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ABSTRACT 

 

Overexploitation (market hunting) and depleted nesting habitat exclusively led to 

the near extinction of the Wood Duck only 100 years ago (Bellrose and Holm 1994).  

Since then, however, restrictive harvest and nest box programs have led to a population 

rebound.  Consequently, hunting seasons have re-opened and liberalized, and Wood 

Ducks are now among the top five duck species shot annually in the United States (US 

Fish and Wildlife Reports).   

In population dynamics, closed populations refer to groups or populations of 

species where immigration and emigration are assumed to be zero, so that the only means 

for population size to fluctuate is by birth and death.  Annual survival is pretty self-

explanatory and easy to conceptualize, but recruitment (birth) contains a suite of 

conditions and probabilities: (1) breeding propensity, which is the probability of a female 

in the population breeding in a given year; (2) clutch size, the average number of eggs in 

a nest; (3) nest success, the probability a nest will hatch; (4) egg survival, how many eggs 

remain in the nest to hatch; (5) hatch success, how many ducklings leave the nest; (6) 

fledgling survival, the probability a duckling leaving the nest will survive to age of flight; 

and (7) first year survival, the probability a fledgling will survive the first year (to sexual 

maturity in most ducks).  Because nest success is a key component of recruitment, 

investigators often seek estimates of nest success to understand population dynamics.  

Similarly, female survival precedes nest success, and without females, there are no nests.  

My thesis focuses on two of the most influential aspects of population growth: (1) nest 

success and (2) female survival (Hoekman et al. 2006).   
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The balance between recruitment and adult survival determines population growth 

(λ) in closed populations (Fujiwara and Caswell 2001).  In long-lived species like geese 

(Anserinae), λ is more sensitive to adult survival than recruitment (Rockwell et al. 1997, 

Schmutz et al. 1997, but see Flint and Grand 1998), while in species with lower adult 

survival probabilities such as ducks (Anatinae), λ may be relatively more sensitive to 

recruitment (Hoekman et al. 2006).  Recruitment may be substantially more variable than 

adult survival, however (see Cooch et al. 2001), and recruitment may, therefore, be a 

more important determinant of λ than is adult survival in all waterfowl.  Because nest 

success is a key component of recruitment, investigators often seek estimates of nest 

survival to understand population dynamics.   

Nest success may be influenced by individual quality (Hansen 1971, Johnson et 

al. 1992), the physical surroundings of the nest (Giroux 1981a, Sugden and Beyersbergen 

1987), predation (Johnson et al. 1989), or weather (Dement’ev et al. 1967, Ely and 

Raveling 1984, Heusmann 1984).  Females may also abandon nests in response to 

disturbance from brood parasitic conspecifics (Brown and Brown 1981, Giroux 1981b, 

Eriksson and Andersson 1982), social interaction associated with dense nesting (Newton 

and Campbell 1975, Duebbert et al. 1983, Gauthier and Smith 1987), and physical 

inability to incubate (Gloutney and Clark 1991, Johnson et al. 1992; but see Arnold et al. 

1995).  

In the first chapter we address sources of variation in nest success of a Wood 

Duck population in Nevada from 2003-2010.  I created non-linear mixed models to test 

sources of variation including female quality, weather conditions, brood parasitism, and 

observer effects.  I hypothesized that inclement weather (high winds or heavy rain), 
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parasitism, or observer visits to nests would negatively affect nest success, and that 

female quality would positively affect nest success.   

Generally, larger species of birds experience higher annual survival and are 

longer-lived than smaller species of birds (Lindstedt and Calder 1976).  Similar patterns 

exist for waterfowl where geese have higher annual survival than ducks in the absence of 

harvest (Ebbinge 1991, Johnson et al. 1992, Sedinger et al. 2007).  Among ducks, 

females tend to experience lower annual survival than males (Johnson et al. 1992).  

Increased risk of predation while on the nest (Johnson and Sargeant 1977, Blohm et al. 

1987) and the physiological cost of breeding, such as energy required for egg laying, 

thermoregulation, and daily activity (Alisauskas and Ankney 1992) have been 

hypothesized to explain the differences between male and female survival.  No studies 

have, however, explicitly examined the long term effects of these variables on female 

survival (Johnson et al. 1992).   

Long-term band recovery studies of ducks detect relatively little variation in 

annual survival (e.g., Mallards (Anas platyrhynchos), Gould and Nichols 1998; Northern 

Pintails (A. acuta), Nicolai et al. 2005, Rice et al. 2010).  Franklin et al. (2002) also found 

that 11 species of waterfowl had relatively little variation in annual survival probabilities.  

Annual survival estimates represent the product of survival probabilities over shorter time 

periods (e.g., monthly or seasonal), during which causes of mortality are likely to vary.  

The ability to estimate survival over less than annual time periods is, therefore, likely to 

improve our understanding of mortality processes.  

Numerous processes may cause mortality during one season to be compensated 

during other times of year.  Heterogeneity in individual mortality risk (frailty; Cam et al. 
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2002) may differentially remove individuals with greater mortality risk, resulting in 

increased survival later (Rexstad and Anderson 1992).  Compensation is more typically 

thought to include reduced resource competition or disease transmission following 

mortality of a segment of the population (Anderson and Burnham 1976).  The hypothesis 

that compensation occurs following a period of mortality has been incorporated into 

population models in which compensation for harvest mortality is assumed to occur 

exclusively after the hunting season (e.g., Runge and Boomer 2005).   

The breeding season represents a period of high mortality for female ducks 

(Sargeant and Raveling 1992).  High mortality during breeding results in part directly 

from predation on breeding females (Sargeant and Raveling 1992, Martin 1995, Roche 

2010).  Female waterfowl also invest substantial time and nutrients in production and 

incubation of their clutches (Afton and Paulus 1992, Hartke et al. 2006).  Their 

investments could influence immune function (Hanssen et al. 2005) or other maintenance 

functions, which could, in turn, influence survival (Deerenberg et al. 1995). 

A suite of phenotypic traits including breeding date, clutch size, body size or 

condition are commonly correlated, and associated with individual quality and fitness 

(Daan et al. 1990, Sedinger et al. 1995, Bety et al. 2003).  Consequently, we might expect 

these traits to be correlated with survival because higher quality individuals survive at 

higher rates (Blums et al. 2005).   

In the second chapter we used monthly capture-recapture data and a Cormack-

Jolly-Seber (CJS) approach to assess hypotheses about the effects of reproductive 

investment by female Wood Ducks on their survival during the non-nesting season, and 

to better understand seasonal variation in survival.  Specifically, we assessed sources of 
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variation in survival related to time of year, female quality, and parasitism.  We expected 

to find relatively little variation in annual survival.  We also hypothesized female survival 

would be negatively affected by poor body condition, long incubation periods, repeated 

nesting attempts, and parasitism.   
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1ABSTRACT 

Nest success is an important component of recruitment.  Sources of annual and species-

specific variation in nest success include female quality, the physical surroundings of the 

nest, predation, and weather.  Humans may represent a surrogate for predation, increasing 

nest abandonment.  We estimated daily nest survival rates for wood ducks (Aix sponsa) 

breeding in artificial nest boxes in Nevada from 2004-2010 to assess effects of nest 

characteristics and variation among individual females in nest success.  We also assessed 

the impacts of visiting nests or capturing females on daily nest survival.  The random 

effect of individual female accounted for 7% of variation in nest survival, but only 15% 

of this individual process variation was accounted for by individual process covariates.  

We detected a significant interaction between the effect of capturing a female and nest 

age.  Capturing a female on the first day of egg laying reduced daily nest survival from 

99.8% to 98.2% whereas capturing a female on the 42nd day of the nest period was 

associated with an increase in daily nest survival from 98.2% to 99.6%.  Nest success did 

not vary among years and averaged 66%.  Our analyses provide evidence that observer-

related nest abandonment by females is at least partially compensatory to other forms of 

nest failure during the first half of the nesting period.  We also provide evidence of 

substantial variation among individual females in the probability their nest hatched, 

independent of nest sites and female nutritional status.   

Key Words:  Aix sponsa, individual quality, nest success, observer effect 

 

                                                            
1The plural pronoun “We” will be used instead of “I” for the remainder of this thesis to indicate other 
authors in the two manuscripts submitted for publication. 
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INTRODUCTION 

The balance between recruitment and adult survival determines population growth 

(λ) in closed populations (Fujiwara and Caswell 2001).  In long-lived species like geese 

(Anserinae), λ is more sensitive to adult survival than recruitment (Rockwell et al. 1997, 

Schmutz et al. 1997, but see Flint and Grand 1998), while in species with lower adult 

survival probabilities such as ducks (Anatinae), λ may be relatively more sensitive to 

recruitment (Hoekman et al. 2006).  Recruitment may be substantially more variable than 

adult survival, however (see Cooch et al. 2001), and recruitment may, therefore, be a 

more important determinant of λ than is adult survival in all waterfowl.  Because nest 

success is a key component of recruitment, investigators often seek estimates of nest 

survival to understand population dynamics.   

Nest success may be influenced by individual quality (Hansen 1971, Johnson et 

al. 1992), the physical surroundings of the nest (Giroux 1981a, Sugden and Beyersbergen 

1987), predation (Johnson et al. 1989), or weather (Dement’ev et al. 1967, Ely and 

Raveling 1984, Heusmann 1984).  Females may also abandon nests in response to 

disturbance from brood parasitic conspecifics (Brown and Brown 1981, Giroux 1981b, 

Eriksson and Andersson 1982), social interaction associated with dense nesting (Newton 

and Campbell 1975, Duebbert et al. 1983, Gauthier and Smith 1987), and physical 

inability to incubate (Gloutney and Clark 1991, Johnson et al. 1992; but see Arnold et al. 

1995).  

Age and reproductive experience of females are perhaps the best recognized 

causes of variation in female quality.  Generally, experienced females nested earlier than 

yearling or inexperienced females (Gauthier 1989, Hepp and Kennamer 1993, Blums et 
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al. 1997).  Gloutney (1989) also found that older females were more successful than 

younger ones.  Nest success was, however, independent of age and experience in some 

studies (Hepp and Kennamer 1993, Blums et al. 1997).   

Most species of waterfowl are in negative energy balance during incubation 

(Afton and Paulus 1992) and, therefore, rely on stored lipid reserves for incubation 

(Rohwer 1992; but see Gloutney and Clark 1991).  Mallards (Anas platyrhynchos) 

allocate most of their lipid reserves to egg production, but retain some lipid reserves for 

incubation (Krapu 1981).  At the start of incubation, body mass was not related to either 

hatching success or length of the incubation period in Wood Ducks (Aix sponsa; Hepp et 

al. 1990) or hatching success in Blue-winged Teal (Anas discors; Gloutney and Clark 

1991).  In contrast, Gloutney and Clark (1991) found a very strong relationship between 

body mass and hatching success of Mallard and Northern Shoveler (Anas clypeata) nests.  

Drobney (1980) showed that Wood Ducks used both nutrient reserves and exogenous 

nutrients for incubation.  The average 31 grams of fat available at the beginning of 

incubation provided enough energy for 5 out of 28-30 day incubation period without 

exogenous food (Drobney 1980).  These lipid reserves reduced the daily energy intake 

required by 16%, allowing females to be on the nest longer.   

Among 34 species of waterfowl, average daily incubation recesses ranged from 

0.5-27.4% (Afton and Paulus 1992) and daily recess times for Wood Ducks were near the 

upper end of this range.  Generally, cavity nesting species are off the nest more than 

ground nesting species (Afton and Paulus 1992, Manlove and Hepp 2000).  Female 

Wood Ducks in Nevada are off the nest ~21% of each day (Almeida et al. unpublished), 

compared with 13-20% for Wood Ducks in other populations (Breckenridge 1956, 
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Manlove and Hepp 2000).  Variation in recess time among populations of Wood Ducks 

suggests heterogeneity in strategies to meet energy requirements during incubation. 

Weather is thought to influence nest success of ground nesting waterfowl through 

chilling (Bishop and Barrat 1970) or excessive heating (Choate 1967, Braithwaite 1982) 

of eggs.  Heavy and continuous precipitation (Hansen 1961, Dement’ev et al. 1967, 

MacCallum 1971) may force females to remain on nests, negatively affecting their 

energy balance and ultimately their ability to complete incubation.  Although flooding is 

a common source of nest failure among ground nesting species (Andrews 1952, Hilden 

1964, Joyner 1977, Livezey 1980), weather and other environmental factors are thought 

to have limited effects on nest success in cavity nesting waterfowl (Heusmann 1984).  

However, Huesmann (1984) did find evidence for decreased nest success of Wood Ducks 

due  to extreme weather conditions (snow storms and freezing temperatures). 

Predation is the leading cause of nest failure in waterfowl (Johnson et al. 1992, 

Peiron and Rohwer 2010).  Variation in predation may be associated with variation in 

nest density (Hill 1984a), nest concealment (Hill 1984b), weather (Johnson et al. 1989), 

and predator species or abundance (Johnson et al. 1989).  Predation may also indirectly 

affect nest success by influencing nest abandonment (Sowls 1955, Armstrong and 

Robertson 1988).  In a manipulative experiment, Armstrong and Robertson (1988) 

showed a dramatic increase in nest abandonment of Blue-winged Teal when clutch size 

fell below the control of 10.6 eggs.      

Cavity nesting waterfowl in general (Sayler 1992, Beauchamp 1997), and Wood 

Ducks in particular, may experience high rates of brood parasitism, potentially associated 

with increased density of conspicuous nest sites.  Semel et al. (1988) observed reduced 
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parasitism and increased hatchability when nest boxes were placed in habitats and 

densities resembling natural circumstances, making them harder to locate.  Recent studies 

however, have demonstrated that high nest parasitism rates are not unique to box-nesting 

populations and may be as high as 85% in natural cavities (Nielsen et al. 2006).  

Parasitism can result in increased nest abandonment and decreased egg hatchability 

(Jones and Leopold 1967, Haramis and Thompson 1985, Semel and Sherman 1986).  

Low levels of parasitism in precocial birds may, however, be advantageous to the host 

because there are few costs to raising extra young (Andersson and Eriksson 1982, Nee 

and May 1993) and young from other parasitic eggs could reduce predation risk on a 

host’s own offspring (Nee and May 1993).  Additionally, low to moderate levels of brood 

parasitism may increase the number of hatched ducklings in a population if nest sites are 

limiting (Grice and Rogers 1965, Morse and Wight 1969, Nielsen et al. 2006).  Eadie and 

Fryxell (1992) hypothesized an intermediate level of parasitism was optimal for 

populations of Common Goldeneye (Bucephala clangula). 

Visiting nests has been hypothesized to increase nest failure by increasing 

predation risk (Reed 1975, Livezey 1980, Bentzen et al. 2008), and increasing 

abandonment (Garrettson et al. 2011).  However, many studies have found observer 

effect on nest survival to be minimal (Sedinger 1990, Bety and Gauthier 2001, Thorn et 

al. 2005, Jacobson et al. 2011.  Rotella et al. (2004) recently devised a method for 

assessing visitor impact on nest survival by treating visits to nests as a time varying 

binomial covariate.  This approach allows daily nest survival to be estimated separately 

for the days nests we visited versus days without visits. 
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In this paper we address sources of variation in nest success of a Wood Duck 

population in Nevada from 2003-2010.  We created non-linear mixed models to test 

sources of variation including female quality, weather conditions, brood parasitism, and 

observer effects.  We hypothesized that inclement weather (high winds or heavy rain), 

parasitism, or observer visits to nests would negatively affect nest success, and that 

female quality would positively affect nest success.   

 

METHODS 

Study Area.   

We monitored 491 nests of Wood Ducks from 2004 to 2010 within the Lahontan 

River Valley within an approximately 15-mile radius of Fallon, Nevada.  Lahontan 

Valley mainly consists of the Carson River and a network of irrigation ditches originating 

in the Sierra Nevada Mountains, supplying water to ranches around Fallon, Nevada.  

Wood Ducks and Mallards represent the majority of waterfowl present in this riverine 

system and are the only species caught in trapping events (C. Nicolai unpublished data).  

Away from the river and irrigation ditches, riparian habitat changes to desert, dominated 

by Sage Brush (Artemisia spp.) and Greasewood (Sarcobatus spp.), which does not 

support waterfowl.  Russian Olive (Elaeagnus angustifolia L.) is common along the 

Carson River, providing abundant seasonal food for Wood Ducks in the Lahontan Valley.  

Cottonwood (Populus spp.) trees provide natural nesting cavities and cover.  

Additionally, the Nevada Wood Duck population has access to abundant agricultural 

foods, associated with cattle feeding operations throughout the Carson Valley.   
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 We monitored 100, 130, 246, 257, 337, and 420 boxes in 2003-2005, 2006, 2007, 

2008, 2009, and 2010 respectively.  Nest boxes were made of either wood (inside 

dimensions = 25 X 25 X 58 cm; Bellrose and Holm 1994) or plastic (inside dimensions = 

22.9 cm diameter X 58.9 cm tall, Cattail Products, Inc., Fulton, Illinois) and were placed 

every 50-100 meters along river and ditch banks.  Boxes were mounted on 15-25 cm. 

diameter metal poles that eliminated risk of mammalian predators.  We avoided placing 

nest boxes immediately adjacent to large trees to avoid predators jumping from trees onto 

the boxes.  We placed nest boxes in both open and concealed areas.  Nest boxes were 

placed on private land and identified by property owner in a single variable 

(PROPERTY).  Group size (1-49) depended on property size.  About 70% of the Carson 

River in our study site (~35 km) had a nest box every 50-100 m by 2009. 

Field Methods.   

We searched for nests every 7 days, starting in mid-March, and extending through 

late-June or until no new nests were discovered for two consecutive weeks.  We 

classified nests as active if >1 egg was found in a previously empty nest box.  We 

checked active nests weekly, typically between searches for new nests.  We marked every 

egg with unique numbers and recorded number of new eggs and total eggs on each visit.  

We also candled each egg during every visit to nests (Hanson 1954).  We attempted to 

capture incubating females weekly by plugging the entrance and slowly reaching into the 

box from a side door.  We measured culmen, tarsus, and total head length (± 0.1 mm) 

using dial calipers, body length, ninth primary, and wing chord (±1 mm) using a ruler, 

and mass (±1 g) with an electronic scale on the first capture each year.  We also weighed 

previously caught females on each subsequent capture.  We placed standard US 
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Geological Survey metal bands and uniquely-coded 1cm tall yellow (2008), black (2009), 

and aqua (2010) plastic bands on previously un-banded individuals.  We checked active 

nests until fate (hatched, abandoned, destroyed, or usurped by another species) was 

known.   

We determined female age at every capture using coloration on secondary covert 

feathers (Carney 1992).  We were able to distinguish second year (SY; ~8-11 months old) 

females from after second year (ASY; individuals ≥1 year older than SY individuals) 

females during the nesting period.  For females captured in previous years, we confirmed 

our identification of age against earlier records.   

 We used weather data from the FREY weather station (9.66 km.WSW of Fallon, 

NV) downloaded from MesoWest (University of Utah).  We averaged daily temperature 

(degrees Celsius) for the entire 24 hour period.  We also recorded minimum and 

maximum temperature for both single days and visitation intervals.  We averaged wind 

speed (km/hr.) for each day and the intervals between visits.  We also created a variable 

for maximum daily wind gust.  Lastly, we totaled daily precipitation (cm) for each nest 

interval.     

Because evening incubation bouts began an average of 18 min before sunset 

(Hepp 2004) we examined the effect of wind gusts during the last 1.5 hours of daylight 

(EVEGUST).  EVEGUST included the hour before official sunset and the half hour after.  

EVEGUST provided a measure of “forced” nest failure because we hypothesized females 

might have been unable to return to their nests after complete darkness under windy 

conditions, but might have returned the next morning, leading to cooling or even freezing 
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of the eggs.  We converted all weather variables to standard normal variables (µ=0, 

SD=1). 

To examine the effect of parasitism on nest success, we assigned nests to one of 2 

categories; parasitized and not parasitized.  We classified nests as parasitized if one of the 

following criteria was met.  Clutch sizes >16 were considered parasitized because most 

investigators consider clutch sizes of 14-15 as the upper limit for female Wood Ducks 

(Bent 1923, Forbush 1925, Phillips 1925, Grice and Rogers 1965, Morse and Wight 

1969, Bellrose and Holm 1994).  We also classified nests as parasitized if laying rate 

exceeded one egg per day.  Lastly, we considered nests in which new eggs were 

deposited after the start of incubation or nests containing eggs >4 days behind other eggs 

in the nest in development as parasitic.  Because active nests were checked weekly, we 

were able to identify non-term embryos, or eggs deposited after the initiation of host 

incubation.  All three methods are known to underestimate the true rate of nest parasitism 

(Semel et al. 1988, Nielsen et al. 2006), so we combined all three methods and classified 

a nest as parasitized if any of the three criteria were met.   

 We used the first principal component (PC1) based on the correlation matrix for 

linear body measurements as an index of structural body size (Alisauskas and Ankney 

1987, Rising and Somers 1989) from those measurements taken on first capture (PROC 

PRINCOMP, SAS Institute 2011).  We also report the second principal component (PC2) 

scores and attributes for comparison.  Adult females (n=598) had Eigenvalues of 1.77 for 

PC1 (1.38 for PC2) and juvenile females (n=521) had Eigenvalues of 1.40 for PC1 (1.32 

for PC2).  PC1 accounted for 35% of total variance in adult females and 28% of total 

variance in juvenile females.  Ninth primary and wing chord lengths were the primary 
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loadings (any variable exceeding 0.40) on PC1 for both adult and juvenile females (≥0.91 

and ≥0.79, respectively).  Culmen and total head lengths were the primary loadings on 

PC2 for both adult and juvenile females (≥0.78 and ≥0.61, respectively).  There were no 

instances where loadings of particular variables exceeded 0.40 on more than one 

component, so we were able to retain all variables in PC1 and PC2.  Overall, PC1 was 

much more convincing as a “good” measure of body size for adult females than juvenile 

females.  We then regressed mass against PC1, nest age, and year, and used the residuals 

as an index of relative body condition for each year and nest age (PROC MIXED, SAS 

Institute 2011).  We used these residuals as year- and nest age-specific time varying 

covariates corresponding to each nest’s age.   

We used an index variable (OBS) that was assigned a value of 1 for the day a nest 

was visited and 0 otherwise (Rotella et al. 2004) to model observer effect.  We created a 

similar variable (CAUGHTFEM) for the effect of physically catching and handling the 

female on a visit.  Both variables were, thus, binomial time-varying covariates.  We 

assessed the impacts of visiting nests versus actually handling nesting females by 

evaluating the performances of models containing each of the covariates.  Lastly, we 

treated three variables as random; individual female (BAND), site of the nest box (SITE), 

and property owner (PROPERTY). 

Analysis.  We used PROC NLMIXED (Rotella et al. 2004) in program SAS (SAS 

Institute, 2010) to estimate daily nest survival and assess the effects of parasitism, female 

age and body condition, weather, laying date, and observer impact on daily nest survival.  

We defined a nesting interval as the time between two visits to nests.  We 

determined nest age at the beginning of the first interval for each nest by counting back 
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the number of eggs when the nest was first found, assuming one egg was laid per day.  

We restricted this analysis to nests found during the laying period.  We allowed one day 

per egg (Bellrose 1976, Bellrose and Holm 1994), unless the total eggs when found 

exceeded seven and was less than ten, in which case we used five days as the maximum 

nest age and categorized those nests as parasitized.  If total eggs when found was >10, 

then we assumed nest age was seven days because all nests were checked weekly.  Nests 

containing >7 eggs when first found were classified as parasitized (Jones and Leopold 

1967, Clawson et al. 1979). 

We first considered models containing additive effects of temporal variables (nest 

initiation date, nest age, year) and their interactions.  We then added individual and nest-

specific variables (total eggs in nest, parasitized, female age, and body condition index) 

to the best performing model containing only temporal variables.  We then added the 

observer effects, nest visited or CAUGHTFEM to the most parsimonious model 

containing temporal and individual nest variables.  Finally, we added random effects: 

individual female, site, and property to the most parsimonious model.  At each stage of 

additional complexity we considered both additive and interactive effects of explanatory 

variables at both levels of complexity.  Please see Table 1 for a summary of variables and 

explanations. 
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RESULTS 

The best performing generalized linear model for predicting female mass 

contained PC1, nest age, and year (Tables 2, 3).  An interaction between year and nest 

age was not significant.  Female Wood Ducks lost an average of 0.56 ± 0.12 grams per 

day (23.56 grams for 42 day nesting period).  Mass adjusted for PC1 at the start of egg 

laying did not vary significantly among years (Fig. 1), however, females lost mass more 

rapidly in 2005 and 2006 than in other years of the study (Fig. 2) when using a simple 

model which contained YEAR, NESTAGE, and an interaction of YEAR and NESTAGE.  

EVEGUST varied among years and was greatest in 2004 (β=5.28, SE=1.627, p=0.001) 

and 2008 (β=2.500, SE=0.436, p<0.0001), and lowest in 2007 (β= -1.47, SE=0.448, 

p=0.001).    

The most parsimonious model of daily nest survival included the age of the nest, 

evening wind gustiness, catching the female or not at the start of the interval, an 

interaction of catching the female and age of the nest, and a random term for individual 

female (Table 4).  The best model indicated that daily survival rate decreased with 

NESTAGE (β=-0.05, SE=0.01, p<0.0001) and CAUGHTFEM (β=-1.95, SE=0.57, 

p=0.0007) and increased with EVEGUST (β=0.20, SE=0.11, p=0.066).  The interaction 

of CAUGHTFEM and NESTAGE (β=0.09, SE=0.02, p<0.0001) was positive so the 

negative effect of catching a female declined through incubation.  Catching a female 

reduced daily survival by 0.015 ± 0.001 on the first day of laying, while nests at which 

we caught the females at the end of incubation actually had higher daily survival rate 

(0.996 ± 0.004 versus 0.982 ± 0.011; Fig. 3).  Overall, we detected little difference in nest 

success at 42 days between nests at which we caught the female (68.7 ± 7.2%) versus 
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those we did not (72.5 ± 3.8%) (Fig. 4).  Models containing visitor impact (OBS) did not 

perform better than models lacking this variable (Table 5), indicating that merely 

checking nests, as opposed to capturing the female, had no effect on daily nest survival.  

The random term for individual female explained 7% of variation.  We did not find 

support for any other weather variables, female age or body condition, nest initiation 

date, clutch size, parasitism, year, or the random effects of nest site or property.  We also 

found no evidence for annual variation in nest success using a simple model with nest age 

and year as explanatory variables (Fig. 5).  Nest success averaged 69 ± 0.7% over the 

years of the study. 

 

DISCUSSION  

The relatively constant 31% failure rate that we observed was attributed to 

abandonment must be a result of the following: (1) attributes of the individual females 

themselves or (2) competition for cavity nests with other Wood Ducks or other cavity 

nesting species.  We rule out parasitism as a cause of failure in this study because we 

found no support for parasitism as an explanation for daily nest survival.  For 2009-2010 

data, we observed that 11% of Wood Duck females were displaced from their nests by 

other species (nearly all European Starling, Sturnus vulgaris) which represents a 

minimum estimate of the rate of displacement.  Consequently, about 23% of nests failed 

either because the female was unable to complete incubation, or because of the presumed 

risk of predation on females associated with our captures of females in nest boxes.  The 

overall weak effect of capturing females on nest success, however, suggests that most 
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nest failure represented the inability of some females to complete incubation (Hepp and 

Kennamer 2011).  

We found nest survival throughout the seven years of the study to be relatively 

constant which contrasts with most other studies of nesting waterfowl (Klett and Johnson 

1982, Johnson et al. 1989, Drever et al. 2004).  The fact that mammalian predation was 

essentially eliminated in our study suggests that much of the annual variation in nest 

success of other studies may be attributed to predation.  Nielson and Gates (2007) found 

an increase of nest success for Wood Ducks in bottomland timber forests during periods 

of flooding, which protected nests from some predators.  Large scale predator reduction 

in the U.S. prairie pothole region increased nest success for ground nesting species by 40-

90% (Pieron and Rohwer 2010).  Nest success was also greater (82%) for sub-arctic 

nesting Black Brant during the same years where the primary nest predator (arctic fox) 

was removed than it was at nearby nesting colonies (54%) without predator removal 

(Anthony et al. 1991).   

Wood Ducks breeding in Fallon, Nevada experienced higher nest success (69%) 

than other Wood Duck populations nesting in boxes (60.3-68.1%, Bellrose and Holm 

1994; 66%, Stephens et al. 1998).  Wood Ducks in Nevada also experienced higher 

average nest success than other cavity nesters, such as Buffleheads (Bucephala albeola) 

and Common Goldeneye, for which nest success varied from 54-60% for years with high 

predation rates up to 85% in years with little predation (Evans et al. 2002).  Savard 

(1988) found nest success in Barrow’s Goldeneye (Bucephala islandica) averaged 46%.  

Nest success in our study was also substantially higher than for ground nesting ducks in 

the U.S. prairie pothole region (9.4-20.5%; Stephens et al. 2005) and Great Lakes regions 
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(16%; Coluccy 2008).  We believe high nest success in our study resulted from our 

providing nest sites that were inaccessible to raccoons, the main predator of Wood Duck 

nests in Nevada (C. Nicolai, unpublished data).    

Perturbation analyses for mallards nesting in the midcontinent and Eastern 

Canada indicate population growth (λ) is most sensitive to non-breeding adult survival, 

nest survival, and duckling survival (Hoekman et al. 2006, Coluccy 2008), but because 

recruitment was more variable than adult survival, recruitment had the greatest effect on 

λ (Cooch et al. 2001).   If we assume similar patterns for Wood Ducks in our study, then 

λ will be most affected by adult female survival, or components of recruitment, such as 

pre- or post-fledging survival because nest success for Wood Ducks in our study is 

constant.   

Despite an average mass loss of 23.56 grams (0.56 per day) for the average laying 

and incubation periods, models containing mean or time-varying body condition residuals 

competed poorly.  Models in which we replaced the random effect for individual female 

with either mean or time-varying condition residuals also completed poorly (∆AICc = 

5.67).  In fact, the random effect of individual female accounted for 7% of variation in 

nest survival, but only 15% of this individual process variation was accounted for by 

individual process covariates. We interpret this result to indicate that body condition as 

was measured in this study (see Schamber et al. 2009), explained little of the variation in 

the ability of individual females to successfully incubate their clutches.  Thus, 

heterogeneity in breeding success among female Wood Ducks may be influenced more 

by behavior or other factors than by the condition of the female.  
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Wood Duck females experienced a significant negative effect of being handled 

early in the nesting cycle, but the effect was reversed as incubation progressed, resulting 

in higher daily nest survival rate for females caught after 21 days of nest age than for 

females not caught.  We interpret this result as evidence that females that failed after 

being handled had an inherently higher probability of failing, even in the absence of 

handling.  These females would have failed earlier, on average, because of their greater 

risk of failure, so the population of females remaining on their nests in late incubation 

had a relatively higher probability of successfully hatching their clutches.  This latter 

group was apparently less affected by being handled.   

Other investigators have assessed impacts of visiting nests assuming that these 

effects were additive to other sources of variation in nest failure and, therefore, constant 

with respect to nest age (Bentzen et al. 2008).  Garrettson et al. (2011) modeled observer-

related abandonment with respect to nest age, but they did not have samples of nests that 

were never visited, thus, they could not separate observer-related from inherent-female 

abandonment.  The interaction we detected between nest age and investigator impact has 

important implications for understanding the effects of visiting nests.  Because the 

interaction indicates that the schedule and timing of visiting nests could influence 

conclusions about investigator impact on nest success.  Sixty-four percent of our captures 

(n=534) occurred after 21 days of incubation, increasing our power to assess interactions 

between nest age and handling effects.  We assume Bentzen et al. (2008) experienced the 

opposite because of the low nest survival (21-57%) for King Eiders (Somateria 

spectabilis) in Alaska.  That is, a small fraction of nests survived until late incubation and 

most nests were therefore not available to be visited during late incubation.  If most of 
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their nest visits occurred earlier in the nesting period, their assessment of investigator 

impact could be biased because females who would have failed anyway were still in the 

sample when nests were visited.  To show the potential for such bias, compare the left 

(days 0-21) and right (days 22-42) halves of Figure 3.  Studies with relatively small 

samples of nests will be especially susceptible to such biases because the sample of nests 

remaining in late incubation may be too small to detect the interaction between nest age 

and investigator impact.  Studies where nests experience relatively high rates of predation 

could suffer from the same limitation.  We suggest that investigators be cautious when 

interpreting their impact on nest success when samples of nests in late incubation are 

small.  We also caution against interpreting observer effects without considering an 

interaction with nest age, specifically because the mechanism of abandonment remains 

poorly understood.  

In summary, heterogeneity among individual females and their ability to cope 

with disturbances at their nest sites were the principal factors affecting nest success of 

Wood Ducks in Nevada when mammalian predators were essentially eliminated.  We 

failed to find effects of parasitism, weather, body condition, or property (nest site habitat 

management practices) on nest success.  Our study also suggests the potential for 

substantial effects of the attributes of individual females beyond those associated with 

body condition, but the mechanisms remain unknown.  We caution that our study 

excluded most mammalian predators, which likely enhanced the importance of the 

attributes of individual females.  Bellrose and Holm (1994) once claimed “the maternal 

desire to incubate is strong in many individual woodies and not so strong in others that 
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readily desert clutches”.  Thus, sources of heterogeneity in female Wood Ducks may be 

best explained by behavior and individual quality, especially in the absence of predators.   
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Table 1.  Summary of variables tested in non-linear mixed models (SAS institute, 2011) 

to estimate Daily Nest Survival Rate of Wood Ducks in Fallon, Nevada from 2004-2010. 

Variable  Description 
NESTINIT  Nest initiation date for nesting season (March 15‐July 22) 
NESTAGE  Age of nest when visited 
YEAR  Nesting season year 
TLAID  Total eggs recorded for nest 
PARASITIC   Nest has evidence of parasitism or not (1=Y, 0=N) 
HENAGE  1 = Adult, 0 = Juvenile of that nesting season 
MINTEMP  Minimum temperature for interval 
MAXTEMP  Maximum temperature for interval 
TEMP  Average temperature for interval 
WIND  Average wind speed for interval 
PRECIP  Maximum precipitation for interval 
MAXDAYGUST  Maximum wind gust for interval 
EVEGUST  Average maximum wind gust for last hour and half of interval
BODYCOND  Body condition residual on the day the first egg was laid  
AVBODYCOND  Average body condition residual for duration of nest 
FIRSTWEEK1  Body condition residual during nest age 1‐7 
FIRSTWEEK2  Body condition residual during nest age 8‐14 
FIRSTWEEK3  Body condition residual during nest age 15‐21 
FIRSTWEEK4  Body condition residual during nest age 22‐28 
FIRSTWEEK5  Body condition residual during nest age 29‐35 
FIRSTWEEK6  Body condition residual during nest age 36‐42 
OBS  Visiting a nest first day of interval or not 
CAUGHTFEM  Caught female first day of interval or not (1=Y, 0=N) 
CAUGHTFIRSTDAY  Caught female while nest searching (1=Y, 0=N) 
(BAND)  Random variable for individual female 
(SITE)  Random variable for nest box 
(PROPERTY)  Random variable for property owner, or area of study site 
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Table 2. Performance of general linear models of mass of female Wood Ducks during 

incubation.  Variables include the age of the nest starting at first egg laid (DAYS), PC1 

residual (FACTOR1), and YEAR.    

Model  Ka AICc
b ΔAICc

c

DAYS FACTOR1 YEAR  3  8597.7  0.0

DAYS FACTOR1 YEAR DAYS*DAYS  4  8605.0  7.3

DAYS FACTOR1 DAYS*FACTOR1  3  8617.9  20.2

DAYS FACTOR1  2  8618.7  21.0

DAYS  1  8632.3  34.6

FACTOR1  1  8665.6  67.9

aNumber of parameters. 
bAkaike’s Information Criterion corrected for small sample bias. 
cΔAICc = difference in AICc between model and the one with minimum AICc.
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Table 3. Parameter estimates for the best performing generalized linear model predicting 

mass of female Wood Ducks during incubation. Variables include the age of the nest 

beginning with the laying of the first egg (DAYS), PC1 residual (FACTOR1), and 

YEAR.    

Parameter  Estimate St Error 

Intercept  ‐7638.131 1853.554 

DAYS  ‐0.561 0.122 

Factor1  6.215 1.789 

YEAR  4.076 0.923 
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Table 4.  Performance of models of daily nest survival for Wood Ducks in Nevada.  

Analyses were performed using PROC NLMIXED (SAS institute, 2011).  Variables 

include year (YEAR), age of the nest (NESTAGE), hen age (HENAGE), evening wind 

gustiness (EVEGUST), observer effect (OBS), catching the hen at beginning of the 

interval (CAUGHTFEM), mean body condition (BODYCOND), evidence of parasitism 

(PARASITIC), and random effects of individual female (BAND) and nest site 

(LOCATION)).   

 

Model 
No. 
Parm.  AICc

a ΔAICc
b

Akaike 
Weight 

NESTAGE EVEGUST (BAND) CAUGHTFEM NESTAGE*CAUGHTFEM  6  861.81  0.00  0.54 

NESTAGE (BAND) CAUGHTFEM NESTAGE*CAUGHTFEM  5  863.14  1.34  0.28 

NESTAGE (BAND) CAUGHTFEM NESTAGE*CAUGHTFEM NESTINIT  6  864.98  3.18  0.11 

NESTAGE EVEGUST BODYCOND CAUGHTFEM NESTAGE*CAUGHTFEM  6  867.47  5.67  0.03 

NESTAGE EVEGUST CAUGHTFEM NESTAGE*CAUGHTFEM  5  867.82  6.02  0.03 

NESTAGE EVEGUST (LOCATION) CAUGHTFEM NESTAGE*CAUGHTFEM  6  868.96  7.16  0.02 

NESTAGE EVEGUST (BAND) CAUGHTFEM  5  880.19  18.39  0.00 

NESTAGE EVEGUST (BAND)  4  884.21  22.40  0.00 

NESTAGE EVEGUST (BAND) OBS  5  885.74  23.94  0.00 

NESTAGE+EVEGUST NESTAGE*EVEGUST  4  888.79  26.99  0.00 

NESTAGE+EVEGUST  3  891.43  29.62  0.00 

NESTAGE  2  892.96  31.15  0.00 

NESTAGE YEAR  3  894.96  33.16  0.00 

EVEGUST  2  908.48  46.67  0.00 

 (BAND)  2  913.99  52.18  0.00 

Intercept only  1  915.20  53.39  0.00 

BODYCOND  2  915.22  53.42  0.00 

PARASITIC  2  916.67  54.86  0.00 

HENAGE  2  917.12  55.31  0.00 

YEAR  2  917.20  55.39  0.00 
aAkaike’s Information Criterion corrected for small sample bias. 
bΔAICc = difference in AICc between model and the model with minimum AICc.
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Table 5.  Parameter estimates from the best performing model of daily nest survival of 

Wood Ducks in Nevada (N = 2519).  Variables in the model include age of the nest 

(NESTAGE), evening wind gust (EVEGUST), catching the female at beginning of the 

interval (CAUGHTFEM), and a random effect of individual female (RAND(BAND)).   

Parameter  Estimate 
St. 

Error 

Intercept  6.187  0.350 
NESTAGE  ‐0.049  0.009 
EVEGUST  0.203  0.110 
CAUGHTFEM  ‐1.954  0.569 
NESTAGE*CAUGHTFEM  0.094  0.022 
RAND(BAND)  0.719  0.337 
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Figure Legends. 

Fig. 1.  Annual variation in female mass for Wood Ducks in Nevada from 2004-

2010 corrected for nest age = 0, PC1 score, and year.  Bars shown are 95% confidence 

intervals.   

Fig. 2.  Female mass corrected for PC1 score as a function of year and nest age of 

Wood Ducks in Nevada from 2004-2010.  Nest age 0 is equal to the day that the first egg 

is laid and average length of the nesting period is 42 days (average 12 eggs laid and 30 

days incubation).  Lines represent predicted values for mass (solid lines) and 95% 

confidence intervals (dashed lines). 

Fig. 3.  Daily nest survival for Wood Ducks in Nevada from 2004-2010 as a 

function of nest age and a binomial variable describing whether the female was captured 

at a nest visit.  Predicted daily nest survival (dashed lines) and their respective confidence 

intervals (solid lines) corresponding to females caught (thin lines) or not caught (thick 

lines).   

Fig. 4.  Nest success over the average nest exposure period (42 days) with 95% 

confidence intervals for female Wood Ducks captured on their nests at least once versus 

females never caught on their nests in Nevada from 2004-2010. 

Fig. 5.  Annual variation in nest success and 95% confidence intervals using a 

simple model containing only NESTAGE and YEAR of Wood Ducks in Nevada from 

2004-2010.   
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Figure 2. 
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Figure 3. 
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Figure 4. 

FEMALE NOT CAUGHT CAUGHT FEMALE

N
E

S
T 

S
U

C
C

E
S

S

0.5

0.6

0.7

0.8

0.9

1.0

 

 

 

 

 

 

 

 

 

 



35 
 

Figure 5.  
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ABSTRACT 

Annual survival of female waterfowl is relatively invariant.  Typical periods of high 

mortality are thought to include nesting and the fall hunting seasons.  We combined 

breeding season captures in artificial nest boxes with monthly encounters outside of the 

breeding season to estimate annual and seasonal Wood Duck (Aix sponsa) survival for 

adult females in Nevada from 2006-2010.  We assessed effects of reproductive effort on 

female survival and seasonal variation in mortality.  We found substantial annual 

variation in adult female survival (42-75%).  Mortality during the breeding season 

contributed substantially more to annual variation in survival than mortality during the 

non-breeding season; variation in survival during the breeding season was better 

explained by breeding season survival (R2 = 0.916) than non-breeding season (R2 = 

0.423) despite a five-fold increase in harvest rate.  Controlling for nasal saddle markers 

(βNS = 0.34 ± 0.21) greatly improved the top recapture and survival models.  Other 

measures of quality such as body size, condition, or laying date were not strongly related 

to survival.  We suggest that variation in λ is driven by adult survival, because nest 

success in this population does not vary.  Our analyses provide evidence that substantial 

variation in annual female survival is explained by variation during the breeding season, 

and imply that mechanisms other than predation on incubating females can account for 

significant variation in survival of breeding waterfowl.   

Key Words:  Aix sponsa, hunting effects, lambda, population growth 
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INTRODUCTION 

Generally, larger species of birds experience higher annual survival and are 

longer-lived than smaller species of birds (Lindstedt and Calder 1976).  Similar patterns 

exist for waterfowl where geese have higher annual survival than ducks in the absence of 

harvest (Ebbinge 1991, Johnson et al. 1992, Sedinger et al. 2007).  Among ducks, 

females tend to experience lower annual survival than males (Johnson et al. 1992).  

Increased risk of predation while on the nest (Johnson and Sargeant 1977, Blohm et al. 

1987) and the physiological costs of breeding, such as energy required for egg laying, 

thermoregulation, and daily activity (Alisauskas and Ankney 1992) have been 

hypothesized to explain the differences between male and female survival.  No studies 

have, however, explicitly examined the long term effects of these variables on female 

survival (Johnson et al. 1992).   

Long-term band recovery studies of ducks detect relatively little variation in 

annual survival (e.g., Mallards (Anas platyrhynchos), Gould and Nichols 1998; Northern 

Pintails (A. acuta), Nicolai et al. 2005, Rice et al. 2010).  Franklin et al. (2002) also found 

that 11 species of waterfowl had relatively little variation in annual survival probabilities.  

Annual survival estimates represent the product of survival probabilities over shorter time 

periods (e.g., monthly or seasonal), during which causes of mortality are likely to vary.  

The ability to estimate survival over less than annual time periods is, therefore, likely to 

improve our understanding of mortality processes.  

Most studies of waterfowl survival are based on banding once a year before the 

hunting season begins (Lemaster and Trost 1994).  These studies are unable to estimate 

survival over intervals less than one year, so it is difficult to understand sources of 



39 
 

variation in survival that vary seasonally. Applying bands before and after the hunting 

season allows mortality to be partitioned into that associated with the hunting season and 

the non-hunting season (Otis 1994, Reynolds et al. 1995).  Pre- and post-hunting season 

banding studies rely on the assumptions that individuals banded pre- and post-hunting 

season share the same vulnerability to harvest and represent the same biological 

population (Nichols et al. 1987).  Radio-telemetry has been used in numerous studies of 

survival to estimate survival over shorter time periods (Cowardin and Blohm 1992, 

Hartke et al. 2006, Murray 2006, Fleskes et al. 2007).  Important limitations of radio-

telemetry include the battery life (often ≤ 180 days) which precludes survival estimates 

over the entire year (Cowardin et al. 1985), small samples (relative to banding studies) 

which may preclude assessment of complex population level processes, and the possible 

effects of radios on behavior, survival, and future reproduction (Cowardin and Blohm 

1992, Hupp et al. 2006, Fast et al. 2011).   

Numerous processes may cause mortality during one season to be compensated 

during other times of year.  Heterogeneity in individual mortality risk (frailty; Cam et al. 

2002) may differentially remove individuals with greater mortality risk, resulting in 

increased survival later (Rexstad and Anderson 1992).  Compensation is more typically 

thought to include reduced resource competition or disease transmission following 

mortality of a segment of the population (Anderson and Burnham 1976).  The hypothesis 

that compensation occurs following a period of mortality has been incorporated into 

population models in which compensation for harvest mortality is assumed to occur 

exclusively after the hunting season (e.g., Runge and Boomer 2005).   
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The breeding season represents a period of high mortality for female ducks 

(Sargeant and Raveling 1992).  High mortality during breeding results in part directly 

from predation on breeding females (Sargeant and Raveling 1992, Martin 1995, Roche 

2010).  Female waterfowl also invest substantial time and nutrients in production and 

incubation of their clutches (Afton and Paulus 1992, Hartke et al. 2006).  Their 

investments could influence immune function (Hanssen et al. 2005) or other maintenance 

functions, which could, in turn, influence survival (Deerenberg et al. 1995). 

Parasitism of nests is common in cavity nesting species (Sayler 1992), which 

could also influence survival by at least two mechanisms: (1) increasing length of the 

incubation period and associated costs; and (2) intraspecific aggression among females.  

Females may extend length of incubation in response to large numbers of non-term 

embryos (Davies and Cook 1983, Sayler 1985), thereby increasing energetic costs to 

incubating females.  Also, host females of cavity nesting species may show aggressive 

behavior towards intruding females, resulting in injuries (McKinney 1954, Mineau 1978, 

Clawson et al. 1979) and sometimes death (Grenquist 1963).   

A suite of phenotypic traits including breeding date, clutch size, body size or 

condition are commonly correlated, and associated with individual quality and fitness 

(Daan et al. 1990, Sedinger et al. 1995, Bety et al. 2003).  Consequently, we might expect 

these traits to be correlated with survival because higher quality individuals survive at 

higher rates (Blums et al. 2005).  We used monthly capture-recapture data and a 

Cormack-Jolly-Seber (CJS) approach to assess hypotheses about the effects of 

reproductive investment by female Wood Ducks on their survival during the non-nesting 

season, and to better understand seasonal variation in survival.  Specifically, we assessed 
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sources of variation in survival related to time of year, female quality, and parasitism.  

We expected to find relatively little variation in annual survival.  We also hypothesized 

female survival would be negatively affected by poor body condition, long incubation 

periods, repeated nesting attempts, and parasitism.   

 

METHODS 

Study Area.   

We monitored nests and uniquely marked female Wood Ducks from 2006 to 2010 

along the Carson River within an approximately 15-mile radius of Fallon, Nevada.  

Habitat mainly consisted of the Carson River and a network of irrigation ditches 

originating in the Sierra Nevada Mountains and flowing through the Great Basin, 

supplying water to ranches near Fallon, Nevada.  Wood Ducks and Mallards represented 

the majority of waterfowl present and were the only species caught in trapping events (C. 

Nicolai unpublished).  Away from the river, riparian habitat changed to desert, dominated 

by sage brush (Artemisia spp.) and greasewood (Sarcobatus spp.), which does not 

support waterfowl.  Russian olive (Elaeagnus angustifolia L.) and cottonwood (Populus 

deltoides) were common along the Carson River, providing abundant seasonal food 

(August-October), and cover and natural cavities, respectively.  Additionally, the local 

Wood Duck population had access to agricultural foods from dairy feed lots and 

residential feeding throughout the Lahontan Valley.   

 All nests on our study site occurred on private land.  We monitored 130, 246, 257, 

337, and 420 boxes in 2006, 2007, 2008, 2009, and 2010 respectively.  Nest boxes were 

mounted 1.5-3.5 meters off the ground on metal poles (15 or 25.4 cm diameter) and were 
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made of either wood (inside dimensions = 25 X 25 X 58 centimeters; Bellrose and Holm 

1994) or plastic (inside dimensions = 22.9 cm diameter X 58.9 cm tall, Cattail Products, 

Inc. by Custom-Pak of Clinton, Iowa).  Nest boxes were placed every 50-100 yards along 

river and ditch banks, and were grouped by property owners.  About 70% of the Carson 

River in our study site (~35 km) had a nest box every 50-100 meters by 2009. 

Field Methods. 

We searched for nests every 7 days, starting in mid-March, and extending through 

late-June, or until no new nests were discovered for two consecutive weeks.  We 

classified nests as active if >1 egg was found in a previously empty nest box.  We 

recorded number of new eggs and total eggs on each visit.  We also candled every egg 

during each visit to a nest (Hanson 1954) to determine developmental stage of incubation 

and to detect non-term embryos (e.g., eggs that were >4 days behind the nest average).  

We monitored active nests weekly and attempted to capture incubating females weekly 

by plugging the entrance and reaching into the box from a side door.  We measured 

culmen, tarsus, and total head length (± 0.1 mm) using dial calipers, body length, ninth 

primary, and wing chord (±1 mm) using a ruler, and mass (±1 g) with an electronic scale 

on the first capture each year.  We also weighed previously caught females on each 

subsequent capture.  We placed U.S. Geological Survey aluminum leg bands and 

uniquely-coded 1cm tall yellow (2008), black (2009), or aqua (2010) plastic bands on un-

banded individuals and we recorded band codes on previously marked females.  We 

checked active nests until fate (hatched, abandoned, destroyed, or usurped by another 

species) was known.   
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Outside of nesting boxes, we captured, banded, and measured 156 adult female 

wood ducks that were subsequently recorded on nests from 2006 through 2010.  We 

began trapping in either January or February each year (dependent on closure of hunting 

season) and ceased at the end of September (2007 and 2008), and October (2006 and 

2009).  We continued monthly trapping, however, throughout the 2010 hunting season.  

We used a combination of floating walk-in traps (similar to that described by Addy 

1956), air cannon and rocket nets (Dill and Thornsberry 1950) baited with whole kernel 

corn to capture non-nesting wood ducks.  We caught nesting hens in false-bottomed nest 

box traps (Blums et al. 2000) as well as on their nests.  We determined female age at 

every capture using coloration on secondary covert feathers (Carney 1992).  We were 

only able to distinguish second year (SY; ~10-11 months old) females from after second 

year (ASY; individuals >1 year older than SY individuals) females during the nesting 

period.  We obtained monthly resightings using 60X spotting scopes and binoculars at 

feeding, loafing, and roosting sites.  One to four trained and experienced observers 

recorded band codes daily at non-capture bait sites, one to three regularly baited sites, and 

opportunistically at other sites throughout the year.   

In 2008, we also applied 53 yellow and black two-digit plastic nasal saddles to 

individual Wood Duck females to assess their effects on survival.  We detected no effect 

of nasal saddles on survival for any age-sex category and nasal saddles increased annual 

detection by 30% versus tarsal banded individuals (Olson and Nicolai unpublished).  

Thus, we continued applying nasal saddles to incubating females in their final week of 

incubation (47 saddles in 2009, 29 in 2010) and included these individuals in the current 
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analysis.  We also controlled for marker type by creating a time-varying binomial 

covariate for individuals with nasal saddles or not. 

Reproductive and body condition variables. 

We used the first principal component (PC1) based on the correlation matrix for linear 

body measurements as an index of structural body size (Alisauskas and Ankney 1987, 

Rising and Somers 1989) from those measurements taken on first capture (PROC 

PRINCOMP, SAS Institute 2011).  We also report the second principal component (PC2) 

scores and attributes for comparison.  Adult females (n=598) had Eigenvalues of 1.77 for 

PC1 (1.38 for PC2).  PC1 accounted for 35% of total variance.  Ninth primary and wing 

chord lengths were the primary loadings (any variable exceeding 0.40) on PC1 for adult 

females (both ≥0.91).  Culmen and total head lengths were the primary loadings on PC2 

(both ≥0.78).  There were no instances where loadings of particular variables exceeded 

0.40 on more than one component, so we were able to retain all variables in PC1 and 

PC2.  We then regressed mass against PC1, nest age, and year, and used the residuals as 

an index of relative body condition for each year and nest age (PROC MIXED, SAS 

Institute 2011).  We used these residuals as year- and nest age-specific time varying 

covariates corresponding to each nest’s age.  We also separated body condition into 

weekly time-varying covariates corresponding to the nest’s age.   

We classified nests as parasitized if one of the following criteria was met.  We 

assumed  clutch sizes >16 contained parasitic eggs because most investigators consider 

clutch sizes of 14-15 as the upper limit for female Wood Ducks (Bent 1923, Forbush 

1925, Phillips 1925, Grice & Rogers 1965, Morse & Wight 1969, Bellrose & Holm 

1994).  We also considered nests as parasitized if laying rate exceeded one egg per day.  
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Lastly, we considered nests in which new eggs were deposited after the start of 

incubation, or nests that contained embryos >4 days behind in development as parasitic.  

Because we checked active nests weekly, we were able to discern non-term embryos, or 

eggs deposited after the initiation of host incubation.  All three methods are known to 

underestimate the true rate of nest parasitism (Semel et al. 1988, Nielsen et al. 2006), so 

we combined all three methods and classified a nest as parasitized if any of these criteria 

were met.   

Survival Analysis. 

We used the live recaptures module (Cormack-Jolly-Seber approach) in Program 

MARK to model survival of females that had been caught and identified at least once in 

the nest boxes on our study site.  We conditioned every capture history on first capture in 

a nest, regardless if the first nest detection was the initial marking occasion or not.  For 

example, a female did not enter our sample until it first nested in our study boxes and was 

captured.  Thus, our sample included only females that had nested at least once.  We 

corrected for overdispersion using an estimate of c-hat (ĉ) derived from the ratio Chi-

square/degrees of freedom from the Goodness of Fit Results (test 2 + test 3) in Program 

RELEASE for the most general model (Burnham et al. 1987). 

We first modeled recapture rate using all additive combinations of time (year and 

season) and their interactions.  We used the best model of recapture rate to assess 

temporal variation in survival.  We assessed effects of covariates on survival using the 

most parsimonious model containing time effects.  We standardized all covariates within 

each year (µ=0, SD=1) because female composition and environmental conditions 
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changed annually.  We considered covariates singly.  The covariates we assessed were as 

follows (Table 1); (1) INIT, the nest initiation date of an individual’s first nest that year; 

(2) FATE, fate of an individual’s first nest of that year; (3) NESTLENGTH, length of an 

individual’s first nest cycle that year; (4) HATCHED, whether a female’s first nest 

hatched; (5) NAGECOM, total length of all nest cycles combined for females that 

renested (6) PARA, whether an individual’s first nest was parasitized; (7) XNESTED, 

total nesting attempts that year; (8) TLAID, total eggs in an individual’s first nest of the 

year; (9) THATCH, total eggs hatched in an individual’s first nest of year; (10) CHEN, 

total capture events for an individual’s first nest of the year; (11) MRESIDS, average 

body condition index during an individual’s first nest of the year; (12-17) WKONE-

WKSIX, body condition index during week 1-6 of an individual’s first nest that year.  We 

expected to find negative effects of poor body condition, long incubation periods, 

repeated nesting attempts, and parasitism.  We expected to find little effect of nasal 

saddle markers because of the first year pilot study.     

We separated the breeding season (March-July) from non-breeding period 

(August-February) by simply grouping the months Wood Ducks were known to be laying 

eggs and incubating nests from the rest of the year.  We estimated annual detection rates 

by taking 1 minus the product of one minus monthly recapture rates for a given year.  Our 

data were sufficiently robust to estimate monthly survival throughout the breeding season 

but not throughout the entire non-breeding period, so we constrained survival to be 

constant across months within each of these seasons.  Seasonal survival probabilities 

were the products of survival during months included in those seasons.  We calculated 

standard errors for seasonal survival using the Delta Method (Powell 2007).  We 
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partitioned annual variance in survival into that associated with season by regressing our 

estimates of annual survival against estimates of breeding and non-breeding survival 

using PROC GLM (SAS Institute, 2011).  We also examined correlations between 

“harvest rate” (proportion of females identified nesting and shot in the same year versus 

females nesting and not known shot that year) and breeding and non-breeding survival 

(PROC CORR, SAS Institute, 2011).   

 

RESULTS 

The best performing generalized linear model (GLM) for predicting female mass 

contained PC1, nest age, and year (Table 2).  Despite the best GLM explaining relatively 

little variation in female mass, the individual parameter estimates were all different from 

zero (βDAYS = -0.56 ± 0.12, βPC1 = 6.22 ± 1.79, βYEAR = 4.08 ± 0.92).  Female Wood 

Ducks lost an average of 0.56 ± 0.12 grams per day (23.56 grams for 42 day nesting 

period).  Mass adjusted for PC1 at the start of egg laying did not vary significantly among 

years (Fig. 1).  Females, however, lost mass more rapidly in 2006 than in other years of 

the study, although the interaction between DAYS and YEAR was not significant (P = 

0.125).  

We estimated ĉ = 1.01 for the general capture-recapture model.  The most 

parsimonious model for recapture rate contained temporal variables (year and season) 
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and the covariate for nasal saddle (βNS = 0.81 ± 0.16), which greatly improved the best 

temporal model (∆QAICc = 29.93; Table 3).  Annual detection rates for adult females 

increased from 2006-2009 (Fig. 2).   

The most parsimonious model of survival contained the temporal variables year 

and season and one female-specific covariate (βNS = 0.34 ± 0.21), which improved the 

top recapture model (∆QAICc = 0.51).  We derived model averaged survival estimates 

from the top five models because they were within 2 AIC points of the top model.  

Breeding season survival ranged from 0.52 ± 0.002 to 0.83 ± 0.003 and tended to be 

positively correlated (0.406, p = 0.498) with non-breeding season survival (range = 0.76 

± 0.001 to 0.91 ± 0.002; Fig. 3).  Adult female Wood Ducks experienced their highest 

annual survival in 2007 and lowest annual survival estimates in 2010 (Fig. 4).   

Variation in survival during the breeding season was better explained by breeding 

season survival (R2 = 0.916) than non-breeding season (R2 = 0.423).  Harvest, as 

measured, was negatively correlated with both breeding season survival (-0.739, p = 

0.154) and non-breeding season survival (-0.781, p = 0.119).   

 

DISCUSSION  

Annual survival of adult female Wood Ducks in Nevada was highly variable with 

annual estimates ranging from 42-75% (  = 56%).  Our results contrast many other 

studies (Gould and Nichols 1998, Franklin et al. 2002, Nicolai et al. 2005, Rice et al. 

2010) on ground nesting ducks.  Dugger et al. (1999) found no significant annual 

variation in survival of Wood Ducks (  = 63%, range not presented), while annual 

survival in Hooded Mergansers (Lophodytes cucullatus) ranged from 45-100% (  = 66%).  
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Their results for Hooded Mergansers, however, suffer from relatively imprecise survival 

estimates.   

Characteristics of the study population (Johnson et al. 1986) may account for 

differences between our findings and those of other duck studies.  The breeding 

population in our study is thought to be relatively sedentary because many individuals 

only migrate a short distance (~445 km) to California, and only if the Carson River 

freezes (Nicolai, unpublished).  The relatively sedentary nature of our study population 

should, in theory, create more favorable conditions (e.g., no cost of migration; Gauthier et 

al. 1992) and higher annual survival relative to other populations (Nichols and Johnson 

1990, Franklin et al. 2002).  Mechanisms underlying variation in survival are poorly 

understood, but have been related to density dependent responses to population size 

(Franklin et al. 2002), variable harvest (Sedinger et al. 2007, Rice et al. 2010), predator 

populations (Drever et al. 2004, Pieron and Rohwer 2010), or food (Camphuysen et al. 

2002, Coulson 2010). 

Few other studies that are free from radio-effects have been able to assess 

variation in survival during the breeding season.  It is, thus, difficult to compare seasonal 

patterns in survival in Wood Ducks in Nevada to patterns in other breeding waterfowl 

populations.  Predation on incubating females has been suggested as an important source 

of mortality during the breeding season (Reynolds et al. 1995).  Female Mallards are at 

risk of mortality by predators while incubating (Sargeant et al. 1984, Cowardin et al. 

1985).  Bellrose et al. (1964) also noted that for Wood Duck nests in natural cavities that 

had been destroyed by raccoons, female mortality may have been as great as 45%.  

Mammalian predators could not access nests in our study because nest boxes were 
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mounted on metal poles.  Thus, our nest box design allowed for the decoupling of effects 

of predation on incubating females and other factors that influence breeding season 

survival.  Predation on females during incubation breaks was, however, possible.  Of the 

452 nests we monitored during our study, 39% appeared to have been abandoned.  

Mortality of the incubating female while off the nest is a viable explanation for some of 

these apparently abandoned nests (Bellrose et al. 1964, Roche 2010).   

Predation on females attending broods is another potential source of mortality 

during the breeding season (Bergmann et al. 1994).  Predator population numbers peak 

during the brood rearing period, which could increase mortality, especially if Wood Duck 

females attempt to protect their broods (Bellrose and Holm 1994) or are less effective at 

escaping danger because of molt (Hohman et al. 1992).  Local temperatures at night 

during this time of year may also be low enough to warrant increased brooding (Afton 

and Paulus 1992, Bellrose and Holm 1994) on the shoreline or in close proximity to the 

water.  These areas are preferred hunting sites for raccoons (Barding and Nelson 2008), 

which could make brooding females vulnerable to predation.   

We observed a five-fold increase in harvest of females in our study from 2% in 

2007 to 10% in 2010. We note that the non-breeding season included three months 

(August, September, and February) outside of the hunting season, so we cannot rule out 

effects of mortality during these months.  More importantly, variation in annual survival 

was better explained by breeding season survival than non-breeding survival, suggesting 

that variation in harvest had less effect on annual survival than breeding season survival.  

These results are consistent with Rice et al.’s (2010) long-term (1971-2001) study of 

band recovery data of Northern Pintails, which found much less variation in annual 
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survival than in harvest rate.  Our study and Rice et al. (2010) provide evidence that 

variation in annual female survival in ducks is best explained by variation in survival 

associated with factors other than harvest.   

Lack of annual variation in either nest success or body condition suggests that 

variation in survival during breeding season was not a result of annual variation in female 

quality in our marked sample.  Other studies of Wood Ducks found weak evidence for an 

effect of female quality on survival during the breeding and non-breeding season (Hepp 

et al. 1986, Hepp et al. 1990, Hartke et al. 2006).  The relationship between total eggs in a 

clutch and survival that we observed is consistent with the hypothesis that “higher 

quality” females survived at higher rates (Blums et al. 2005).  We view this result as 

preliminary because other measures of quality such as body size, condition, or laying date 

were not strongly related to survival.  One hypothesis to explain the poor performance of 

other variables we considered is that they were unrelated to “quality” in Wood Ducks.  

For example, Hepp and Kennamer (1993) failed to detect a relationship between nesting 

date and fitness in Wood Ducks, suggesting that laying date may be only weakly related 

to female “quality”.   

Mortality from disease is generally thought to be restricted to a small number of 

Wood Ducks at a given locality (Bellrose and Holm 1994).  Lack of documentation for 

large die-offs suggests that disease does not occur at noticeable levels in most breeding 

waterfowl, and is usually associated with colonial-nesting waterfowl (Wobeser 1981, 

Sargeant and Raveling 1992).  Avian botulism and cholera are documented mortality 

agents for Wood Ducks (Bellrose and Holm 1994) however, Wood Ducks have been 

relatively underrepresented in large waterfowl die-offs, possibly an artifact of behavioral 
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and density differences between species of waterfowl (Wobeser 1981).  Further, given the 

fact that we and private landowners monitor the Carson River and irrigation ditches daily, 

we are confident we would have noticed dead birds if disease was an important source of 

mortality.  Thus, we conclude that disease, although still possible, is unlikely the major 

source of variation in breeding season survival on our study site.   

Olson et al. (2011) suggested that because they found no variation in nest success for 

Wood Ducks in Nevada across seven years, population growth (λ) in this population may 

be influenced by adult female survival, or other components of recruitment (Johnson et 

al. 1992), such as pre- and post-fledging survival.  Perturbation analyses for mallards 

nesting in midcontinent and Eastern Canada indicate λ is most sensitive to non-breeding 

adult survival, nest survival, and duckling survival (Hoekman et al. 2006, Coluccy 2008), 

but because recruitment was more variable than adult survival, recruitment likely had the 

greatest effect on λ (e.g., Cooch et al. 2001).  We found substantial variation in adult 

female survival, indicating that this demographic trait likely has important effects on λ.  

Our results, therefore suggest the potential that λ may be influenced by different life-

history traits in different populations.  It is, however, currently unclear the extent to 

which such differences reflect variation in environmental conditions or features of 

individual populations or species.   

 Our study demonstrates the importance of encounters throughout the annual cycle 

to identify variation in seasonal survival.  The importance of variation in breeding season 

survival to variation in annual survival might have been expected by high rates of 

mortality for nesting females.  Our study clearly shows, however, that variation in 

breeding season survival is the principal source of variation in annual survival.   
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Our estimates of breeding season survival were an average 14% higher with the 

addition of capture data from outside of the breeding season (Olson and Nicolai, 

unpublished), suggesting that some females that shifted nest sites or did not nest and were 

still alive.  We believe that some adult females switched from nest boxes to natural 

cavities.  Shifting nest sites or failure to nest had little effect on our estimates of female 

Wood Duck survival, however, because we accounted for emigration from nest boxes by 

sampling outside the breeding season.  Annual detection rates were above 97% (2008-

2010), suggesting that we would have encountered a significant proportion of females 

that shifted from nest boxes to natural cavities.   

In summary, we found little evidence that mortality related to harvest explained 

variation in annual survival.  Because nest success was not variable, while adult survival 

was extremely variable, we suggest that adult female survival among Wood Ducks 

provides the greatest source of variation in λ.  While we did find variation in female 

survival to be partially explained by year and season, we failed to find effects of body 

condition or individual quality on female survival.  We also failed to find meaningful 

nest-specific effects on female survival.  Lastly, our study shows the power to address 

sources of variation in annual survival with the addition of capture-recapture data from 

outside of the breeding season.  Our results suggest that more research should be aimed at 

identifying mechanisms underlying breeding season mortality, apart from mortality 

associated with nesting.  We caution that our study excluded most mammalian predators 

from the nest site, which may have positively affected female survival and ultimately 

local population dynamics.   
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Table 1.  Summary of covariates assessed for estimating annual and seasonal survival of 

female Wood Ducks in Nevada from 2006-2010. 

Variable  Description 
INIT  Nest initiation date for nesting season (March 15‐July 22) 
NESTAGE  Age of nest when visited 
YR  Year 
SEAS  Breeding Season (March‐July) or NonBreeding Season (August‐February)
TLAID  Total eggs recorded for nest 
PARA  Nest has evidence of parasitism or not (1=Y, 0=N) 
HENAGE  1 = Adult, 0 = Juvenile of that nesting season 
NS  Time‐varying binomial covariate for having a nasal saddle marker or not 
FATE  Fate of a female's first nest of the year.   
NESTLENGTH  Total days spent laying and incubating first nest 
HATCHED  Female's first nest successful or not 
NAGECOM  Nest cycle length totaled for renesting females 
XNESTED  Total nesting attempts that year 
THATCH  Total eggs hatched in a female's first nest of year 
CHEN  Total capture events for an individual's first nest of year 
BODYCOND  Body condition residual on the day the first egg was laid  
MRESIDS  Average body condition residual for duration of nest 
WKONE  Body condition residual during nest age 1‐7 
WKTWO  Body condition residual during nest age 8‐14 
WKTHREE  Body condition residual during nest age 15‐21 
WKFOUR  Body condition residual during nest age 22‐28 
WKFIVE  Body condition residual during nest age 29‐35 
WKSIX  Body condition residual during nest age 36‐42 
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Table 2. Performance of models of mass of breeding female Wood Ducks near Fallon, 

Nevada.   

Modela Kb AICc
c ΔAICc

d

DAYS FACTOR1 YEAR  3 8597.7  0.0

DAYS FACTOR1 YEAR DAYS*DAYS  4 8605.0  7.3

DAYS FACTOR1 DAYS*FACTOR1  3 8617.9  20.2

DAYS FACTOR1  2 8618.7  21.0

DAYS  1 8632.3  34.6

FACTOR1  1 8665.6  67.9
aVariables include the age of the nest starting at first egg laid (DAYS), PC1 residual 
(FACTOR1), and YEAR.   

bNumber of parameters. 
cAkaike’s Information Criterion corrected for small sample bias. 
d∆AICc = difference in AICc between model and the one with minimum AICc.
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Table 3.  Performance of models of monthly female survival for Wood Ducks in Nevada.  

Analyses were performed using Program MARK.  S and p represent survival and 

recapture rate, respectively.  The most parsimonious group- and time-varying model 

included an interaction between year (YR) and season (SEAS).  SEAS contained the five 

months of breeding season (March-July) as one estimate and seven months (August-

February) for the non-breeding season as another.  The only annual time-varying factors 

affecting survival included total eggs laid from first nest of that year (TLAID), whether 

the nest was parasitized or not (PARA), and nasal saddle marker or not (NS).    

 
Model  Ka

Devianc
e  ΔQAICcb

Akaike 
Weight

{S(YR+SEAS) p(YR+SEAS NS)}  15  2329.55  0.51  0.23 
{S(YR+SEAS TLAID&NS) p(YR+SEAS NS)}  15  2329.76  0.73  0.21 
{S(YR*SEAS NS) p(YR+SEAS NS)}  19  2322.03  1.44  0.14 
{S(YR*SEAS TLAID&NS) p(YR+SEAS NS)}  24  2311.55  1.66  0.13 
{S(YR+SEAS NS) p(YR+SEAS}  15  2354.87  25.83  0.00 
{S(YR+SEAS TLAID) p(YR+SEAS)}  19  2349.27  28.68  0.00 
{S(YR+SEAS) p(YR+SEAS)}  14  2361.57  30.44  0.00 
{S(YR*SEAS TLAID) p(YR+SEAS)}  22  2345.21  31.02  0.00 
{S(.) p(YR+SEAS)}  8  2380.49  36.93  0.00 
{S(YR+SEAS PARA&TLAID) p(YR+SEAS)}  24  2347.23  37.34  0.00 
{S(YR) p(YR*SEAS)}  17  2364.43  39.61  0.00 
{S(.) p(YR*SEAS)}  12  2376.97  41.67  0.00 
{S(.) p(YR)}  7  2767.36  421.75  0.00 
{.}  2  2818.45  462.69  0.00 
aNumber of parameters estimated. 

b∆QAICc = difference in AICc between model and the one with minimum AICc.
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Figure Legends. 

Fig. 1.  Annual variation in female Wood Duck mass at nest age = 0 controlled for 

PC1 score and year for Wood Ducks in Fallon, Nevada from 2006-2010.  Error bars are 

95% confidence intervals.   

Fig. 2.  Annual detection probabilities for female Wood Ducks in Nevada from 

2006-2010 were calculated by taking 1 minus the product of one minus monthly 

recapture rates for a given year.  Values represent the probability of detecting a live 

Wood Duck in a year.  Confidence intervals of 95% were too small to depict in this figure 

(e.g. SE < 0.0001).   

Fig. 3. Seasonal variation in adult female Wood Duck survival in Fallon, Nevada 

from 2006-2010 with 95% confidence intervals.  Seasons are breeding months (March-

July) and non-breeding months (August-February).   

Fig. 4.  Annual variation in adult female Wood Duck survival in Fallon, Nevada 

from 2006-2010 with 95% confidence intervals.   
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Thesis Summary 

My thesis has changed the way we view nest survival and female survival.  No 

prior study has been able to identify causes of nest failure after controlling for predation 

and observer effects.  We provide evidence that approximately 31% nest failure can be 

attributed to the incubating female.  We also provide evidence for high and variable 

mortality of female Wood Ducks during the breeding season.  Because we never 

documented a mortality associated with our nesting boxes throughout the study, we 

suggest substantial female mortality occurs away from the nest.  These results should 

impact future nesting and breeding season survival studies by shifting the focus away 

from nest predators.   

Heterogeneity among individual females and their ability to cope with 

disturbances at their nest sites were the principal factors affecting nest success of Wood 

Ducks in Nevada, when mammalian predators were eliminated as a cause of failure.  We 

failed to find effects of parasitism, weather, body condition, or property (nest site habitat 

management practices) on nest success.  Our study also suggests the potential for 

substantial effects of the attributes of individual females beyond those associated with 

body condition, but the mechanisms remain unknown.  We caution that our study 

excluded most mammalian predators, which likely enhanced the importance of the 

attributes of individual females relative to other studies.  Bellrose and Holm (1994) once 

claimed “the maternal desire to incubate is strong in many individual woodies and not so 

strong in others that readily desert clutches”.  Thus, sources of heterogeneity in female 

Wood Ducks may be best explained by behavior and individual quality, especially in the 

absence of predators.   
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In the second chapter, we found little evidence that mortality related to harvest 

explained variation in annual survival.  Because nest success was not variable, while 

adult survival was extremely variable, we suggest that adult female survival among 

Wood Ducks provides the greatest source of variation in λ.  While we did find variation 

in female survival to be partially explained by year and season, we failed to find effects 

of body condition or individual quality on female survival.  We also failed to find 

meaningful nest-specific effects on female survival.  Lastly, our study shows the power to 

address sources of variation in annual survival with the addition of capture-recapture data 

from outside of the breeding season.  Our results suggest that more research should be 

aimed at identifying mechanisms underlying breeding season mortality, apart from 

mortality associated with nesting.  We caution that our study excluded most mammalian 

predators from the nest site, which may have positively affected female survival and 

ultimately local population dynamics.   
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