June 2008 and may have left the study area.  Four females died naturally in 2008 

in the study area.  Transmitter retention was a problem in 2008, but not in any other year.  

On 12 March 2008, female 4.725 was caught in a decoy trap with no transmitter 1 day 

after her transmitter was found in the marsh.  I refitted the duck with a new transmitter 

(4.462) and tracked her until found dead on 25 March 2008.  Her lower mandible was 

caught in the anterior transmitter harness, suggesting she had become entangled and died.  

Two other females’ transmitters were found with no carcass or remains in 2008 and were 

assumed to be shed transmitters rather than mortalities.   

Bearings used to estimate error of triangulated points had a standard deviation of 6.86°.  

Triangulated points with error ellipses > 107 ha in size (90th percentile) were eliminated 

from analyses.  Minimum daily female movements (excluding dispersals) differed among 

years (H2 = 45.1, P < 0.001 ).  Movements were greatest in 2006, with decreasing 

movement in each succeeding year (Table 3.1).  Mann-Whitney U pairwise comparisons 

using a Bonferroni correction showed that all pairs of medians were different (2006-2007 

P = 0.008, 2006-2008 P < 0.001, 2007-2008 P = 0.001.)  Females that showed nesting 

activity had smaller minimum daily movements ( = 252 m) than hens that did not ( = 

482 m, W = 105222, P < 0.001).  The longest single-day, non-dispersal movement (by 

definition, dispersal movements were > 10 km) by a female was 5.93 km on 19 June 

2008.   
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Home range size for females varied greatly depending on the estimator used (Tables 3.2, 

3.3).  Kernel estimates using least-squares cross validation (LSCV) were smaller in area 

than biased cross validation (BCV) estimates.  For almost every estimator, home range 

size was not different among years.  Only kernel home ranges calculated with LSCV 

differed among years (P = 0.040) with no significant Mann-Whitney U pairwise 

comparisons when using a Bonferroni correction.  Home range size did not vary between 

breeding females and non-breeding females for either LSCV or BCV kernel home ranges 

(LSCV W = 106, P = 0.139; BCV W = 126, P = 0.423.) 

 

Discussion  

Long-distance movements (>10 km) of female mottled ducks occurred only in a year of 

extreme drought early in the breeding season, indicating that dispersal is influenced by 

weather and habitat conditions.  Residual saltwater from Hurricane Rita’s storm surge, 

combined with low precipitation levels, created hypersaline conditions and low water 

levels on Anahuac NWR during the 2006 breeding season.  This year was also the only 

year that females dispersed from the study area, with 7 of 13 (54%) females dispersing.  

All 4 dispersed females that were found by aerial search had moved to an inland area of 

fresh water, either a leveed moist soil unit, flooded rice field, or a flooded crayfish farm 

(Figure 3.2).  The consistent habitat type of dispersal locations indicate that the females 

were selecting inland freshwater sites over inhospitable marsh habitat.  The extreme 

distance to dispersal sites (mean dispersal distance 31.9 km) as compared to home range 

daily movements (mean minimum daily movements 501 m-290 m) also indicates that 

females made atypical energetic efforts to reach sites.  The timing of dispersal, poor local 

habitat conditions, and freshwater characteristics of dispersal destinations, are consistent 

with females seeking habitat that will remain suitable throughout the molting period.  

Dispersing females therefore,were assumed to have ended breeding attempts for the year 

and have entered the molting period. 
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Dispersal did not occur, however, in 2008, when habitat conditions also deteriorated due 

to drought.  Although the timing of drought differed between years, the effects were 

largely similar as many marshes almost completely dried.  Preclusion of dispersal was 

likely due to presence of new local refugia; females did not need to disperse because new, 

suitable habitats were present on the study area.  During the drought, 2 females left their 

previously used habitats and moved to the Gator Trail and Deep Marsh units during the 

2008 breeding season, and 1 female made a similar move soon after the breeding season.  

A muskrat eat-out in the Gator Trail unit that began in late 2007 provided excellent 

habitat for these females.  By May 2008, the eat-out extended across most of Gator Trail 

and included parts of the Deep Marsh unit.  The muskrats caused fragmentation of 

previously heavy vegetation and opened the area to use by waterfowl.  Muskrat 

disturbance of vegetation root systems and soils also allowed the area to retain water 

throughout the breeding season.  The eat-out area was heavily used by waterfowl 

throughout May and June 2008 as compared to other marsh areas (personal observation).  

In all cases, previously used habitat for these females dried completely or almost 

completely. Additionally, 1 female moved to the Roberts-Mueller unit when her previous 

habitat (Snipe Prairie) dried completely.  Creating local refugia can be an important tool 

for managers to prevent dispersal of females from local breeding habitat. 

Movements during the breeding season differed between females that nested and females 

that did not.  This difference was responsible for the difference in movements among 

years; movements were smallest in 2008, the year with the highest nesting propensity.  

Females’ needs to remain on a nest or near a brood likely reduced their movement.  

Home range size did not differ, however, between breeding versus non-breeding females 

or among years.  The fact that females used similar home range sizes regardless of 

limitations on their movements suggests that female home ranges were likely limited by 

habitat patch size.  Habitat conditions also may have contributed to changes in movement 

among years, both quantitatively and qualitatively.  Minimum daily movements were less 

in 2007 than in 2006, even though there was no change in nesting propensity.  With high 

water levels and low salinity in 2007, females likely did not need to travel as far to meet 
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their resource needs as females in 2006.  Habitat conditions also dictated direction of 

some daily movements, such as the females that moved to local refugia to escape drying 

marshes.  Female 4.583 was perhaps the best example of this movement (Figure 3.3).  

This female spent the beginning of the breeding season in the fresh marshes south of 

Snipe Prairie, then nested between Snipe Prairie and Rail Reservoir.  I located the female 

in Rail Reservoir on 5 June 2008 with a newly hatched brood, but the reservoir had little 

water and was overgrown with heavy vegetation.  When the brood failed, 4.583 relocated 

to the Deep Marsh / Gator Trail area, which had excellent habitat conditions.  

Habitat use was not different between breeding and non-breeding females.  Females 

primarily used coastal marsh habitats and secondarily used Moist Soil Units (MSUs).  

The Roberts-Mueller unit was most heavily used, with Deep Marsh, Gator Trail, Alice 

Jackson White, and the northern East Unit also used frequently.  Coastal marsh areas 

used by females were generally defined by small ponds in areas of broken marsh.  

Females occasionally used isolated clusters of ponds, such as the ponds on the East Unit 

north of Roberts-Mueller.  Females generally did not use areas of unbroken, heavy 

vegetation, except during nesting.  Because trapping was not random, density of 

transmittered females in a unit cannot be assumed to be an accurate assessment of overall 

mottled duck use.  For example, Roberts-Mueller was a prime trapping location in all 

years due to its extensive road system and easy access to traps.  Thus, the large number of 

transmittered females that used the Roberts-Mueller area compared to, say, Alice Jackson 

White (trapped only in late spring 2008)  is likely due to the differential trapping effort.  

Female use of MSUs was highly dependent on water levels.  Southern Snipe Prairie, 

Pintail Marsh, and White-Fronted MSU were frequently used when these areas held 

standing water.  When dry, these areas went unused.  
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Table 3.1  Minimum daily movement estimates (m / day) of mottled duck females 
on the Texas Chenier Plain National Wildlife Refuge Complex, 1 February - 30 
June 2006-2008.  Mean minimum daily movements are shown with a 95% 
confidence interval. 

 2006 2007 2008 

Mean 545 ± 99 413 ± 100 290 ± 59 

Median 287 187 128 
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Table 3.2: Home range size (km2) for female mottled ducks mottled duck females on the Texas Chenier Plain National 
Wildlife Refuge Complex, 1 February - 30 June 2006-2008.  Home ranges constructed with both visual locations and 
triangulated remote locations.  Females with fewer than 20 recorded locations across the breeding season were excluded 
from analysis. 

 Year 100% MCP1 75% MCP1 95% Kernel Home 
Range LSCV2 

95% Kernel Home 
Range BCV3

2006 (n = 8)     

Mean 10.0 2.3 6.2 20.9 

Median 5.4 1.6 6.1 14.7 

2007 (n = 7)     

Mean 25.0 4.2 11.8 84.9 

Median 13.2 3.9 7.4 38.8 

2008 (n = 10)     

Mean 9.5 4.1 2.5 28.7 

Median 6.4 2.1 2.5 14.2 

All Years (n = 25)     

Mean 14.0 3.6 6.5 42.0 

Median 6.3 3.0 4.3 17.3 
1 MCP = Minimum convex polygon that contains percentage of female locations. 

2 95% Adaptive kernel home range using least-squares cross-validation method for h, the smoothing factor (Worton 1989). 

395% Adaptive kernel home range using biased cross-validation method for h, the smoothing factor (Sain et al. 1994). 
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Table 3.3: Home range size (km2) for female mottled ducks on Texas Chenier Plain National Wildlife Refuge Complex 
during the breeding season (1 February - 30 June), 2006-2008.  Data used to construct home ranges included both visual 
locations and triangulated remote locations.  Females with fewer than 30 recorded locations across the breeding season 
were excluded from analysis. 

Year  100% MCP1 75% MCP1 95% Kernel Home 
Range LSCV2 

95% Kernel Home 
Range BCV3

2006 (n = 4)     

Mean 16.2 2.9 7.5 31.6 

Median 11.0 2.2 7.5 20.8 

2007 (n = 5)     

Mean 21.5 3.9 12.9 64.5 

Median 5.7 3.0 7.4 8.4 

2008 (n = 3)     

Mean 10.9 4.5 2.8 34.7 

Median 3.8 1.8 2.2 16.4 

All Years (n = 12)     

Mean 15.9 3.8 8.1 45.2 

Median 5.7 3.0 5.2 20.3 
1 MCP = Minimum convex polygon that contains percentage of female locations. 

2 95% Adaptive kernel home range using least-squares cross-validation method for h, the smoothing factor (Worton 1989). 

395% Adaptive kernel home range using biased cross-validation method for h, the smoothing factor (Sain et al. 1994). 
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Figure 3.1: Estimates of 95% kernel home range estimates in the Roberts-Mueller unit of 
Anahuac National Wildlife Refuge for female 4.071 in 2008.  Some kernel estimates 
calculated with the least-squares cross validation method (LSCV) for h, shown in green, 
drastically under-smoothed the home range.  The kernel calculated with biased cross 
validation (BCV), shown in blue, provided a more intuitively accurate estimate of home 
range, though these estimates were uniformly larger than LSCV estimates.   
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 i 
Figure 3.2  Dispersal sites of female mottled ducks captured and radio-transmittered 
during the breeding season (1 February - 30 June) on Anahuac National Wildlife Refuge 
(NWR) in 2006.  Locations within the females’ home ranges are shown on Anahuac 
NWR and dispersal sites are labeled by transmitter frequency.  Dispersal by females was 
defined as a 10 km or greater movement.  All dispersal sites were freshwater 
impoundments: crayfish ponds, rice fields, or leveed moist-soil units.
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Figure 3.3: Breeding season travel by female mottled duck 4.583, captured and radio-transmittered on Anahuac National 
Wildlife Refuge on 12 March 2008.   The female used habitat south of Snipe Prairie for the beginning of the breeding season, 
nesting between Snipe Prairie and Rail Reservoir.  Between 5 June 2008 and 9 June 2008, following brood failure, the female 
moved west from the East Unit to the Deep Marsh and Gator Trail units.
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Chapter IV 

Duckling Survival, Brood Survival, and Recruitment of Mottled Ducks 

 

Introduction 

Surveys of the mottled duck (Anas fulvigula) population in Texas have shown steep 

declines over the last 20 years.  In 2006, the breeding pair survey of National Wildlife 

Refuges (NWRs) in Texas estimated 0.94 mottled duck pairs/km2, a 76% decline from 

the 21-year long-term average of 3.98 pairs/km2 (Haukos 2007).  The breeding pair 

survey uses a visibility index derived from ground surveys to adjust aerial estimates 

(Haukos 2007).  Monthly waterfowl surveys on Texas NWRs detected 10,880 mottled 

ducks in 2005-2006, a 29.7% decline from the 21-year long-term average.  The Texas 

midwinter inventory, a larger survey that extends beyond NWRs, estimated 17,816 

mottled ducks in surveyed areas in 2006, a 49.3% decline from the 34-year long-term 

average of 35,164 (Haukos 2007). 

The causes of the mottled duck population decline in Texas are not well-understood, but 

low recruitment has recently been hypothesized.  Based on expert opinion, the Gulf Coast 

Joint Venture regarded mottled duck recruitment to be twice as important as adult 

survival in limiting the population (Wilson 2007).  They also named increasing nest 

success and brood survival as the top priorities for increasing the mottled duck population 

on the gulf coast.  Actual evidence of low recruitment rates, however, is clearly lacking.  

Moorman and Gray (1994) identified the need for additional research on brood survival 

and recruitment rates.  Holbrook et al. (2000) cited adult female and brood survival as the 

primary deficiencies in data regarding mottled duck productivity.  Durham and Afton 

(2003) reported lower than expected nest success rates for mottled ducks in Louisiana 

and stated that, when compared to mallard population models, mottled duck recruitment 

may be too low to sustain a stable population.  They emphasized the need for more 

research to determine whether there is a “recruitment problem” on the gulf coast.   
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Waterfowl recruitment, defined as number of young females in the fall population 

produced per adult female in the previous spring population (Cowardin and Johnson 

1979), is nearly impossible to estimate directly (Cowardin and Blohm 1992).  Instead, 

recruitment is more easily split into its components for measurement.  Recruitment rate 

(R) is most easily defined as R = HZB/2, where H = hen success (a composite of nest 

success and renesting effort), Z = probability that at least 1 member of the brood survives 

to fledging (brood survival), and B = mean brood size at fledging (Cowardin and Johnson 

1979).  With a minor change to the equation, duckling survival can also be used to 

estimate recruitment using R = HGSd/2  where G = mean brood size at hatch and Sd = 

duckling survival (Mauser and Jarvis 1994).   Most of these components have already 

been estimated for mottled ducks.  Hen success can be calculated from nest success, 

which has been estimated in several studies (Stutzenbaker 1988, Baker 1983, Holbrook et 

al. 2000, Walters et al. 2001, Durham and Afton 2003).  Average brood size at fledging 

was roughly estimated by Stutzenbaker (1988) as 6 ducklings per brood after 6 weeks of 

age.  Mean brood size at hatch can be calculated from estimates of clutch size (Durham 

and Afton 2003, Johnson et al. 2002) and hatchability (Stutzenbaker 1988).  Brood and 

duckling survival, however, are the only parameters needed for estimating recruitment 

that are not well known for mottled ducks. 

Duckling survival is vital part of estimating waterfowl recruitment, but studies are rare 

due to the difficulty of monitoring broods (Johnson et al. 1992, Sedinger 1992).  

Information about mottled duck duckling survival is particularly lacking.  Early studies 

used brood count surveys to estimate survival (Engeling 1950), but such surveys are 

unreliable because total brood losses are excluded.  Baker (1983) and Finger et al. (2003) 

estimated brood survival based on observation of radio-transmittered females, but these 

studies had low sample sizes (N = 8 and N = 19 females with broods, respectively) and 

had the bias of tracking females rather than ducklings themselves.  Ducklings scatter and 

hide when they become aware of an approaching observer, making accurate brood counts 

difficult when tracking a female.  Finger et al. (2003) estimated Mayfield daily duckling 

survival as 97% and 30-day survival as 41.1%, calculated from once-weekly observations 
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of radio-transmittered females with broods.  Baker (1983) observed 58% duckling 

mortality for 7 tracked broods over 146 total brood-tracking days, but did not report a 

daily survival estimate.  In order to accurately estimate mottled duck recruitment, a 

reliable brood survival or duckling survival estimate is needed.  

Direct mortality of ducklings and broods is usually attributed to predation, harsh weather, 

starvation, attack by other ducks, disease, or parasites (Johnson et al. 1992).  The mild 

spring climate of the gulf coast makes harsh cold weather events unlikely, but hot and dry 

weather could potentially impact mottled duck duckling survival.  Wetland habitat quality 

may also have an effect on duckling survival, as Texas coastal marshes are highly 

dynamic and can become hypersaline or go dry during drought.  Hypersaline conditions 

have been shown to reduce mottled duck survival in lab conditions (Moorman et al. 

1991) and wetlands drying has been implicated in reduced duckling survival in blue-

winged teal (Anas discors) (Rohwer 1985).  Female age, female behavior, and hatch-

timing can also have an effect on brood survival (Johnson et al. 1992), but the effect of 

these factors on mottled ducks is unknown.  

My primary objective was to capture and track female mottled ducks with broods and 

individual ducklings to estimate duckling survival and brood survival.  My secondary 

objective was to estimate mottled duck recruitment and determine whether recruitment is 

a possible cause of the mottled duck population decline.  I hypothesized that mottled 

duck duckling survival to 30 days will be in the range of 0.25-0.42, the range of existing 

estimates for closely related species (Table 4.1).  I expected that brood survival to 30 

days will be similar to duckling survival, accounting for brood size.  I also hypothesized 

that estimated mottled duck recruitment will be lower than the rate necessary to maintain 

population size, in keeping with declining annual survey results. 
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Study Area 

My study area was the Texas Chenier Plain NWR Complex, which was comprised of 

Anahuac, McFaddin, Texas Point, and Moody NWRs.  The Chenier Plain Complex 

covered 428 km2 of coastal marsh and prairie in Chambers and Jefferson counties, Texas 

(Figure 2.1).  The bulk of my research was done on Anahuac NWR.  Dispersal of adults 

sometimes required additional work in Jefferson, Chambers, and Galveston counties 

outside the boundaries of the Chenier Plain Complex.  The Chenier Plain Complex has 

been managed for waterfowl production and wetland conservation for decades, using land 

management tools such as prescribed fire, water management, mechanical disturbance 

(tractor discing), and cattle grazing (U.S. Fish and Wildlife Service 2006).  The 

management of Anahuac NWR for waterfowl has been largely successful, and of the 

NWRs on the mid- and upper Texas gulf coast, this refuge consistently has the greatest 

number of mottled ducks (Anderson and Haukos 1998).  Information gathered on mottled 

ducks on Anahuac NWR should be representative of habitats on the Chenier Plain of 

Texas and Louisiana, but may be optimistic due to the high habitat quality.  

The Chenier Plain Complex lies on eastern edge of the Texas Gulf of Mexico coast and is 

highly influenced by the gulf climatically and hydrologically.  The climate on the Chenier 

Plain Complex is humid sub-tropical, with a mean annual average temperature of 20°C 

(U.S. Fish and Wildlife Service 2005).  Summers are hot and humid and winters cool, but 

major frost events are rare.  Average annual precipitation is 144 cm (SD 35 cm, range 92 

- 218cm) (U.S. Fish and Wildlife Service 2005).  Tides associated with Galveston Bay 

are diurnal and shallow, with an annual average tide range of 64 cm (U.S. Fish and 

Wildlife Service 2005).  Although extreme tides are rare, the low elevation of coastal 

marsh and prairie can result in large portions of the Chenier Plain Complex flooding 

under unusually high equinox or storm tides.  Infrequently, tropical storms and strong 

south winds push saltwater against the northern edge of Galveston Bay and into the 

Chenier Plain Complex system.  This interplay between freshwater input from 

precipitation and saltwater input from Galveston Bay has created a wide array of habitat 
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types and vegetation assemblies on the Chenier Plain Complex.  All four types of coastal 

marsh, as described by Stutzenbaker (1999) (saline, brackish, intermediate, and fresh), 

were present on the Chenier Plain Complex.  Mottled ducks tend to avoid saline marsh 

(salinity = 10 ppt or higher) but utilize all other marsh types (U.S. Fish and Wildlife 

Service 2005).  

Habitat conditions on the Chenier Plain Complex differed greatly among years.  

Hurricane Rita made landfall just east of Sabine Pass, TX, on 24 September 2005, 

approximately 68 km east of Anahuac NWR (Knabb et al. 2006).  The saltwater storm 

surge from the hurricane flooded much of the Chenier Plain Complex.  The lingering 

saltwater, combined with low precipitation levels in autumn and winter 2005 (Figure 

2.2), meant that marsh habitat conditions for the 2006 breeding season were dominated 

by high salinity levels and low water levels.  These conditions continued until late spring 

rains in mid-June 2006 (Figure 2.3).  Habitat conditions during the 2007 breeding season 

were much improved for waterfowl, with higher water levels, lower salinity, and 

consistent rainfall throughout the season.  Precipitation was initially high in 2008, but 

sharply decreased in April, leading to a late breeding season drought.  Habitat conditions 

in the 2006 early-season and 2008 late-season droughts were characterized by low water 

levels, increasing marsh salinities, and complete drying of many marshes. 

Vegetation varies across the Chenier Plain Complex, with plant communities shaped by 

salinity and hydrology.  A complete description of conditions on the Chenier Plain 

Complex and Anahuac NWR can be found in U.S. Fish and Wildlife Service (2006) and 

U.S. Fish and Wildlife Service (2005), respectively.  Plant taxonomy below follows 

Stutzenbaker (1999).  Spartina patens dominates much of the intermediate and brackish 

marshes and is commonly associated with Scirpus olneyi, Scirpus robustus, Distichlis 

spicata, Typha spp., Juncus spp., and Paspalum vaginatum.  Fresh marshes, including 

freshwater impoundments and fallow rice fields, are more diverse, featuring 

Alternanthera philoxeroides, Sesbania spp., Ludwigia spp., Nymphaea spp., Sagittaria 

spp., Eleocharis spp., Typha spp., Cyperus virens, Paspalum urvillei, and Panicum 
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hemitomon.  Submergent vegetation was common in marsh ponds, with Ruppia maritima 

prevalent in intermediate and brackish marshes and Najas guadalupensis and 

Potamogeton spp. common in fresh marshes.  Coastal prairie areas contain tallgrass 

prairie grasses such as Schizachyrium scoparium, Paspalum plicatulum, Tripsacum 

dactyloides, Panicum virgatum, and Paspalum livium; forbs such as Liatris pynostachya, 

Rudbeckia hirta, Cacalia spp., and Eryngium yuccifolium; and woody species such as 

Baccharis halimifolia and Myrica cerifere.  Invasive plant species have infiltrated much 

of the Chenier Plain Complex, particularly Sapium sebiferum in coastal marshes and 

prairies and Eichornia crassipes in freshwater ponds and ditches. 

The Texas Chenier Plain Complex was severely impacted by Hurricane Ike in September 

2008.  Habitat implications remain to be seen but can be expected to be severe and  

lasting. 

 

Methods 

To estimate both duckling and brood survival, I tracked both radio-transmittered 

ducklings and radio-transmittered females with broods.  I caught female mottled ducks in 

decoy traps and baited swim-in traps on Anahuac NWR from 1 February to mid-April or 

early May, 2006-2008.  All procedures involving live animals were performed in 

accordance with the Texas Tech University Animal Care and Use Committee standards 

(approval number 06026-06) and under Federal Bird Banding Permit 09072.  In 2006, 

trapping efforts were limited to the East Unit of the refuge (Figure 2.4), but in 2007 and 

2008 I expanded efforts to include sites west of Oyster Bayou.  Decoy traps were baited 

with a live mallard (Anas platyrhynchos) female to visually and vocally attract mottled 

ducks.  I baited swim-in trap funnels with rice or a mixture of rice, molasses, and sweet 

potatoes.   

Each captured mottled duck was weighed (g), sexed based on plumage and bill 

characteristics and a cloacal inspection, and banded with a U.S. Geological Survey 
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aluminum leg band.  I also measured wing chord length (mm) from the radial notch to the 

end of the longest primary for all birds (Carney 1992) in order to estimate body 

condition.  I then fitted females with Advanced Telemetry Systems Inc. (ATS) A1800 

back-mounted radio transmitters (Dwyer 1972).  The transmitter cord was knotted and 

secured with PVC glue and transmitters were tested for frequency shift before female 

release.  Any male mottled ducks caught in a trap with a female were banded, then kept 

in a separate pen so that they could be released simultaneously.  In 2006, females were 

kept in a darkened pen for 10 minutes to acclimate to the transmitter before remote 

release.  I dispensed with this practice in 2007 and 2008, as the ducks frequently 

struggled to escape the pen and risked injury. 

Transmittered females were tracked with ATS model R4000 or R2000 radio receivers via 

a 3-element hand-held AF Antronics Inc. yagi antenna.  I used two methods to determine 

female locations: remote locations, where I recorded triangulation data (GPS coordinates 

of the observer and bearing to the female), and visual locations where I tracked the 

female until seen.  At each visual, I recorded the female’s location with a Global 

Positioning System (GPS), presence of brood or nesting behavior (flushing very close to 

observer, quacking, or flapping to distract observer), and presence of other mottled ducks.  

I searched for a nest when a female either stayed in a small area for more than 2 days or 

displayed nesting behavior (flushing very close to observer or quacking or flapping to 

distract observer).  I recorded the locations of nests with a GPS, marked nests with 

flagging tape at least 5 m from the nest bowl, and recorded detailed directions to the nest 

to ensure I could find it later.  I monitored females on nests from remote locations as long 

as the female stayed in the vicinity of the nest.  As soon as the female left the nest area, I 

went to the nest to record nest fate and then obtained a visual location and brood count.   

I attempted to get a visual on females with broods every 3 days, with occasional more or 

less frequent visuals due to inclement weather and time constraints.  For a brood to be 

considered “surviving” on a particular day, I had to achieve a visual location on the 

female as well as either a visual on at least 1 duckling or brood behavior by the female, 
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such as flushing within 10 m of the observer, quacking, flapping, circling, or total flush 

distance < 30 m.  Female transmitters featured a mortality signal that activated if the 

transmitter was motionless for > 8 hours.  I investigated all mortality signals as soon as 

possible and recorded female mortality locations and cause.  If a female was found dead, 

her brood was considered dead also.  

To directly estimate duckling survival, I caught mottled duck broods from airboats in 

2006, 2007, and 2008.  In previous studies, mottled duck females were captured on nests, 

but low nesting density on my study area made this strategy unfeasible.  Each captured 

duckling was aged according to Gollop and Marshall (1954) and Stutzenbaker (1988), 

sexed with a cloacal inspection (if old enough), weighed (g), and banded with a U.S. 

Geological Survey aluminum leg band (if sufficient size to retain a band).  I randomly 

selected 2 ducklings from each brood and fitted them with ATS A2430 transmitters with 

an expected battery life of 72 days.  The duckling transmitters weighed 1.4-1.7g, < 5% of 

body weight recommended by Samuel and Fuller (1994).  In 2006 and 2007, I plucked 

feathers from the duckling’s interscapular area to expose the skin, then used 

cyanoacrylate glue (Super Glue) to attach the transmitter, as recommended by ATS.  In 

2008, I used sutures to attach transmitters to ducklings in an attempt to increase 

transmitter retention time.  Ducklings were tracked daily with an ATS model R4000 radio 

receiver via a 3-element hand-held AF Antronics Inc. yagi antenna. For a duckling to be 

considered “surviving” on a particular day, I had to either achieve a visual location on the 

duckling or obtain a remote location where it was obvious to the observer, based on 

signal direction, that the duckling had moved since the previous location.  To minimize 

disturbance to the brood, I obtained remote locations as long as I could tell the duckling 

was moving.  If I could not tell that the duckling had moved for 2 or more days, I 

obtained a visual location.  To evaluate the effect of salinity on movements, I took 

salinity measurements at each duckling visual location, including capture sites. 

I used duckling visual and remote location data to estimate daily duckling survival using 

the Known Fate procedure of Program MARK (White and Burnham 1999).  I tested 4 
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models for duckling survival: constant survival among days and years, constant survival 

among days and years with a duckling mass covariate (g), constant survival among days 

with survival differing among years, and differing survival among days but constant 

among years.  I used the daily duckling survival estimate (S) from Program MARK to 

calculate a 30-day duckling survival rate (S30).  Mortality for young waterfowl is usually 

highest during the first 30 days after hatching, so a 30-day survival estimate is used here 

as an index of duckling survival (Rotella and Ratti 1992).  

I also calculated brood survival using the Known Fate procedure of Program MARK 

(White and Burnham 1999) using both duckling and female with brood visual and remote 

location data.  I tested 3 models for brood survival: constant survival among days and 

years, constant survival among days with survival differing among years, and differing 

survival among days but constant among years.  I did not test a body mass covariant 

because mass information was not available for females with broods.  I used the daily 

brood survival estimate (S) from Program MARK to calculate a 30-day brood survival 

rate (S30).   

I used my estimates of duckling and brood survival to estimate recruitment using the 

equations R = HZB/2 (Cowardin and Johnson 1979) and R = HGSd/2 (Mauser and Jarvis 

1994) where R = recruitment rate, H = hen success (product of nest success and renesting 

effort), Z = probability that at least 1 member of the brood survives to fledging (brood 

survival), B = average brood size at fledging, G = mean brood size at hatch (product of 

clutch size and hatchability), and Sd = duckling survival.  I used previous estimates of 

parameters such as average brood size at fledge (6, Stutzenbaker 1988), clutch size (9.5, 

Stutzenbaker 1988 and 9.2, Johnson et al. 2002), and hatchability (95%, Stutzenbaker 

1988) to estimate recruitment.  Although mottled ducks are known to renest repeatedly 

(Stutzenbaker 1988), a precise renesting effort estimate does not exist.  Therefore to 

estimate mottled duck recruitment with existing nest success estimates, I used H = P e(1-

P)2 where P = nest success, as described by Cowardin and Johnson (1979).  I used 
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previous estimates of Mayfield (1961) nest success (Holbrook et al. 2000, Walters et al. 

2001, Durham and Afton 2003) to calculate hen success.   

I also estimated the recruitment rate necessary to maintain a steady population.  I used a 

basic population growth equation, RS* = 1-S, where R = recruitment, S*= survival rate of 

immature females from the end of the breeding season to the following spring, and S = 

annual survival rate of adult females (Cowardin and Johnson 1979).  I considered S* to be 

survival of the 215 day period from 1 July, the end of the breeding season, to 1 February, 

the beginning of the following breeding season.   

 

Results 

I captured 7 ducklings from 4 broods in 2006, 43 ducklings from 23 broods in 2007, and 

9 ducklings from 5 broods in 2008 (Appendix C, Appendix D).  Number of ducklings 

caught per year was more indicative of catch effort than brood abundance.  In all years, 

the glue used to attach transmitters to the ducklings did not hold as well as expected, 

generally falling off after < 15 days.  Most ducklings therefore had a survival record 

characterized by 3-7 days of survival and then an unknown fate.  In 2007, 2 ducklings 

were found dead, 1 of predation by a snake (species unknown) and 1 of unknown but 

likely non-predatory causes (duckling was found whole and undamaged).   

Of the 4 duckling survival models tested, the top 3 models had some evidence of support, 

and the top 2 models had strong evidence of support (Table 4.2).  The top model was 

constant survival across days and years (model likelihood = 1.00), and the second model 

was constant survival across days and years with a body mass covariant added (ΔAICc = 

0.61, model likelihood = 0.74).  The third model, survival constant among days but 

differing among years, had only weak support (ΔAICc = 3.03, model likelihood = 0.22.)  

For the top model, daily duckling survival was estimated as S = 0.987 and 30-day 

duckling survival was extrapolated as S = 0.669.   
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Of the 3 brood survival models tested, the top 2 models had strong evidence of support 

(Table 4.3).  The top model was constant survival among days and years (model 

likelihood = 1.00), and the second model was constant survival across days and differing 

survival across years (ΔAICc = 0.82, model likelihood = 0.66).  For the top model, daily 

brood survival was S = 0.965 and 30-day brood survival was extrapolated as S = 0.346. 

I used previous estimates of parameters such as average brood size at fledge (B = 6, 

Stutzenbaker 1988), clutch size (9.5, Stutzenbaker 1988 and 9.2, Johnson et al. 2002), 

and hatchability (95%, Stutzenbaker 1988) to estimate recruitment.  Mean brood size at 

hatch (G) was calculated as a product of clutch size and hatchability.  I averaged clutch 

size estimates, then multiplied by hatchability to obtain G = 8.88.  Then, using the 

equation R = HGSd/2 (Mauser and Jarvis 1994), I calculated recruitment with the 30-day 

duckling survival estimate (S = 0.669) to obtain R = [H*0.669*8.88]/2 = 2.97*H.  I used 

the equation R = HZB/2 (Cowardin and Johnson 1979) to calculate recruitment using 

average brood size at fledge and the 30-day brood survival estimate (S = 0.346).  

Recruitment was R = [H*0.346*6]/2 = 1.04*H.  To obtain a recruitment estimate 

incorporating both the brood survival estimate and the duckling survival estimate, I 

averaged the coefficients of H to obtain R = 2.00*H.   

Nest success estimates for mottled ducks varied greatly, so I calculated recruitment 

estimates separately for each reported nest success rate (Table 4.4).  Recruitment 

estimates ranged from 0.29 for a nest success estimate for agricultural lands in southwest 

Louisiana (Durham and Afton 2003) to 1.50 for an island with high nest success in the 

Atchafalaya Delta, Louisiana (Holbrook et al. 2000).   

I estimated the recruitment rate necessary to maintain a steady population using banding 

and recovery data.  Annual adult female mottled duck survival is S = 0.477 (Haukos 

2007).   The same data include an annual juvenile female mottled duck survival rate of S 

= 0.393.  That annual juvenile survival rate corresponds to S* = 0.578 survival of the 215-

day period.  Using the equation RS*= 1-S (Cowardin and Johnson 1979), I estimated a 

recruitment rate of 0.91 is necessary to maintain a stable mottled duck population.  
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Discussion  

Duckling survival was greater than expected.  Mottled duck duckling survival in my 

study, 66.9% for the 30-day period, was high compared to a previous estimate of 41.1% 

in Texas, as well as compared to estimates of duckling survival for closely related species 

(Finger et al. 2003; Table 4.1).  To compare duckling survival to brood survival, a 

common currency is needed, incorporating average brood size at hatch and average brood 

size at fledge.  This was accomplished by calculating recruitment: R = 2.97*H using the 

duckling survival estimate and R = 1.04*H using the brood survival estimate, where H = 

hen success.  The difference between these values is due to the methods used.  Survival 

histories for females with broods could not be incorporated into the duckling survival 

estimate because brood size could not be estimated accurately in the field.  Several radio-

transmittered females had broods that failed, which therefore lowered the brood survival 

estimate but not the duckling survival estimate.  I believe that both the duckling survival 

estimate and brood survival estimate have value, and neither is the “correct” estimate.  

The methods used to estimate each differed.  The estimation of brood survival had a 

larger sample size due to the inclusion of females with broods, but determining brood 

survival is not always precise.  For example, if a brood were abandoned by a female but 

survived, it would be marked as dead if the female were tracked, but would be marked as 

alive if the ducklings were tracked.  Tracking ducklings, on the other hand, produced 

more precise survival measurements but was hindered by poor transmitter retention.  I 

was able to track females with broods for longer periods than ducklings, and thus had 

longer survival histories for broods.  For future population modeling, I suggest 

incorporating both brood survival and duckling survival by averaging the recruitment 

estimates to obtain the value R = 2.00*H.   

Even though duckling survival was high in my study, recruitment estimates were low.  To 

maintain a stable population, I estimated that a recruitment rate of R = 0.91 is needed.  

When recruitment was calculated using existing nest success estimates, all but 1 

recruitment estimate were smaller than R = 0.91, implying negative population growth 
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(Table 4.4)  The only greater estimate, R = 1.50, was calculated using nest success on an 

island in the Atchafalaya Delta that was relatively isolated from predators (Holbrook et 

al. 2000).  Mottled duck nesting sites in Texas do not have that type of isolation, and the 

other estimates of recruitment are likely more applicable to my study.  For some 

estimates of nest success, such as Durham and Afton’s (2003), where recruitment was 

only 0.2909, recruitment was far below the level necessary for a stable population.  Such 

low recruitment indicates a steep population decline in those habitats.   

In comparing mottled duck recruitment parameters to mallard parameters, low hen 

success was largely responsible for low mottled duck recruitment.  Using both the 

duckling survival and brood survival estimates, I obtained a mottled duck recruitment 

estimate of R = 2.00*H, where H = hen success.  The coefficient for mallard recruitment 

was lower, with an estimated range of 0.711*H - 1.65*H (Table 4.5) (Mauser and Jarvis 

1994).  Hen success for mottled ducks was lower than the range for mallards (0.44-0.76) 

for all but 1 estimate, H = 0.748 for an island in the Atchafalaya Delta (Holbrook et al. 

2000).  All other mottled duck hen success estimates were lower than the range of hen 

success for mallards.  To increase mottled duck recruitment, managers should focus on 

increasing hen success.  

Hen success here was calculated with nest success, but low nest success may not be the 

only cause of low hen success.  Low mottled duck nesting propensity may have a 

considerable negative effect on recruitment as well.  The nest success estimates I used to 

calculate recruitment were acquired by finding mottled duck nests, then monitoring nest 

fate.  These nest success estimates, therefore, do not account for females that did not nest.  

Nesting propensity of female mottled ducks was low in my study, with a range 15.4%-

62.5% (Chapter II).  Nesting propensity is a component of hen success, although it is not 

explicitly mentioned in the mallard model used by Cowardin and Johnson (1979).  For 

example, using Durham and Afton’s (2003) nest success estimate of P = 0.06, the hen 

success estimate was calculated as H = (P*e(1-P)2) = 0.145 and recruitment was R = 

2.00*H = 0.291.  If nesting propensity was only 30% (the mid-range estimate in my 
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study), however, actual hen success was really H = 0.044 and recruitment was R = 0.087.  

Low nesting propensity may indicate actual recruitment is a great deal lower than my 

estimate.  Because most recruitment rates were already below the level needed to 

maintain a stable population, incorporating low nesting propensity would indicate an 

even steeper negative population growth.  Increasing both nest success and nesting 

propensity must be the primary goal of mottled duck managers.
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Table 4.1: Duckling survival estimates for mottled ducks and closely related species. 

Species Location of Study 
Survival to 

fledging 
Source 

mottled duck Mid-coast of Texas 0.411 Finger et al. 2003 

Mallard California 0.251 Chouinard and Arnold 2007 

Mallard Minnesota 0.44 Ball et al. 1975 

Mallard North Dakota 0.35 Talent et al. 1983 

Black Duck Quebec, Canada 0.34 Reed 1975 

Black Duck Maine 0.42 
Ringelman and Longcore 

1982 

1Survival estimated to 30 days rather than to fledging. 
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Table 4.2: Akaike Information Criterion corrected for low sample size (AICc) values for mottled duck duckling survival models, 2006-
2008.  Survival histories were gathered from transmittered ducklings on Anahuac National Wildlife Refuge.  All values calculated 
with Program MARK (White and Burnham 1999). 

Model AICc Δ AICc AICc  Weight 
Model 

Likelihood
Parameters Deviance

 
Survival constant among days and 
years  
{day same, year same} 
 

23.27 0.00 0.51 1.00 1 21.24 

Survival constant among days and 
years, with a duckling mass 
covariant  
{day same, year same, mass} 
 

23.88 0.61 0.38 0.74 2 19.79 

Survival constant among days, 
differed among years  
{day same, year different} 
 

26.30 3.03 0.11 0.22 3 20.14 

Survival differed among days, 
constant among years  
{day different, year same} 
 

274.65 251.4 < 0.001 < 0.001 70 8.82 
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Table 4.3: Akaike Information Criterion corrected for low sample size (AICc) values for mottled duck brood survival models, 2006-
2008.  Survival histories were gathered from transmittered ducklings on Anahuac National Wildlife Refuge.  All values calculated 
with Program MARK (White and Burnham 1999). 

Model AICc Δ AICc AICc  Weight 
Model 

Likelihood
Parameters Deviance

 
Survival constant across days and 
years  
{day same, year same} 
 

45.46 0.00 0.60 1.00 1 40.66 

Survival constant across days but 
different across years  
{day same, year different} 
 

46.28 0.82 0.40 0.66 3 37.33 

Survival constant across days but 
different across years 
{day different year same} 

637.24 591.79 < 0.001 < 0.001 98 7.27 



Texas Tech University, Elizabeth Rigby, December 2008 

 

66 

Table  4.4 Hen success  and recruitment estimates for mottled ducks based on 
information from duckling and brood survival estimated on Anahuac National Wildlife 
Refuge, 2006-2008, and  previous nest success studies.  All nest success estimates were 
calculated using the Mayfield (1961) method. 

 Durham and 
Afton 2003 

Walters et al. 
2001 

Holbrook et al. 2000 

  1998 1999 Minimum1 Maximum1 

Nest success (P) 0.06 0.178 0.223 0.06 0.671 

Hen success (H) 
(P*e(1-P)2) 

0.145 0.350 0.408 0.145 0.748 

Recruitment (R) = 
HGSd/2 

0.291 0.701 0.817 0.291 1.498 

1Nest success estimates were reported individually for different islands studied; 5 of 6 
islands had nest success greater than 29%.   
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Table 4.5  Estimates of parameters used to calculated recruitment of mallards in 
northeastern California, 1988-1994 (Mauser and Jarvis 1994).  Recruitment (R) is 
calculated with the equation R = HGSd/2, where H = hen success (a composite of nest 
success and renesting effort), G = mean brood size at hatch, and Sd = duckling survival.  
Recruitment is reported both as a number and with a coefficient for comparison to 
recruitment estimates of mottled ducks. 

 1988 1989 1990 

Mean brood size at hatch (G) 7.90 8.96 8.67 

Duckling survival (Sd) 0.18 0.37 0.34 

Hen success (H) 0.44 0.76 0.56 

Recruitment 

R = HGSd/2 

0.711*H 

0.31 

1.66*H 

1.26 

1.47*H 

0.83 
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Chapter V 

Movement, Home Range, and Habitat Use of Mottled Duck Broods 

 

Introduction 

Surveys of the mottled duck (Anas fulvigula) population in Texas have shown steep 

declines over the last 20 years.  In 2006, the breeding pair survey of National Wildlife 

Refuges (NWRs) in Texas estimated 0.94 mottled duck pairs/km2, a 76% decline from 

the 21-year long-term average of 3.98 pairs/km2 (Haukos 2007).  The breeding pair 

survey uses a visibility index derived from ground surveys to adjust aerial estimates 

(Haukos 2007).  Monthly waterfowl surveys on Texas NWRs detected 10,880 mottled 

ducks in 2005-2006, a 29.7% decline from the 21-year long-term average.  The Texas 

midwinter inventory, a larger survey that extends beyond NWRs, estimated 17,816 

mottled ducks in surveyed areas in 2006, a 49.3% decline from the 34-year long-term 

average of 35,164 (Haukos 2007). 

The causes of the mottled duck population decline in Texas are not well-understood, but 

low recruitment has recently been hypothesized.  Based on expert opinion, the Gulf Coast 

Joint Venture regarded mottled duck recruitment to be twice as important as adult 

survival in limiting the population (Wilson 2007).  They also named increasing nest 

success and brood survival as the top priorities for increasing the mottled duck population 

on the gulf coast.  Actual evidence of low recruitment rates, however, is clearly lacking.  

Moorman and Gray (1994) identified the need for additional research on brood survival 

and recruitment rates.  Holbrook et al. (2000) cited adult female and brood survival as the 

primary deficiencies in data regarding mottled duck productivity.  Durham and Afton 

(2003) reported lower than expected nest success rates for mottled ducks in Louisiana 

and stated that, when compared to mallard population models, mottled duck recruitment 

may be too low to sustain a stable population.  They emphasized the need for more 

research to determine whether there is a “recruitment problem” on the gulf coast.   
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Habitat conditions have an important effect on recruitment.  Waterfowl broods are 

strongly influenced by their habitat, which provides ducklings both food and cover from 

predators (Johnson et al. 1992).  Brood movements have been linked to food abundance 

and presence of human disturbance (Sedinger 1992), showing that broods move in 

response to environmental factors.  Specifically, decreases in habitat quality have been 

linked with an increase in brood movement, such as when competition for food increases 

(Hill et al. 1987, Pehrsson and Nystroem 1988).  Such decreases in habitat quality can 

have a negative impact on brood survival and therefore, recruitment (Rotella and Ratti 

1992).  Examining brood movements and habitat use can therefore provide important 

insight into mottled duck recruitment.    

As part of the dearth of information about mottled duck recruitment, there is very little 

information available about mottled duck broods.  Stutzenbaker (1988) mades 

observations on brood habitat use, but did not quantify most conclusions.  Existing data 

on mottled duck brood movements are scarce.  Baker (1983) and Finger et al. (2003) 

followed radio-transmittered females to monitor broods, but both studies had a small 

sample size (N = 8 and N = 19 females with broods, respectively).  Baker (1983) reported 

distance moved by broods from the nest to brood area (range 1.14-5.08 km, mean not 

reported) but did not report movements thereafter.  He also found that brood minimum 

convex polygon (MCP) home ranges had a range of 2.4-54.8 ha, but did not report a 

mean.  Finger et al. (2003) reported that average minimum daily brood movements were 

662.8 m for 1 brood in 2000 and 346.8 m for broods in 2001.  They did not report the 

number of broods in 2001 or brood movements in 2002. 

I investigated broods’ interactions with their environment, specifically, brood movements 

and home range.  My objective was to capture, radio-mark, and track female mottled 

ducks with broods as well as individual ducklings to estimate brood movements, home 

ranges, and habitat use.  Because coastal marshes are highly dynamic in salinity and 

water levels, I predicted brood movements would reflect changes in marsh conditions.  I 

hypothesized that poor habitat conditions, as suggested by low water levels and high 
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salinity, would lead to an increase in brood movements and home range size as broods 

searched for better habitat.  

I also investigated brood use of moist soil units (MSUs).  These freshwater 

impoundments are commonly created as waterfowl habitat across North America and are  

commonly found on the gulf coast in lands managed for waterfowl.  Although 

management of these areas has been studied extensively in terms of vegetation response 

(Kadlec and Smith 1992, Strader and Stinson 2005), waterfowl breeding in gulf coast 

MSUs has largely been unexplored.  MSUs throughout North America are largely 

managed for migrating and wintering waterfowl (Strader and Stinson 2005), and it is 

unclear how they function as habitat for broods.  MSUs are generally smaller in size than 

coastal marsh habitat patches (Figure 5.1) and are surrounded by high levees and often 

roads, which may affect brood movements and home range.  Due to the relatively small 

size of MSUs, I hypothesized that broods in MSUs would have smaller movements and 

home ranges than coastal marsh broods. 

 

Study Area 

My study area was the Texas Chenier Plain NWR Complex, which was comprised of 

Anahuac, McFaddin, Texas Point, and Moody NWRs.  The Chenier Plain Complex 

covered 428 km2 of coastal marsh and prairie in Chambers and Jefferson counties, Texas 

(Figure 2.1).  The bulk of my research was done on Anahuac NWR, with some extension 

to McFaddin NWR.  Movement and dispersal of adults sometimes required additional 

work in Jefferson, Chambers, and Galveston counties outside the boundaries of the 

Chenier Plain Complex.  The Chenier Plain Complex has been managed for waterfowl 

production and wetland conservation for decades, using land management tools such as 

prescribed fire, water management, mechanical disturbance (tractor discing), and cattle 

grazing (U.S. Fish and Wildlife Service 2006).  The management of Anahuac NWR for 

waterfowl has been largely successful, and of the NWRs on the mid- and upper Texas 
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gulf coast, this refuge consistently has the greatest number of mottled ducks (Anderson 

and Haukos 1998).  Information gathered on mottled ducks on Anahuac NWR should be 

representative of habitats on the Chenier Plain of Texas and Louisiana, but may be 

optimistic due to the high habitat quality. 

The Chenier Plain Complex lies on eastern edge of the Texas Gulf of Mexico coast and is 

highly influenced by the gulf both climatically and hydrologically.  The climate on the 

Chenier Plain Complex is humid sub-tropical, with a mean annual average temperature of 

20°C (U.S. Fish and Wildlife Service 2005).  Summers are hot and humid and winters 

cool, but major frost events are rare.  Average annual precipitation is 144 cm (SD 35 cm, 

range 92- 218 cm) (U.S. Fish and Wildlife Service 2005).  Tides associated with 

Galveston Bay are diurnal and shallow, with an annual average tide range of 64 cm (U.S. 

Fish and Wildlife Service 2005).  Although extreme tides are rare, the low elevation of 

coastal marsh and prairie can result in large portions of the Chenier Plain Complex 

flooding under unusually high equinox or storm tides.  Infrequently, tropical storms and 

strong south winds push saltwater against the northern edge of Galveston Bay and into 

the Chenier Plain Complex system.  This interplay between freshwater input from 

precipitation and saltwater input from Galveston Bay has created a wide array of habitat 

types and vegetation assemblies on the Chenier Plain Complex.  All four types of coastal 

marsh, as described by Stutzenbaker (1999) (saline, brackish, intermediate, and fresh), 

were present on the Chenier Plain Complex.  Mottled ducks tend to avoid saline marsh 

(salinity = 10 ppt or higher) but utilize all other marsh types (U.S. Fish and Wildlife 

Service 2005).  

Habitat conditions on the Chenier Plain Complex differed greatly among years.  

Hurricane Rita made landfall just east of Sabine Pass, Texas, on 24 September 2005, 

approximately 68 km east of Anahuac NWR (Knabb et al. 2006).  The saltwater storm 

surge from the hurricane flooded much of the Chenier Plain Complex.  The lingering 

saltwater, combined with low precipitation levels in autumn and winter 2005 (Figure 

2.2), resulted in marsh habitat conditions for the 2006 breeding season dominated by high 
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salinity levels and low water levels.  These conditions continued until late spring rains 

occurred in mid-June 2006 (Figure 2.3).  Habitat conditions during the 2007 breeding 

season were much improved for waterfowl, with higher water levels, lower salinity, and 

consistent rainfall throughout the season.  Precipitation was initially high in 2008, but 

sharply decreased in April, leading to a late breeding season drought.  Habitat conditions 

in both the 2006 early-season and 2008 late-season droughts were characterized by low 

water levels, increasing marsh salinities, and complete drying of many marshes. 

Vegetation varies across the Chenier Plain Complex, with plant communities shaped by 

salinity and hydrology.  A complete description of conditions on the Chenier Plain 

Complex and Anahuac NWR can be found in U.S. Fish and Wildlife Service (2006) and 

U.S .Fish and Wildlife Service (2005), respectively.  Plant taxonomy below follows 

Stutzenbaker (1999).  Spartina patens dominates much of the intermediate and brackish 

marshes and is commonly associated with Scirpus olneyi, Scirpus robustus, Distichlis 

spicata, Typha spp., Juncus spp., and Paspalum vaginatum.  Fresh marshes, including 

freshwater impoundments and fallow rice fields, are more diverse, featuring 

Alternanthera philoxeroides, Sesbania spp., Ludwigia spp., Nymphaea spp., Sagittaria 

spp., Eleocharis spp., Typha spp., Cyperus virens, Paspalum urvillei, and Panicum 

hemitomon.  Submergent vegetation was common in marsh ponds, with Ruppia maritima 

prevalent in intermediate and brackish marshes and Najas guadalupensis and 

Potamogeton spp. common in fresh marshes.  Coastal prairie areas contain tallgrass 

prairie grasses such as Schizachyrium scoparium, Paspalum plicatulum, Tripsacum 

dactyloides, Panicum virgatum, and Paspalum livium; forbs such as Liatris pynostachya, 

Rudbeckia hirta, Cacalia spp., and Eryngium yuccifolium; and woody species such as 

Baccharis halimifolia and Myrica cerifere.  Invasive plant species have infiltrated much 

of the Chenier Plain Complex, particularly Sapium sebiferum in coastal marshes and 

prairies and Eichornia crassipes in freshwater ponds and ditches. 
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The Texas Chenier Plain Complex was severely impacted by Hurricane Ike in September 

2008.  Habitat implications remain to be seen but can be expected to be severe and  

lasting. 

 

Methods 

To estimate duckling home ranges and monitor duckling movements, I tracked both 

radio-transmittered ducklings and radio-transmittered females with broods.  I caught 

female mottled ducks in decoy traps and baited swim-in traps on Anahuac NWR from 1 

February to mid-April or early May, 2006-2008.  All procedures involving live animals 

were performed in accordance with the Texas Tech University Animal Care and Use 

Committee standards (approval number 06026-06) and under Federal Bird Banding 

Permit 09072.  In 2006, trapping efforts were limited to the East Unit of the refuge 

(Figure 2.4), but in 2007 and 2008 I expanded efforts to include sites west of Oyster 

Bayou.  Decoy traps were baited with a live mallard (Anas platyrhynchos) female to 

visually and vocally attract mottled ducks.  I baited swim-in trap funnels with rice or a 

mixture of rice, molasses, and sweet potatoes.   

Each captured mottled duck was weighed (g), sexed based on plumage and bill 

characteristics and a cloacal inspection, and banded with a U.S. Geological Survey 

aluminum leg band.  I also measured wing chord length (mm) from the radial notch to the 

end of the longest primary for all birds (Carney 1992) in order to estimate body 

condition.  I then fitted females with Advanced Telemetry Systems Inc. (ATS) A1800 

back-mounted radio transmitters (Dwyer 1972).  The transmitter cord was knotted and 

secured with PVC glue and transmitters were tested for frequency shift before female 

release.  Any male mottled ducks caught in a trap with a female were banded, then kept 

in a separate pen so that they could be released simultaneously.  In 2006, females were 

kept in a darkened pen for 10 minutes to acclimate to the transmitter before remote 
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release.  I dispensed with this practice in 2007 and 2008, as the ducks frequently 

struggled to escape the pen and risked injury. 

Transmittered females were tracked with ATS model R4000 or R2000 radio receivers via 

a 3-element hand-held AF Antronics Inc. yagi antenna.  I used 2 methods to determine 

female locations: remote locations, where I recorded triangulation data (GPS coordinates 

of the observer and bearing to the female), and visual locations where I tracked the 

female until seen.  At each visual, I recorded the female’s location with a Global 

Positioning System (GPS), presence of brood or nesting behavior (flushing very close to 

observer, quacking, or flapping to distract observer), and presence of other mottled ducks.  

I searched for a nest when a female either stayed in a small area for more than 2 days or 

displayed nesting behavior (flushing very close to observer or quacking or flapping to 

distract observer).  I recorded the locations of nests with a GPS, marked nests with 

flagging tape at least 5 m from the nest bowl, and recorded detailed directions to the nest 

to ensure I could find it later.  I monitored females on nests from remote locations as long 

as the female stayed in the vicinity of the nest.  As soon as the female left the nest area, I 

went to the nest to record nest fate and then obtained a visual location and brood count if 

the nest was successful. 

I attempted to get a visual on females with broods every 3 days, with occasional more or 

less frequent visuals due to inclement weather and time constraints.  I recorded remote 

locations when visual locations were impossible.  I used Program Location of a Signal 

(LOAS) to triangulate remote locations of females with broods (Ecological Software 

Solutions LLC 2005).  To reduce error, triangulation data had to fit the following 

requirements:  bearings must have been collected within 90 minutes of each other, 

bearings must contain at least 45° difference among them, and adjusted-F 95% error 

ellipses calculated by LOAS must be ≤ 1.0 km2.   

To directly estimate brood movements and home ranges, I caught mottled duck broods at 

night from airboats in 2006, 2007, and 2008.  All ducklings caught were aged according 

to Gollop and Marshall (1954) and Stutzenbaker (1988), sexed (if old enough), weighed 
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(g), and banded with a U.S. Geological Survey aluminum leg band (if sufficient size to 

retain a band).  I randomly selected 2 ducklings from each brood and fitted them with 

ATS A2430 transmitters with an expected battery life of 72 days.  The transmitters 

weighed 1.4-1.7g, < 5% of body weight recommended by Samuel and Fuller (1994).  I 

plucked feathers from the duckling’s interscapular area to expose the skin, then used 

cyanoacrylate glue (Super Glue) to attach the transmitter, as recommended by ATS.  In 

2008, I used sutures to attach transmitters to ducklings in an attempt to increase 

transmitter retention.  Ducklings were tracked daily with an ATS model R4000 radio 

receiver via a 3-element hand-held AF Antronics Inc. yagi antenna.  I tracked ducklings 

remotely as long as the signal direction changed noticeably between days.  If I could not 

tell that a duckling had moved for > 2 days, I obtained a visual location.  I took salinity 

measurements at each duckling visual location, including capture. 

 Remote locations of ducklings were triangulated with LOAS using the same procedure 

as for hens with broods. I entered triangulated locations and the GPS coordinates of 

visual locations into ArcMap 9.2 (ESRI 2006).   Locations of broods that were recorded 

with a distance and bearing qualification (i.e., 100 m at 180° from a GPS location) were 

calculated with the ArcGIS Distance-Direction tool (ESRI 2006).  All field locations and 

calculated locations were in the WGS 1984 datum.  I calculated the distance (m) between 

duckling locations using Hawth’s Analysis Tools for ArcGIS (Beyer 2004).  I calculated 

brood movements rather than duckling movements by averaging the distances moved 

between consecutive locations for all transmittered members of a brood.  For consecutive 

locations separated by > 1 day, I divided the distance moved by the number of days to 

obtain an estimate of minimum daily brood movement.   

I used Home Range Tools for ArcGIS (Rodgers et al. 2005) to calculate 100% and 75% 

minimum convex polygon (MCP) home ranges for ducklings and hens with broods, as 

well as 95% adjusted-kernel density estimates using 2 different calculations for the 

smoothing factor, h: least-squares cross-validation (LSCV, Worton 1989) and biased 

cross-validation (BCV, Sain et al. 1994).  LSCV is most commonly used for calculating 
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kernel home ranges of wildlife.  BCV is less commonly used, but was useful for 

preventing under-smoothing of adult female mottled duck home ranges (Chapter III).  

Under-smoothing was less of a problem for duckling and female with brood locations, 

but BCV estimates are included for comparison.  Minimum convex polygons tend to 

overestimate home range (Harris et al. 1990), but I included them here for comparison to 

other studies.  Although at least 30 locations are recommended for kernel home range 

calculation (Seaman et al. 1999), most duckling transmitters fell off after fewer than 15 

days.  Home ranges for ducklings and hens with broods were constructed with as few as 5 

locations for kernel analysis and 3 locations for MCP analysis, so it should be noted that 

brood home range size may be underestimated.   

I converted duckling home range and duckling minimum daily movements to brood home 

range and movements by averaging measurements for all ducklings within a brood.  I 

used the non-parametric Kruskal-Wallis test to compare brood home range size and 

minimum daily movements among years.  I also used the Mann Whitney U test to 

compare movement and home range between coastal marsh habitats and MSUs.  All 

statistical tests were calculated with Program PAST (Oslo, Norway, 

http://folk.uio.no/ohammer/past/)  or MINITAB (Minitab Inc., State College, 

Pennsylvania).   

 

Results 

I tracked 7 ducklings from 4 broods in 2006, 43 ducklings from 23 broods in 2007, and 

from 9 ducklings from 5 broods in 2008 (Appendix C, Appendix D).  Number of 

ducklings caught per year was more indicative of catch effort than brood abundance.  In 

2006, 2 radio-transmittered females had broods, but 1 brood survived < 3 days and thus 

could not be included into movement and home range calculations.  In 2007, 2 radio-

transmittered females had broods and in 2008, 6 females had broods that were included in 

movement and home range analyses.  In 2008, 2 females with broods died from non-
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human causes and 1 female shed her transmitter.  In all years, the glue and sutures used to 

attach transmitters to the ducklings did not hold as well as expected in the saline-

influenced habitats, generally failing after fewer than 15 days.  Thus, most duckling home 

ranges were constructed from fewer than 15 locations.   

Mean minimum daily brood movement was greater in 2007 (201 ± 28 m) than in 2006 

(116 ± 50 m) or 2008 (159 ± 55 m) (Hc = 13.8, P = 0.001).  Mann-Whitney U pairwise 

comparisons using a Bonferroni correction showed that movement in 2007 differed from 

both 2006 and 2008 (P = 0.005, P = 0.031 respectively) but movement did not differ 

between 2006 and 2008 (P = 1.0).  Brood movements did not show sustained directional 

movement over multiple days; movements tended to be roughly clustered. (Figure 5.2)  

The largest minimum daily movement of a brood was 941 m on 20 May 2008, which 

represented an overall movement of 2.82 km over the course of 3 days (Figure 5.3).  This 

was the only observed brood movement between habitat patches.  There were no other 

instances of broods crossing large areas of dry land or bayous, or moving from a MSU to 

coastal marsh or vice versa.  Minimum daily brood movements were 153 m in MSUs and 

197 m in coastal marsh, but did not significantly differ (P = 0.053for one-tailed test).   

Brood home range size did not differ among years for any home range calculation 

(Tables 5.1, 5.2).  Mean brood home range size for all years with a 95% confidence 

interval was 0.404 ± 0.173 km2 for LSCV kernel estimates and 0.999 ± 1.154 km2 for 

BCV kernel estimates.  The largest brood home range size in any year was 1.55 km2 in 

2007 for the brood with female 4.184.  Home range size did not differ between broods in 

MSUs and broods in coastal marsh for any home range calculation (Table 5.3). 

Salinity was greater at brood locations for broods caught in coastal marsh than for broods 

caught in MSUs (W = 595, P < 0.001).  Comparison of salinity among years was split 

into coastal marsh comparisons and MSU comparisons to prevent bias if the proportion 

of ducklings caught in each marsh type differed among years.  Salinity at brood locations 

differed among years in both coastal marshes and in MSUs (Table 5.4) (Coastal marsh Hc 

= 16.84, P < 0.001; MSUs Hc = 6.83, P = 0.036).  For coastal marshes, salinity at brood 
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locations was greater in 2006 than 2007 or 2008 (P = 0.001, P  < 0.001, respectively).  

Coastal marsh salinity at brood locations was similar between 2007 and 2008 (P = 

0.433).  Mann-Whitney U pairwise comparisons with a Bonferroni correction did not 

show differences in salinity between pairs of years for MSUs.  Although salinity in 

MSUs differed statistically, the effect size (largest pairwise difference was 0.5 ppt from 

2006 to 2008) was small compared to the overall range of salinity for habitats used by 

mottled duck broods (0-20 ppt).   

Broods were most often found in marsh with shallow (8-30 cm) standing water, where 

emergent vegetation was ample, but broken up for a roughly 50%-50% mix of open water 

and vegetation (personal observation) (Figure 4.2).  Vegetation structure differed between 

MSUs and coastal marshes (personal observation).  MSU vegetation tended to be more 

diverse than coastal marshes.  The vegetation in MSUs was more uniform in height and 

structure as well, with greater space within vegetation stands.  Coastal marshes, in 

comparison, were “chunkier,” broken into patches of water and heavy clumps of marsh 

grasses, particularly Spartina patens and Paspalum vaginatum (Figure 5.4).  When 

allowed to grow without disturbance for 2 or more years, Spartina patens in coastal 

marshes grew to be 0.5-1 m tall, forming extremely thick mats of vegetation (Figure 5.5). 

Discussion  

Brood movements differed among years, but brood home range size did not.  Movements 

were greatest in 2007, the year with the greatest rainfall and the only year without a 

drought period.  Poor habitat conditions caused by drought, as seen in 2006 and late 

2008, did not lead to an increase in duckling movement, as hypothesized.  Therefore, the 

motivation for the increased brood movement I observed must not be increased 

competition for food, as was observed by Hill et al. (1987) and Pehrsson and Nystroem 

(1988).  Likewise, mechanisms that led to increased inter-wetland movement during 

drought, as seen by Krapu et al. (2006), must differ from the largely intra-wetland 

movements that I measured.  I suggest that the increase in brood movement I observed in 

the wet year was due to a combination of increased ease of movement within habitat 
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patches and greater connectivity of habitat within patches, both due to higher water 

levels.  During tracking, I observed that broods appeared to move most easily through 

habitats flooded at least 8 cm.  When water levels were lower, ducklings had to walk 

rather than swim, which greatly decreased their speed (personal observation).  High water 

levels due to increased precipitation in 2007 created widespread flooded conditions that 

may have led to increased duckling movement. 

Brood home range size did not increase during the wet year, however, because habitat 

patch size was not limited by water level.  Instead, human created barriers (roads, levees, 

bayous), dry zones, and areas dominated by heavy, impassable vegetation formed 

physical barriers to duckling movement.  Mature stands of Spartina patens, the dominant 

grass species in most Texas coastal marshes, was often a barrier to brood movement.  In 

most instances, broods remained in a single habitat patch even when they were separated 

from another by a relatively small distance.  In the Roberts-Mueller unit, broods in the 

eastern marsh did not move to the western marsh, nor vice versa, even though these 

marshes are separated by about 1 km (Figure 5.6).  A gravel road and an area of fairly 

heavy Spartina patens separated the 2 marshes.   

Broods could move among habitat patches, such as the brood of female 4.410 in 2008 

(Figure 5.3), but doing so required a great physical effort.  Travel by 4.410 and her brood 

required either a 2.8 km trip over mostly dry prairie, or a 7 km trip via Onion Bayou and 

road-adjacent ditches (actual route is unknown).  Such a long movement also likely 

exposed the brood to increased predation risk (Krapu et al. 2006).  The brood moved as 

their previous habitat, Snipe Prairie, was in the process of going completely dry.   

The trends in movement and home range was similar for both MSUs and coastal marsh 

habitats.  Movements and home range were similar for broods in MSUs and broods in 

coastal marsh.  This was unexpected, as MSUs are generally smaller than coastal marsh 

habitat patches.  Brood movements did not appear to have been limited by overall patch 

size but rather by habitat characteristics within the patches.  Although MSUs were 

smaller, broods may have been able to move more easily, resulting in similar daily 
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movements.  Vegetation in MSUs was more uniform but sparser than coastal marshes: 

broods could move through MSU vegetation whereas they had to move around vegetation 

clumps in coastal marsh.  Both habitat types had similar characteristics of habitat patch 

isolation, as well.  MSUs were, by nature, bordered by levees and ditches.  Roads were 

often incorporated into these levees, sometimes with substantial traffic.  White Fronted 

MSU, for example, was only 0.5 km from Salt Cedar and mottled duck MSUs, but 

moving between the 2 required crossing a series of ditches and a busy refuge road.  These 

man-made barriers proved formidable for broods, and no broods were observed moving 

from an MSU to coastal marsh or even among adjacent MSUs.   

The isolation of broods within habitat patches, whether coastal marsh or MSU, may 

prove particularly dangerous in years of severe drought.  In 2006, coastal marshes were 

suffering residual effects of the Hurricane Rita storm surge combined with low 

precipitation levels.  Coastal marsh brood locations in 2006 had a mean salinity of 17.0 

ppt, far exceeding recommended levels for mottled duck broods (Wilson 2007).  No 

broods were observed to move among habitat patches in 2006, suggesting that broods 

were either unable to escape poor habitat patches, or had no better options to which to 

move.  Even the lowest coastal marsh salinity measured in 2006, 13.5 ppt, was well 

above the 6-8 ppt salinity recommended for brood areas by the Gulf Coast Joint Venture 

(Wilson 2007).  In contrast, MSUs had overall low salinity but were highly susceptible to 

drying during drought.  Unlike coastal marshes, which tended to dry unevenly into 

scattered ponds, MSUs dried uniformly, and in many cases, completely.  A late-season 

drought in 2008 resulted in the total drying of many MSUs, including Snipe Prairie and 

White Fronted MSU.  These MSUs had held numerous mottled duck broods in 2007.  In 

some cases, such drying is avoidable because active water management enables managers 

to hold water in MSUs.  Holding water is not always a straightforward choice, however.  

Managers must weigh the benefits of holding water in case of drought and drawing down 

MSUs to manipulate the vegetation assembly, a common late-season management 

technique (Kadlec and Smith 1992, Strader and Stinson 2005).   
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The confinement of broods to individual habitat patches creates a dilemma for habitat 

managers.  I recommended creation of local refugia to increase habitat options available 

for adult mottled ducks and prevent female dispersal during drought (Chapter III), but 

this measure would not work for broods unable to leave a particular habitat patch.  Brood 

management must instead address habitat on a broad scale, focusing on maintaining 

suitable brood conditions in each individual habitat patch.  For areas with multiple 

MSUs, habitat can be maintained by drying down MSUs in multi-year rotation, leaving 

some flooded in each breeding season.  Coastal marsh management is more difficult, as 

the salinity is often highly dependent on rainfall.  Managers should pursue active water 

management infrastructure that will help them maintain water levels during drought and 

maintain marsh salinity within the tolerances of mottled duck broods. 
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Table 5.1: mottled duck brood home range areas during the breeding season (1 February - 30 June) 2006-2008, calculated from visual 
and remote location data.  Mottled duck ducklings and adult females were captured, radio-transmittered, and tracked on Anahuac 
National Wildlife Refuge.  All areas are in km2.  Mean values listed with a 95% confidence interval. 

  
95% Kernel Home 

Range LSCV1 
95% Kernel Home 

Range BCV2 
75% MCP3 100% MCP3 

2006 

mean 
0.331 ± 1.226 

N = 3 
0.294 ± 0.572 

N = 3 
0.036 ± 0.093 

N = 5 
0.073 ± 0.173 

N = 5 

median 0.084 0.398 0.001 0.004 

2007 

mean 
0.386 ± 0.227 

N = 20 
0.457 ± 0.220 

N = 20 
0.039 ± 0.030 

N = 22 
0.069 ± 0.040 

N = 22 

median 0.180 0.225 0.015 0.034 
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Table 5.1 Cont. 

  
95% Kernel Home 

Range LSCV1 
95% Kernel Home 

Range BCV2 
75% MCP3 100% MCP3 

2008 

mean 
0.500 ± 0.415 

N = 6 

3.161 ± 6.942 

N = 6 

0.244 ± 0.508 

N = 6 

0.332 ± 0.577 

N = 6 

median 0.500 0.600 0.067 0.141 

All years 

mean 
0.404 ± 0.173 

N = 29 

0.999 ± 1.154 

N = 29 

0.076 ± 0.077 

N = 33 

0.117 ± 0.091 

N = 33 

median 0.180 0.238 0.013 0.036 

1 95% Adaptive kernel home range calculated using least-squares cross-validation method for h, the smoothing factor (Worton 1989). 
2 95% Adaptive kernel home range calculated using biased cross-validation method for h, the smoothing factor (Sain et al. 1994). 
 3 MCP = Minimum convex polygon that contains listed percentage of female locations. 
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Table 5.2: Kruskal-Wallis test results for difference in mottled duck brood home range among years, 2006-2008.  Mottled duck 
ducklings and adult females were captured, radio-transmittered, and tracked during the breeding season (1 February - 30 June) on 
Anahuac National Wildlife Refuge. Home range was similar among years at α = 0.05.   

 95% Kernel Home 
Range LSCV1 

95% Kernel Home 
Range BCV2 75% MCP3 100% MCP3 

Hc 1.24 0.36 4.25 3.40 

P-value 0.537 0.834 0.119 0.182 

1 95% Adaptive kernel home range calculated using least-squares cross-validation method for h, the smoothing factor (Worton 1989). 
2 95% Adaptive kernel home range calculated using biased cross-validation method for h, the smoothing factor (Sain et al. 1994). 
 3 MCP = Minimum convex polygon that contains listed percentage of female locations. 
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Table 5.3: One-tailed Mann-Whitney U test results for difference in mottled duck brood home range (km2) between coastal marsh 
and moist soil units (MSUs), 2006-2008.  Mottled duck ducklings and adult females were captured, radio-transmittered, and tracked 
during the breeding season (1 February - 30 June) on Anahuac National Wildlife Refuge.  Home range was similar among years at α 
= 0.05.   

 95% Kernel Home 
Range LSCV1 

95% Kernel Home 
Range BCV2 75% MCP3 100% MCP3 

Mean home range size, 
coastal marsh 

0.583 0.607 0.059 0.109 

Mean home range size, 
MSUs 

0.184 1.483 0.099 0.128 

W 277 266 365 366 

P-value 0.055 0.132 0.065 0.061 

1 95% Adaptive kernel home range calculated using least-squares cross-validation method for h, the smoothing factor (Worton 
1989). 
2 95% Adaptive kernel home range calculated using biased cross-validation method for h, the smoothing factor (Sain et al. 1994). 
 3 MCP = Minimum convex polygon that contains listed percentage of female locations. 
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Table 5.4: Salinity at mottled duck brood locations, on Anahuac National Wildlife 
Refuge, 2006-2008.   Mottled duck ducklings and adult females were captured, radio-
transmittered, and tracked on the breeding season (1 February - 30 June).  Marsh type 
indicates the habitat at the brood capture location.  All measurements are in ppt. 

  2006 2007 2008 

Coastal marsh 

Mean with 95% 
confidence interval 

17.0 ± 1.6 
N = 9 

9.3 ± 2.0 
N = 26 

7.6± 1.8 
N = 25 

Median 17.3 7.6 6.4 

Moist-soil units 

Mean with 95% 
confidence interval 

0.7 ± 0.1 
N = 3 

0.3 ± 0.1 
N = 24 

0.2 ± 0.2 
N = 7 

Median 0.7 0.3 0.2 
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Figure 5.1:  Moist-soil units (MSUs) and freshwater impoundments on Anahuac National Wildlife Refuge.  Levees and water control 
structures allow managers to alter water levels in these areas, but they constitute a small portion of the overall land area of the refuge.  
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Figure 5.2: Home range and movements of mottled duck brood 6.264 in the Roberts-
Mueller unit of Anahuac National Wildlife Refuge, 2007.  Only 1 duckling in the brood 
was caught; movements were estimated from that duckling alone.  Movements were 
roughly clustered, with 1 trip approximately 0.5 km to the southwest.   
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 Figure 5.3: Movement of female mottled duck 4.410 and brood from Snipe Prairie to 
Onion Bayou on Anahuac National Wildlife Refuge, 30 April - 5 June 2008.  The brood 
made a long-distance trip between 20 May and 23 May as their previous habitat, Snipe 
Prairie, grew progressively drier due to drought.  Actual route of the trip is unknown. 
Vertices represent consecutive locations, usually separated by 1-3 days. 
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Figure 5.4: An example of coastal marsh frequently used by mottled duck broods.  The marsh was broken into an approximately 50%-
50% mix of vegetation and open water, with cattle grazing and prescribed fire as the primary forms of disturbance.  Paspalum 
vaginatum makes up the majority of the vegetation.  Large individual bunches of Spartina patens can also be seen.   Photograph taken 
in the Roberts-Mueller unit of Anahuac National Wildlife Refuge in 2006, after summer rains flooded the area.  
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Figure 5.5: Spartina patens grass, a dominant species in Texas coastal marshes, shown after 2 or more seasons of growth.  Mottled 
ducks on the upper coast of Texas frequently nest in Spartina patens of this stage, but broods have difficulty moving through the thick 
vegetation.  Photograph taken on Anahuac National Wildlife Refuge. 
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Figure 5.6:  All mottled duck duckling and female with brood 95% kernel home ranges (N = 10) in the Roberts-Mueller unit of 
Anahuac National Wildlife Refuge, 2007.   Ducklings and adult females were captured, radio-transmittered, and tracked during the 
breeding season (1 February - 30 June), 2006-2008.  Duckling home ranges were constrained to 2 habitat patches separated by a road 
and heavily vegetated areas.  No ducklings were observed to move between the 2 patches.  Home ranges were calculated with least-
squares cross-validation for h, the smoothing factor (Worton 1989). 
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Chapter VI 

Management Recommendations 

Over the last 20 years, the decline of the mottled duck population in Texas has 

increasingly raised concern among biologists and land managers across the western gulf 

coast.  Mottled ducks are prized by hunters and birders alike for their size and rarity, and 

there is a significant desire among gulf coast habitat managers to stabilize the mottled 

duck population.  As a coastal marsh endemic, the decline of the species also indicates an 

overall decline in coastal marsh area and quality.  Mottled ducks’ small range make their 

population decline a uniquely local issue; neither mottled ducks nor their precarious 

status are well known outside the region.  Still, mottled ducks utilize habitat on state, 

federal, and private lands, so efforts to aid the species through habitat management 

require coordination among agencies and with landowners.  Although local managers 

tend to have extensive experience working in coastal marsh and observing mottled ducks, 

the lack of specific research on the species has required each manager to determine 

habitat management priorities and strategies independently.  Here, I provide habitat 

management recommendations based on my research that will aid managers in setting 

management priorities and encourage coordination of management efforts. 

The cornerstone of mottled duck management must be the maintenance of a trio of 

habitats necessary for their life cycle: nesting habitat, brood rearing habitat, and adult 

habitat.  Any one of these habitats, by itself, may benefit mottled ducks in the short term, 

but all 3 are required to support the species over time.  Habitat arrangement is also 

fundamental.  Ideally, marshes should constitute a mosaic of habitats (Wilson 2007).  

Well-drained nesting habitat, while essential, may present a barrier to brood movement if 

tracts are too large or extend linearly between marshes.  Maintaining connectivity of 

brood habitats will help prevent isolation of broods in case of drought.  The Gulf Coast 

Joint Venture has released a useful series of suggested marsh management diagrams, 

which incorporate the necessity of a variety of habitats for different stages of the mottled 

duck life cycle (Wilson 2007). 
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My research on Anahuac National Wildlife Refuge (NWR) indicates that nest initiation 

by mottled duck females is low, and may be limiting reproduction.  In 2006 and 2007, 

when coastal marsh habitat was recovering from a hurricane storm surge and subsequent 

drought, nesting propensity was 15.4% and 30%, respectively.  Even in 2008, when early 

season habitat conditions were excellent, female nesting propensity was only 62.5%.  In 

analyses of waterfowl population dynamics, nesting propensity is usually assumed to 

approach 100% in good years (Mauser and Jarvis 1994), indicating that mottled duck 

nesting propensity may be severely depressed.  Low nest success has also been indicated 

as a possible limitation on recruitment (Durham and Afton 2003).  Increasing nesting 

habitat area and quality should therefore be a prominent goal of habitat management.   

Fortunately, there is ample research on mottled duck nesting habitat to guide managers.  

Vegetation type used by nesting mottled ducks varies with geography, but females 

uniformly favor thick overhead cover.  Mottled ducks preferred to nest in moderately 

shrubby habitat in south-central Louisiana (Holbrook et al. 2000), grassland habitat in the 

Mississippi River Delta (Walters et al. 2001), and permanent pasture with knolls and idle 

fields in southwestern Louisiana agricultural lands (Durham and Afton 2003).  On the 

Texas coast, Finger et al. (2003) found the highest mottled duck nest success in 

shrubland, tallgrass prairie, and cordgrass prairie (Spartina spp.) on the mid-coast and 

Stutzenbaker (1988) reported that mottled duck nests were most commonly constructed 

in grassy areas dominated by Spartina patens and Spartina spartinae.  In my study, 

mottled duck females most often nested in large clumps of Spartina patens and Spartina 

spartinae, usually in a slightly upland area (personal observation).  When assessing 

nesting habitat, managers should look for tall grass with greater than 1 season’s growth 

and complete overhead cover.  Cattle pastures can be excellent nesting habitat, but 

stocking rates must be carefully managed to prevent overgrazing (Stutzenbaker 1988, 

Durham and Afton 2003).  One potential threat to nesting habitat is fire, although effects 

are temporary.  Wildfire and prescribed fire, particularly in autumn, will likely eliminate 

nesting habitat in an area for the following breeding season.  Most prescribed fire 

programs on the Texas gulf coast burn units in rotation, however, and burning adjacent 
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units in alternate years will increase the overall heterogeneity of habitat available to 

mottled ducks.  I suggest that when prescribed fire is used on thick vegetation adjacent to 

brood habitat, at least 1 small (0.5-0.25 km2) patch of unburned grass should be left for 

nesting.   

Location of nesting areas is as important as habitat quality.  Nesting areas need to be 

adjacent to areas suitable for broods if nesting hens are to have successful broods.  

Increased distance traveled to brood habitat carries an increased predation risk for broods.  

Managers should position nesting areas as close to brood rearing areas as possible, with a 

maximum distance of 0.94 km (the maximum minimum daily movement observed for a 

brood).  In Louisiana, nesting islands in the Atchafalaya Delta have provided excellent 

mottled duck nesting habitat with considerable isolation from predators (Holbrook et al. 

2000).  Although Texas does not have similar delta systems, managers should consider 

the use of spoil islands as nesting habitat.  Another possible site for nesting habitat 

creation is adjacent to agricultural wetlands, such as crayfish ponds and rice fields.  These 

wetlands can provide habitat for mottled duck broods, but are often underutilized because 

of the lack of nesting habitat.  Positioning lightly grazed cattle pastures near agricultural 

wetlands might open these areas to year-round mottled duck use. 

Predator control in mottled duck nesting areas has not been widely pursued on the gulf 

coast, but should be carefully considered.  Low nest success appears to be a major 

limiting factor for the mottled duck population, and predation plays a dominant role in 

affecting nest success (Johnson et al. 1992).  The wide majority of mottled duck predators 

are mammals (Stutzenbaker 1988) and anecdotal observations have indicated mammal 

densities have increased in recent decades (Haukos 2007).  When nesting propensity 

increased due to good habitat conditions, female mottled duck survival decreased due to 

predation, thus potentially reducing any population gains from increased nesting.  Nest 

predation is also the major cause of nest failure, lowering nest success (Durham and 

Afton 2003).  Predator control in nesting areas could increase mottled duck nest success 

and decrease mortality of nesting females, benefiting mottled duck population growth. 
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Recent habitat management recommendation for mottled ducks have emphasized creation 

and maintenance of brood habitat (Wilson 2007).  Although my research did not find 

duckling survival limiting based on comparison of recruitment parameters to other 

species, brood habitat is undoubtedly required for supporting local populations of mottled 

ducks.  Current recommendations for desired brood habitat characteristics were largely 

supported by habitat use of mottled duck broods in my study (Wilson 2007).  I found 

brood habitats were delineated largely by vegetation characteristics.  Spartina patens is a 

dominant plant in coastal marshes but can be impenetrable to broods if allowed to grow 

unchecked.  For contiguous grass patches, 2 or more years of Spartina patens growth is 

virtually impassable for ducklings (personal observation).  Broods in coastal marsh were 

most often seen in areas with broken vegetation: a network of small islands and 

peninsulas of vegetation surrounded by water (Figure 4.2).  Ducklings can move quickly 

in this terrain (fast enough that it is difficult to catch up with them on foot) but have 

ample vegetation nearby to hide in.  Managers should promote this type of vegetation 

cover, as the combination of quick passage and concealing cover will maximize duckling 

survival in the presence of predators.  Spartina patens is a dominant grass in late 

successional marsh on the western gulf coast; the introduction of disturbance into the 

marsh sets back succession and is critical in opening up marshes to broods.  Managers 

should use prescribed fire, cattle grazing, herbicide, and mechanical disturbance to create 

a more heterogeneous habitat.  Prescribed fire can reduce heavy vegetation cover, but 

usually does so uniformly across a marsh and does not create long-term heterogeneity.  

Herbicide use and mechanical disturbance can be very effective at targeting invasive 

species or targeting small areas, but are generally limited due to the expense and labor 

required.  Cattle grazing is used with great effect on the upper coast of Texas, but is not 

widely used across the gulf coast.  Cattle are effective at breaking up thick vegetation and 

promoting shorter Paspalum vaginatum over thicker Spartina patens (Chabreck 1968), 

creating marsh conditions used by mottled duck broods and molting adult mottled ducks 

(M. Whitbeck, U.S. Fish and Wildlife Service, personal communication).  In a survey of 

ponds used by adult mottled ducks, pairs selected for ponds impacted by cattle 
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disturbance (D. Haukos, U.S. Fish and Wildlife Service, unpublished data).  Additionally, 

muskrat and goose eat-outs can become excellent brood habitat (Bhattacharjee et al. 

2007), although it is difficult for managers to direct these disturbances.  Ideally, coastal 

marsh managers should use a wide array of disturbance techniques in conjunction with 

active water management to encourage conditions useful to mottled duck broods.   

In all brood habitats, it is important for managers to consider the limited movement of 

mottled duck broods.  I found that broods rarely moved among habitat patches, as patches 

were separated by barriers such as roads, high levees, and stands of impassable 

vegetation.  Managers should encourage connectivity of brood areas to give broods the 

widest possibilities for habitat selection.  In periods of drought, broods will likely not be 

able to move out of their current habitat patch.  Instead of relying on refugia for broods, 

managers must focus efforts on coastal marshes themselves.  Innovative methods for 

relieving drought in coastal marshes, such as windmills, water storage, or purchased 

water, should be encouraged. 

High salinity in brood locations has been targeted as a sign of poor habitat quality, due to 

field observations and a laboratory study that indicated there may be a maximum salinity 

threshold for duckling habitat at 9-12 ppt (Moorman et al. 1991).  I did not, however, 

observe a negative effect on duckling survival due to salinities as high as 20 ppt.  It is 

possible that I did not detect this effect because I did not track ducklings from nest to 

brood area, but it is also possible that duckling survival is not as influenced by salinity as 

previously thought.  There also may be a physiological or environmental mechanism by 

which mottled duck broods are able to withstand high salinities (for example, ducklings 

consuming dew has been suggested as a means of gathering fresh water, but this is only 

speculation).  Further investigation into duckling tolerance for salinity is needed before 

current recommendations for brood locations (salinity lower than 6-8 ppt [Wilson 2007]) 

are changed.  

Adult non-breeding habitat was not a focus of my study but is certainly significant in 

managing mottled duck habitat.  Stutzenbaker (1988) discusses molting habitat at length.  
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Mottled ducks are flightless during molt and particularly vulnerable to predators.  In 

Florida, the post-breeding molt period carried a high mortality risk compared to other 

periods of the year (Bielefeld and Cox 2006).  This increased risk should caution 

managers to remain vigilant in their monitoring and management beyond the breeding 

season. 

In managing habitats for stages of the mottled duck life cycle, managers should be 

particularly attuned to the effects of drought.  I found that even a short term drought, such 

as in 2008 on Anahuac NWR, can cause complete drying of certain coastal marshes and 

many moist soil units (MSUs).  Adult mottled ducks will disperse from coastal marshes 

after prolonged drought, seeking fresh water.  Maintenance of local refugia during 

drought is critical to discourage dispersal of adult mottled ducks from coastal refuges.  In 

my study, MSUs were available to females during a severe drought in 2006, but did not 

prevent dispersal.  Females moved to a local coastal marsh refugia in 2008, however, and 

no dispersal was observed.  Maintaining at least 1 area of coastal marsh in good condition 

during drought may have significant positive effects for a local mottled duck population.    

There are still many unanswered questions regarding mottled ducks, and management 

efforts would be greatly aided by research in several areas.  Differential survival of 

mottled ducks throughout the year has not been studied on the western gulf coast.  

Knowing the relative risk faced by mottled ducks in different seasons would greatly 

guide managers in planning management priorities.  Predator control also has not been 

examined on the gulf coast.  With low nest success greatly contributing to low mottled 

duck recruitment, control of predators is a natural suggestion for increasing reproductive 

success.  A study involving experimental removal of predators from nesting habitat and 

examining subsequent effects on nest success would determine if predator control is 

viable means of increasing mottled duck productivity.   
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Table A.1: Mottled duck females captured on the Texas Chenier Plain Complex,  2006-
2008.  Transmitter frequencies range from 164.00 mHz to 167.99 mHz.  Females with 
multiple frequencies had faulty transmitters that were replaced.   

U.S. 
Geological 

Survey Band 
Number 

Transmitter 
Frequency 

Body 
Mass (g) 

Wing 
Chord 
(mm) 

Body Condition 
Index (Body 
mass / wing 

chord) 

Date 

1737-72893 4.912 800 236 3.39 3/10/2006 
1737-72900 4.875 960 236 4.07 3/14/2006 
1757-46604 4.313 820 235 3.49 3/14/2006 
1757-46606 5.389/4.153 760 232 3.28 3/15/2006 
1757-46608 5.775 870 230 3.78 3/15/2006 
1757-46609 5.938 770 247 3.12 3/15/2006 
1757-46612 4.275 780 240 3.25 3/15/2006 
1757-46614 5.026 940 unrecorded  3/16/2006 
1757-46616 4.850 950 246 3.86 3/22/2006 
1757-46618 4.053 885 244 3.63 3/23/2006 
1757-46622 5.418 840 243 3.46 3/28/2006 
1737-72890 4.239 840 233 3.61 3/29/2006 
1757-46627 4.102 825 237 3.48 4/3/2006 
1717-79643 4.132 770 230 3.35 4/5/2006 
1757-46629 4.073 960 246 3.90 4/10/2006 

      
1757-46677 4.263 1035 245 4.22 2/20/2007 
1737-72885 4.462 835 234 3.57 2/21/2007 
1737-72870 4.173 975 239 4.08 2/21/2007 
1737-72869 4.413 965 249 3.88 2/26/2007 
1737-72887 4.503 1130 249 4.54 3/1/2007 
1757-46896 4.315/4.374 920 243 3.79 3/1/2007 
1757-46898 4.523 1020 242 4.21 3/5/2007 
1757-46909 4.203 885 236 3.75 4/5/2007 
1757-46910 4.184 945 257 3.68 4/10/2007 
1757-46616 4.334 840 244 3.44 4/17/2007 
1737-72317 4.345 720 236 3.05 4/20/2007 
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Table A.1 Cont.   

U.S. 
Geological 

Survey Band 
Number 

Transmitter 
Frequency 

Body 
Mass (g) 

Wing 
Chord 
(mm) 

Body Condition 
Index (Body 
mass / wing 

chord) 

Date 

1757-46928 4.083 685 233 2.94 5/4/2007 
1757-46767 4.123 770 unrecorded  6/14/2007 
1717-80043 5.301 670 unrecorded  6/27/2007 

      
1737-72887 4.663 885 245 3.61 2/20/2008 
1827-01950 4.725 950 242 3.93 3/4/2008 
1827-01951 4.433 960 240 4.00 3/5/2008 
1827-01954 4.071 890 241 3.69 3/11/2008 
1827-01950 4.462 870 240 3.63 3/12/2008 
1737-72506 4.583 860 245 3.51 3/12/2008 
1827-01957 4.743 1000 238 4.20 3/12/2008 
1827-01962 4.373 975 260 3.75 3/17/2008 
1827-01968 4.253 970 238 4.08 3/20/2008 
1827-01971 4.033 990 251 3.94 3/25/2008 
1657-27465 4.149 745 241 3.09 3/26/2008 
1827-01976 4.761 700 241 2.90 4/2/2008 
1657-27525 4.272 760 245 3.10 4/8/2008 
1827-01984 4.783 825 236 3.50 4/10/2008 
1797-19561 4.215 675 236 2.86 4/16/2008 
1827-01994 4.502 900 247 3.64 4/23/2008 
1827-01404 4.547 710 242 2.93 4/29/2008 
1827-01405 4.410 760 234 3.25 4/30/2008 
1757-46516 4.191 760 237 3.21 4/30/2008 
1827-01408 4.392 705 235 3.00 5/1/2008 
1827-01148 4.355 835 unrecorded  6/6/2008 
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Female Mottled Duck Movements 
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Table  B.1: Mottled duck female movements in 2006 and 2007.  Movements were 
calculated from both visual and remote hen locations. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

3/23/2006 4.053 3303.5 4 825.9 
3/27/2006 4.053 3974.5 3 1324.8 
3/30/2006 4.053 489.5 1 489.5 
3/31/2006 4.053 282.6 2 141.3 
4/2/2006 4.053 374.0 1 374.0 
4/3/2006 4.053 688.6 4 172.1 
4/7/2006 4.053 200.1 3 66.7 
4/10/2006 4.053 557.4 3 185.8 
4/13/2006 4.053 3208.8 5 641.8 
4/18/2006 4.053 137.7 5 27.5 
4/23/2006 4.053 185.3 2 92.6 
4/25/2006 4.053 169.6 2 84.8 
5/5/2006 4.053 3236.0 3 1078.7 
5/15/2006 4.053 600.0 4 150.0 
6/5/2006 4.053 91.4 2 45.7 
6/7/2006 4.053 441.9 3 147.3 
6/23/2006 4.053 80.8 1 80.8 
6/24/2006 4.053 171.6 2 85.8 
4/10/2006 4.073 421.9 1 421.9 
4/11/2006 4.073 979.0 3 326.3 
4/14/2006 4.073 1847.9 3 616.0 
4/17/2006 4.073 4458.6 1 4458.6 
4/18/2006 4.073 3736.9 1 3736.9 
4/19/2006 4.073 3272.3 1 3272.3 
4/20/2006 4.073 228.8 4 57.2 
4/24/2006 4.073 166.2 1 166.2 
4/25/2006 4.073 237.2 3 79.1 
4/28/2006 4.073 4110.6 3 1370.2 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

5/1/2006 4.073 581.3 2 290.6 
5/3/2006 4.073 204.2 2 102.1 
5/5/2006 4.073 10.6 3 3.5 
5/8/2006 4.073 566.1 2 283.0 
5/10/2006 4.073 440.2 5 88.0 
5/22/2006 4.073 684.3 3 228.1 
5/25/2006 4.073 299.6 1 299.6 
5/26/2006 4.073 499.6 2 249.8 
5/28/2006 4.073 216.4 2 108.2 
5/30/2006 4.073 98.8 2 49.4 
6/26/2006 4.073 952.0 3 317.3 
4/3/2006 4.102 4962.5 2 2481.3 
4/5/2006 4.102 204.8 2 102.4 
4/7/2006 4.102 190.2 4 47.5 
4/11/2006 4.102 49.4 2 24.7 
4/13/2006 4.102 114.9 4 28.7 
4/17/2006 4.102 582.3 2 291.1 
4/5/2006 4.132 895.5 1 895.5 
4/6/2006 4.132 307.4 3 102.5 
4/9/2006 4.132 562.4 1 562.4 
4/10/2006 4.132 575.5 1 575.5 
4/11/2006 4.132 224.0 3 74.7 
4/14/2006 4.132 38.0 3 12.7 
4/17/2006 4.132 829.1 3 276.4 
4/20/2006 4.132 2011.1 5 402.2 
4/25/2006 4.132 111.6 2 55.8 
4/27/2006 4.132 108.5 1 108.5 
4/28/2006 4.132 199.7 3 66.6 
5/1/2006 4.132 490.2 2 245.1 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

5/3/2006 4.132 406.1 5 81.2 
5/8/2006 4.132 698.9 2 349.4 
5/10/2006 4.132 65.5 5 13.1 
5/15/2006 4.132 532.4 2 266.2 
5/17/2006 4.132 186.4 2 93.2 
5/19/2006 4.132 100.9 3 33.6 
5/22/2006 4.132 3849.6 3 1283.2 
5/25/2006 4.132 4053.6 5 810.7 
5/30/2006 4.132 442.9 2 221.5 
6/1/2006 4.132 1020.4 4 255.1 
6/5/2006 4.132 117.2 1 117.2 
6/6/2006 4.132 495.5 1 495.5 
6/7/2006 4.132 683.5 5 136.7 
6/12/2006 4.132 185.6 5 37.1 
6/17/2006 4.132 524.6 2 262.3 
3/15/2006 4.153 1163.2 1 1163.2 
3/16/2006 4.153 242.7 5 48.5 
3/21/2006 4.153 195.7 3 65.2 
4/6/2006 4.153 925.5 3 308.5 
4/9/2006 4.153 881.1 1 881.1 
3/29/2006 4.239 937.4 2 468.7 
3/31/2006 4.239 287.2 3 95.7 
4/3/2006 4.239 39.9 1 39.9 
4/4/2006 4.239 27.7 1 27.7 
3/27/2006 4.275 1895.2 2 947.6 
3/29/2006 4.275 2328.1 1 2328.1 
3/30/2006 4.275 831.1 3 277.0 
4/2/2006 4.275 598.0 2 299.0 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

4/4/2006 4.275 946.3 1 946.3 
4/5/2006 4.275 2483.3 1 2483.3 
4/6/2006 4.275 1872.1 4 468.0 
4/10/2006 4.275 1309.0 1 1309.0 
4/11/2006 4.275 1043.8 2 521.9 
4/19/2006 4.275 298.1 1 298.1 
4/20/2006 4.275 1356.4 3 452.1 
4/23/2006 4.275 744.9 1 744.9 
4/24/2006 4.275 247.2 1 247.2 
4/25/2006 4.275 393.5 2 196.7 
4/27/2006 4.275 523.9 4 131.0 
5/8/2006 4.275 3486.3 4 871.6 
4/24/2006 4.850 7898.3 4 1974.6 
4/28/2006 4.850 5241.7 3 1747.2 
5/1/2006 4.850 1066.2 2 533.1 
5/3/2006 4.850 169.4 2 84.7 
5/5/2006 4.850 106.7 3 35.6 
5/15/2006 4.850 40.0 2 20.0 
5/17/2006 4.850 531.7 2 265.8 
5/19/2006 4.850 3249.8 3 1083.3 
5/29/2006 4.850 4593.9 3 1531.3 
6/27/2006 4.850 613.7 3 204.6 
3/14/2006 4.875 433.2 1 433.2 
3/15/2006 4.875 163.8 1 163.8 
3/16/2006 4.875 211.9 3 70.6 
3/19/2006 4.875 419.0 2 209.5 
3/21/2006 4.875 156.8 2 78.4 
5/12/2006 4.875 8346.9 5 1669.4 
3/10/2006 4.912 394.7 2 197.4 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

3/12/2006 4.912 1791.0 3 597.0 
3/15/2006 4.912 2244.3 4 561.1 
3/19/2006 4.912 2253.8 3 751.3 
3/22/2006 4.912 1815.6 2 907.8 
3/24/2006 4.912 524.1 3 174.7 
3/27/2006 4.912 153.4 3 51.1 
3/30/2006 4.912 742.5 5 148.5 
4/4/2006 4.912 798.7 5 159.7 
4/9/2006 4.912 227.3 3 75.8 
4/12/2006 4.912 1314.8 1 1314.8 
4/13/2006 4.912 383.2 1 383.2 
4/14/2006 4.912 1290.7 3 430.2 
4/17/2006 4.912 157.6 3 52.5 
4/28/2006 4.912 609.1 3 203.0 
5/1/2006 4.912 769.0 2 384.5 
5/3/2006 4.912 233.7 2 116.9 
5/5/2006 4.912 911.8 3 303.9 
5/29/2006 4.912 342.0 1 342.0 
3/28/2006 5.418 44.0 3 14.7 
3/31/2006 5.418 395.3 3 131.8 
4/3/2006 5.418 8393.0 2 4196.5 
4/5/2006 5.418 7661.8 2 3830.9 
4/7/2006 5.418 775.1 3 258.4 
4/10/2006 5.418 1078.2 3 359.4 
4/13/2006 5.418 1272.0 4 318.0 
4/17/2006 5.418 589.1 2 294.6 
4/19/2006 5.418 624.3 1 624.3 
4/20/2006 5.418 87.9 4 22.0 
4/24/2006 5.418 95.8 1 95.8 



Texas Tech University, Elizabeth Rigby, December 2008 

 

115 

Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

4/25/2006 5.418 64.2 2 32.1 
4/27/2006 5.418 291.0 1 291.0 
4/28/2006 5.418 2840.2 3 946.7 
5/1/2006 5.418 238.2 2 119.1 
5/3/2006 5.418 144.1 2 72.0 
5/5/2006 5.418 485.0 3 161.7 
5/8/2006 5.418 1152.7 2 576.4 
5/10/2006 5.418 2101.5 4 525.4 
5/14/2006 5.418 44.7 1 44.7 
5/15/2006 5.418 72.1 2 36.0 
5/17/2006 5.418 237.6 2 118.8 
5/19/2006 5.418 288.5 3 96.2 
5/22/2006 5.418 81.5 2 40.7 
5/24/2006 5.418 176.1 2 88.0 
5/26/2006 5.418 691.4 3 230.5 
5/29/2006 5.418 248.7 1 248.7 
5/30/2006 5.418 1453.8 2 726.9 
6/1/2006 5.418 4526.1 4 1131.5 
6/5/2006 5.418 163.0 1 163.0 
6/6/2006 5.418 2620.3 1 2620.3 
6/7/2006 5.418 284.0 1 284.0 
6/8/2006 5.418 2510.6 5 502.1 
6/13/2006 5.418 1297.4 4 324.4 
6/17/2006 5.418 3074.3 2 1537.2 
3/15/2006 5.775 959.1 2 479.6 
3/23/2006 5.775 4294.2 4 1073.5 
3/27/2006 5.775 3556.6 4 889.1 
3/31/2006 5.775 4604.7 2 2302.4 
4/2/2006 5.775 482.9 1 482.9 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

4/3/2006 5.775 169.8 1 169.8 
4/4/2006 5.775 1193.6 2 596.8 
4/6/2006 5.775 166.6 4 41.6 
4/10/2006 5.775 209.8 3 69.9 
4/13/2006 5.775 272.7 4 68.2 
4/17/2006 5.775 392.0 1 392.0 
4/18/2006 5.775 170.3 1 170.3 
4/19/2006 5.775 1363.6 4 340.9 
4/23/2006 5.775 404.7 1 404.7 
4/24/2006 5.775 105.7 1 105.7 
4/25/2006 5.775 513.1 2 256.5 
4/27/2006 5.775 473.7 1 473.7 
4/28/2006 5.775 591.6 5 118.3 
5/3/2006 5.775 235.6 2 117.8 
5/5/2006 5.775 1058.9 3 353.0 
5/8/2006 5.775 1341.9 4 335.5 
5/12/2006 5.775 1647.7 3 549.2 
5/15/2006 5.775 84.7 4 21.2 
5/19/2006 5.775 410.8 3 136.9 
5/22/2006 5.775 545.8 4 136.5 
3/15/2006 5.938 1061.8 2 530.9 
3/17/2006 5.938 965.6 3 321.9 
3/20/2006 5.938 992.6 3 330.9 
3/23/2006 5.938 25.2 4 6.3 
3/27/2006 5.938 719.7 2 359.8 
3/29/2006 5.938 496.4 2 248.2 
3/31/2006 5.938 291.4 3 97.1 
4/3/2006 5.938 923.8 3 307.9 
4/6/2006 5.938 85.4 5 17.1 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

4/11/2006 5.938 322.7 3 107.6 
4/14/2006 5.938 3752.4 3 1250.8 
4/17/2006 5.938 1697.5 2 848.7 
4/19/2006 5.938 450.1 1 450.1 
4/20/2006 5.938 2204.5 3 734.8 
4/23/2006 5.938 2281.0 5 456.2 
4/28/2006 5.938 3175.7 3 1058.6 
5/1/2006 5.938 489.3 2 244.6 
5/3/2006 5.938 1397.6 2 698.8 
5/5/2006 5.938 1500.0 3 500.0 
5/15/2006 5.938 1264.6 4 316.1 
5/26/2006 5.938 3358.4 4 839.6 
5/30/2006 5.938 1168.2 2 584.1 
6/1/2006 5.938 359.8 4 89.9 
6/13/2006 5.938 154.5 4 38.6 
6/17/2006 5.938 1699.1 2 849.6 
6/19/2006 5.938 1364.8 4 341.2 
6/23/2006 5.938 2454.9 3 818.3 
6/26/2006 5.938 1832.1 4 458.0 

     
5/4/2007 4.083 780.6 4 195.2 
5/8/2007 4.083 4.8 3 1.6 
5/11/2007 4.083 193.7 4 48.4 
5/15/2007 4.083 163.4 3 54.5 
5/18/2007 4.083 273.1 3 91.0 
5/21/2007 4.083 72.8 4 18.2 
5/25/2007 4.083 744.7 5 148.9 
5/30/2007 4.083 245.9 2 122.9 
6/1/2007 4.083 246.2 3 82.1 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

6/4/2007 4.083 1207.3 3 402.4 
6/22/2007 4.083 2369.4 4 592.3 
6/26/2007 4.083 2115.8 3 705.3 
3/2/2007 4.173 975.8 4 244.0 
3/6/2007 4.173 2509.8 3 836.6 
3/19/2007 4.173 92.3 1 92.3 
3/26/2007 4.173 2417.6 1 2417.6 
3/27/2007 4.173 982.9 2 491.5 
3/29/2007 4.173 733.3 4 183.3 
4/2/2007 4.173 733.3 3 244.4 
4/5/2007 4.173 225.1 1 225.1 
4/6/2007 4.173 464.4 4 116.1 
4/10/2007 4.173 30.4 3 10.1 
4/13/2007 4.173 230.7 4 57.7 
4/17/2007 4.173 155.3 2 77.7 
4/19/2007 4.173 723.1 4 180.8 
4/23/2007 4.173 289.6 4 72.4 
4/27/2007 4.173 536.9 3 179.0 
4/30/2007 4.173 502.1 3 167.4 
5/3/2007 4.173 286.1 4 71.5 
5/7/2007 4.173 358.3 3 119.4 
5/10/2007 4.173 100.0 4 25.0 
5/21/2007 4.173 1052.8 3 350.9 
6/1/2007 4.173 674.5 3 224.8 
6/4/2007 4.173 104.1 3 34.7 
6/7/2007 4.173 452.4 4 113.1 
6/11/2007 4.173 37.8 3 12.6 
6/14/2007 4.173 603.0 5 120.6 
6/26/2007 4.173 551.0 3 183.7 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

4/10/2007 4.184 458.7 2 229.3 
4/12/2007 4.184 317.6 4 79.4 
4/16/2007 4.184 225.4 4 56.4 
4/20/2007 4.184 1433.6 4 358.4 
4/24/2007 4.184 2027.1 3 675.7 
4/27/2007 4.184 1000.5 3 333.5 
4/30/2007 4.184 763.1 2 381.6 
5/2/2007 4.184 191.0 1 191.0 
5/3/2007 4.184 118.2 4 29.5 
5/7/2007 4.184 551.7 2 275.9 
5/9/2007 4.184 283.0 1 283.0 
5/10/2007 4.184 636.8 4 159.2 
5/14/2007 4.184 784.7 2 392.4 
5/16/2007 4.184 874.0 2 437.0 
5/18/2007 4.184 583.1 3 194.4 
5/21/2007 4.184 167.8 2 83.9 
5/23/2007 4.184 820.6 2 410.3 
5/25/2007 4.184 691.0 1 691.0 
5/26/2007 4.184 687.7 3 229.2 
5/29/2007 4.184 556.3 2 278.2 
5/31/2007 4.184 323.9 5 64.8 
6/5/2007 4.184 407.7 1 407.7 
6/6/2007 4.184 472.9 2 236.5 
6/8/2007 4.184 460.8 5 92.2 
6/13/2007 4.184 735.1 2 367.5 
6/22/2007 4.184 1916.8 4 479.2 
6/26/2007 4.184 79.3 2 39.6 
6/28/2007 4.184 50.0 1 50.0 
4/5/2007 4.203 824.1 5 164.8 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

4/10/2007 4.203 178.3 3 59.4 
4/13/2007 4.203 3465.6 4 866.4 
4/25/2007 4.203 333.8 5 66.8 
4/30/2007 4.203 96.1 4 24.0 
5/4/2007 4.203 519.4 3 173.1 
5/7/2007 4.203 619.3 3 206.4 
5/10/2007 4.203 142.3 4 35.6 
5/14/2007 4.203 174.4 3 58.1 
5/17/2007 4.203 212.4 4 53.1 
5/21/2007 4.203 81.3 3 27.1 
5/30/2007 4.203 610.2 1 610.2 
5/31/2007 4.203 448.0 1 448.0 
6/1/2007 4.203 1159.9 3 386.6 
6/4/2007 4.203 4929.6 3 1643.2 
2/27/2007 4.263 537.9 3 179.3 
3/2/2007 4.263 888.7 3 296.2 
3/5/2007 4.263 1044.6 1 1044.6 
3/6/2007 4.263 1451.5 3 483.8 
3/9/2007 4.263 5168.4 3 1722.8 
3/12/2007 4.263 4318.0 1 4318.0 
3/13/2007 4.263 9023.4 3 3007.8 
3/16/2007 4.263 6309.1 3 2103.0 
3/19/2007 4.263 1863.8 3 621.3 
3/22/2007 4.263 3922.2 4 980.5 
3/26/2007 4.263 233.7 1 233.7 
3/27/2007 4.263 209.7 3 69.9 
4/13/2007 4.263 421.9 4 105.5 
4/23/2007 4.263 1398.7 1 1398.7 
4/24/2007 4.263 181.0 3 60.3 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

4/27/2007 4.263 206.5 4 51.6 
5/1/2007 4.263 42.5 2 21.2 
5/3/2007 4.263 163.4 4 40.9 
5/7/2007 4.263 22.5 3 7.5 
5/10/2007 4.263 242.3 4 60.6 
5/14/2007 4.263 348.9 3 116.3 
5/17/2007 4.263 558.2 4 139.6 
5/21/2007 4.263 504.3 3 168.1 
5/24/2007 4.263 536.8 4 134.2 
5/28/2007 4.263 524.9 3 175.0 
5/31/2007 4.263 5548.6 5 1109.7 
6/5/2007 4.263 503.8 1 503.8 
6/6/2007 4.263 288.2 2 144.1 
6/8/2007 4.263 558.4 4 139.6 
6/12/2007 4.263 197.1 3 65.7 
6/21/2007 4.263 1113.0 4 278.2 
6/25/2007 4.263 704.6 3 234.9 
4/17/2007 4.334 995.6 3 331.9 
4/26/2007 4.334 626.6 4 156.7 
4/30/2007 4.334 453.2 2 226.6 
5/2/2007 4.334 246.0 2 123.0 
5/4/2007 4.334 254.3 3 84.8 
5/7/2007 4.334 604.2 2 302.1 
5/9/2007 4.334 384.1 2 192.1 
5/11/2007 4.334 567.7 3 189.2 
5/14/2007 4.334 575.4 2 287.7 
5/16/2007 4.334 757.4 5 151.5 
5/21/2007 4.334 946.4 2 473.2 
5/29/2007 4.334 306.4 3 102.1 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

6/1/2007 4.334 224.4 4 56.1 
6/5/2007 4.334 422.6 1 422.6 
6/6/2007 4.334 1117.8 2 558.9 
6/8/2007 4.334 343.2 4 85.8 
6/12/2007 4.334 1118.5 3 372.8 
4/27/2007 4.345 37.9 4 9.5 
2/21/2007 4.462 422.5 5 84.5 
2/26/2007 4.462 673.3 3 224.4 
3/1/2007 4.462 1731.3 4 432.8 
3/5/2007 4.462 588.0 1 588.0 
3/6/2007 4.462 1653.9 1 1653.9 
3/7/2007 4.462 2324.5 2 1162.3 
3/16/2007 4.462 13008.7 3 4336.2 
3/19/2007 4.462 12538.1 3 4179.4 
3/22/2007 4.462 3254.2 4 813.5 
4/13/2007 4.462 668.3 4 167.1 
4/17/2007 4.462 4917.8 3 1639.3 
4/20/2007 4.462 114.0 5 22.8 
4/25/2007 4.462 60.0 5 12.0 
5/24/2007 4.462 92.3 1 92.3 
5/25/2007 4.462 932.6 3 310.9 
5/28/2007 4.462 1150.5 2 575.2 
5/30/2007 4.462 4527.5 1 4527.5 
5/31/2007 4.462 806.2 1 806.2 
6/11/2007 4.462 206.6 3 68.9 
6/20/2007 4.462 406.8 5 81.4 
6/25/2007 4.462 670.3 2 335.1 
3/1/2007 4.503 725.6 4 181.4 
3/5/2007 4.503 271.3 4 67.8 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

3/9/2007 4.503 892.5 3 297.5 
3/12/2007 4.503 617.9 4 154.5 
3/16/2007 4.503 144.5 3 48.2 
3/19/2007 4.503 418.6 1 418.6 
3/20/2007 4.503 841.2 2 420.6 
3/22/2007 4.503 165.4 4 41.3 
4/2/2007 4.503 903.2 3 301.1 
4/5/2007 4.503 706.6 1 706.6 
4/6/2007 4.503 712.3 3 237.4 
4/9/2007 4.503 209.0 3 69.7 
4/12/2007 4.503 895.6 4 223.9 
4/16/2007 4.503 772.4 2 386.2 
4/18/2007 4.503 1283.5 2 641.7 
4/20/2007 4.503 1319.9 3 440.0 
4/23/2007 4.503 877.3 3 292.4 
4/26/2007 4.503 672.8 1 672.8 
5/3/2007 4.503 694.1 4 173.5 
5/7/2007 4.503 188.2 3 62.7 
5/10/2007 4.503 347.8 4 87.0 
5/14/2007 4.503 257.8 3 85.9 
5/17/2007 4.503 489.5 4 122.4 
5/21/2007 4.503 424.1 3 141.4 
5/31/2007 4.503 229.9 4 57.5 
6/4/2007 4.503 268.0 3 89.3 
6/7/2007 4.503 301.4 4 75.3 
6/11/2007 4.503 582.5 3 194.2 
6/14/2007 4.503 837.3 5 167.5 
6/19/2007 4.503 260.1 4 65.0 
6/23/2007 4.503 136.1 4 34.0 
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Table B.1 Cont. 

Date of initial 
location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

6/27/2007 4.503 169.5 2 84.7 
3/5/2007 4.523 824.2 4 206.1 
3/9/2007 4.523 1638.0 3 546.0 
3/12/2007 4.523 1049.5 1 1049.5 
3/13/2007 4.523 698.1 3 232.7 
3/16/2007 4.523 782.9 3 261.0 
3/19/2007 4.523 9593.8 3 3197.9 
3/22/2007 4.523 9693.2 4 2423.3 
3/26/2007 4.523 834.1 3 278.0 
4/4/2007 4.523 159.5 2 79.7 
4/6/2007 4.523 349.7 4 87.4 
4/10/2007 4.523 187.0 1 187.0 
4/11/2007 4.523 149.3 2 74.6 
4/30/2007 4.523 310.2 4 77.6 
5/4/2007 4.523 496.5 3 165.5 
5/7/2007 4.523 1327.0 3 442.3 
5/10/2007 4.523 1377.8 4 344.5 
5/14/2007 4.523 561.7 3 187.2 
5/17/2007 4.523 487.0 4 121.7 
5/21/2007 4.523 262.0 3 87.3 
5/24/2007 4.523 413.9 4 103.5 
5/28/2007 4.523 630.3 3 210.1 
5/31/2007 4.523 636.8 4 159.2 
6/4/2007 4.523 1450.8 3 483.6 
6/7/2007 4.523 982.6 4 245.7 

     
4/1/2008 4.033 168.4 2 84.2 
4/3/2008 4.033 452.6 5 90.5 
4/8/2008 4.033 262.1 2 131.0 
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Table B.1 Cont. 

Date of 
initial 

location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

4/10/2008 4.033 0.0 4 0.0 
4/14/2008 4.033 1540.0 2 770.0 
4/16/2008 4.033 891.6 2 445.8 
4/18/2008 4.033 996.4 3 332.1 
4/21/2008 4.033 290.8 2 145.4 
4/23/2008 4.033 567.5 2 283.7 
4/25/2008 4.033 836.5 3 278.8 
4/28/2008 4.033 959.6 3 319.9 
5/1/2008 4.033 479.6 1 479.6 
5/2/2008 4.033 712.4 4 178.1 
5/6/2008 4.033 127.2 3 42.4 
5/9/2008 4.033 830.8 4 207.7 
5/13/2008 4.033 224.8 2 112.4 
5/15/2008 4.033 1164.0 4 291.0 
3/11/2008 4.071 1138.8 3 379.6 
3/14/2008 4.071 30.4 4 7.6 
3/18/2008 4.071 171.4 3 57.1 
3/21/2008 4.071 0.0 3 0.0 
3/24/2008 4.071 0.0 2 0.0 
3/26/2008 4.071 0.0 2 0.0 
3/28/2008 4.071 0.0 4 0.0 
4/1/2008 4.071 0.0 3 0.0 
4/4/2008 4.071 0.0 3 0.0 
4/7/2008 4.071 803.3 4 200.8 
4/11/2008 4.071 592.7 3 197.6 
4/14/2008 4.071 1094.3 3 364.8 
4/17/2008 4.071 484.9 4 121.2 
4/21/2008 4.071 502.6 2 251.3 
4/23/2008 4.071 160.2 2 80.1 
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Table B.1 Cont. 

Date of 
initial 

location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

4/25/2008 4.071 332.3 4 83.1 
4/29/2008 4.071 324.3 1 324.3 
4/30/2008 4.071 309.6 2 154.8 
5/2/2008 4.071 383.9 3 128.0 
5/5/2008 4.071 162.0 3 54.0 
5/8/2008 4.071 421.4 5 84.3 
5/13/2008 4.071 532.3 2 266.1 
5/15/2008 4.071 389.4 4 97.3 
5/19/2008 4.071 213.2 1 213.2 
5/20/2008 4.071 126.2 3 42.1 
5/23/2008 4.071 1369.5 3 456.5 
5/26/2008 4.071 69.3 3 23.1 
5/29/2008 4.071 305.0 4 76.2 
6/2/2008 4.071 487.6 3 162.5 
6/5/2008 4.071 337.1 5 67.4 
6/10/2008 4.071 39.4 2 19.7 
6/23/2008 4.071 495.9 3 165.3 
6/26/2008 4.071 493.0 4 123.3 
4/1/2008 4.149 580.7 1 580.7 
4/2/2008 4.149 216.9 2 108.4 
4/4/2008 4.149 232.1 3 77.4 
4/7/2008 4.149 757.4 3 252.5 
4/10/2008 4.149 837.6 5 167.5 
4/15/2008 4.149 674.2 3 224.7 
4/18/2008 4.149 110.1 3 36.7 
4/21/2008 4.149 399.1 3 133.0 
4/24/2008 4.149 285.0 4 71.3 
4/28/2008 4.149 178.3 3 59.4 
5/1/2008 4.149 6.1 4 1.5 
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Table B.1 Cont. 

Date of 
initial 

location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

5/5/2008 4.149 112.2 2 56.1 
5/7/2008 4.149 61.1 2 30.6 
5/9/2008 4.149 832.4 4 208.1 
5/13/2008 4.149 174.0 2 87.0 
5/15/2008 4.149 106.6 4 26.7 
5/19/2008 4.149 397.0 3 132.3 
5/22/2008 4.149 274.6 4 68.7 
5/26/2008 4.149 278.4 3 92.8 
5/29/2008 4.149 263.0 5 52.6 
6/9/2008 4.149 659.5 3 219.8 
6/12/2008 4.149 485.7 5 97.1 
6/17/2008 4.149 99.9 3 33.3 
6/20/2008 4.149 51.5 3 17.2 
6/23/2008 4.149 94.8 3 31.6 
6/26/2008 4.149 290.6 4 72.6 
4/30/2008 4.191 82.4 2 41.2 
5/2/2008 4.191 670.6 4 167.7 
5/6/2008 4.191 1015.7 3 338.6 
4/16/2008 4.215 4370.1 2 2185.0 
4/18/2008 4.215 399.6 4 99.9 
4/22/2008 4.215 53.0 3 17.7 
4/25/2008 4.215 41.8 4 10.4 
4/29/2008 4.215 149.3 3 49.8 
5/9/2008 4.215 57.1 4 14.3 
5/13/2008 4.215 1788.9 4 447.2 
5/17/2008 4.215 62.3 5 12.5 
5/22/2008 4.215 283.6 4 70.9 
5/26/2008 4.215 287.8 4 72.0 
5/30/2008 4.215 311.5 5 62.3 
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Table B.1 Cont. 

Date of 
initial 

location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

6/4/2008 4.215 2058.6 2 1029.3 
6/12/2008 4.215 1718.9 4 429.7 
6/16/2008 4.215 162.0 1 162.0 
6/17/2008 4.215 1554.2 2 777.1 
6/19/2008 4.215 241.7 1 241.7 
6/27/2008 4.215 1770.1 3 590.0 
3/20/2008 4.253 926.7 1 926.7 
3/21/2008 4.253 1324.2 4 331.0 
3/25/2008 4.253 686.8 2 343.4 
3/27/2008 4.253 936.9 5 187.4 
4/1/2008 4.253 385.4 2 192.7 
4/3/2008 4.253 254.5 1 254.5 
4/4/2008 4.253 1061.8 3 353.9 
4/7/2008 4.253 169.0 3 56.3 
4/10/2008 4.253 503.4 4 125.8 
4/14/2008 4.253 1209.4 3 403.1 
4/17/2008 4.253 1232.6 4 308.1 
4/21/2008 4.253 922.5 3 307.5 
4/24/2008 4.253 147.0 1 147.0 
4/25/2008 4.253 4864.8 3 1621.6 
4/28/2008 4.253 190.7 3 63.6 
5/1/2008 4.253 444.6 5 88.9 
5/6/2008 4.253 1740.8 2 870.4 
5/14/2008 4.253 2450.3 2 1225.2 
5/16/2008 4.253 2382.7 4 595.7 
5/20/2008 4.253 2733.0 3 911.0 
5/23/2008 4.253 2154.8 4 538.7 
6/2/2008 4.253 95.9 4 24.0 
6/6/2008 4.253 76.6 3 25.5 
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Table B.1 Cont. 

Date of 
initial 

location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

6/9/2008 4.253 74.1 4 18.5 
4/8/2008 4.272 441.1 3 147.0 
4/11/2008 4.272 618.5 5 123.7 
4/16/2008 4.272 337.5 2 168.8 
4/18/2008 4.272 582.8 5 116.6 
3/17/2008 4.373 267.7 4 66.9 
3/21/2008 4.373 413.0 3 137.7 
3/24/2008 4.373 427.8 1 427.8 
3/25/2008 4.373 272.2 3 90.7 
3/28/2008 4.373 711.8 4 178.0 
4/1/2008 4.373 862.2 2 431.1 
4/3/2008 4.373 107.5 5 21.5 
4/14/2008 4.373 329.6 3 109.9 
4/17/2008 4.373 407.0 5 81.4 
4/22/2008 4.373 400.4 2 200.2 
4/24/2008 4.373 266.3 4 66.6 
4/28/2008 4.373 73.8 3 24.6 
5/1/2008 4.373 171.0 1 171.0 
5/2/2008 4.373 723.9 3 241.3 
5/5/2008 4.373 179.8 3 59.9 
5/8/2008 4.373 1050.8 5 210.2 
5/13/2008 4.373 746.9 2 373.4 
5/15/2008 4.373 250.0 4 62.5 
5/19/2008 4.373 325.2 3 108.4 
5/22/2008 4.373 602.2 4 150.6 
5/26/2008 4.373 116.8 3 38.9 
5/29/2008 4.373 118.0 5 23.6 
6/3/2008 4.373 83.4 3 27.8 
6/6/2008 4.373 97.2 3 32.4 
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Table B.1 Cont. 

Date of 
initial 

location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

6/9/2008 4.373 68.1 3 22.7 
6/20/2008 4.373 865.6 3 288.5 
6/23/2008 4.373 173.1 3 57.7 
6/26/2008 4.373 259.5 4 64.9 
5/1/2008 4.392 893.4 1 893.4 
5/2/2008 4.392 823.3 3 274.4 
5/5/2008 4.392 127.5 3 42.5 
5/8/2008 4.392 971.5 4 242.9 
5/12/2008 4.392 0.0 2 0.0 
5/14/2008 4.392 0.0 1 0.0 
5/15/2008 4.392 0.0 4 0.0 
5/19/2008 4.392 0.0 1 0.0 
5/20/2008 4.392 819.4 3 273.1 
5/23/2008 4.392 5359.4 3 1786.5 
5/26/2008 4.392 627.2 1 627.2 
5/27/2008 4.392 101.2 2 50.6 
5/29/2008 4.392 2459.5 5 491.9 
6/3/2008 4.392 2491.8 3 830.6 
6/6/2008 4.392 369.7 5 73.9 
6/11/2008 4.392 398.8 2 199.4 
6/13/2008 4.392 889.7 3 296.6 
6/16/2008 4.392 673.5 4 168.4 
6/20/2008 4.392 395.3 4 98.8 
6/24/2008 4.392 611.1 2 305.6 
6/26/2008 4.392 539.2 1 539.2 
6/27/2008 4.392 4119.4 3 1373.1 
4/30/2008 4.41 855.5 5 171.1 
5/5/2008 4.41 484.0 3 161.3 
5/8/2008 4.41 284.3 4 71.1 
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Table B.1 Cont. 

Date of 
initial 

location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

5/12/2008 4.41 117.9 3 39.3 
5/15/2008 4.41 145.2 5 29.0 
5/20/2008 4.41 2822.9 3 941.0 
5/23/2008 4.41 186.2 5 37.2 
5/28/2008 4.41 183.3 5 36.7 
6/2/2008 4.41 54.5 3 18.2 
6/5/2008 4.41 1032.3 4 258.1 
6/9/2008 4.41 205.4 3 68.5 
6/12/2008 4.41 421.0 4 105.2 
6/16/2008 4.41 459.9 3 153.3 
6/19/2008 4.41 552.3 4 138.1 
3/5/2008 4.433 160.7 2 80.3 
3/7/2008 4.433 159.6 4 39.9 
3/11/2008 4.433 83.0 3 27.7 
3/14/2008 4.433 264.3 4 66.1 
3/18/2008 4.433 107.8 3 35.9 
3/21/2008 4.433 53.2 4 13.3 
3/25/2008 4.433 844.6 3 281.5 
3/28/2008 4.433 827.7 4 206.9 
4/1/2008 4.433 24.3 2 12.2 
4/3/2008 4.433 71.7 4 17.9 
4/7/2008 4.433 66.2 3 22.1 
4/10/2008 4.433 58.3 4 14.6 
4/14/2008 4.433 26.6 3 8.9 
4/17/2008 4.433 886.2 4 221.5 
4/21/2008 4.433 0.0 3 0.0 
4/24/2008 4.433 0.0 4 0.0 
4/28/2008 4.433 975.1 2 487.6 
4/30/2008 4.433 975.1 1 975.1 
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Table B.1 Cont. 

Date of 
initial 

location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

5/1/2008 4.433 388.0 4 97.0 
4/29/2008 4.502 466.5 3 155.5 
5/2/2008 4.502 5183.3 5 1036.7 
5/7/2008 4.502 2596.4 2 1298.2 
5/9/2008 4.502 103.7 3 34.6 
5/12/2008 4.502 1407.2 2 703.6 
5/14/2008 4.502 1382.8 2 691.4 
5/16/2008 4.502 583.9 1 583.9 
5/17/2008 4.502 1189.1 5 237.8 
5/22/2008 4.502 445.2 4 111.3 
5/26/2008 4.502 5692.1 3 1897.4 
5/29/2008 4.502 4893.7 1 4893.7 
5/30/2008 4.502 4478.0 5 895.6 
6/4/2008 4.502 57.1 2 28.5 
6/6/2008 4.502 106.1 1 106.1 
6/7/2008 4.502 353.1 3 117.7 
6/10/2008 4.502 139.8 3 46.6 
6/13/2008 4.502 283.2 3 94.4 
6/16/2008 4.502 681.9 1 681.9 
6/17/2008 4.502 598.0 2 299.0 
6/19/2008 4.502 5926.2 1 5926.2 
6/20/2008 4.502 5598.4 4 1399.6 
6/24/2008 4.502 304.9 2 152.5 
6/26/2008 4.502 118.5 1 118.5 
6/27/2008 4.502 44.0 3 14.7 
4/29/2008 4.547 298.5 2 149.2 
5/1/2008 4.547 93.6 4 23.4 
5/5/2008 4.547 51.0 3 17.0 
5/8/2008 4.547 86.3 4 21.6 
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Table B.1 Cont. 

Date of 
initial 

location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

5/12/2008 4.547 42.2 3 14.1 
5/15/2008 4.547 184.4 5 36.9 
5/20/2008 4.547 101.9 3 34.0 
5/23/2008 4.547 153.2 4 38.3 
5/27/2008 4.547 12.0 3 4.0 
6/5/2008 4.547 184.7 4 46.2 
6/9/2008 4.547 172.3 3 57.4 
6/12/2008 4.547 111.6 4 27.9 
6/16/2008 4.547 265.2 3 88.4 
6/19/2008 4.547 193.8 4 48.5 
6/23/2008 4.547 83.0 3 27.7 
6/26/2008 4.547 138.3 4 34.6 
3/12/2008 4.583 829.7 2 414.8 
3/21/2008 4.583 3905.7 4 976.4 
3/25/2008 4.583 234.4 1 234.4 
4/1/2008 4.583 2273.3 2 1136.6 
4/3/2008 4.583 455.7 5 91.1 
4/8/2008 4.583 265.8 1 265.8 
4/9/2008 4.583 547.6 2 273.8 
4/11/2008 4.583 1630.7 3 543.6 
4/14/2008 4.583 2123.4 3 707.8 
4/17/2008 4.583 3059.7 4 764.9 
4/21/2008 4.583 3022.7 3 1007.6 
4/24/2008 4.583 2588.7 4 647.2 
4/28/2008 4.583 528.4 3 176.1 
5/1/2008 4.583 107.6 4 26.9 
5/5/2008 4.583 118.9 1 118.9 
5/6/2008 4.583 255.5 3 85.2 
5/9/2008 4.583 3.2 4 0.8 
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Table B.1 Cont. 

Date of 
initial 

location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

5/13/2008 4.583 2.2 2 1.1 
5/15/2008 4.583 0.0 4 0.0 
5/19/2008 4.583 0.0 2 0.0 
5/21/2008 4.583 0.0 2 0.0 
5/23/2008 4.583 0.0 4 0.0 
5/27/2008 4.583 0.0 2 0.0 
5/29/2008 4.583 0.0 4 0.0 
6/2/2008 4.583 1611.0 3 537.0 
6/5/2008 4.583 4402.6 4 1100.7 
6/9/2008 4.583 795.3 1 795.3 
6/10/2008 4.583 458.5 2 229.3 
6/12/2008 4.583 183.5 1 183.5 
6/13/2008 4.583 812.9 3 271.0 
6/16/2008 4.583 430.7 1 430.7 
6/17/2008 4.583 253.3 2 126.7 
6/19/2008 4.583 326.5 1 326.5 
6/20/2008 4.583 3725.9 4 931.5 
6/24/2008 4.583 183.6 2 91.8 
6/26/2008 4.583 183.8 1 183.8 
6/27/2008 4.583 67.5 3 22.5 
3/12/2008 4.743 0.0 1 0.0 
3/13/2008 4.743 2317.7 4 579.4 
3/17/2008 4.743 154.9 3 51.6 
3/20/2008 4.743 63.1 4 15.8 
3/24/2008 4.743 680.6 2 340.3 
3/26/2008 4.743 398.4 2 199.2 
3/28/2008 4.743 454.6 4 113.7 
4/1/2008 4.743 2504.6 3 834.9 
4/4/2008 4.743 2895.1 4 723.8 
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Table B.1 Cont. 

Date of 
initial 

location 

Female 
transmitter 
frequency 

Distance moved between 
initial location and next 
consecutive location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement 
(m) 

4/8/2008 4.743 730.3 2 365.2 
4/10/2008 4.743 514.0 4 128.5 
4/14/2008 4.743 2276.5 3 758.8 
4/17/2008 4.743 2324.2 5 464.8 
4/22/2008 4.743 343.2 1 343.2 
4/23/2008 4.743 45.2 2 22.6 
4/25/2008 4.743 76.0 4 19.0 
4/29/2008 4.743 106.5 3 35.5 
5/2/2008 4.743 586.5 3 195.5 
5/5/2008 4.743 579.3 3 193.1 
5/14/2008 4.743 185.4 2 92.7 
5/16/2008 4.743 580.3 4 145.1 
5/20/2008 4.743 407.9 3 136.0 
5/23/2008 4.743 420.2 4 105.0 
5/27/2008 4.743 173.6 1 173.6 
6/3/2008 4.743 257.8 3 85.9 
6/12/2008 4.743 87.0 4 21.8 
6/16/2008 4.743 440.2 3 146.7 
6/19/2008 4.743 481.0 1 481.0 
6/26/2008 4.743 289.7 1 289.7 
4/10/2008 4.783 3299.5 1 3299.5 
4/11/2008 4.783 1185.0 5 237.0 
4/16/2008 4.783 164.2 2 82.1 
4/18/2008 4.783 1048.3 4 262.1 
4/22/2008 4.783 1434.6 3 478.2 
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Mottled Duck Duckling Capture
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Table C.1: Capture data for Mottled Duck ducklings caught on the Texas Chenier Plain 
NWR Complex during 2006-2007.  Transmitter frequencies ranged from 166.00 MHz to 
167.99 MHz. 

Brood 
number 

Duckling 
transmitter 
frequency 

Date of 
capture 

Duckling 
mass (g) 

Mean brood 
mass (g) 

Number of 
ducklings in 

brood 
1 6.194 5/23/2006 285 238 2 
1 6.208 5/23/2006 190 238 2 
2 6.333 5/23/2006 90 83 7 
2 6.932 5/23/2006 75 83 7 
3 6.307 6/7/2006 95 101 4 
3 6.244 6/7/2006 105 101 4 
4 6.395 6/7/2006 210 210 1 
      
1 6.563 4/25/2007 65 58 6 
1 6.666a 4/25/2007 55 58 6 
2 6.889 5/2/2007 35 33 8 
2 6.916 5/2/2007 35 33 8 
3 7.166 5/2/2007 30 32 9 
3 7.014 5/2/2007 30 32 9 
4 6.417 5/2/2007 210 210 1 
5 6.739 5/9/2007 120 107 3 
5 6.715 5/9/2007 100 107 3 
6 6.868 5/9/2007 475 449 4 
6 6.939 5/9/2007 435 449 4 
7 7.020 5/25/2007 80 76 10 
7 7.120 5/25/2007 60 76 10 
8 6.841 5/25/2007 300 350 2 
8 6.814 5/25/2007 400 350 2 
9 6.220 5/25/2007 620 613 3 
9 6.233 5/25/2007 620 613 3 
10 6.666b 5/26/2007 160 170 8 
10 6.616 5/26/2007 160 170 8 
11 7.040 5/31/2007 410 398 6 
11 7.090 5/31/2007 360 398 6 
12 6.264 5/31/2007 410 410 1 
13 6.315 5/31/2007 310 288 4 
13 6.465 5/31/2007 260 288 4 
14 6.408 6/7/2007 230 221 7 
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Table C.1 Cont. 

Brood 
number 

Duckling 
transmitter 
frequency 

Date of 
capture 

Duckling 
mass (g) 

Mean brood 
mass (g) 

Number of 
ducklings in 

brood 
14 6.257 6/7/2007 220 221 7 
15 7.083 6/7/2007 425 452 3 
15 7.066 6/7/2007 455 452 3 
16 7.141 6/7/2007 470 458 2 
16 7.117 6/7/2007 445 458 2 
17 6.991 6/7/2007 390 444 6 
17 6.789 6/7/2007 470 444 6 
18 6.434 6/14/2007 200 197 7 
18 6.458 6/14/2007 200 197 7 
19 6.357 6/14/2007 405 353 3 
19 6.344 6/14/2007 335 353 3 
20 6.958 6/14/2007 160 195 2 
20 6.907 6/14/2007 230 195 2 
21 6.871 6/20/2007 315 312 5 
21 6.757 6/20/2007 330 312 5 
22 7.146 6/20/2007 450 453 2 
22 7.132 6/20/2007 455 453 2 
23 7.107 6/27/2007 305 298 2 
      
1 6.194 5/14/2008 145 145 6 
1 6.107 5/14/2008 100 145 6 
2 6.282 5/14/2008 110 110 1 
3 7.096 5/14/2008 230 240 2 
3 7.069 5/14/2008 250 240 2 
4 6.206 5/21/2008 350 330 2 
4 6.220 5/21/2008 310 330 2 
5 6.333 6/5/2008 275 257 9 
5 6.307 6/5/2008 265 257 9 
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Table D.1: Movements of mottled duck ducklings on Texas Chenier Plain Complex, 
2006-2008.  Transmitter frequencies range from 166.00 mHz to 167.99 mHz.   

Date of 
initial 

location 

Duckling 
transmitter 
frequency 

Distance moved 
between initial location 
and next consecutive 

location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement (m) 

5/23/2006 6.194 96 1 96 
5/24/2006 6.194 39 1 39 
5/23/2006 6.208 97 1 97 
5/24/2006 6.208 39 1 39 
5/25/2006 6.208 68 1 68 
5/26/2006 6.208 6 1 6 
5/27/2006 6.208 67 1 67 
5/28/2006 6.208 74 2 37 
5/30/2006 6.208 15 1 15 
6/7/2006 6.244 243 1 243 
6/8/2006 6.244 8 1 8 
6/9/2006 6.244 15 1 15 
6/7/2006 6.307 241 1 241 
6/8/2006 6.307 23 1 23 
6/7/2006 6.395 228 1 228 
6/8/2006 6.395 144 1 144 
6/9/2006 6.395 29 1 29 
5/23/2006 6.932 551 1 551 
5/24/2006 6.932 128 1 128 
5/25/2006 6.932 95 1 95 
5/26/2006 6.932 41 1 41 
5/27/2006 6.932 26 1 26 
5/23/2006 6.333 551 1 551 
5/24/2006 6.333 128 1 128 
5/25/2006 6.333 96 1 96 
5/26/2006 6.333 49 1 49 
5/27/2006 6.333 158 1 158 
5/28/2006 6.333 25 1 25 
5/25/2007 6.220 59 1 59 
5/25/2007 6.233 188 1 188 
6/7/2007 6.257 239 1 239 
6/7/2007 6.408 256 1 256 
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Table D.1 Cont. 

Date of 
initial 

location 

Duckling 
transmitter 
frequency 

Distance moved 
between initial location 
and next consecutive 

location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement (m) 

5/31/2007 6.264 234 1 234 
6/1/2007 6.264 722 1 722 
6/2/2007 6.264 704 1 704 
6/3/2007 6.264 117 1 117 
6/4/2007 6.264 171 1 171 
6/5/2007 6.264 15 1 15 
6/6/2007 6.264 252 1 252 
6/7/2007 6.264 307 1 307 
6/8/2007 6.264 135 1 135 
6/9/2007 6.264 120 1 120 
6/10/2007 6.264 107 1 107 
5/31/2007 6.315 269 1 269 
6/1/2007 6.315 293 4 73 
5/31/2007 6.465 230 1 230 
6/1/2007 6.465 278 1 278 
6/2/2007 6.465 91 1 91 
6/3/2007 6.465 89 1 89 
6/4/2007 6.465 48 1 48 
6/14/2007 6.344 38 1 38 
6/15/2007 6.344 276 1 276 
6/16/2007 6.344 398 1 398 
6/17/2007 6.344 88 1 88 
6/14/2007 6.357 36 1 36 
6/15/2007 6.357 168 1 168 
6/16/2007 6.357 160 1 160 
6/17/2007 6.357 33 1 33 
6/14/2007 6.434 321 1 321 
6/15/2007 6.434 311 1 311 
6/16/2007 6.434 71 1 71 
6/17/2007 6.434 193 1 193 
6/14/2007 6.458 323 1 323 
6/15/2007 6.458 316 1 316 
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Table D.1 Cont. 

Date of 
initial 

location 

Duckling 
transmitter 
frequency 

Distance moved 
between initial location 
and next consecutive 

location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement (m) 

6/16/2007 6.458 81 1 81 
6/17/2007 6.458 111 1 111 
6/18/2007 6.458 179 1 179 
6/19/2007 6.458 26 1 26 
4/25/2007 6.563 47 1 47 
4/26/2007 6.563 203 1 203 
4/27/2007 6.563 65 1 65 
4/28/2007 6.563 62 1 62 
4/29/2007 6.563 92 1 92 
4/30/2007 6.563 267 1 267 
5/1/2007 6.563 218 1 218 
5/2/2007 6.563 227 2 114 
5/4/2007 6.563 300 1 300 
5/5/2007 6.563 57 1 57 
5/6/2007 6.563 96 1 96 
4/25/2007 6.666a 47 1 47 
4/26/2007 6.666a 204 1 204 
4/27/2007 6.666a 48 1 48 
4/28/2007 6.666a 80 1 80 
4/29/2007 6.666a 100 1 100 
4/30/2007 6.666a 255 1 255 
5/1/2007 6.666a 200 1 200 
5/2/2007 6.666a 238 2 119 
5/26/2007 6.616 124 1 124 
5/27/2007 6.616 307 1 307 
5/28/2007 6.616 72 1 72 
5/29/2007 6.616 22 1 22 
5/30/2007 6.616 17 1 17 
5/26/2007 6.666b 121 1 121 
5/27/2007 6.666b 247 1 247 
5/28/2007 6.666b 107 1 107 
5/9/2007 6.739 77 1 77 



Texas Tech University, Elizabeth Rigby, December 2008 

 

143 

Table D.1 Cont. 

Date of 
initial 

location 

Duckling 
transmitter 
frequency 

Distance moved 
between initial location 
and next consecutive 

location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement (m) 

5/10/2007 6.739 100 1 100 
5/9/2007 6.714 150 1 150 
5/10/2007 6.714 242 1 242 
5/11/2007 6.714 101 1 101 
5/12/2007 6.714 45 1 45 
5/13/2007 6.714 57 1 57 
5/14/2007 6.714 76 1 76 
5/15/2007 6.714 74 1 74 
5/16/2007 6.714 72 1 72 
5/17/2007 6.714 146 4 36 
6/20/2007 6.757 43 1 43 
6/21/2007 6.757 333 1 333 
6/22/2007 6.757 274 1 274 
6/23/2007 6.757 96 1 96 
6/24/2007 6.757 64 2 32 
6/20/2007 6.871 115 1 115 
6/21/2007 6.871 255 1 255 
6/22/2007 6.871 182 1 182 
6/23/2007 6.871 105 1 105 
6/24/2007 6.871 47 2 23 
6/7/2007 6.789 500 1 500 
6/8/2007 6.789 293 1 293 
6/7/2007 6.991 559 1 559 
5/25/2007 6.814 107 1 107 
5/26/2007 6.814 32 3 11 
5/25/2007 6.841 186 1 186 
5/26/2007 6.841 7 3 2 
5/9/2007 6.868 406 1 406 
5/10/2007 6.868 38 1 38 
5/11/2007 6.868 420 1 420 
5/12/2007 6.868 311 1 311 
5/13/2007 6.868 277 1 277 
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Table D.1 Cont. 

Date of 
initial 

location 

Duckling 
transmitter 
frequency 

Distance moved 
between initial location 
and next consecutive 

location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement (m) 

5/14/2007 6.868 214 1 214 
5/9/2007 6.939 364 1 364 
5/10/2007 6.939 10 1 10 
5/11/2007 6.939 422 1 422 
5/12/2007 6.939 354 2 177 
5/14/2007 6.939 118 1 118 
6/14/2007 6.958 142 1 142 
6/15/2007 6.958 50 1 50 
6/16/2007 6.958 123 1 123 
6/17/2007 6.958 54 1 54 
6/18/2007 6.958 54 1 54 
6/19/2007 6.958 51 1 51 
6/14/2007 6.907 139 1 139 
6/15/2007 6.907 47 1 47 
6/16/2007 6.907 106 2 53 
5/2/2007 6.889 174 1 174 
5/3/2007 6.889 303 1 303 
5/4/2007 6.889 228 1 228 
5/5/2007 6.889 274 1 274 
5/6/2007 6.889 19 1 19 
5/7/2007 6.889 144 1 144 
5/8/2007 6.889 234 1 234 
5/9/2007 6.889 153 1 153 
5/2/2007 6.916 217 1 217 
5/3/2007 6.916 342 1 342 
5/4/2007 6.916 252 1 252 
5/5/2007 6.916 294 1 294 
5/6/2007 6.916 18 1 18 
5/7/2007 6.916 155 1 155 
5/8/2007 6.916 279 1 279 
5/2/2007 7.166 411 1 411 
5/3/2007 7.166 252 1 252 
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Table D.1 Cont. 

Date of 
initial 

location 

Duckling 
transmitter 
frequency 

Distance moved 
between initial location 
and next consecutive 

location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement (m) 

5/4/2007 7.166 33 1 33 
5/5/2007 7.166 292 1 292 
5/6/2007 7.166 331 1 331 
5/7/2007 7.166 37 1 37 
5/8/2007 7.166 52 1 52 
5/9/2007 7.166 286 2 143 
5/11/2007 7.166 844 1 844 
5/12/2007 7.166 554 1 554 
5/13/2007 7.166 242 1 242 
5/14/2007 7.166 566 1 566 
5/2/2007 7.014 411 1 411 
5/3/2007 7.014 248 1 248 
5/4/2007 7.014 21 1 21 
5/5/2007 7.014 275 1 275 
5/6/2007 7.014 353 2 177 
5/8/2007 7.014 71 1 71 
5/9/2007 7.014 30 1 30 
5/10/2007 7.014 515 1 515 
5/25/2007 7.020 231 1 231 
5/26/2007 7.020 151 1 151 
5/27/2007 7.020 150 1 150 
5/28/2007 7.020 94 2 47 
5/25/2007 7.120 117 1 117 
5/31/2007 7.040 25 1 25 
6/1/2007 7.040 761 1 761 
6/2/2007 7.040 761 1 761 
6/3/2007 7.040 139 1 139 
6/4/2007 7.040 6 1 6 
5/31/2007 7.090 15 1 15 
6/1/2007 7.090 666 1 666 
6/2/2007 7.090 672 1 672 
6/3/2007 7.090 146 1 146 
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Table D.1 Cont. 

Date of 
initial 

location 

Duckling 
transmitter 
frequency 

Distance moved 
between initial location 
and next consecutive 

location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement (m) 

6/4/2007 7.090 214 1 214 
6/7/2007 7.066 158 1 158 
6/8/2007 7.066 278 3 93 
6/7/2007 7.083 134 1 134 
6/27/2007 7.107 273 1 273 
6/28/2007 7.107 230 1 230 
6/29/2007 7.107 22 1 22 
6/30/2007 7.107 213 1 213 
7/1/2007 7.107 192 1 192 
7/2/2007 7.107 9 1 9 
6/7/2007 7.117 574 1 574 
6/8/2007 7.117 191 1 191 
6/9/2007 7.117 519 1 519 
6/10/2007 7.117 363 2 182 
6/7/2007 7.141 574 1 574 
6/8/2007 7.141 191 1 191 
6/9/2007 7.141 119 3 40 
6/20/2007 7.146 168 1 168 
6/21/2007 7.146 115 1 115 
6/22/2007 7.146 379 1 379 
6/23/2007 7.146 115 3 38 
6/20/2007 7.132 164 1 164 
6/21/2007 7.132 108 1 108 
6/22/2007 7.132 381 1 381 
6/23/2007 7.132 61 1 61 
6/24/2007 7.132 46 2 23 

5/14/2008 6.194 2 167 84 
5/16/2008 6.194 3 273 91 
5/19/2008 6.194 1 171 171 
5/14/2008 6.107 1 347 347 
5/15/2008 6.107 1 381 381 
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Table D.1 Cont. 

Date of 
initial 

location 

Duckling 
transmitter 
frequency 

Distance moved 
between initial location 
and next consecutive 

location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement (m) 

5/14/2008 6.282 1 31 31 
5/15/2008 6.282 1 68 68 
5/16/2008 6.282 3 37 12 
5/19/2008 6.282 1 25 25 
5/14/2008 7.096 1 208 208 
5/15/2008 7.096 1 63 63 
5/16/2008 7.096 3 58 19 
5/19/2008 7.096 1 33 33 
5/14/2008 7.069 2 146 73 
5/16/2008 7.069 3 63 21 
5/19/2008 7.069 1 31 31 
5/20/2008 7.069 1 97 97 
5/21/2008 7.069 2 113 56 
5/23/2008 7.069 3 106 35 
5/30/2008 6.206 1 51 51 
5/31/2008 6.206 1 95 95 
6/1/2008 6.206 1 150 150 
6/2/2008 6.206 1 213 213 
6/3/2008 6.206 2 76 38 
5/31/2008 6.220 1 32 32 
6/1/2008 6.220 1 34 34 
6/5/2008 6.333 1 256 256 
6/6/2008 6.333 1 98 98 
6/7/2008 6.333 1 50 50 
6/8/2008 6.333 1 98 98 
6/9/2008 6.333 1 65 65 
6/10/2008 6.333 1 154 154 
6/5/2008 6.307 1 256 256 
6/6/2008 6.307 2 65 32 
6/8/2008 6.307 1 67 67 
6/9/2008 6.307 1 24 24 
6/10/2008 6.307 1 311 311 
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Table D.1 Cont. 

Date of 
initial 

location 

Duckling 
transmitter 
frequency 

Distance moved 
between initial location 
and next consecutive 

location (m) 

Days 
between 

consecutive 
locations 

Minimum 
daily 

movement (m) 

6/11/2008 6.307 2 265 132 
6/13/2008 6.307 2 173 87 
6/15/2008 6.307 1 399 399 
6/16/2008 6.307 1 325 325 
6/17/2008 6.307 3 147 49 
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