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Abstract. Variation in life history traits leads to variation in fitness among 

individuals. The objective of this research was to examine the influence of 

female age, body mass, and environmental variability on individual variation in 

incubation patterns, reproductive strategy choice, and brood ecology of female 

redheads (Ayihya americana). 

Redhead incubation wnstancy was the lowest reported among duck 

species. I proposed that incubation patterns are unusual due to prior parasitic 

behaviors, which result in a poor body condition. Constancy was higher for older 

hens, at higher ambient temperatures, and for lighter females at the end of 

incubation. End of incubation body mass may obscure this finding since mass 

loss relationships are unknown, but I proposed that heavier females at the 

beginning of season maintain higher constancy. 

A dynamic state variable model was constructed to predict variation in 

strategy choice by age, body mass, food availability, and host availability. Model 

predictions were used to examine the occurrence of reproductive strategies on a 

population level. Strategy choice was influenced by body mass, age, and host 

availability, whereas food availability fine-tuned decision making. Predidions 

indicate that parasitism is exhibited in most situations, while nesting only is 

relatively rare. 

A captive study was conducted to examine mass loss relationships and 

verify the predicted relationship between body mass and strategy choice. Body 

mass was significantly different at the beginning but not at the end of incubation. 

Thus, end of incubation body mass obscured the relationship between 



constancy and mass. The predicted relationship between body mass and 

reproductive strategy choice was supported in captivity. 

Finally, the influence of age and body mass on brood survival, habitat 

use, and brood movements was examined. Body mass influenced brood suwival 

and brood movements among habitats, while age influenced only habitat use. 
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CHAPTER ONE: GENERAL IN~ODUCTION 

The life history of an organism is the result of differential allocation of 

lirnited resources between the often cunflicting demands of reproduction and 

survival (Roff 1992, Steams 1992). Within a population, variation in life history 

traits leads to variation in fitness among individuals. Ultimately, each individual 

adopts an optimal life history such that lifetime reproductive success is 

maximized. Behavioral choices are often the mechanism by which variation is 

achieved. Age, body mass or condition, and environmental variability may 

influence choices that affect reproductive effort. Reproductive effort should 

increase with age (Trivers 1972, 1974), with body mass (Askenmo 1982, Moss 

and Watson 1984, Erikstad et al. 1993, Chastel et al. 1995, Winkler and Allen 

1995), and in favorable environmental conditions such as increased food 

availability (Morton et al. 1972, James and Stugart 1974, Nolan and Thompson 

1 975). 

Species of North American waterfowl (Family Anatidae) share several life 

history traits: they are migratory, exhibit some f o n  of pair bond, and females 

lay relatively large, energydense eggs from which precocial young hatch after a 

period of incubation. Mortality is fairly high due to depredation and other natural 

occurrences, hunting, and is generally higher for females because of higher 

rnortality on the breeding grounds (Sargeant and Raveling 1992). Waterfowl 

species meet the high energetic cost of reproduction in two fundamental ways. 

Geese (Subfamily Anserinae) are large-bodied waterfowl that exhibit permanent 

pair bonds, bi-parental care, and generally arrive on breeding grounds with 



endogenous reserves adequate for the female to lay eggs and incubate (Ankney 

and Maclnnes 1978, Raveling 1979, Ankney 1984, Ankney and Alisauskas 

1991 ). Ducks (Subfamily Anatinae), in contrast, are small-bodied species that 

exhibit seasonal monogamy, female-only parental care, and arrive on the 

breeding grounds with fewer endogenous reserves than geese. Females rely on 

foraging for additional nutrients that are required for egg laying and subsequent 

incubation (Drobney 1980, Krapu 1981, Noyes and Jarvis 1985). Typical 

reproductive strategies of most North Arnerican ducks include producing their 

own clutch of large, highenergy, dense eggs that develop slowly (Alisauskas 

and Ankney 1992). Hens typically incubate their own nests over a period of 24 

to 30 days and provide post-hatch care (Afton and Paulus 1992). Most female 

ducks have the choice within a season to breed or not and often renest if a 

nesting attempt fails. 

Redheads (Aythya amencana) are unusual among North American ducks 

because they exhibit a high frequency of facultative egg parasitism that extends 

their reproductive options within a season to include no breeding, parasitism, 

nesting, or a dual strategy. Sorenson (1990:82) descfibed a 'dual strategy' "as a 

strategy that entails the separate and sequential utilization of two different 

reproductive strategies in which a female first lays a parasitic clutch and then 

iays her own clutch", the latter of which is subsequently incubated. If females 

lay eggs in their own nest, they must provide an adequate level of parental care 

to ensure survival of their offspring to fledging. 



Behavioral decisions Vary such that females have the ability to switch 

reproductive strategies from one season to the next. Sayler (1 985) obsetved 

that in restricted environmental conditions. fernale Redheads employed a bet- 

hedging strategy and increased reproductive success by laying only parasitic 

eggs. Within a particular year, Sorenson ( 1  990) attributed strategy variation in 

Redheads to a conditional strategy in which different reproductive decisions 

were made based on age and condition of the hen. The influence of and 

interaction between these factors are not well understood. Furthermore, females 

choosing more costly strategies, such as a dual strategy, rnay be energetically 

stressed and in poorer body condition, and thus the energetic investment to 

ensure reproductive success would be high. Factors that influence reproductive 

strategy choice and other behavioral patterns rnay include cuvent or expected 

environrnental conditions, hen age and body condition. 

Incubation Behaviors 

Although several studies have docurnented relationships between 

phenotypic and environrnental variability and individual variation in clutch size 

(Rohwer 1992) and nest success of ducks (Johnson et al. 1992), few have 

examined variation in incubation behaviors. Furthermore, even though nest 

success is a direct reflection of successful incubation behavior, few studies have 

examined the factors related to intraspecific variation in behavior, such as 

incubation constancy. Only one study documented age effects on incubation 

constancy and demonstrated that young Canada Geese (Branta canadensis), 

inwbating for the first tirne, exhibited lower incubation constancy (Aldrich and 



Raveling 1983). The authors attributed the lower constancy to a lack of 

experience of young breeders. Redhead females that chose more wstly 

strategies may be in poor condition and alter incubation pattems to allow greater 

foraging time. 

A few studies have documented the effect of variation in body mass on 

incubation constancy. Heavier females were shown to be more successful 

incubators (Mallards Anas platyrhynchos and Northern Shovelers Anas clypeata, 

Gloutney and Clark 1991 ), exhibit higher incubation constancy (Canada Geese, 

Aldrich and Raveling 1983), and shorter incubation periods (Canada Geese, 

Aldrich and Raveling 1983; Common Eider Somatena mollissima, E rikstad et al. 

1993). In contrast, Meade (1 996) found no relationship between body mass and 

constancy in Canvasbacks (Aythya valisinena). Body mass may alter Redhead 

patterns, particularly if females are in poorer condition due to parasitic 

behaviors. 

Environmental factors have also been shown to influence incubation 

constancy between years. Sayler (1 985) documented the lowest incubation 

constancy of female Redheads during a drought year that was also a year of 

lowest female body masses. In another species, constancy of an individual 

female Ring-necked Duck (Aythya collaris) varied between years in response to 

water conditions, and thus food supply, and body mass (Hohman 1986). 

Re~roductive Strateciv Choice 

Facultative brood parasitisrn. an alternative female reproductive strategy, 

is often observed among waterfowl species, although the highest frequencies 



are reported among Redheads. Several correlates have been proposed to 

account for the high frequency of parasitism observed in waterfowl: these 

include a large clutch size, a long egg laying period, and a long incubation 

period (for review see Sayler 1992). Parasitic frequencies also Vary among 

waterfowl species and correlate with type of nest site used, degree of female 

philopatry, lack of territorial defense, degree of altricial-precocial development, 

costhenefit to parent and costhenefit to the parasite (Rohwer and Freeman 

1989. Lyon and Eadie 1990. Sorenson 1992). Few studies have examined 

correlates of parasi tism within species. In those which have, intraspecific 

variation in strategy choice andfor the occurrence of parasitism has been related 

to female age, body mass, density of nesting females, availability of nesting 

sites, and/or wetland water conditions. Additionally, Dugger (1 996) suggests 

host density and the ratio of parasites to hosts can be an important factor that 

influences parasi tic frequencies. 

Lesser Snow Geese, which breed in the high arctic, rely heavily on 

endogenous reserves carried to the breeding grounds. Parasitic frequencies in 

Lesser Snow Geese have been attributed to nest site availability and female 

body condition (Lank et al. 1989, 1990). Lank et al. (1 989) further hypothesized 

that parasitism was a poor reproductive tactic, but for females facing a high 

probability of nest failure the net reproductive benefit for parasitism may be 

higher than attempting to nest and therefore young females are more likeiy to 

switch between strategies. 



In Common Eiders, which also nest in the arctic and exhibit colonial 

nesting, parasitic frequencies increase with increased nest densities (Robertson 

et al. 1992, Bjorn and Efikstad 1994). Robertson et al. (1 992) proposed that 

nest density on initiation day mediated frequency of parasitism. Bjorn and 

Erikstad (1 994) further attributed parasitism to immature fernales, those with a 

poor body condition, andlor those fernales whose attempts previously failed. In 

contrast, Robertson et al. ( 1  992) found no evidence that parasitism was due to 

female condition or age. 

Wood Ducks (Aix sponsa), which nest in cavities in the temperate zone, 

exhibit extensive parasitism. The frequency of parasitism has been attributed to 

nest site availability and population density. A lack of nest sites wmbined with 

an increase in population density produced high parasitic frequencies (Clawson 

et al. 1979, Haramis and Thompson 1985). Conversely, parasitic frequencies 

have been shown to be high even when a large number of unused nest sites 

were unoccupied (Semel and Sherman 1986, Semel et al. 1988a, b). In one 

study, higher parasitic frequencies were observed in nest boxes that were highly 

visible and clumped together as compared to nest boxes that were difficult to 

locate and more dispersed (Semel et al. 1988b). 

Other cavity nesting species, such as Common Goldeneyes (Bucephala 

clangula), exhibit similar parasitic patterns. Nest site availability exerted the 

single greatest effect on the frequency of parasitism in Common Goldeneyes 

(Eadie 1991 ), whiie frequency of parasitism was not correlated with the nurnber 

of host nests. In Barrow's Goldeneyes (Bucephala islandica), increased 



parasitic frequencies were observed in years when population size was high and 

it was suggested that females may experience nest site limitations (Savard 

1988). 

In Redheads, which nest over water, parasitic frequencies are higher than 

in any other North American duck species. The occurrence of parasitism, as a 

reproductive strategy, has been attributed to hen age and body condition. 

Parasitism is proposed to occur more often in young fernales (Sayler 1985, 

Sorenson 1990) and those females in poor body condition (Sorenson 1990). 

The influence of water levels and food supply on the frequency of parasitism, 

however, is not clear. High parasitic frequencies have been attributed to water 

fluctuations and thus food supply (Low 1945, Erickson 1948). In other studies, 

no relationship has been found between environmental factors and frequency of 

parasitism (Olson 1964, Michot 1976, Joyner 1983, Sorenson 1990). 

Additionally, Weller (1959) first stated that the most important factor influencing 

the degree of Redhead parasitism would relate to the density of parasites and 

hasts. No systematic study examining the influence of both phenotypic and 

environmental factors on the frequency of Redhead parasitism has occurred. 

Brood Ecoloav 

Nesting females must also invest in post-hatch care to ensure a 

reproductive payoff. Females enhance the survival of ducklings by 1 ) helping 

young to maintain body temperature until they can thenoregulate (Cain 1972, 

Seymour 1982), 2) selecting brood habitats (Inglis 1977, Ringelman and 

Longcore 1982), and 3) warning and protecting young against predators (Owen 



1972, Ringelman et al. 1982). The critical period for care is the first two weeks 

after hatch when duckling mortality is highest (Afton 1984, Rhymer 1988, Rotella 

and Ratti 1992a). As female body mass is lower at the end of incubation than 

any other time of the year (Alisauskas and Ankney 1992). a hen must balance 

the needs of her brood with her own survivai. Brood success is most often 

examined between years and related to the availability of quality habitat. 

Factors that influence success of individual females within a year, such as age 

and body mass, are rarely examined. Age did not influence brood survival in 

Lesser Scaup (Aythya affinis, Afton 1984) or Canvasbacks (Serie et al. 1992) 

and recruitment rates were not related to age in Barnacle Geese (Branta 

leucopsis, , Forslund and Larsson 1 991 ). However. recruitment rates were 

shown to Vary with age in Lesser Snow Geese (Chen caerulescens, Ratcliffe et 

al. 1988). Only one study examined the relationship between female body mass 

and brood survival and found survival was not related to body mass in 

Canvasbacks or Redheads (Arnold et al. 1995). 

Brood survival between years is often related to wetland density (Eldridge 

and Krapu 1988), variation in water levels (Rotella and Ratti 1992b). and factors 

relating to food availability (Kaminiski and Prince 1981, Murkin et al. 1982, 

Stoudt 1982, Talent et al. 1982). lndividual differences in brood survival 

between years and environmental factors that may influence differences, for 

example variation in food availability across a landscape, have never been 

studied. Currently, little is known about Redhead brood suwivai and brood 

habitat use and how these may be affected by hen age and body condition. 



The original objective of this study was to examine individual variation in 

parental care in the fom of incubation behavior and brood ecology. This 

objective was expanded to include the prediction of variation in reproductive 

strategy choices. It was proposed that hen age, hen body mass, and 

environmental variability would influence behavioral variation within a 

population. 

This study will document individual variation among female Redheads in 

incubation behavior, reproductive strategy choice, and brood ecology, and 

further document variation in individual success due to behavioral choices. 

Incubation patterns of female Redheads are examined in relation to ambient 

conditions, hen age, and hen body mass in Chapter 2. It is proposed that the 

differences obsewed in Redhead incubation patterns are due to energetic 

constraints imposed by prior parasitic behaviors of those females. Knowledge of 

individual reproductive strategy choices observed on a population level, 

however, is scant. thus Chapter 3 addresses this general lack of knowledge. A 

dynamic state variable rnodel was developed to predict strategy choices under 

varying conditions of hen body mass and age. food availability, and host 

availability. The influence of each factor on strategy choice is discussed. Model 

predictions support the general hypothesis proposed in Chapter 2, which 

suggest that Redhead incubation patterns were unusual due to energetic 

constraints of parasitic behaviors. Chapter 4 reports the results of a captive 

study of female Redheads. The objectives are 1 ) to examine mass loss over the 

reproductive period and determine the relationship between body mass and 



incubation constancy; 2) to wnfirm the relationship between strategy choice and 

body mass that is predicted in Chapter 3; and 3) to examine the relationship 

between mass, constancy, and strategy choice. In Chapter 5, variation in 

Redhead brood ecology is examined. Brood survival. the number of surviving 

ducklings, habitat use and brood movements are documented. Furthermore, the 

influence of hatchlinitiation date, hen age, and body mass on survival, and 

habitat use and brood movements are examined. Chapter 6 summarizes factors 

found to influence individual variation in female Redheads. 



CHAPTER TWO: FEMALE REDHEAD ~ U C U B A ~ ~ O N  PATTERNS IN RELATION TO 

AMBIENT COND~ONS, HEN AGE AND HEN BODY MASS 

Birds exhibit a variety of incubation strategies (Skutch 1962, Drent 1975, 

Welty 1982). Shared incubation, in which both members of a pair cooperatively 

incubate, is the prevalent pattern (van Tyne and Berger 1959). In contrast, 

most North American duck species are female-only incubators that are forced 

not only to maintain an adequate environment for developing young but also to 

insure their own self-maintenance. 

Incubation patterns Vary among North Arnerican waterfowl species and 

are infiuenced by several factors. lnterspecific differences in body size have 

been correlated with varying incubation patterns (Afton 1980). Large-bodied 

waterfowi, such as geese (Anserini), spend more tirne on the nest and rely 

heavily on endogenous reserves (Cooper 1978, Raveling 1979). In contrast, 

small-bodied ducks (Anatini, Aythyini) rely more on exogenous reserves, 

therefore, spending more time off the nest foraging (Krapu 1981, Drobney 1982, 

Barzen and Serie 1990). Arnong srnall-bodied duck species, incubation 

constancy (defined as the percent of time per day spent on the nest) also varies 

with body size. Representatives of large-bodied divers (Aythyini) and dabblers 

(Anatini), such as Canvasbacks and Mallards, exhibit an average incubation 

constancy of 87% and 89%, respectively (Gatti 1983, Meade 1996). In contrast, 

small-bodied divers and dabblers, such as Ring-necked Ducks and Blue-winged 

Teal (Anas discors), maintain a lower average constancy of 82% and 80%, 

respectively (Harris 1970, Hohman 1986). Afton and Paulus (1 992) detemined 



that incubation constancy was positively related to body mass at the beginning 

of incubation for waterfowl species they compared (n = 61), although the 

relationship was strongest for geese and Anas species. 

Ambient conditions, such as rainfall and ambient temperature, also 

influence interspecific differences in incubation patterns, particularly in small- 

bodied species. Large-bodied waterfowl have greater capacity for fat storage 

and thus rely on those reserves whereas small-bodied species cannot rely on 

endogenous reserves and must forage for exogenous nutrient sources (Afton 

1980). Caldwell and Cornell (1 975) and Afton (1 980) demonstrated an increase 

in constancy in dabbling ducks with an increase in precipitation and decrease in 

temperature. Arnbient temperature andior precipitation did not influence 

incubation constancy of Ring-necked Ducks (Hohman 1986). Ring-necked 

females were observed to recess both in the middle of the night when 

temperatures were lowest and in the middle of the day when temperatures were 

highest (Hohman 1986). 

Intraspecific differences in age and body condition may further influence 

incubation patterns. Currently, twa prevailing and competing hypotheses are 

proposed to account for observed differences in reproductive effort in waterfowl 

by different age groups: restraint versus constraint (Rohwer 1992). The 

restraint hypothesis assumes 1) there is a tradeoff between the level of 

reproductive effort and subsequent survival, and 2) that birds' survival declines 

with age. This hypothesis predicts that reproductive effort should increase as an 

organism ages, up to a limit. The constraint hypothesis implies that young birds 



are less capable of laying eggs and subsequently caring for them. At the end of 

egg laying, the restraint hypothesis predicts a higher reserve level in young birds 

because they hold back on reproductive effort. In contrast. the constraint 

hypothesis predicts a similar or lower reserve level in young versus older birds 

because they are presumably less proficient. Available studies support the 

constraint hypothesis. Aldrich and Raveling (1 983) demonstrated that younger 

birds laid smaller clutches and were less attentive than experienced breeders. 

Yearling Mallards have lower reserves than adults at al1 stages of breeding 

(Krapu and Doty 1979). Further, Krapu and Doty (1 979) suggest that clutch size 

of young Mallards in the wild is lower because they are ineffective at acquiring 

nutrient reserves for egg production. In captivity, where Mallards and Pintails 

(Anas acuta) were fed ad libitum and separated to eliminate competitive 

interactions, clutch size differences by age were not observed (Batt and Prince 

1978, Duncan 1 %Va). In the wild, competitive interactions rnay occur and 

severely impact nutrient resewe acquisition. Nest success of Redheads has 

been shown to be influenced by age (Arnold et al. 1995) and this rnay be 

reflected by varying incubation patterns with age. Furthermore, constancy has 

been shown to be infiuenced by age in Canada Geese (Aldrich and Raveling 

1983). Female geese nesting for the first time began incubation at a lower body 

mass and were less attentive than older, experienced fernales. 

Intraspecific differences in body condition, often measured as body mass. 

rnay account for observed variation in wnstancy. Gloutney and Clark (1991) 

suggested that differences in body rnass. and correspondingly nutrient reserves, 



could explain intraspecific variation in incubation patterns. Additionally, Arnold 

et al. (1995) proposed that nutrient reserves, for temperate nesting waterfowl, 

are more likely to affect incubation behavior rather than the likelihood of nest 

abandonment. Gatti (1 983) demonstrated that female Mallards in poor condition 

were less attentive (lower constancy) during incubation compared to those in 

better condition. Additionally, ducks that renest and whose reserves may be 

further depleted, incubate less attentively (Afton 1980). 

The objective of this study was to document Redhead incubation patterns 

and to examine interspecific and intraspecific differences in incubation behavior. 

Documentation of incubation patterns included incubation constancy, average 

recess number and duration, and the pattern of constancy over the incubation 

period. I propose that Redhead incubation patterns will be more similar to small- 

bodied duck species since Redheads may be energetically stressed due to prior 

parasitic behaviors. Furthemore, constancy should decline over the incubation 

period as female Redheads rnay require more time off the nest to forage for 

endogenous sources. Additionall y, if reduced body condition affects incubation 

constancy in Redheads, the patterns should be infiuenced by ambient conditions 

much like srnall-bodied species. I further propose that intraspecific differences 

in incubation patterns will be attributed to female age and body mass such that 

older female Redheads will maintain higher constancy and heavier females will 

maintain higher constancy, as in other duck species. 



Methods 

Breeding Redheads were studied near Minnedosa, Manitoba, Canada 

(50°1 5'N. 9g050'W) during 1994 and 1995. The study area encompassed 143.4- 

km2. The Minnedosa area is characterized by numerous seasonally- to 

permanently flooded wetlands, native aspen parkland vegetation and intensive 

agriculture (primarily srnall grains and oil seeds). Stoudt (1 982) describes the 

study region in greater detail. 

Redhead nests were located during daylight hours by over-water search 

techniques. If nests were lacated late in the laying stage ( r  6 eggs) or during 

incubation, Hobo Ternp XT remote temperature sensors (Onset Computer Co.), 

hereafter Hobos, were installed in the nest. A temperature sensitive probe was 

situated inside a 'dummy' egg in the rniddle of the nest. Probes were attached 

with silicon to the top of the egg, the location at which the closest contact 

between the probe and the hens' brood patch occurred. 'Dummy' eggs were 

constructed from hollowed out, large chicken eggs. Hollowed out eggs were 

reinforced internally with epoxy and attached to a rod stand, which extended 

perpendicular to the base of the egg. The rod stand secured the 'dummy' egg in 

the nest, which prevented the female from rolling the egg and prevented the egg 

from being ejected from the nest. Hobos were set to record temperature every 

4.8 minutes, totaling 1800 data points in 6 days. Data from recorders were 

downloaded, generally in the aftemoon, every six days. 

Field candling (Weller 1956) determined stage of incubation. In 1995, 

one egg from each rnonitored fernale was collected and artificially incubated to 



detenine the exact date of hatch. In al1 cases of successfully hatched nests, 

artificially incubated eggs and wild clutches hatched on the same day. This 

monitoring method allowed accurate aging of nests that were abandoned or 

depredated. 

At day 22-24 of incubation, hem were trapped on the nest to implant 

radio transmitters (see Chapter 51, and to assess age and body condition. Age 

of hen. classified as either yearling or adult, was determined by feather 

characteristics (Dane and Johnson 1975). Body mass was determined with a 

Pesola scale to the nearest 5 g and structural measurements of tarsus, culmen, 

and keel length were measured to the nearest 0.1 mm while right wing chord 

was measured to the nearest 1 .O mm. Body mass was used to indicate body 

condition (Appendix 1 ). 

Weather data were obtained from Environment Canada. Weather 

information was recorded at Brandon Airport located 30 km southeast of the 

study site. 

Data were collected from 71 hens in 1994 and 1995 totaling 446 

incubation days. Days on which the hens were trapped or were disturbed by an 

investigator were excluded from analysis. 

Statistical Analysis 

Temperature data for each hen were visually scrutinized. A rise or drop 

in temperature of 3.0°C was defined as an 'on' or 'off movement of the hen. If 

the drop in 3.0°C was not maintained for at least three time periods (14.8 

minutes) the hen was swred as 'on' the nest but involved in a comfort 



movement. Cornfort movements, such as preening, were not considered as time 

off the nest. An individual recess was calculated as the total time the hen was 

recorded 'off' the nest to the time at which she was recorded as 'on' the nest. 

Average recess frequency and duration were calculated for each hen. 

Incubation constancy, defined as the percent of time the hen spent on the nest 

during a 24-hour period, was calculated for each hen. The relationship between 

daily average constancy, daily average recess number and daily average recess 

duration was examined with Pearson's correlation analysis. The pattern of 

recess frequency was examined over a 24-hour period by dividing the day into 

24 1-hour time periods and correlating frequency with time of day. The 

relationship between daily average constancy and Julian date was examined by 

correlation. 

To determine whether daily constancy changed over the incubation period 

and to determine the pattern of the change, daily constancy of individual hens 

was examined with a mixed linear model with repeated measures and linear, 

quadratic, and cubic contrasts (PROCMIXED, SAS). The influence of al1 

potential main effects (age, mass, initiation day, incubation day, Julian date, 

maximum temperature, minimum temperature and precipitation) and signifiant 

two-way and three-way interactions on daily constancy were examined 

(PROCMIXED, SAS). During model development, non-significant 2- and 3-way 

interactions were eliminated and analysis was restricted to the main effects and 

significant interactions. 



Results 

lncubation constancy was calculated from 29 hens each with at least 8 

days of incubation data totaling 348 hen-days (8 to 20 days per hen). 

Constancy was 0.81 9 (SE + 0.007) with a range of 0.751 to 0.897. Redhead 

hens took an average of 7.2 r 0.4 recesses per day for an average of 46.8 min. 

t 2.3. Average incubation constancy was significantly, negatively wrrelated 

with average recess number (r = -0.57, P < 0.001, n = 29). whereas average 

recess number was significantly, negatively wrrelated with average recess 

duration (r = -0.57, P c 0.001, n = 29). Recess frequency was not correlated 

with time of day, divided into 24 l -hour periods (r = 0.29, P = 0.17, n = 

24)(Figure 2.1 ). Incubation constancy was not significantly different between 

fernales initiating nests early and late in the çeason, defined by average 

initiation date (t = 1.06, P = 0.30, df = 27). 

The analysis of the pattern of incubation constancy over the 24 day 

incubation period indicated a daily decrease in constancy with increasing 

incubation day (Table 2.1 ). A mixed linear model with repeated measures 

revealed significant linear and quadratic trends and a marginally significant 

cubic fit (Table 2.1, Figure 2.2). These results indicate that constancy increased 

from day 1 to day 6, decreased between day 11 and 21, and increased slightly at 

the end of the incubation period. 

The main effects of age, body mass, and maximum daily temperature and 

two-way interactions of initiation day by age and mass by Julian date 



Figure 2.1. Timing of Redhead incubation recesses. 
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Figure 2.2. Curve fit of Redhead predicted incubation constancy over the 

incubation period and raw average constancy with standard error bars. 
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TABLE 2.1. The relationship between incubation day and daily incubation 

wnstancy of female Redheads. 
-. 

Variable Degrees of Freedorn t Value P Value 

(incubation day) 

Quadratic Trend 31 6 

(incubation day2) 

Cubic Trend 

(incubation day3) 
-_ . P-, m.. -_ . . 



significantly influenced daily incubation constancy (Table 2.2). Older hens 

exhibited higher average constancy (0.831 k 0.009, n = 12) than yearlings 

(0.81 1 k 0.016. n = 8). Lower wnstancy of yearlings was associated with more 

daily recesses (8.2 I 0.9) of a shorter duration (42.9 + 5.1 ) than adults (6.2 + 
0.5; 49.1 + 3.0, respectively). The interaction between initiation day and age 

indicated that yearling females tend to increase constancy late in the season 

compared to adults whose constancy tends to decrease with time (Figure 2.3). 

Constancy of adults is generally higher than yearlings early in the season. 

Initiation date was not significantly different between yearlings and adults (t = - 

0.1 1, P = 0.46, df = 18). 

Females that ended incubation with a lower body mass maintained higher 

incubation constancy over the incubation period as compared to heavier females 

at the end of incubation (Table 2.2, Figure 2.4). Mass and Julian date also 

interacted to influence incubation constancy. Females that initiated clutches 

early in the season tend to exhibit decreased constancy with an increase in end- 

of-incubation body mass (Figure 2.5). Constancy of females initiating late in the 

season is fairly constant over the range of end-of-incubation body masses 

(Figure 2.5). Body mass did not influence initiation date (R' = 0.002, F = 0.04, P 

= 0.85, df = 1, 18). 

Finally, as daily maximum temperature increased, dail y constancy 

decreased (Table 2.2). Minimum daily temperature, daily precipitation, initiation 

day, incubation day, or Julian date (Table 2.2) did not influence constancy. 



Figure 2.3. A cornparison between age groups of the interaction of age and 

initiation date (first day of incubation) on incubation constancy. 
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Figure 2.4. Scatter plot of Redhead body mass at the end of incubation and 

incubation constancy. 
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Figure 2.5. The interaction of Julian date and mass on incubation constancy. A) 

Fernale redheads that initiated early in the season (5 171 Julian) compared to B) 

females that initiated late in the season (> 171 Julian). 
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TABLE 2.2. The influence of the main effects and significant two-way 

interactions on Redhead incubation wnstancy. 
- 
Variable Estimate Degrees of Freedom t Value P Value 

--.-..... -- -- -- 7 - - - - - - . - - - -. . - - - . . . - . . - - -- - - - 
Age -0.70528 234 -2.60 0.01 

Mass -0.00398 234 -2.29 0.02 

Initiation day -0.00173 234 -0.18 0.98 

Incubation day 0.00026 234 -0.03 0.98 

Julian date 4.01974 234 -1.53 0.1 3 

Maximum Daily -0,00298 234 -2.55 0.01 

Temperature 

Minimum Daily 0.00058 234 

Temperature 

Precipitation 0.00241 234 

Initiation Day x Age 0.00397 234 

Mass x Julian Date 0.00002 234 



Discussion 

Interspecific Variation 

Female Redheads exhibit unique incubation patterns both interspecifically 

and intraspecifically. Both for their size and in absolute terms, Redhead females 

maintain an average incubation constancy that is among the lowest of al1 

waterfowl species and is the lowest reported for diver species (Table 2.3). 

Incubation constancy previously reported for Redheads ranged from 72% (Low 

1945) to 85% (Sayler 1985). Low (1 945) monitored only four hens and Sayler 

(1 985) monitored hens only during daylight hours thus potentially overestimating 

constancy. Although large-bodied, Redheads exhibit constancy sirnilar to small- 

bodied species, such as Blue-winged Teal (Harris 1970, Miller 1976) and 

Common Goldeneyes (Mallory and Weatherhead 1993). Afton (1 980) and Afton 

and Paulus (1992) proposed and presented evidence for the incubation 

constancy - body size relationship in waterfowl, which proposed that constancy 

increases with body size. The relationship between body size and incubation 

constancy does not apply, without modification, to female Redheads. 

Furthermore, attempting to control for phylogenic effects is difficult because data 

on most species are lacking. 

High recess frequency and timing of recess initiations adds to the unusual 

incubation pattern observed in Redheads. Redheads take more recesses per 

day than any duck species previously reported (Table 2.3). Average recess 

duration, however, was not generally different because duration may be 

constrained by egg/embryo viability (Drent 1975, Webb 1987, Haftorn 1988) 



TABLE 2.3. Incubation constancy, recess number, and recess duration for 

various waterfowl species. 
- -. 

Body Mass Mean Average Average 

(9) Incubation Recess Recess 

Constancy Number Duration 

(%) ( # f d a ~ )  (min.) 
...__..._._.__.___..~.*....*~..__..._.___.____.______..__.____.._._.___._.___~.~...*~.*~-.~.~~~........~.~~.....~...-~~..........................*...**...~_...~..~...~..._~~.~~~~..~....*..-*~~-.~~~-...~*~~.~..~~~..- 
Anserini 

Branta canadensis 3721 97.5 2.8 13 

rnofiitil 

B. c. minima3 

Anatini 

Anas platyrhynchos4.5.6 901 94.6 ? 24 

982 89.2 ? ? 

A. strepera7 642 84.7 1.9 118 

A. ~ l ~ p e a t a ' * ~  51 8 84.6 2.3 94 

A. rubripes1° ? 89.4 1.5 102 

A. discors 11.12 335 80 2.7 1 O5 



TABLE 2.3. Continued 

Body Mass Mean Average Average 

(9) Incubation Recess Recess 

Constancy Number Duration 

(W W ~ Y )  (min.) 

Aythini 

Aythya vafisineria 13.14 1079 

A. amencana 15. 16. 17 1051 

1. Akesson and Raveling 1981 ; 2. Aldrich and Raveling 1983; 3. Raveling 1979; 

4. Gatti 1983; 5. Krapu 1981 ; 6. Cornwell and Cromwell 1975; 7. Blohm 1979; 8. 

Ankney and Afton 1988; 9. Afton 1980; 10. Ringelman et al. 1982; 11. Harris 

1970; 12. Miller 1976; 13. Barzen and Serie 1991 ; 14. Meade 1996; 15. this 

study; 16. Low 1945; 17. Sayler 1985; 18. Hohman 1986; 19. Afton and Ankney 

1991 



andlor by variance in incubation temperatures that may adversely affect 

incubation period (Wilson and Verbeek 1995). Redheads initiate recesses with 

equal frequency during al1 daylight hours and occasionally initiate at night, unlike 

other species that exhibit either a uni- or bimodal recess pattern during daylight 

hours (Caldwell and Cornell 1975, Afton 1980, Brown and Fredrickson 1987, 

Mallory and Weatherhead 1993, Meade 1996). Nocturnal recesses of significant 

duration are uncornmon for ducks (Ringelman et al. 1982). 

Redhead incubation constancy decreased over the incubation period. a 

pattern that is observed in many duck species (Afton 1980, Brown and 

Fredrickson 1987, Mallory and Weatherhead 1993), but may not be common in 

other birds (Drent 1970). This pattern has often been attributed to increasing 

ambient temperature with increasing incubation period (Mallory and 

Weatherhead 1993). an increase in embryonic heat production (Drent 1970), 

andlor energetic constraints on the female (Afton and Paulus 1992). Although 

increased ambient temperatures were proposed to explain decreased constancy 

in Goldeneyes (Mallory and Weatherhead 1993). temperature over the 

incubation period did not influence Redhead patterns because Julian date and 

daily constancy were not related. Redhead females may be responding to an 

increase in embryonic heat production as proposed by Drent (1970), however, 

this effect was not assessed in the present study. Energetic constraints, in the 

form of declining endogenous reserves as incubation progresses, may force 

females to acquire more exogenous nutrient sources thus resulting in decreased 

attendance at the nest (Afton and Paulus 1992). This pattern has also been 



documented in Canada Geese (Aldrich and Raveling 1983. Murphy and Boag 

1989). 

Ambient conditions, within a particular day. may also account for 

interspecific variation in incubation constancy because behaviors Vary among 

species. Redhead females apparently respond only to maximum daily 

temperature. like Goldeneyes (Mallory and Weatherhead 1993). decreasing 

daily constancy on days with higher maximum temperatures. In others, 

constancy often increases as ambient temperature decreases and during rain 

(Caldwell and Cornell 1975. Afton 1980). Some large bodied species, such as 

Canvasbacks (Meade 1996) and White-winged Scoters (Melanitta 

deg/andi)(Brown and Fredrickson 1987) modify patterns in response to daily 

precipitation only. Some species, however, do not respond to either temperature 

or precipitation (Ringelman et al. 1982, Hohrnan 1986). 

Several hypotheses have been offered to explain the low incubation 

constancy and unusual incubation patterns exhibited by Redheads: (1 ) 

excessive disturbance at the nest (Low 1945), (2) reduced materna1 investment 

(Low 1945). and (3) energetic constraints on the female (Sayler 1985). If 

excessive disturbance at the nest due to parasitic behaviors of other hens 

significantly reduces constancy, one would expect females nesting early in the 

season. those nesting during peak parasitic events, to exhibit lower constancy 

than later nesters because Redhead females parasitizing other Redheads 

encounter an incubating host as much as 71 % of the time (Sayler 1996). In this 

study, constancy of females nesting early and late in the season was not 



significantly different. Reduced maternai investment in the clutch seerningly 

would not account for lower constancy of Redheads because hatch success is 

not significantly lower than other diving ducks (Bellrose 1980) and is not 

decreased in other parasitized species (Morse and Wight 1969, Bouffard 1983, 

Eadie and Lumsden 1985). Rather than reduce hatch success, parasitized 

females are more Iikely to abandon excessively parasitized clutches (Clawson et 

al. 1979, McCamant and Bolen 1979, Andersson and Eriksson 1982, Haramis 

and Thompson 1985, Rohwer and Freeman 1989, Dugger 1996; but see Eadie 

1989) or abandon if parasitized early in their laying sequence (McRae 1995). 

Finally, energetic constraints imposed by prior parasitic behaviors may 

account for the low constancy exhibited by Redheads. Redhead body condition 

may indeed override the relationship between body size and incubation 

constancy, much like that proposed for Black Ducks (Anas rubripes), which face 

energetic constraints due to low densities of aquatic invertebrate prey 

(Ringelman et al. 1982). Additionally, Noyes and Jawis (1 985) demonstrated 

that female Redheads used most of their stored lipids during laying (46%) and 

continued to deplete lipid reserves during incubation, investing 30% of their 

remaining reserves. They attributed the large amount of lipid reserves lost 

during the laying period by females to both parasitic laying and the laying of a 

nested clutch. Frequency of parasitism was 65% in their study and, although 

prior parasitic behaviors of hens in this study were not known, Redheads 

parasitized 85% of Canvasbacks nests indicating that many Redheads 

parasitized prior to nesting. 



Intraspecific Variation 

Energetic constraints, coupled with agelexperience, account for 

intraspecific differences observed in female Redheads. Adult female Redheads 

exhibited higher constancy with fewer recesses of longer duration than 

yearlings. however, prior experience of adults is unknown. Higher constancy 

rnay increase nest success, given that nest success has been shown to be 

influenced by age in Redheads (Arnold et al. 1995). Captive Canada Geese 

(Aldrich and Raveling 1983) and Goldeneyes (Mallory and Weatherhead 1993) 

provide additional evidence for the influence of age on constancy. Adult fernales 

may be more efficient cornpetitors and foragers. thus more capable of 

rnaintaining sufficient nutrient reserves allowing a higher incubation constancy. 

Hen age and initiation date interact to further influence Redhead 

incubation constancy. In rnost ducks, young hens often initiate clutches later 

than adults. In Redheads, yearlings often initiate nests earlier or at the same 

tirne as adults (Sorenson 4990). In this study, initiation dates between age 

groups were not significantly different. The effect of the interaction between 

initiation date and age on Redhead constancy indicated that young hens 

initiating later in the season maintained higher average constancy than older 

hens that initiated late in the season. Given sirnilar nest initiation times, this 

relationship may represent young hens that have nested compared to older hens 

that have employed a dual strategy, leaving young hens with greater residual 

reserves than they would have had if they too had followed a dual strategy. 

Older hens employing a dual strategy may be in a compromised body condition 



due to parasitic behavior and therefore forced to maintain lower incubation 

constancy. The converse is also tnie. when both age groups initiated nests 

early in the season, a time when parasitism was not likely to have occurred, 

adults maintained higher constancy than yearlings, which potentially represents 

an advantage gained through experience or greater body resewes. 

Body mass further explains intraspecific variation in incubation patterns of 

Redheads. Although variance was large in this study, heavier female Redheads, 

weighed at the end of incubation, maintained lower incubation constancy than 

lighter hens. In this study, however, mass taken at the end of incubation may 

obscure this cornparison because in other species heavier hens at the beginning 

of incubation lose more mass over the incubation period than lighter hens 

(Harvey et al. 1989, Hepp et al. 1990). If this mass loss relationship prevails in 

incubating Redheads, hens finishing incubation at a l ighter body mass, which 

exhibited higher constancy, rnay have begun incubation at a heavier body mass 

and therefore heavier females rnay incubate at a higher constancy. Evidence in 

support of this interpretation is presented in Chapter 4. Additional evidence for 

this relationship is provided by Aldrich and Raveling (1 983) and Reed et al. 

(1995), in which heavier female geese at the beginning of incubation exhibited 

higher nest attentiveness. Between years, Hohman (1 986) observed a single 

female to exhibit the lowest incubation constancy during a year in which she 

entered reproduction in a reduced body condition. 

The interaction between body rnass and Julian date also influences 

Redhead constancy. Females incubating early in the season exhibit higher 



constancy and end incubation at a lower body mass versus females incubating 

later in the season which exhibit lower constancy and ended incubation at a 

higher body mass. If heavy females lose more mass then Iight females, as 

suggested above. heavy females as compared to light fernales that initiate early, 

maintain higher constancy and end incubation at a lower body mass as indicated 

by the interaction above. This may further suggest that females that initiated 

nests early at high body mass are non-parasitic females (nesters only) and those 

that initiate later at lower masses are parasitic females (dual strategists). Thus, 

body mass and reproductive strategy choice may indeed interact to influence 

incubation constancy. 

Female Redheads exhibit unique patterns that are flot generally predicted 

given their body size. Large-bodied female Redheads should exhibit a 

comparatively high incubation constancy, however, they exhibit one of the lowest 

reported coupled with one of the highest recess frequencies. The conclusions of 

this chapter are based on two premises. First, the majority of nesting Redheads 

parasitized prior to nesting, and thus began incubation in a reduced body 

condition. Second, the relationship between incubation constancy and mass, 

inversely related in Redheads, is obscured by using the end-of-incubation body 

mass because heavier females at the beginning of incubation may lose more 

mass than lighter cohorts. Two additional studies were designed to detemine 

the validity of these assumptions. First, a dynamic state variable model was 

constructed to predict the reproductive strategy choices of female Redheads and 

examine the prediction that most nesting females participated in parasitic events 



pnor to nesting. The results of this model are discussed in Chapter 3. Second, 

a captive study was designed to examine mass loss relationships of incubating 

female Redheads. Results of this study are discussed in Chapter 4. 



CHAPTER THREE: FEMALE REDHEAD REPRODUC~E STRATEGY CHOICES: A 

PREDIC~VE MODEL. 

Reproductive strategy choices weigh the costs and benefits of producing 

offspring against parental survival. Strategy choices are assumed to have been 

selected to maximize fitness by rnaximizing lifetime reproductive success. 

Choosing among altemate reproductive strategies often results in variation in 

reproductive success among individuals. In al1 animal populations studied thus 

far, individuals Vary greatly in the number offspring produced over a life span 

(Clutton-Brock 1988). Variation in reproductive behavior rnay be contingent 

upon the environment or upon phenotypic characteristics such that reproductive 

effort may increase when environmental conditions are favorable, increase with 

age to a limit and increase with body mass. Several studies have shown that 

some bird species regulate the level of reproduction relative to the amounts of 

energy they have available ta them (Morton et al. 1972, James and Stugart 

1974, Nolan and Thompson 1975). Age of parent may also influence strategy 

choice (Trivers 1972, 1974). Lastly, although the influence of body mass on 

strategy choice has never been assessed in birds, body mass has been show 

to influence other reproductive parameters. Body mass influences clutch and 

brood sizes in a variety of avian species (Açkenmo 1982, MOSS and Watson 

1984, Erikstad et al. 1993, Chastel et al. 1995, Winkler and Allen 1995). 

Among North American waterfowl, Redheads are unusual in their 

extensive use of inter- and intraspecific hosts and their high frequency of 

facultative parasitic egg laying. Redheads may adopt this behavior as an 



additional strategy to increase reproductive success. However, the occurrence 

of altemate strategies on a population level within and between years and the 

possible factors that influence strategy choice are not well docurnented or 

understood. 

Annual variation in reproductive tactics chosen by female Redheads 

appears to be influenced by annual variation in environmental conditions, 

especially wetland and water conditions. Sayler (1 985) compared the frequency 

of parasitism between a drought year and a 'good' year and found the frequency 

of parasitism to be 51 -61 % versus 27%, respectively. In drought years many 

non-breeders were present in the population and nest success was lower (16%) 

compared to 'good' years (88%). Sayler (1985) attributed a low nesting 

frequency and increased costs to Redheads in drought years to lower water 

levels, which may have reduced food abundance. lncreased parasitism in 

drought years represented lower reproductive effort by avoiding reproductive 

costs of incubation and brood rearing. Thus, in restricted environmental 

conditions, sorne females may lack sufficient endogenous reserves and foraging 

time to both lay and incubate eggs. Sayler (1985) wncluded that Redhead hens 

employed a bet-hedg ing strategy by increasing production of parasitic eggs 

under environmental conditions less favorable to reproductive success, such as 

during drought. 

In a later study, Sorenson (1 990) attributed within-year variation among 

individual Redhead females to a conditional strategy in which different 

reproductive choices were observed by hen age and physical condition. Age 



appeared to affect individual choices in that adults were most often observed 

employing a dual strategy, whereas yearlings either parasitized or nested onl y. 

Young may acquire resources less proficiently, which results in higher wsts of 

reproduction, lower probability of success andlor greater likelihood of 

constraints. Young rnay invest less in reproduction because they have higher 

residual reproductive value (Pianka and Parker 1975). In waterfowl, young lay 

fewer eggs, nest later in the season, and are more likely not to breed or renest 

(Krapu and Doty 1979, Afton 1984). Additionally, in Redheads, Sayler (1 985) 

found decoy trapped hen mass to be lowest in drought years when the frequency 

of parasitism was highest. 

Variation in reproductive strategy choice among individual female 

Redheads has been documented both within and among years. Previous 

research (Weller 1959, Sayler 1985, Sorenson 1990) alludes to the importance 

of environmental conditions within and among years and the influence of 

individual female age and body condition on variation in reproductive strategy 

choice. Long-terrn studies, however, have not been conducted to determine the 

influence of these different factors on variation in strategy choice. Further, the 

variation of observed strategies within a year, on a population level, is not well 

documented since obtaining this information in the wild is difficult. To predict 

strategy choice on a population level and the influence of female body mass, 

female age, and environmental variability on strategy choice, a dynamic state 

variable model was developed (Mange1 and Clark, 1988). 1 attempted to 



detemine whether females that were observed to nest in the wild were also 

likely to have parasitized prior to nesting, as assumed in Chapter 2. 

Model Description 

To model the reproductive strategy decisions of female Redheads, a 

dynamic state variable model was constnicted (see Table 3.1 for a list of the 

model parameters and values). Environmental variability was divided into the 

probability of finding food and the probability of finding a host nest. Age of hen 

was defined as the probability of surviving to the next breeding season, whereas 

body mass ranges were obtained from a wild population of female Redheads. 

This model nins over one breeding season, which was split into seven time 

steps (T = 7) representing approximately 10 days each. Laying eggs is 

restricted to the first three time periods and the reproductive options available 

include: forego breeding in that season, parasitize either inter- or 

intraspecifically, lay a nest of eggs and provide the appropriate care, or ernploy 

a dual strategy. By definition, the options to nest or brood parasitize are 

available only during the first three time periods of the breeding season which 

represent time constraints experienced by wild breeding female Redheads. If 

females do not lay or parasitize early in the breeding season, there rnay not 

adequate time for the ducklings to mature before fall migration. The tenination 

of nesting may refiect a point where payoffs for late nesters are below survivai 

wsts to late nesting females (Dobson 1987, Rohwer 1992). When a female 

nests she must incubate the eggs for three time periods in this model, which 

represent the approximate incubation period of a wild Redhead. She must then 



TABLE 3.1. Description of the model parameters and values used in the basic 

model. 

Parameter Values Description 
--- -- 
7- 7 The final tirne step (time horizon) 

The curent time step for al1 t c T 

The curent body condition (a state variable) 

Critical (minimum) body mass 

Maximum body mass 

Current number of nested eggs (a state variable) 

Current number of eggs laid parasitically (a state 

variable) 

Expected number of nested eggs 

Expected number of parasitically laid eggs 

Probability of finding food per t 

Benefit to body mass of finding food 

Cost to body mass of option i 

Offspring mortality associated with decision i 

Survival rate of parasitic eggs laid at t = 1, 2, or 3 

Over-winter survival 

Probability of finding a host nest 

' See Table 2 for specifics on these values 



invest further to rear the ducklings for an additional time period. Afier this point 

the offspring are considered to be independent and do not require further 

parental care. The female has the option to abandon the nest at any point in this 

process, which results in the loss of al1 eggs laid in the nest. 

Parasitic eggs, in this model, only require the energetic investment 

associated with formation of eggs. Costs, such as locating host nests and 

vigilance against depredation are not included here or elsewhere in the model. 

If a female decides to parasitize early in the season (the first time period), there 

is the possibility for a second parasitic clutch to be laid or for the female to 

subsequently nest. The female, however, must take one time period off between 

her initial decision to parasitize and subsequent decision to parasitize or nest. 

This time period represents the hypothetical time (approximately 10 days) 

required to regain an appropriate arnount of nutrient reserves to lay another 

clutch of eggs (Sorenson 1990). 

Decisions made at each time period are based on three state variables: 

body mass of the female (x), the number of neçted eggs (n), and the number of 

eggs laid parasitically (p). Each of these state variables is influenced by the 

decisions made by the female at each time step, and the curent environmental 

conditions. Fitness is calculated at the end of the season based on the final 

values of these three state variables. Behavioral decisions available include 1) 

sitting outlabandon, 2) parasitize, 3) nest, 4) incubate time one, 5) incubate time 

two, 6) inwbate time three, 7) rear, and 8) finish the season (Figure 3.1). 



Figure 3.1. Potential pathways and the resulting reproductive strategy choice of 

female redheads. Reproductive options include O = sit out, P = lay 10 parasitic 

eggs, N = lay 10 nested eggs, I = inwbate in three time periods, and R = rear 

Young. A female can abandon at any time by choosing option O. A decision to 

nest or parasitize must be made in the first three time periods; before the vertical 

line. 
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Finishing the season represents a time when brood rearing has been completed 

and the female can molt and forage in preparation for the fall migration. 

Body mass is affected by the probability of finding food (h) ,  the benefit of 

finding food (Y) expressed as body mass gained, and the cost of each decision 

(a) expressed as body mass lost. Costs (Table 3.2). in ternis of body mass lost, 

for parasitizing, nesting, and incubating were determined from a captive study of 

breeding Redheads (Appendix 2). Although captive females do not face the 

same pressures of wild hens, i.e. finding and obtaining food and avoiding 

depredation, mass loss patterns over the reproductive season are similar 

between wild and captive females (Appendix 3). The cost of rearing a brood is 

arbitrary, but assumed to be srnall. There are no body mass costs associated 

with sitting ouvabandon or finish the season. The value of Y (10 g) was chosen 

so that Y and a together roughly confomed to those data obtained in captivity. 

Since studies that address mass gain with food availability are nonexistent, I 

varied the value of Y to examine its influence on strategy choice. Values of 209 

and 409 (average mass gain observed over 10 day periods in captivity from 20 

to 60 days prior to egg laying) exerted an influence on the proportion of 

strategies observed, but predictions were often unrealistic or contrary to those 

observed in the wild (Sayler 1985, Sorenson 1990). For example, at base levels 

(h  = 0.8, y = 0.5, E = O), all females chose a dual strategy (Table 3.3). 

Furthemore, the proportion of costly strategies increased as the benefit of 

finding food increased. Therefore, a value of log was used for al1 runs of the 

model. 



TABLE 3.2. Parameter values specific to each reproductive strategy. 

Strategy (i) Energetic Mortality of Nested 

Cost (a,) Offspring (Pi) 

Sit out1 

Abandon 

Parasitize 

Nest 

lncubate 1 

lncubate 2 

lncubate 3 

Rear 

Finish the 

Season 



TABLE 3.3. The proportion of strategy choices predicted when the benefits of 

finding food (Y) Vary. 

Parameter Strategy choice 

value 

Food Age Host Y No Parasitize Double Nest Dual 

(h) (d (Y) breed Parasitize Strategy 

0.8 O 0.5 10 O 0.02 O 0.02 0.92 

20 O 0.01 O O 0.98 

40 O O O O 1.0 

I O  O O. 39 O 0.04 0.57 

20 O 0.16 O O 0.84 

40 O O O O 1 .O 

0 0.25 I O  0.03 O O 0.96 O 

20 O O O 1 .O O 

40 O O O 0.62 0.28 

O 0.75 10 O O 0.09 O 0.90 

20 O O O. 02 O 0.98 

40 O O O O 1 .O 



During each time step, body mass changes depending upon the 

behavioral decision. C the individual chooses option i and finds food, body mass 

in the next time step will be: 

x' = x -a, + Y. 

If no food is found, however, body mass at time t + 1 will be: 

xfP = x - a,. (2) 

To be consistent with wild populations, body mass ranges are bound by 

an upper maximum of 1200 g, &, and a minimum critical level of 800 g, G. Body 

mass increases in discrete steps of 10 g. At any time, if female body mass falls 

below a minimum level, G, the female dies and al1 nested eggs are lost. 

The number of nested eggs is affected by the rate of offspring mortality 

(P). Offspring mortality (Table 3.2) was subdivided into the nesting phase (one 

time period), the incubation phase (three time periods), and brood rearing phase 

(one time period). Mortality experienced during the incubation period varied 

among phases one, two, and three. Most waterfowl studies do not differentiate 

between mortality experienced during nesting and incubation, but lump the two 

events into a single measure of nest success. Generally, the survival probability 

of nested eggs in waterfowl species decreases with laying date. For Redheads, 

average nest success is approximately 60% (Weller 1959, Sayler 1985, 

Sorenson 1990, Yerkes, pers. obs.). Although an average mortality value (0.4) 

was used for al1 nins of the model, I tested extreme values of 0.8, 0.6, and 0.0 

and found that a wide range of mortality rates resulted in practically no 

difference in reproductive strategy choice predictions. Only at extremely low 



values of offspring mortality (O), values that are not biologically realistic, were 

predictions drastically altered. 

Brood mortality during rearing is based on the body mass of the female at 

the time of hatch and was derived from a study on wild brood rearing fernales. A 

significant relationship was found between female body mass at hatch and the 

number of ducklings that survived to 30 days post-hatch (R' = 0.19, P = 0.007, df 

= 35; Chapter 5). 

The nested eggs state variable will be affected by choice i so n at time t + 

1 will be: 

where en is the number of nested eggs a female gains by nesting. 

The number of parasitic eggs is affected by the probability of finding a 

host nest of any species in which to lay a parasitic egg (y) and the survival rate 

of eggs laid in a host nest (4). The survival probability of parasitic eggs varies in 

the wild averaging 0.20, but generally decreases with tirne (Sayler 1985, 

Sorenson 1990). Therefore, I used the average survival of parasitic eggs (0.2). 

but reflected decreasing survival with time so that earlier laid eggç experienced 

higher survival (0.25) compared to parasitic eggs laid later (0.1 5). At time t + 1, 

the number of parasitic eggs will be: 

if i = parasitire 

P othenu ise 
(4) 



where e, is the number of parasitic eggs gained by brood parasitism, & is the 

survival rate of parasitic eggs, and y is the probability of finding a host nest in 

which to lay parasitic eggs. 

A female Redhead's expected fitness from time t to the horizon. Tl given x 

energy reserves, n nested eggs, and p parasitically laid eggs is defined by: 

where x', x", n' and p' are defined by equations (1 ), (2), (3), and (4) respedively. 

The female Redhead chooses the option i, at each time step to rnaximize 

At the horizon, T, individual female fitness is based on the number of 

surviving nested and parasitic eggs, as well as a future reproductive cornponent 

defined as a function of body mass at the end of the breeding season and over- 

winter suwival (E). Body m a s  at the end of the season has been shown to 

influence reproductive performance in the following year (Lessels 1986). 

Additionally, body mass during winter influences reproduction and survival in 

captive studies (Dubovsky and Kaminiski 1994) and in the wild (Porter et al. 

1993, Jeske et al 1994). Thus, the terminal fitness function (TFF) is defined as: 



The optimal decision at each time step was determined by backward 

iteration, and predictions about reproductive behavior of Redheads were 

generated through forward iterations of the model (Mangel and Clark, 1988). 

The forward iterations were initially run with a uniform distribution of mass 

categories (1 000 fernales per mass category) to determine the possible strategy 

choice outcornes and then run with a normal distribution of individual mass 

categories to detenine the proportion of strategies that may be observed on a 

population level. The normal distribution of mass categories was derived from 

wild female Redheads trapped in early spring at Minnedosa, Manitoba (x  = 1051 

g k 77.23 SD, n = 25; Figure 3.2). 

Model Predictions 

Body Mass 

The model predicts a general distribution of strategy choice by mass 

category (Figure 3.3). Females in lower mass categories are restricted to no 

breeding and parasitizing either once or twice depending on specific situations 

reported below. Females in higher mass categories choose more costly 

strategies, nesting and dual strategy, but incur a higher payoff. In al1 situations, 

threshold mass levels at which switches occur from 'low' to 'high' cost strategies 

exist between approxirnately 900 g and 1060 g. The general mass distribution 

pattern and threshold levels were not influenced by a nonnal distribution of 

individuals in mass categories at the beginning of the breeding season. 



Figure 3.2. The normal distribution of mass categories used in the forward 

interation of the model. The horizontal line represents the number of fernales 

present in the uniforrn distribution of mass categories. 
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Figure 3.3. The range of body masses that exhibit a particular reproductive 

strategy auoss a wide variety of parameter values. 





Over-winter Suwival 

The probability of survival to the next breeding season (based on a 

function of body mass) has a significant effect on strategy choice (Figure 3.4a). 

As the probability of survival decreases, females at the lower end of the mass 

threshold choose more costly strategies. Therefore, the proportion of dual 

strategists obsewed in a population increases among the females at lower mass 

categories. Choosing more costly strategies, in this situation, results in more 

deaths at lower mass categories due to the gamble of investing heavily. Under a 

normal distribution of individuals within each mass category, the population 

level pattern discussed above holds tnie. The distribution results in more 

females at middle mass categories choosing more costly strategies that result in 

greater proportions of more costly strategies observed on a population level 

(Figure 3.4b, Table 3.4). 

Food Availability 

The general mass distribution described above (Figure 3.3) is slightly 

influenced by the probability of finding food (Figure 3.5). As the probability of 

finding food increases, females at lower mass categories begin to choose more 

costly strategies that result in a population level shift in the proportion of 

strategies observed. When the probability of finding food is high, more females 

in the population choose dual strategies over parasitisrn only. Predictions based 

on rnodel runs with a normal distribution of individuals within mass categories 

resulted in a higher proportion of females, on a population level, choosing more 

costly strategies with fewer females dying and forego breeding (Figure 3.5a). 



Figure 3.4. The influence of the probability of surviving to the next breeding 

season on strategy choice when using an initial A) uniform distribution and a 6) 

normal distribution of mass categories. 
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Figure 3.5. The influence of the probability of finding food on strategy choice 

when using an initial A) uniform distribution and a B) normal distribution of mass 

categories. 
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TABLE 3.4. The proportion of strategies predicted when survival to the next 

breeding season varies ( h  = 0.8, y = 0.5). 

Strategy 

Dual Strategy 0.64 0.48 0.41 0.92 0.68 0.57 

Nest 0.03 O. 05 0.02 0.02 O. 1 0.04 

Parasitize O O O O O O 

Twice 

Parasitize 

Once 

No Breeding 0.01 0.0 1 0.01 O O O 

Dead 0.19 0-01 0.01 0.05 O O 



When comparing both the uniform distribution predictions and the nomal 

distribution predictions, the probability of finding food exerts a greater influence 

on the observed proportions of each strategy within the normal distribution 

population (Figure 3Sb, Table 3.5). One would expect to observe a distribution 

of strategies in the wild that was more similar to the predictions from the normal 

distribution resuits. 

Host Availabilitv 

The probability of finding a host nest has a strong effect on overall 

strategy choice (Figure 3.6a). When the probability of finding a host is very low, 

only pure nesting and non-breeding are viable options. At intermediate host 

availability levels, single parasitic events and dual strategists are common, while 

pure nesting accounts for a very small proportion of the population. At 

intermediate levels, the overall probability of a parasitically laid egg surviving to 

fledge is 0.10, as the survival probability of parasitic eggs is 0.20 and probability 

of finding a host is 0.50. At low host levels the overall probability of surviving to 

fledge is 0.05 while at high host levels it is 0.15. At high levels of host 

availability, double parasites and dual strategists account for the majority of the 

population. Again, pure nesting is relatively insignificant. Predictions from 

normal distribution are parallel to those discussed above because more females 

in middle mass categories are laying two clutches of parasitic eggs and 

choosing to be dual strategists (Figure 3.6bl Table 3.6). 



Figure 3.6. The influence of the probability of finding a host on stratagy choice 

when using an initial A) unifom distribution and a B) normal distribution of mass 

categories. 
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TABLE 3.5. The proportion of strategies predicted when food availabil ity varies 

(E = 1, y = 0.5). 

Un iform Normal 

Distribution Distribution 
_....l....~~...-~..~.~~-_~~.-~~~~*~*~~~*~.~~~.....~.-~~~..~~~~~~----....~.~.~**~--...~~......*..f*-~.~~~-..----.---..-*-..-.---.-.~.*... a...-...*.--...-.-1.1.-.----**------------ 

Probability of 0.3 0.5 0.8 0.3 0.5 0.8 

Finding Food 

Parasitize 

Twice 

Parasitize 

Once 

No Breeding 0.02 0.01 0.01 O 

Dead O. 02 0.01 0.0.l O 



TABLE 3.6. The proportion of strategies predicted when the probability of 

finding a host varies (k = 0.8, E = 1). 

Uniform Normal 

Distribution Distribution 
._~....~*...-.~*..~.~-..-~..~~*.~.*..*~...--~~~.*..*.*-~*~.-.-..--.~.-.~-..*--~**+*..*~.......---.~.-......-......~~*..*...*..~.*~.--.----.-.------*.*-------------------------------~---- 
Probability of 0.25 0.5 O. 75 O. 25 0.5 O. 75 

Finding a 

Host 

- - - -......--.. 

S trateg y 

Dual strategy O 0.41 0.38 O 0.57 0.5 

0.02 O 0.7 0.04 O 

O 0.58 O O 0.5 

Nest 

Parasi tize 

Twice 

Parasitize 

Once 

No Breeding 0.52 

Dead O 



Discussion 

In general, one would expect an animal to be able to adjust reproductive 

behavior each breeding season to phenotypic and environmental variability that 

they face so that within a season reproductive success and lifetime reproductive 

success is maximized. The model predicts that female body mass and age and 

environmental variability influence variability of within season strategy choice. 

Bodv Mass 

Redhead body mass was an important deteminant, along with other 

factors, in reproductive strategy choice. This relationship supports the 

conditional strategy proposed by Sorenson (1 990). Evidence provided from 

Sorenson's (1 990) work demonstrates that nesters were heavier than females 

that did not nest. He further suggested the existence of a threshold level of 

phenotypic and environmental condition where females switched from one 

strategy to another. This is also predicted by the model and, with the parameter 

values used. this threshold occurs between 900 g and 1060 g. 

Body mass has also been shown to be an important correlate of several 

reproductive parameters in other species. Female mass, or body condition, is 

often correlated with clutch size (Ankney and Maclnnes 1987, Erikstad et al. 

1993. Chastel et al. 1995, Winkler and Allen 1995) and brood size (Askenmo 

1982, Moss and Watson 1984) such that heavier females or females in better 

condition produce more offspring . Females in better condition also survive 

better (Reid 1 987, Nur 1 984). Body condition also influences some reproductive 

decisions. specificall y abandonment of offspring. Monaghan et al. (1 980) found 



Arctic Tems (Serna paradisaea) in poor condition abandon clutches more often. 

In another study, Kehoe (1 986) found that female Cornmon Eiders in poor 

condition often abandoned care of their offspring to other females. 

Over-winter Survival 

Several studies on birds have demonstrated a relationship between 

reproductive effort and age with reproductive effort generally increasing with age 

(Bryant, 1988; Newton, 1988; Scott, 1988). This relationship has also been 

shown for several duck species (Afton 1984, Cowardin et al. 1985; Heusmann 

1975; Krapu and Doty 1979; Ratcliffe et al. 1988). In the model, age was not 

explicitly included. instead the probability of survival to obtain future 

reproduction was used. This could represent age, suggesting that female 

Redheads are increasing reproductive effort with age. Sorenson (1990) and 

Sayler (1 985) both suggested that older females tend to exhibit nesting and dual 

strategies while young females were restricted to parasitic events. The model 

does not support this qualitative difference in strategy choice by age predicted 

by Sorenson (1 990). Instead, it predicts that females of al1 ages choose a 

variety of strategies. Older females are not restricted to nesting or dual 

strategies while young are not limited to parasitism, but instead survival 

probabilities exert an influence on the mass category at which a female switches 

from low to high cost strategies. At low survival probabilities, females at lower 

mass categories invest more heavily in the current season by choosing more 

costly strategies. 



The mode1 does not directly assess the cost of reproduction on future 

survival or fecundity. I attempted to wntrol for this through the use of a future 

reproductive cornponent in the calculation of fitness. Each female receives a 

value of future expected eggs based on her body mass at the end of the current 

season such that lower masses equal fewer eggs in the future. Although the 

costs associated with reproduction are controversial, several studies have 

wrrelated various aspects of reproductive performance in the current season 

with future survival and fecundity (Nur 1984, 1988, Reid 1987, Dijkstra et al. 

1 990). 

Environmental Variabilitv: Food and Host Availability 

The probability of finding food had a comparatively smaller influence on 

Redhead strategy choice than intuitively expected. In birds, productivity has 

been shown to increase in years with increased food availability or when food 

quality was better or supplemented (Morton et al. 1972, Nolan and Thompson 

1975). ln waterfowl, drought has a major effect on reproductive performance of 

prairie-nesting ducks (Olsen 1964, Rogers 1 964, Stoudt 1971, Afton 1984, 

Sayler 1 985). 

Previous field studies of Redhead reproductive strategies under varying 

environmental conditions have produced mixed results. In one of the earliest 

comprehensive studies, Weller (1 959) stated that parasitic behavior of 

Redheads was inherent and not modified by the physical environment. In 

wntrast, other studies attributed parasitic laying to fluctuating water levels (Low 

1945, Erickson 1948). Giroux (1 981 ) attributed low parasitisrn in a dry year to 



low population levels of Redheads. Lastly, Olson (1964), Michot (1976). Joyner 

(1 983). Stoudt (1 971 ), and Sorenson (1 990) found no association between water 

levels and frequency of parasitism on their study areas. These authors 

proposed a) that parasitism was a low cost alternative to nesting in poor 

environmental conditions, in other words, a best-of-a-bad job strategy, and b) 

that parasitisrn functioned to increase fecundity when environmental conditions 

were good. Few of these studies, however, examined the occurrence of pure 

nesting and dual strategies. 

Sayler (1 985) found great differences in the parasitic frequencies 

between 'good' and 'bads years. During drought. or 'bad' years, parasitic 

frequencies were 51 ô 1  % as opposed to wet, or 'good' years, when frequencies 

were only 27%. Although proportions predicted by the model of different 

strategies on a population level cannot compare directly to parasitic frequency, 

the overall proportion of individuals that laid parasitically should reflect the 

number of parasitic eggs found in other species nests, which is defined as 

parasitic frequency. Predictions of this model support Sayler's (1 985) trends of 

lower parasitic frequencies in 'good' years. At extremes, when the probability of 

finding food is very low (0.30), the total proportion of individuals that laid 

parasitic eggs is 0.94 (parasites = 0.57 added to dual strategist = 0.37). When 

the probability of finding food is very high (1 .O), however, 0.79 of the population 

laid parasitic eggs. This suggests that food availability exerts some control over 

strategy choice, however, it does not produce a large disparity in the proportions 

of different strategies observed on a population level, as one would predict. 



The model predicts Redhead females Vary reproductive effort by 

availability of food resources and parasitisrn is a viable reproductive strategy in 

al1 situations expect when host availability is very low. Based on rnodel 

predictions, I propose an alternative explanation for the previously wnfiicting 

and nonconsistent relationships observed between the frequency of parasitism 

and fluctuating water levels. I propose that fernale Redheads assess the 'host 

environment' prior to making decisions regarding strategy choice. Although the 

model does not include assessrnent per se, the predictions indicate that this 

occurs. Therefore, host availability, and not food variability per se, drives the 

frequency of parasitism and other strategies on a population level. This is 

particularly tme with a nesting only strategy, which is relatively uncornmon 

except when survival probability of parasitic eggs are very low (0.5) or the 

probability of finding food is very high (1 .O). 

Data provided by Sayler (1 985), support this contention, although Sayler 

drew different conclusions. In four years, the frequency of parasitism, the 

number of Redhead eggs per host nest, and the number of Redhead and 

Canvasback nests varied (Table 3.7). The lowest parasitic frequencies were 

recorded in the wettest year, which also was the year when the fewest host nests 

(Canvasback) were found and presumably available. Further, the frequency of 

parasitism was highest in the year when the most host nests were found. Similar 

data obtained from Sorenson (1990), however, are not as clear (Table 3.8). In 

al! years of his study, host availability was sirnilarly high. Thus, one would 

predict comparatively high parasitic and nesting frequency for al1 years. The 



TABLE 3.7. Canvasback and Redhead nesting and parasitic egg laying data 

obtained from Sayler (1 985). 

YearlHabitat Number of Number of Average 

Conditions Canvasback Parasitic Number of 

Nests Found Redhead Redhead 

Eggs Found Eggs Per 

Canvasback 

Nest 

Number of Relative 

Redhead Assignment 

Nests Found of Food and 

Host 

Availability 

1979 - Wet 10 



TABLE 3.8. Canvasback and Redhead nesting and parasitic egg laying data 

obtained from Sorenson (1 990). 

YearIMabitat Number of Averge Number of Relative 

Conditions Canvasback Number of Redhead Assignment of 

Nests Found Redhead Nests Found Food and 

Eggs Per Host 

Canvasback Avaiiability 

Nest 
.*.*..*-.~~~~.~-.-~~.~..~~~~~....~.*~.*.~.....~~*..~..*.*.~.~*~.~*~~..~.*~~~~...~~.**.*..~~~*-.~~-...~.~-~~...~***."***~---....--....-...~-......~--.~..~~.~~.~**---------------------------- 

1986 - Wet 55 4.64 20 High Food 

High Host 

1987 - Wet 66 2.9 9 High Food 

High Host 

Low Food 

High Host 



lowest parasitic frequencies, however, occurred during a wet year when the rnost 

host nests were available. Sorenson (1990) attributed the low parasitic 

frequencies to a low density of Redheads on his study site. Although bath data 

sets (Sayler 1985, Sorenson 1990) are generally consistent with the above 

hypothesis, neither is a strong test. I would therefore make the following general 

statement: following the assessrnent of the 'host environment', the availabil ity of 

food would encourage or discourage selection of more costly strategies at lower 

mass categories. Specifically, I would predict that parasitism, on a population 

level is common when host availability is high, regardless of food availability. 

Conversely, parasitism would be low in yean when host availability was 

extremely low. Table 3.9 presents model predictions obtained when various 

levels of host availability and food availability are examined. Parasitic 

frequencies increase as host availability increases from low to intermediate, then 

food availability determines which strategies (P, PP, or O) contribute to high 

frequency of parasitism . This supports the idea that host availability determines 

the decision to parasitize or not, and then food availability 'fine tunes' strategy 

choice (or the proposal that food affects strategy subject to the constraint of host 

availability). 

Conclusions 

I propose, based on the predictions derived from the model, that females 

arriving on the breeding ground simultaneously assess three factors prior to 

rnaking reproductive strategy choices. They assess the 'host environment', their 

own body mass and their age or residual reproductive value. Food availability 



TABLE 3.9. Predicted proportions of Redhead reproductive strategies given 

different levels of food availability and host availability. 

Food Host Strategy Relative 

Hgh (0.8) Law (0.25) 0.3 O O 0.7 O No 

ParaMtlsm 

No 

Parasiüsm 

Law (0.25) 0.45 

Low (0.3) 

Low (O. 3) Hgh (0.75) O 

.111)_ .. 

High (0.8) Intemiediate O 0.39 O 0.04 0.57 High Rates 

(0.5) of Parasiasrn 

Intemiediate O 0.07 0.37 High Rates 

(0.5) of 

Parasitism . 
not 

Signiftcantty 

Differerit 

From Above 

High (0.8) High (0.75) O O 0.5 O 0.5 Highest 

Rates of 

Parasitism 

Highest 

Rates of 

Paasiasm, 

not 

S i g n i f i  

Different 

F m  Above 



functions to fine-tune this assessment. 8ased on this assessment, reproductive 

effort is adjusted to maximize fitness while balancing the nurnber of young 

produced within season with the future potential for survival and future 

reproduction. I further suggest that parasitic females make a sewndary 

decision, based on the sarne three factors, to either parasitize again, nest or sit 

the rest of the season out. Therefore, there appears to be a simple decision 

rule: if an adequate number of hosts exist and body mass is adequate, 

parasitize instead of nest. If enough hosts exist after parasitizing, the female 

should either parasitize again, nest or sit out depending on the combination of 

age and body mass. 

In general, nesting was not a popular strategy choice except when the 

overall survival probability of parasitic eggs was very low (0.05). Previously. in 

Chapter 1, the assumption was made that most. if not all, wild Redhead hens 

that were obsewed nesting parasitized prior to initiating their own nest. 

Predictions from the model support this assurnption, in most cases. 



CHAPTER FOUR: THE INFLUENCE OF BODY MASS ON STRATEGY CHOICE AND 

INCUBATION CONSTANCY IN CAPTIVE FEMALE REDHEADS. 

Reproductive effort models of life history evolution are based on the 

assumption that reproducing individuals incur costs (Partridge and Harvey 

1988). Trends in body mass change may provide an index to physiological 

demands of reproduction (Harris 1970, Krapu 1981 ) and an indirect measure of 

such costs. In waterfowl, females lose mass from laying through incubation in 

many species (Krapu 1981, Drobney 1982. Ankney and Afton 1988, Murphy and 

Boag 1989, Barzen and Serie 1990, Parker and Holm 1990, Gloutney and Clark 

1991, Mallory and Weatherhead 1993). Mass loss patterns Vary both inter- and 

intraspecifically and may be related to several factors. Absolute mass loss has 

been related to stage of incubation and hen experience in Mallards (Gatti 1983) 

and Wood Ducks (Harvey et al. 1989), but was not related to age. Mallard hens 

that initiated nests early, weigh more and lose more mass than later nesting 

females (Gatti 1983, Pattenden and Boag 1989). Further, heavier Wood Ducks 

not only nested earlier and lost mass at a greater rate than lighter hens, but also 

were more likely to return to the area in the following year (Harvey et al. 1989, 

Hepp et al. 1990). In larger waterfowl, experienced Canada Goose hens lost 

more mass than inexperienced hem, although both ended incubation with 

similar body mass (Aldrich and Raveling 1983). Additionally, length of 

incubation was influenced by female mass in Canada Geese (Aldrich and 

Raveling 1 983). 



The influence of fernale Redhead body mass on incubation constancy and 

reproductive strategy choice was documented in Chapters 2 and 3. Although 

mass had a significant influence on incubation constancy, the nature of the 

relationship was not entirely clear because the use of end-of-incubation body 

mass may have obscured the relationship. I proposed in Chapter 2 that heavier 

Redhead females, weighed at the beginning of incubation, may maintain higher 

incubation constancy and lose significantly more mass cornpared to fernales that 

were lighter at the beginning of the reproductive period. Therefore, one 

objective of the captive study was to examine mass loss over the reproductive 

period for female Redheads and to detemine the relationship between body 

mass and incubation constancy. Females that are heavier at the beginning of 

the season should lose more mass than lighter females and heavier females 

should maintain higher incubation constancy compared to lighter fernales. 

Body mass was predicted to be an important factor in reproductive 

strategy choices in Chapter 3. The second objective of the captive study was to 

examine the relationship between body mass at the beginning of the season and 

subsequent reproductive strategy choice. As predicted by the model, body mass 

should be positively correlated with strategy choice: lighter females should 

choose less costly strategies of non-breeding or parasitism cornpared to heavier 

females that should choose the more costly strategies of nesting or a dual 

strategy . 

The third objective was to explore the potential relationship between 

strategy choice, mass loss, and incubation constancy by examining differences 



between nesting females and dual strategists. In Chapter 2, it was proposed 

that heavier females maintain higher constancy compared to lighter females, 

however, signifiant interactions suggested that strategy choice may alter this 

pattern. Results in Chapter 2 indicate that early incubators, potentially nesting 

females, maintained higher incubation constancy and ended incubation at a 

lower body mass compared to late incubators, potentially dual strategists, which 

maintained lower constancy and ended at higher body masses (see Chapter 2, 

Results). Thus, within strategy, heavier fernales may maintain higher constancy, 

but between strategy, nesters rnay exhibit higher constancy because they lose 

relatively less mass due to the lower investment of nesting only. 

Methods 

During 1996, 22 pairs of seven-year-old Redheads were housed at 

the Conservation Research Center, in Front Royal, Virginia. Females were 

weighed with pesola scales to nearest 5 g every second day from 13 April to 6 

July, a period covering prelaying to the end of incubation for the last nesting 

female. As in Chapter 2, body mass alone was used as a comparative measure 

among hens. Birds were fed ad libitum. 

Throughout the study, two pairs of Redheads were housed together in an 

individual pen with a pair of Cinnamon Teal (Anas cyanoptera) to act as hosts 

for parasitic egg laying of the Redhead females. Eggs found in pens and in 

nests were counted. In al1 cases, the first to lay of the two females housed 

together wuld be identified as the layer by the presence of a hard shell egg in 

the oviduct. 



Hens were classified into reproductive strategy choices based on their 

reproductive activities. Strategy classifications included no reproduction (O), 

parasitic layer only (P), parasitic layer that laid two clutches (PP), nester only 

(N), semi-dual strategist (SD) and dual strategist (D). A semi-dual strategist was 

defined as an individual that laid between 1 and 3 parasitic eggs before initiating 

her own nest. A dual strategist laid a clutch of at least 6 parasitic eggs before 

initiating her own nest. 

Statistical Analysis 

To document mass loss patterns, individual mass loss wâs examined 

using regression lines and predicted mass values. Predicted values were used 

for cornparisons due to daily variation in hen body mass. Mass loss values 

used to establish regression equations were obtained from individual hem from 

one day before the first egg was laid to the last day of incubation. Fifteen hens 

that attempted incubation were used for this analysis. Females that did not 

incubate, parasites, lost mass (Appendix 3), whereas a single female that 

exhibited no reproductive activity did not lose mass ( R ~  = 0.002, P = 0.77, df = 

39). 

To compare mass loss differences, 11 successful incubators were divided 

into 'heavy' and 'light' groups based on initial body mass obtained from 

regression equations and mean body mass (x = 1055 g). Hens classified in the 

'heavy' group (x = 11 28.2 g I 17.4, n = 5) had significantly higher body mass at 

the beginning of laying than hens classified in the 'light' group (x = 994.9 g f 

12.2, n = 6)(t = 6.43, P < 0.000, df = 9). Difference in mass change between 



groups was examined with an F test of sample variance followed by the 

appropriate t-tests. 

Incubation constancy for individual hens completing incubation was 

detemined as described in Chapter 2, Methods. lncubation constancy was 

compared between heavy and light groups of fernales with a 1-test. 

The influence of initial body mass on strategy choice was examined using 

21 hens and Spearmans' correlation coefficients. Initial body masses obtained 

during the first day of the study (1 3 April) were used to relate body mass to 

subsequent strategy choice, which was ranked by presumed energetic cost. 

Predicted mass values obtained from regression equations were used to 

calculate mass loss of individual hens which was then used to compare mass 

loss and strategy choice. 

Differences in strategy choice, mass loss and incubation constancy 

between nesting females and dual strategists were examined with t-tests. 

Results 

Female Redheads in captivity chose the following reproductive strategies: 

no reproductive activity (n = A ) ,  parasitic layer (n = 3), double parasitic layer (n = 

2), nesting only (n = 7), semidual strategist (n = 5), and dual strategist (n = 4). 

Two nests were depredated by rodents: one a nester only and one a dual 

strategist. Of the remaining nesters (n = 13), three abandoned nests after 3 to 7 

days of incubation. Egg laying dates ranged from 22 April to 18 June whereas 

nest initiation dates ranged from 29 April to 12 June. 



Mass loss of individual hens was significant over the reproductive period 

from beginning of laying to the end of incubation (Table 4.1). Hens that 

abandoned nests pfior to completion of incubation still lost mass but exhibited 

lower R' values (Table 4.1). 

Body mass at the end of incubation was not significantly different between 

'heavy' (842 g i 25.1 ) and 'light' groups (799 g + 19.2)(t = 1.38, P = 0.20, df = 9). 

However, mass loss over the laying and incubation period was significantly 

different between 'heavy' (286 g + 13.9) and 'light' hens (195.9 g + 13.l)(t = 4.7, 

P < 0.000, df = 9)(Figure 4.1 ). Proportional mass loss was also significantly 

different between 'heavy' (0.25 5 0.001) and 'Iight' females (0.20 + 0.001) (t = 

2.86, P = 0.02, df = 9) 

Incubation constancy between 'heavy' (0.877 f 0.013, n = 5) and 'light' 

hens (0.887 I 0.015, n = 3) was not different (t = -0.50, P = 0.32, df = 6). The 

power of this test was limited by low sample sizeç (0.07). Furthermore, there 

was no significant correlation between: (1 ) body mass at the beginning of 

incubation and incubation constancy (r = 0.008, P = 0.99, n = 8); (2) body mass 

at the end of incubation and incubation constancy (r = 0.365, P = 0.37, n = 8); or 

3) mass loss and incubation constancy (r = -0.39, P = 0.337, n = 8). 

Body mass at the beginning of the reproductive period was related to 

subsequent strategy choice (r = 0.46, P = 0.038, n = 21)(Figure 4.2). Mass 

change over the reproductive period (ail but two lost mass) was also correlated 

to reproductive strategy choice (r = -0.46, P = 0.04, n = 20)(Figure 4.3). 



Figure 4.1. A cornparison of mass at the beginning of reproduction, end of 

reproduction, and mass loss for 11 fernale redheads. (The top five females were 

classified as 'heavy' and the bottom 6 were classified as 'light'. Strategy choice 

indicated in parentheses.) 
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Figure 4.2. Relationship between mass at the beginning of the reproductive 

cycle and strategy choice. (Strategies ranked by presumed energy costs, 1 = no 

breeding, 2 = lay one parasitic clutch, 3 = lay two parasitic clutches, 4 = nesting, 

5 = semi-dual strategist, 6 = dual strategist.) 
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Figure 4.3. Relationship between mass change and reproductive strategy 

choice. (Strategy categories identical to Figure 4.2) 
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TABLE 4.1. Regression values for captive females from the first egg laid to the 

end of incubation. 

Hen ID # Mass Days RzValue P Value Strategy 

ABR 

ABG 

ABY 

GAG 

RAY 

GA6 

AYB 

ARY 

ARG 

AGY 

BAB 

GAR 

GAY 

A W  

ABB 

Dual 

Dual 

Nest, Abandoned 

Nest 

Nest 

Dual 

Semi-Dual, 
Abandoned 
Semi-Dual, 
Abandoned 
Nest 

Semi-Dual 

Nest, 
Abandoned 
Nest 

Dual 

Semi-Dual 

Semi-Dual 



Mass loss, bath absolute and relative, was significantly different between 

nesting females and dual strategists. Incubation constancy was similar between 

the reproductive strategies (Table 4.2a), but higher in nesting females then dual 

strategists. Constancy varied within strategy (Table 4.2b). A single semi-dual 

strategist maintained incubation constancy at 0.9069 

Discussion 

Many duck species lose mass during the breeding season (Ankney and 

Afton 1988, Barzen and Serie 1990, Parker and Holm 1990), a trend that is also 

observed in captive breeding Redheads. Females that participated in 

reproductive activities lost a significant amount of mass averaging 22.3% for 

nesters, semi-dual, and dual strategists. Noyes and Jarvis (1985) reparted a 

22% mass loss for wild female Redheads collected in Nevada. Sirnilar rnass 

loss trends were also observed in wild females in Minnedosa, Manitoba, 

however, individual mass loss data were not obtainable (Appendix 3). 

Heavier female Redheads, at the beginning of reproduction, lost more 

mass compared to lighter females, although the groups were not different in 

mass at the end of incubation. This relationship suggests that end-of-incubation 

body mass, which was used in Chapter 2, is not a good indicator of mass at the 

beginning of reproductive activity for Redheads. 

Redhead incubation constancy was not different between females 

classified as 'heavy' and 'light', however, this result was lirnited by low sample 

sizes. Results in Chapter 2 suggest that heavier females, as compared to lighter 

females, potentially maintain higher incubation constancy. Therefore, the 



Table 4.2. Cornparison of mass loss and incubation constancy A) between 

nesting females and dual strategists and B) initial mass and constancy within 

strategy. 

Strategy Average Absolute Average Relative Average Incubation 

Mass Loss Mass Loss Canstancy 

Dual Strategy 297.4 c 10.3 g 0.26 t 0.01 0.866 + 0.009 

(n = 4) 

Nest 209.3 + 31.1 g 

(n = 3) 

S trategy Mass at the Beginning Incubation Constancy 

of Reproduction (g) 

Dual Strategy 1 184.1 

1131.2 

1097.6 

1086.4 

1141.6 

983.8 

961 

Nesting 



relationship between Redhead incubation constancy and body mass is 

unresolved. 

A positive relationship between body mass and reproductive strategy 

choice in captivity indicated that heavier females tended to choose more costly 

strategies. Furtherrnore, females choosing more costly strategies lost 

significantly more mass than those that parasitized only. Whether or not heavier 

females choosing more costly strategies, lost more mass simply because they 

were more physiologically able or because more costly strategies require more 

lipid reserves, Le. body mass, is unclear. Mass loss may, however, corne with 

consequences. Fernales that lose proportionately large amounts of mass during 

incubation may abandon their clutches (Korschgen 1977), die (Harris 1970. 

Korschgen 1977) or rnay not survive to the next breeding season. 

The influence of body mass and strategy choice on incubation constancy 

was first proposed in Chapter 2. Constancy, however, was not significantly 

different between nesting females and dual strategists in captivity, although dual 

strategists lost more mass than nesting females. Trends in constancy within 

each reproductive strategy suggest that heavier dual strategists maintain higher 

constancy than light dual strategists, although definitive conclusions are limited 

by sample size. Work in captivity therefore suggests the relationship between 

mass and constancy is influenced by strategy choice, as proposed in Chapter 2. 

Since heavier females choose dual strategies, exhibit higher relative and 

absolute mass loss, constancy rnay be lower when cornpared to lighter females 



that nested and lost less mass. In this study, a trend for nesters to maintain a 

higher average constancy than dual strategist exists, althaugh not significant. 



CHAPTER 5: REDHEAD BROOO ECOLOGY 

North American waterfowl species produce precocial young with parents 

providing post-hatch care. Parental care often involves brooding the young 

(Koskimies and Lahti 1964, Afton and Paulus 1992). protection from predators 

(Lazarus and lnglis 1978), and selection of brood rearing habitats and food 

locations within those areas. Early parental care also allows for proper 

imprinting (review in Smith 1983). In duck species, post-hatch care is critical 

during the first and second weeks of life when mortality is highest (Ball et al. 

1 975, Savard et al. 1 991 , Mauser et al. 1 994). However, time spent in brood 

Gare may conflict with the physiological demands of the female, as females try to 

enhance their physical condition after loses in body mass resulting from laying 

and incubation in order to molt and participate in fall migration. Variation in care 

may result in lower brood suwival because reduction in care often comes at the 

cost of increased mortality of the young (Ball et al. 1975, Talent et al. 1983). 

Several factors may influence variation in care andior success: initiationhatch 

date, hen age and body mass, habitat use and brood movements. 

In waterfowl, parental care patterns Vary with initiationlhatch date, hen 

age and body mass, although Redhead brood ecoiogy is essentially unknown. 

In some species, late-hatched broods have a lower survival rate (Orthrneyer and 

Ball 1990, Rotella and Ratti 1992a, but see Savard et al. 1991, Mauser et al. 

1994), which is potentially due to several factors. Late-hatched brood rearing 

confiicts with time needed by the female to regain mass lost during laying and 

incubating. Late-season females appear to spend more time feeding and less 



time in parental care activities, which possibly reduces survival of the brood 

(Rushforth Guinn and Batt 1985). Additionally. declining wetland density as the 

season progresses (Eldridge and Krapu 1988) rnay influence late-hatch broods. 

Finally, late-nesting females rnay be young, inexperienced or in poor condition, 

and therefore less attentive to broods (Krapu 1981, Ringelman and Longcore 

1982) or be renesters (Doty et al. 1984, Swanson et al. 1986). Redheads, 

however, are known to renest only in one isolated population outside the normal 

breeding grounds (Alliston 1979) 

Hen age rnay influence brood Gare and ultimately survival. Theoreticaliy, 

older hens should exhibit greater levels of parental investment than younger 

hens (Trivers 1972,1974). Further, older hens rnay provide better care due to 

experience gained from raising previous broods (Carlisle 1 982). A study on 

Lesser Scaup provides weak support of the influence of age on parental 

investment (Afton 1984): time spent in brood care increased and self- 

maintenance decreased from one to three year old hens. However, care and 

self-maintenance of Scaup females four years and older were similar to 

yearlings. 

Body condition of females rnay also affect brood care and survival. 

Female Redheads that invested heavily in reproductive activities, especially dual 

strategists, rnay be in a wmpromised body condition. In other species, such as 

the Common Eider, hens in pcorer condition were more likely to abandon care of 

their young to other females (Bustnes and Erikstad 1991). White-winged Scoter 



females in poorer condition. however, did not abandon their young more 

frequently than other females (Kehoe 1986). 

Habitat requirements during brood rearing are important since they may 

influence pre-fledging survival (Rotella and Ratti 1992b). Pre-fledgling survival 

has been detemined to be a major component of recruitment (Cowardin and 

Johnson 1979). Feathersone (1 975) and Woodin (1 987) demonstrated the 

importance of relatively small, semipemanent wetlands for breeding Redheads. 

No studies have exarnined brood rearing habitat use of Redheads even though 

wetland abundance and density have been shown to be important for diving 

du& species (Smith 1971, Stoudt 1971). 

Although some dabbling and a few diving duck species have been studied 

during brood rearing, little is known about Redhead brood ecology. The first 

objective of this study was to document Redhead brood survival and the number 

of surviving ducklings and examine the influence of initiation/hatch date and hen 

age and body mass on individual variation in survival. The second objective was 

to document Redhead habitat use and its influence on brood survival and to 

examine the influence of hen age on habitat use. The final objective was to 

document brood movements and their influence on brood survival and to 

examine the influence of hen age and body mass on brood movements. 

Methods 

Redhead females found late in incubation or rnonitored during incubation 

(see Chapter 2) were trapped between 22 and 24 days of incubation, aged 

(Dane and Johnson 1975), weighed and surgically implanted with radio 



transmitters (ATS, Inc. ). Surgical procedures followed Korshgen et al. (1 984) 

using a portable surgical lab at the trap site. 

Hens with broods were located daily with either a truck-rnounted 2- 

antenna. 4-element system or by 3-element hand held antennas. Ducklings in 

each brood were counted every day or as often as they were visible within a 

wetland. Twice, the number of ducklings in a brood could not be determined 

because visibility was impaired on the wetland where they were located due to 

100% cover of vegetation. Broods were monitored for a maximum of 30 days 

post-hatch. 

A brood was considered to have survived if at least one duckling survived 

to 30 days post-hatch (Klett et al. 1986). Brood survival was measured as the 

proportion of broods that survived to 30 days. The maximum number of 

ducklings observed and the last number of ducklings observed were recorded. 

The last known number of ducklings was used as a measure of the number of 

surviving ducklings from a brood since observations on females were not equal. 

This number, however, should be interpreted with caution as one egg from each 

clutch was removed to determine hatch date (see Chapter 2). Females that 

experienced total brood loss prior to 30 days received a duckling value of O. 

Redhead broods did not amalgamate in this study. 

Habitat use and availability were determined by classifying al1 wetlands 

within 0.8-km of the nest site. Habitats were classified using the system 

developed by Stewart and Kantrud (1 971 ) for prairie pothole habitats (see 

Appendix 4 for summary of habitat classification). 



Brood movements were measured on aerial photographs as straight-line 

distances between the center of wetlands used by broods. A brood was 

considered to have moved only when it was observed on a new wetland or, in 

the case of 100% vegetative cover, when a female remained on the wetland for 

at least three consecut ive days of monitoring. Occasional l y, females left broods 

unattended and flew to nearby wetlands. This movement by a female did not 

constitute a brood movement. Brood activity was monitored daily with telemetry 

equipment. The exact wetland location of the brood was verified daily by visual 

observation andlor using hand-held telemetry equipment. 

Statistical Analysis 

Brood Suwival 

Brood survival estimates were calculated as the proportion of surviving 

broods out of the total radioed females that successfully hatched eggs (n = 40). 

The average number of surviving ducklings, however, was calculated using only 

36 of the 40 females because predators killed two and two other broods were 

never observed due to the use of wetlands with 100% vegetative cover. 

Correlation coefficients were used to examine the influence of hatch date on 

brood survival. 

A chi-square test was used to determine whether brood survival was 

different between age groups. The influence of hen age on the number of 

surviving ducklings was first analyzed with an F-test for equal variances followed 

by the appropriate two-tailed t-test, unless otherwise noted. The relationship 

between hen body mass and brood survival was examined using the same 



procedure. Simple linear regression was used to examine the relationship 

between the number of surviving ducklings and hen body mass at the end of 

incubation. 

Habitat Use 

Habitat use versus availability was examined using Johnson's (1 980) 

Preference Test. This technique results in the ranking of habitats on the basis of 

preference and allows for significance tests of the ranking. This test has the 

advantage of producing comparable results whether doubtful habitats are 

included or excluded. Johnson's (1 980) test initially produces a ranking of 

habitats according to selection and a ranking of habitats according to availability. 

Substantial differences in these rank orders causes rejection of the nuIl 

hypothesis that al1 habitats are equally preferred. If the null hypothesis is 

rejected, habitats used are wmpared with the multiple cornparison procedure of 

Waller and Duncan incorporated into the procedure of Johnson (1 980). 

Average use patterns were examined for 39 radioed females that hatched 

eggs with use days per female ranging frorn 2 to 30 days. General use patterns 

were examined and habitats that were never chosen, although available, were 

excluded from analysis. The method developed by Johnson (1 980) is relatively 

insensitive to inclusionlexclusion of doubtful components (habitats). 

The full data set of 39 hens was subdivided into surviving and non- 

surviving broods and the Johnson's (1 980) Preference Test was performed on 

both to examine uselpreference differences between the groups. The same 

procedure was applied to subgroups of yearling and adult hens with broods. 



Brood Movements 

Brood rnovement measures (the average number of movements, distance 

of the first move, the distance of the longest move and the total distance moved) 

were calculated from the entire data set of 40 radioed females and correlated to 

examine inter-relationships. For tests of brood survival, a subset of 38 hens was 

used because predators killed two hens. Further, a subset of 36 hens was used 

for tests of the number of surviving ducklings, because predators killed hnro hens 

and two hens with broods that were never observed. 

The difference in brood rnovement measures between surviving and non- 

surviving broods was examined with ANOVA, whereas a multiple regression was 

used to determine the influence of brood movement measures on sutvival. A 

multiple regression was used again to examine the relationship between brood 

movement measures and the number of surviving ducklings. 

An ANOVA was used to examine brood movement differences between 

yearling and adult hem. The influence of hen body mass on brood movements 

was examined with individual simple Iinear regressions. 

Results 

Forty broods were monitored from hatch to a maximum of 30 days during 

1994 (n = 12) and 1995 (n = 28). Brood survival averaged 55% (n = 40). The 

average number of surviving ducklings was 4.2 I 0.4 (n = 36) with a range of O 

to 9. Hatch dates ranged from 161 -202 Julian (1 0 June to 21 July) for 1994 and 

169-209 Julian (18 June to 28 July) in 1995. Brood survival was not correlated 



with hatch date (r = -0.23, P = 0.16, n = 38). The number of surviving ducklings 

was also not correlated with hatch date (r = 0.13, P = 0.44, n = 36). 

Age of the brood hen did not influence brood survival. There was no 

significant difference between survival of broods of yearling hens (56.25%, n = 

16) and adult hens (59.09%. n = 2 ~ ) ( ~ *  = 0.95, P = 0.33, df = 1). Also, the 

number of surviving ducklings was not significantly different between age groups 

(t = 0.51, P = 0.61, df = 34). Lastly, hatch date was not significantly different 

between yearling hens and adult hens (t = -1 -30, P = 0.20, df = 36). 

In contrast, brood survival and the number of surviving ducklings were 

both influenced by hen body mass. Body mass of hens with successful broods 

(937.7 I 12.3, n = 22) was significantly higher than for unsuccessful brood hens 

(905 + 12.7, n = 16)(t = -1.82, P = 0.04 (one-tailed), df = 36). The number of 

surviving ducklings increased significantly with increasing hen body mass ( R ~  = 

0.1 9, F = 8.1 9, P = 0.007, df = 35)(Figure 5.1 ). The nurnber of ducklings 

observed within one week of hatch, an early indication of survival, was not 

correlated with hen body mass (r = 0.25, P = 0.14, n = 36). 

Habitat Use 

Habitats 4-3, 4-2, and 3-3 were used most often, based on the habitat 

ranks (Table 5.1 ). Habitat types 3-4, 2-3, 2-4, 1 -1, 1 -2. 1 3 , and 1 -4 were 

never chosen by fernale Redheads and were excluded from analysis (Table 5.1 ). 

The average difference between ranks of wetland use and ranks of 

wetland availability are reported in Table 5.2a. The nuIl hypothesis that each 

habitat was equally preferred was rejected (F = 16.78, df = 8, 31, P = < 0.000). 



Figure 5.1. Relationship betwaen hen body mass at the end of incubation and 

the number of surviving ducklings per brood. 
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TABLE 5.1. The percent of al1 female Redheads that used a particular habitat 

type compared to the percent of those females that had a particular habitat 

available to them. 
- 

Habitat Type Percent Use _ --. .-*- * _ _ _  _ _-__ ._ _ _ _ _ - -  _ _. . . _---- Percent Availability _ -  -*-.- - .---- 
4- 1 10 69 



TABLE 5.2. The A) habitat ranks and B) habitat preferences of females 

Redheads. Habitat types indicated are preferred (>) over other indicated habitat 

types and types not indicated are chosen equally with al1 others. 



Habitat types 4-4, 4-1, 4-2. 4-3, and 3 3  were selected out of proportion to their 

availability (Table 5.2b). The use of habitat type 4-4, although significant by the 

test results. was used by only two females of the total tested (Table 5.1). 

Although rank differences between surviving broods and unsuccessful 

broods were similar (Table 5.3a), habitat types were not chosen equally in either 

group: successful (F = 10.1 1, P c 0.000, df = 8. 14) and unsuccessful broods (F 

= 3.75, P = 0.04, df = 8, 9). Significant preferences existed in both groups, 

however, the surviving brood hens appeared to have stronger preferences 

exhibited by specific habitat usage (Table 5.3b). 

The number of wetlands available to brood hens per brood study site 

(wetland density) did not differ between successful broods and unsuccessful 

broods (t = 0.598, P = 0.55, df = 37). Further, the average proportion of each 

habitat type available within a 0.8-km radius did not differ between successful 

and unsuccessful broods (Table 5.4). 

The average difference in rank uselavailability for yearlings and adults 

was sirnilar for the rnost and least preferred habitats, but quite different for al1 

others (Table 5.5a). Yearlings chose habitats out of proportion to their 

availability only marginally (F = 3-33, P = 0.06. df = 8, 8) whereas adults chose 

habitats significantly out of proportion to their availability (F = 9.4, P c 0.005, df 

= 8, 15). Adults preferred habitats 4-4, 4-1 and 3-3 most often and habitat types 

3-2 and 2-1 least often (Table 5.5b). 



TABLE 5.3. The A) rank differences and B) habitat preferences of successful 

and unsuccessful broods. Habitat types indicated are preferred (>) over other 

indicated habitat types and types not indicated are chosen equally with al1 

others. 

BI Successful Brood Habitat Unsuccessful Brood Habitat 

Preferences Preferences 

4-4 > 4-1, 4-2, 4-3, 3-1, 3-2, 4-4 > 4-3, 3-2,2-1 

2-1, 2-2 

3-3 > 3-2,2-1, 2-2 

4-2, 4-3 > 3-2, 2-1 

4-1, 4-2, 3-1 > 2-1 



TABLE 5.4. Proportion of different habitat types available to successful and 

unsuccessful broods. 



TABLE 5.5. The A) rank differences and 8) habitat preferences between 

yearling and adult female Redheads. Habitat types indicated are preferred (>) 

over other indicated habitat types and habitat types not indicated are chosen 

equally with al1 others. 

€3) Yearling Habitat Preferences Adult Habitat Preferences 

4-4 > 3-2, 2-1 4-4 > 4-1, 4-2, 4-3, 3-1, 



Brood Movements 

Brood movements as indicated by the average number of movements. 

distance of the first move, the longest distance moved, and the total distance 

moved are reported in Table 5.6a. All movement rneasures are highly wrrelated 

(Table 5.6b). In an ANOVA with survival as dependent factor, al1 movement 

measures are significantly different between successful broods and 

unsuccessful broods (Table 5.7). In a multiple regression model, the first 

distance moved is the only measure that significantly influences survival (Table 

5.8). A multiple regression of the number of surviving ducklings with brood 

movement rneasures indicates that only the first distance moved rnarginally 

influenced the number of surviving ducklings (Table 5.9, Figure 5.2). 

Lastly, brood movement measures were not significantly different between 

yearling and adult brood hens (Table 5.10). Using individual regressions, only 

the distance of the first movement was marginally (although not at 0.05 level of 

significance) influenced by hen body mass (Table 5.11, Figure 5.3). 

Discussion 

Variation in parental care by female Redheads influenced brood survival. 

Although brood survival was generally high, it was influenced by variation in 

female body mass but not age or differences in initiationlhatch date. Habitat use 

patterns were different between successful and unsuccessful females and were 

influenced by fernale age. Finally, variation in brood movements influenced 

brood survival and were influenced by female body mass but not age. 



Figure 5.2. Relationship between the number of surviving ducklings per brood 

and the distance of the first brood movement. 
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Figure 5.3. Relationship between hen body mass at the end of incubation and 

the distance of the first brood movement. 



900 1 O00 

Body Mass (g) 



TABLE 5.6. A) Brood movement rneasurements and 8) correlation between 

measures. 

A) 
Total Number of Distance of First Distance of Total Distance 
Movements Movement (km) Longest Moved (km) 

Movernent (km) 
(mean I SE, 
range) 

B) Distance of First Distance of Total Distance 

Movement Longest Moved 

Movement 

Distance of First 

Movement 

Distance 

Longest 

Movement 



TABLE 5.7. ANOVA of brood movement measurernents between successful and 

unsuccessful broods. 

ANOVA F Value P Value df 
--- 
Total Number of Movements 4.876 0.034 39 

Distance of First Movement 12.377 0.001 39 

Distance of Longest Movement 8.61 0.006 39 

Total Distance Moved 7.387 0.01 39 



TABLE 5.8. Multiple regression of the influence of brood movement 

measurements on brood survival. 

-. 

ANOVA F Value P Value df 
.-.----- 

Regression 3.468 0.01 7 4 

Residual 35 

Total 39 - - 

Model, Brood Survival as the Dependent Variable t Value P Value 
..__..f.f....._______._.___.~~..~..~.*~~~._*___.___.__.__.___.~~~.~..~~.~-~~..~~*~~~..-...~-~-...~-.~~~*~~~~~...*.*.*..~.-.-..-..-*.---..--.--..~-..--.--.*...*-------.--.---------------.-.*------- 

Constant 1.463 0.152 

Total Number of Movements 

Distance of First Movement 

Distance of Longest Movement 

Total Distance Moved 0.831 0.411 

-. -. . - 



TABLE 5.9. Multiple regression of the influence of brood movements on the 

number of surviving ducklings. 

ANOVA F Value P Value df 

Regression 1.1 36 0.356 4 

Residual 33 

Total 37 

Model, Number of Surviving Ducklings as the Dependent t Value P Value 

Variable 
----------- --..--- -*----A---*-.--.--- 

Constant 3.851 0.001 

Total Number of Movements -0.486 0.63 

Distance of First Movement 1.796 0.082 

Distance of Longest Movement -0.324 0.748 

Total Distance Moved 0.177 0.860 



TABLE 5.10. ANOVA of brood movement measurements of yearling and adult 

hens. 

ANOVA F Value P Value df 
.._.._...__....~.*...~~~.~._._...~~..~....~..~~.~~..~~......*..*..__._f...*..._____...~~~....~~~~...~.~.f....~..~.~~~....~.....~.....-.~....*..-~...-~~..--~~-~.----.--....--.-------.-------- 

Total Number of Movements 1 -469 0.229 39 

Distance of First Movernent 1.367 0.25 39 

Distance of Longest Movement 1 .O02 0.323 39 

Total Distance Moved 0.905 0.347 39 



TABLE 5.1 1. lndividual regressions of the influence of body mass on brood 

movement rneasurements. 

Variable ~ ~ ~ a l u e  FValue PValue df 

Total Number of Brood Movements 0.002 0.061 0.807 39 

Distance of First Brood Movement 

Distance of Longest Brood Movement 0.033 

Total Distance of Brood Movements 0.003 O. 1 04 O. 749 39 



Brood Survival 

Redhead brood suwival was found to be 55% and was similar to survival 

estimates available for diving ducks in the same area (Bellrose 1980). Brood 

survival was not influenced by hatch date, although several other studies have 

reported lower brood survival of late hatched broods (Bengston 1971, 

Orthymeyer and Ball I W O ,  Rotella and Ratti 1992b). Savard et al. (1 991 ) 

dernonstrated yearly effects of hatch date on survival of Goldeneyes but found 

no relationship between hatch date and brood survival of Buffleheads. Other 

studies, such as Mauser et al. (1994), dernonstrated no difference in brood 

survival between early and late hatch Mallard broods and attributed high survival 

of late broods to a corresponding peak hatch of Gadwall (Anas strepera) nests, 

which potentially provided an alternative prey source reducing depredation on 

Mallard ducklings. Redheads may not exhibit differential brood survival with 

hatch date because their breeding season may be more restricted due to a later 

nest initiation, as compared to some duck species. 

Although hen age may be important since young are inexperienced or 

could be in poor condition and therefore less attentive to broods (Krapu 1981, 

Ringelman and Longcore 1982), hen age did not influence Redhead brood 

survival. Age has been shown to influence nest initiation date, clutch size, and 

the number of young raised in some waterfowl species (Krapu and Doty 1979, 

Raveling 1981, Afton 1984, Duncan 1987a,b), but no studies have exarnined the 

influence of age on brood survival in dabbling and diving ducks. 



In this study. hen body mass influenced Redhead brood survival. Hens 

that were heavier at the end of incubation exhibited higher brood survival and 

produced more ducklings per brood than lighter hens. This relationship cannot 

be attributed to heavier hens initially producing more eggs and thus hatching 

more ducklings because body mass at the end of incubation was not related to 

the number of ducklings that hatched. These findings are in contrast to those of 

Arnold et al (1 995) who demonstrated that late incubation body mass was 

unrelated to brood and duckling survival in both Redheads and Canvasbacks. In 

this study. females in better condition at the beginning of the brood Gare phase 

may have been able to devote more time to brood care activities than females 

which were of a lighter body mass. Females in a cornpromised or of a lighter 

body mass would be required to devote a large amount of brood rearing time to 

self-maintenance. Time budget studies of fernale waterfowl in varying body 

condition states during the brood rearing phase are non-existent. In general, 

however, time budget studies have shown that brood rearing females devote 

approximately 50% of their time to self maintenance (mostly feeding) and that 

females with broods spend less time feeding than females without broods (Scott 

1980, Afton 1984, Giroux et al. 1986). Variability of time spent feeding by hens 

during brood rearing is likely to be influenced by body condition. 

Habitat Use 

Habitat use during brood rearing is important because habitat conditions 

may influence pre-fledgling survival (Rotella and Ratti 1992b). In my study, 

Redhead brood hens exhibited strong preferences for certain habitats that were 



selected out of proportion to their availability and used many habitats that were 

equally available. Hens used semi-permanent and seasonal wetlands with up to 

95% open water and a band of at least 2 m of emergent vegetation in proportion 

to their availability (4-3 and 3-3). Furthemore, hem selected semi-permanent 

and seasonal wetlands with greater than or equal to 95% open water and with 

the existence of a band of emergent vegetation out of proportion to their 

availability (types 4-4 and 3-3). Temporary and seasonal wetlands with less 

than 5% open water and less than 95% open water, respectively, were often 

avoided. 

Successful and unsuccessful brood hens selected habitats differently. 

although the density and proportion of available wetland classes did not differ 

between groups. Successful females selected semi-permanent wetlands with 

greater than 2 m of emergent cover (4-4) and seasonal wetlands with 5-95% 

open water (3-3) over al1 other types available. Unsuccessful hens exhibited 

less preference. selecting 4 4  and 3-3 with al1 other types equally, with exception 

of 4-3, 3-2 and 2-1. Unsuccessful hens choosing habitats 4-1, 4-2. 3-1 and 2-2, 

which are entirely or partially covered by emergent vegetation and correlated 

with shallow water conditions, may have experienced greater brood loss due to 

depredation. Shal low water habitats are easil y ut il ized by marnmalian predators, 

such as raccoons (Procyon lotor) and skunks (Mephifis rnephitis). 

Yearlings and adults also exhibited different habitat selection strategies. 

Yearlings did not select habitats out of proportion tu their availability while adults 

preferred 4-4 and 3-3 to rnost habitats and avoided 3-2 and 2-1. Preferences 



may reflect previous experience with the brood rearing range since Redhead 

females exhibit strong nest site fidelity from year to year (T. Yerkes, pers. obs.). 

Redhead hens may acquire valuable knowledge and fitness advantages from 

such behavior. 

Brood Movements 

Brood movements influence redhead brood survival. Specifically the 

distance of the first movement influenced survival and the number of surviving 

ducklings per brood. Although brood movements are negatively correlated with 

brood survival in Mallards and Wood Ducks (Ball et al. 1975. Rotella and Ratti 

1992b. but see Evans and Black 1956, Duncan 1986. Mauser et al. 1994). this 

relationship is opposite in Redheads. The first distance moved was positively 

correlated with brood survival and the number of surviving ducklings per brood. 

Brood movements are cornmon in other duck species (Dzubin and Gallop 1972, 

Ringelman and Longcore 1982, Talent et al. 1982, Duncan l987c, Gauthier 

1987). These possibly occur in response to low invertebrate numbers (Talent et 

al. 1982. Gauthier 1987) or to avoid wetlands lacking a zone of emergent 

vegetation (Evans et al. 1 952, Keith 1 961 ). This may refiect strong preference 

for specific wetland types by Redheads even though it requires longer overland 

movements to reach those areas, thus potentially demonstrating that Redheads 

rnay have specialized requirements. Elsewhere, I have documented differential 

use of nesting and brood rearing habitats, such that Redheads switch from 

relatively small wetlands used for nesting to larger, semipermanent wetlands for 

brood rearing (unpubl. data). 



CHAPTER SIX: Co~ctusio~s - FACTORS THAT INFLUENCE INDMDUAL VARIATION IN 

RE PRO DUC^ PARAMETERS OF FEMALE REDHEADS 

The overriding objective of my research was to examine individual 

variation in Redhead reproductive behaviors and determine the factors that 

influence variation in success. I found that variation in incubation behaviors, 

brood rearing success and reproductive strategy choices of individual females is 

the result of female age and body mass and several environmental factors. 

More importantly, this research has demonstrated variable consequences of 

reproductive strategy choice and how choice is influenced by parameters such 

as age and mass. I proposed that strategy choice also influences subsequent 

behavior later in the season, such as incubation constancy and brood rearing. 

Incubation Constancv 

I found that female Redheads, although relatively large-bodied, exhibit 

one of the lowest incubation constancy's reported among duck species. This 

relationship is in contrast to Aftons' (1 980) proposal, which states constancy 

among species should be positively related to body size. I proposed that low 

constancy is a result of the preponderance of parasitism prior to nesting, a 

strategy uncommon in other ducks. High frequency of parasitism may reduce 

body condition of nesting females and result in the low constancy observed. 

Furthemore, I found that hen age and mass resulted in variation among 

females. Older fernale Redheads exhibited, on the average, higher incubation 

wnstancy than yearlings. Although the prior breeding history of adult Redheads 

in rny study was unknown, prior experience potentially influenced incubation 



patterns of adult females. I found that body mass also exerted an influence on 

incubation constancy. Although the relationship between body m a s  and 

constancy was not entirely clear due to use of mass at the end of incubation, I 

proposed that heavier females at the beginning of incubation were capable of 

maintaining higher constancy, on the average, as compared to light fernales. I 

propose that heavier females would be able rely more on endogenous reserves 

thus be capable of maintaining higher wnstancy. 

In captivity, I determined that the use of end-of-incubation body mass is 

not a good measure for examining the relationship between mass and constancy 

because females that were significantly heavier at the beginning of incubation 

were not significantly different from lighter females at the beginning of 

incubation. Heavy and light females did not differ in incubation constancy as 

proposed, however, this test was restricted by small sample sizes. Because 

significant interactions were found in the wild between mass and Julian date, I 

suggest that mass and strategy choice rnay interact to influence incubation 

constancy . 

In most studies of waterfowl incubation wnstancy, variation has been 

attributed to female age and body mass. In general, and in my study, older, 

experienced females maintain higher wnstancy (Aldrich and Raveling 1983). It 

has been proposed that experience mediates this relationship and not age per 

se. Furthermore, I found that heavier females maintain higher wnstancy then 

their lighter cohorts, results similar to others (Aldrich and Raveling 1983, 

Gloutney and Clark 1991, Erikstad et al. 1993). Heavier females are able to rely 



more on endogenous reserves and thus rnaintain higher constancy while 

foraging less as compared to lighter females. 

I also found that ambient conditions exerted an influence on incubation 

constancy. Constancy of female Redheads was lower on days with higher 

maximum temperatures. Constancy did not increase in response to colder 

ambient temperatures or precipitation. I propose that females in a reduced body 

condition rnay not be able to respond to decreasing temperatures by increasing 

constancy beyond some maximum level constrained by their cuvent body 

condition. Fernales may, however, respond to the opposite scenario. At higher 

ambient temperatures, females may take advantage of favorable ambient 

conditions to increase foraging time and thus decrease constancy. 

Although ambient temperature and precipitation have been found to 

influence constancy, this influence varies greatly among species. Some species 

increase constancy in response to decreasing ambient temperatures and 

precipitation (Caldwell and Comell 1975, Afton 1980). Others increase 

constancy only in response to increasing temperatures (Malloy and 

Weatherhead 1993) or precipitation events (Brown and Fredrickson 1987, 

Meade 1996), whereas others do not respond to temperature or precipitation 

(Ringelman et al. 1982, Hohrnan 1986). Body size and variation in nutrient 

storage capabilities among species mediate this relationship. Species that are 

capable of responding to colder temperature by increasing constancy may be 

able to do so due to stored reserves. Others, like Redheads, may be 



maintaining constancy at a physiological maximum dictated by nutrient reserves 

and thus can only take advantage of higher ambient temperatures. 

Finally, I found significant interactions between age and initiation date 

and mass and Julian date on incubation wnstancy. Early in the season, before 

parasitisrn has occurred, yearling females maintain lower constancy than adults 

whereas, later in the season yearling constancy is higher than adults. I propose 

that this interaction shows an influence of age on strategy choice which 

subsequently effects incubation constancy, such that yearling females that nest 

late in the season may only have nested compared to adults which may have 

chosen dual strategies and hence maintained lower incubation constancy. 

Additionally. I propose that strategy choice and mass may also interact to 

influence constancy. I found that early season nest initiators maintained higher 

wnstancy and ended incubation at lower body masses than late season 

initiators that maintain lower constancy by ended with higher body masses. 1 

proposed that early initiaton are nesters only and later initiators are dual 

strategists. and hence mass and strategy choice influence wnstancy such that 

nesting females maintain higher constancy as compared to dual strategists. 

Reproductive Strateav Choice 

As predicted by the dynamic state variable model that 1 developed, 

reproductive strategy choices of female Redheads were infi uenced by age, body 

mass, and environmental variability in the fom of food availability and host 

availability. I found that body mass deterrnined strategy choice resulting in a 

distribution from most to least costly, whereas age shifted the mass distribution 



up or down depending on the survival probability. For example, females with a 

low probability of survival to the next breeding season, therefore an old female, 

chose more costly strategies at lower body masses. These findings support my 

predictions of the influence of mass and age on strategy choice. In al1 cases, I 

would predict that nesting only was rare, while parasitism and dual strategies 

were cornmon. The positive correlation between body mass and reproductive 

strategy choice that I found in captivity supports the model conclusions based on 

mass. 

The availability of food exerted a slight influence on strategy choice, 

whereas host availability exerted a strong influence on choice. When food 

availability was high, slightly higher proportions of more costly strategies were 

observed in a breeding population. In contrast, when host availability changed, 

the profile of reproductive strategies observed in a population changed 

dramatically. At extremely low host availability, I would predict only non- 

breeding and pure nesting, whereas at al1 other levels of host availability, 

parasitism and dual strategies are predicted but no pure nesting 

Based on the combined results of the incubation studies and the model 

predictions, the interaction I proposed between mass, age, and strategy choice 

that influence behavior, such as wnstancy, is strengthened. I propose that 

heavier andor older females invest heavily in costly strategies at the expense of 

body mass and constancy, but realize higher expected fitness values as 

predicted by the model. Lighter females, in contrast, choose a less costly 

strategy, nesting, and consequently maintain higher constancy. I found support 



for this relationship in captivity. These data suggest that dual strategists, 

compared to nesters, maintained higher constancy and lost more relative and 

absolute mass. I also found that within each strategy, heavier females tended to 

maintain higher constancy than lighter females. 

Studies of alternative reproductive strategies in waterfowl have attributed 

parasitic frequencies to many factors (for review see Sayler 1992). Species that 

nest in northem latitudes, such as Lesser Snow Geese, increase the frequency 

of parasitism in response to Iimited nest sites, poor female condition andlor age 

and thus are purportedly making the best-of-a-bad job (Lank et al. 1989, 1990). 

Eiders (Robertson et al. 1992, Bjom and Erikstad 1994) and cavity nesters 

(Clawson et al. 1979, Haramis and Thompson 1985, Savard 1988, Eadie 1991 ) 

respond to the availability of nest sites and population levels, such that lack of 

nest sites and increased population levels increase the frequency of parasitism. 

I would predict that Redheads, which nest over water and rarely experience nest 

site limitations, respond strongly to host availability mediated by female age and 

body mass. 

There are two broader conclusions that can be made from these findings: 

1 ) Redheads increase reproductive effort with age and 2) host availability is very 

important in Redhead reproductive strategy choice. As I predicted, females 

Redheads increase reproductive effort with age. This relationship is further 

influenced by mass. Earlier researchers suggested a qualitative difference in 

strategy choice by age, such that yearlings were restricted to parasitism and 

older females chose to nest or dual. My work does not support a qualitative 



difference, but predicts that survival probabilities exert an influence on the rnass 

category at which females switch from low to high cost strategies. 

More interestingly, the mode1 results predict that host availability has a 

stronger influence on strategy choice than food availability. Previous results of 

field studies under varying environmental conditions produced wnflicting and 

mixed results: in some cases the environment modified strategy choice whereas 

others found no influence. I propose an alternative explanation for these mixed 

findings: Redhead females assess the "host environmentn in addition to their 

own age and mass, prior to making a strategy decision. Food availability 

functions to fine-tune this assessment, by either encouraging or discouraging 

more costly strategies at lower mass categories. 

Brood Rearinq 

Variation in brood success can also be attributed to phenotypic variation 

and environmental factors. Female age was not found to influence Redhead 

brood success, the number of surviving ducklings, or brood movements among 

brood rearing habitats. I found that Redhead body mass, however, did exert an 

influence on such variation. Heavier females at hatch had higher brood survival 

and produced more ducklings compared to light females. Furthemore, I found 

that mass influenced the distance of the first brood movement from the nest site 

to a brood rearing wetland. Heavier females made greater overland brood 

movements, which were significantly and positively related to brood survival. I 

propose that females making greater overland movements potentially reached 

more preferred habitats resulting in greater survival rates. 



Of the few studies conducted during the brood rearing phase that 

examined individual variation in success, female age and body mass were not 

found to influence variation in success (Arnold et al. 1995). In Redheads, age 

did not influence success. In contrast to others, I found that body mass at hatch 

was important in explaining variation in brood success. Females in better 

condition rnay incur advantages over females in poor condition. I propose that 

these advantages may include increased brood attendance, increased vigilant 

and defense behavior, and increased ability to move a brood greater distances 

to better quality habitats. During the brood rearing phase, females must balance 

the needs of the brood against her own self-maintenance and later pre-migratory 

fattening. Females in poor condition may neglect broods in order to ensure their 

own suwival (Bustnes and Erikstad 1991), thus resulting in lower brood survival. 

The environmental gradient of habitat types varied over the prairie 

landscape, but the proportion of various habitat types available to brood rearing 

females did not significantly differ. Although al1 females experienced similar 

availability, I found that habitat types were used differently among females. 

Redheads that successfully raised broods, across age groups, exhibited strong 

preferences for specific habitat types. Further, I found that older fernales 

exhibited strong preferences for specific habitat types. I propose that the 

observed preference of adults rnay reflect prior experience with the nesting area 

due to the philopatric nature of Redhead females. Choice of a particular habitat 

within a mosaic of available wetlands, however, does influence the success of a 

female. 



Finally, I propose that behavioral decisions in the early part of the 

breeding season wili result in behavioral differences during brood rearing, 

particularly in Redheads sinœ differential energetic investment between nesters 

and dual strategists may result in variation in success. I earlier proposed that 

heavier females at the end of incubation were dual strategists, and hence found 

that heavier females had higher brood survival and produced more Young. I 

propose that dual strategists parasitize and nest at the expense of body mass, 

but maintain lower wnstancy and thus end incubation with adequate resewes to 

increase brood survival as compared to their whorts that nested only. 



APPENDIX ONE: THE USE OF REDHEAD BODY MASS AS AN (NDICATOR OF BODY 

CONDITION AND AS A COMPARATIVE MEASURE AMONG FEMALES. 

Body mass and nutrient reserves are often used synonymously with body 

condition in birds. Fat is the most frequent limiting nutrient for waterfowl due to 

its importance in reproductive activities of egg synthesis and incubation, and as 

an energy source for migration and in times of food depravation (Johnson et al. 

1985). Further, lipid reserves are positively correlated with body mass in 

waterfowl (Bailey 1979, Krapu 1981, Chappell and Titman 1983, Johnson et al. 

A 985, Hohman and Taylor 1986). Previous investigators have used either body 

mass alone as an indicator of body condition (Hohman 1986, Gloutney and Clark 

1 991, Arnold et al. 1 995, Zicus and Riggs 1 996) or have developed condition 

indices that correct for variation in body mass due to structural size differences 

(Alisauskas and Ankney 1987, Meade 1996). A scaled body mass correction 

assumes that a single structural measurernent or combinations of structural 

measurements explain a significant amount of variation in body mass. 

In this study, structural measurements and body mass of 70 female 

Redheads (n = 47 wild, n = 23 captive) were obtained to detemine whether body 

mass or a corrected body mass would be used as a measure for cornpanson 

between females. All females were weighed and measured at the end of 

incubation. Structural measurements included culmen, tarsus, right wing chord, 

and keel length. 

In a multiple regression with mass as a dependent variable and the 

structural measurements as independent variables, only keel length significantly 



predicted body mass (Table Al .  1). Further, in a simple linear regression of body 

mass and keel length, keel length accounted for only 11 % of the variation in 

body mass (Figure Al .  1 ). 

Johnson et al. (1985) detenined that body mass alone was a fair index of 

fat, although scaling may improve the value. Bailey (1979) further detennined 

that fat in Redheads was highly correlated with total body mass, uncorrected for 

structural site, so that mass explained 65% of the variation in carcass fat 

content. The best predictor from his study was body mass divided by total 

length, although this predictor only improved the estimate by 7% from 65% to 

72% of carcass fat. Therefore, female body mass alone will be used as the most 

parsimonious and accurate comparative measure of body condition throughout 

this document. 



Figure A l  .1. Simple linear regression of hen body mass and keel length. 
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TABLE A l  .l . Multiple regression of female Redhead body mass and structural 

measurernents. 

Model ~ ~ ~ a l u e  df F Value P Value 

Regression 0.1 6 4 3.07 0.02 

Residual 65 

Total 69 

Model t Value P Value 
.--- - ------ -.- -__-_.-- --..-.-- ---- .. -.--.- p- 

Constant -0.96 0.341 

Culmen O. 73 0.47 

Keel 2.77 0.01 

Right wing 1.18 0.24 

Tarsus 1 .O O. 32 



APPENDIX TWO: MASS LOSS PARAMETERS FOR REDHEAD REPRODUCTIVE 

STRATEGY CHOICE MODEL 

Costs associated with various reproductive strategy options, measured as 

mass loss by the female, were detenined from a captive study of female 

Redheads (for details see Chapter 4 Methods). Fernales were weighed every 

second day over the reproductive period from the beginning of the season in 

March to the end of incubation in July. 

For ail mass loss parameters, regression equations were used to 

determine mass at the beginning of a specific activity and mass at the end of 

that activity. For example, mass loss during parasitic events was determined by 

obtaining predicted mass values frorn the regression equation frorn the first 

parasitic egg laid to the last egg laid. Regression equations were used to 

estimate mass values since raw data points were highly variable from day to 

day. 

Since clutch size of individual hens varied, mass loss per egg laid was 

calculated. An average mass loss per egg for parasitic females was used to 

detemine the average mass loss that occurred during the laying of 10 parasitic 

eggs. The mass loss cost of laying nested eggs was detenined in a similar 

manner using individual mass loss of hens that nested only. 

Incubation costs were calculated from females that successfully 

completed at least 19 of the 24 days of incubation. Regressed mass loss values 

were obtained from the first day of incubation to the end at day 24. An average 



mass loss value in grams was calculated for 11 hem and divided into three time 

periods as in the model. 

The mass loss value detemined for laying one parasitic clutch of 10 eggs 

was approximately 20 g (Table A2.l) as cornpared to mass loss of approximately 

40 g for a nested clutch of 10 eggs (Table A2.2). Mass loss values were 

rounded to the nearest 10 g to reflect parameters outlined in the model. The 

average mass loss during incubation was 1 10.6 g (Table A2.3). Three 

incubation time periods are used in the model to represent a full incubation 

period, therefore the cost of incubating in each time period is approximately 40 g 

of body mass. 



TABLE A2.1. Individual mass loss per parasitic egg laid and average mass loss 

for a parasitic clutch of 10 eggs. 

Hen ID Mass Loss Per Egg (g) #Eggs $value P Value 
AR8 -3.1 II 0.25 0.21 

BAR -0.6 1 1  0.03 0.72 

AYR -2.7 13 0.24 0.1 5 

AGG -7.3 17 0.20 0.05 

ARR 1.5 0.58 

Average = - 2.4 

Mass Loss for 1 O Egg Parasitic 
Ciutch = - 24 g 



TABLE A2.2. Individual mass loss per nested egg and average mass loss for a 

10 egg clutch. 

---- 

Hen ID Mass Loss Per E g W )  #Eggs R~ value P Value 
-7.0 IO 0.79 ABY 

GAG 

ABB 

RAY 

A W  

AYB 

ARG 

AGY 

GAR 

BAB 

ARY 

AGR 

Average = - 4.4 

Mass Loss per 10 
Egg Nested Clutch 



TABLE A2.3. Individual mass loss during the incubation period. 

ABR 

GAY 

ABG 

GAG 

RAY 

GAB 

AUG 

AGY 

GAR 

ABB 

AYY 

-1 33.5 

-1 88.8 

-1 25 

-53.1 

-1 32.5 

-127.3 

-1 30.6 

-1 72.4 

-54.1 

-71 -8 

Average = 
110.6 

Mass Loss per 
Period = 



APPENDIX THREE: MASS LOSS TRENOS OVER THE REPRODUCTTVE PERIOD OF 

WILD FEMALE REDHEADS AND A COMPARISON ~ETWEEN WILD AND CAPTIVE FEMALE 

MASS LOSS. 

Mass loss patterns over the reproductive period are often a reflection of 

the 'costs' of reproduction. Mass loss patterns observed in captive situations 

indicate that female Redheads lose a significant amount of mass over the 

reproductive period (Chapter 3). However, data obtained from captive females 

fed ad libitum may not reflect patterns of wild females due to the fact that captive 

females do not have to search for food, face Iimited food resources, or 

experience other differences. 

Therefore, it was necessary to determine if female mass and general 

mass loss patterns observed over the reproductive period in captivity were 

different between captive and wild conspecifics. Thus, mass values from wild 

trapped females were obtained for a cornparison. Due to nest abandonment 

rates of wild females, data on individual female mass loss was not obtained. 

Masses of 100 females within 4 reproductive phases were obtained from 

a wild population in Minnedosa, Manitoba. The four reproductive phases were 

wmprised of pre-laying, laying, early incubation, and late incubation females. 

Pre-laying hens were decoy trapped within two weeks of the sprhg arriva1 of 

Redheads to the study site. All other hens were trapped on the nest (Weller 

1956). The categorization of pre-laying and laying hens was confirmed by 

inspection of reproductive tissue. Early and late incubating females were 

classified by the stage of eggs they were incubating. Early incubation females 



were collected between 1 and 5 days of incubation M i l e  late fernales were 

collected during 20 to 24 days of incubation. Eggs were aged with field candling 

techniques (Weller 1956) and late incubation development was monitored by 

removing one egg from the nest and artificially incubating the egg. Fernale mass 

was obtained immediately after collection and measured to the nearest 5 g with 

a Pesola scale. 

Within each reproductive period, masses from wild birds were compared 

with those observed in captivity. Captive female body mass was averaged for 

each individual within the designated reproductive period. Mass was 

significantly different between wild and captive females during pre-laying and 

early incubation, but was not significantly different between laying and late 

incubation (Table A3.1). Regressions of mass loss over time were significant for 

both wild hens (R' = 0.47, P c 0.000, df = 99)(Figure A3.1) and captive hem ( R ~  

= 0.71, P <0.000, df = 64)(Figure A3.2). 

Thus it was concluded that over the entire nesting cycle, mass loss 

patterns between captive and wild females are not drasticall y different. Although 

captive females begin reproductive activities heavier than wild counterparts and 

lost relatively and absolutely more mass (282.88 g vs. 170 g; 0.25 vs. 0.16, 

respectively), bath groups finish incubation at a similar average mass. In 

general, captive females maintained higher incubation constancy (Chapter 3) 

than wild hens which may partially account for captive females losing more mass 

on average. 



Figure A3.1. Mass loss for wild female Redheads from prelaying to late 

incubation. 



Collection Period (1 =prelaying, 2=laying, 3=early 
incubation, 4=late incubation) 



Figure A3.2. Mass loss for captive fernale Redheads from prelaying to 

incubation. 



Reproductive Period (1 = prelaying, 2 = laying, 3 = 
eariy incubation, 4 = late incubation) 



TABLE A3.1. Mass cornparison between wild and captive female Redheads 

during different reproductive periods. 

Reproductive Average Mass Average Mass t Value P Value df 
Period ( S E )  (&SE) 

Wild Females Captive Females 

Lay ing 

Early Incubation 860.6 I 9.0 
n = 25 

Late Incubation 881 + 3 1.7 
n = 25 



APPENDIX FOUR: SUMMARY OF PRA~RIE WETLAND HABITAT CLASS~F~CAT~ON 

The classification system of Stewart and Kantrud (1 971 ) was developed 

specifically to classify prairie wetland habitat. This system provides a more 

'precise and realistic means of ecologically classifying wetlands in the glaciated 

prairie region' (Stewart and Kantrud 1971 :2) where this study was conducted. 

Seven major classes of wetlands are described on the basis of ecological 

differentiation. Four of these classes appiy to the area in which this study was 

conducted. Each class is distinguished by vegetation zones occurring in the 

central or deeper part of wetlands and occupying 5% or more of the total wetland 

area. The four major habitat classes that appiy to this study are summarized in 

Table A4.1. The remaining three classes (permanent ponds and lakes, alkali 

ponds and lakes, and fen ponds or alkali bogs) do not exist on the Minnedosa 

study site. 

Classes of wetlands are further subdivided by cover type classifications. 

Cover types are related to average water depths. Generally, closed stands of 

emergent vegetation are found in shallow water, open stands in deep water, and 

variable stands of emergent vegetation are found in intemediate water depths. 

No emergent vegetation is generally found in very deep water. The four cover 

types are summarized in Table A4.2. 



TABLE A4.1. Summary of Stewart and Kantrud's (1 971 ) classification of major 

prairie pothole wetland classes. 

Major Classes Description 

Class 1 : Ephemeral Ponds Central zone is represented by low-prairie 

vegetation. Due to the porous condition of the 

soil, surface water is maintained for only a brief 

period in eariy spring. 

Class 2: Ternporary Ponds Central zone is represented by wet-meadow 

vegetation with a peripheral low-prairie zone 

present. Water loss from the basin is fairly rapid 

but is maintained for several weeks after spring 

snowmelt and occasionally after heavy rain in late 

spring, summer and fall. 

Class 3: Seasonal Ponds The shallow rnarsh zone dominates the deepest 

and Lakes part of the wetland with peripheral wet-meadow 

and low-prairie zones generally present. The 

central areas normally maintain water for an 

extended period in spring and summer but may be 

dry during late summer and early fall. 



TABLE A4.1. Continued. 

Major Classes Description 
_..~.l*.1._____.._.__._.....____._._..._..._._....~~*-......_....*~.~~..~_~._..__._-._._._..*_..__..._..*.....*.~..._.._....*.I*~.*~~.I-~--~~~....-*~~.-...-.-.~~-.. -- 
Class 4: Sernipenanent The deepest part of the wetland is dominated by 

Ponds and Lakes the deep-rnarsh zone in addition to peripheral 

presence of shallow-marsh, wet-meadow and low- 

prairie zones. Surface water is maintained 

throughout the spring and summer and frequently 

into the fall. 



TABLE A4.2. Summary of Stewart and Kantrud's (1 971 ) classification of prairie 

pothole wetland cover types. 

Cover Type Description 

.__~__...f.f._..___.._.___*~._____C.~~.~.1~.....__...f.ff~f-....__..~~.___..-...-~~~.~.-~~.~~~~.....~~~..-.-~.-~~..~~...~~.~~.....--.....-~..~....~__*..........f.~..._......._.._..____._lfC__I__._.____ 
Cover Type 1 Closed stands of emergent vegetation with open water or bare 

soi1 covering less than 5% of the wetland area. 

Cover Type 2 Open water or bare soi1 covering 5 to 95% of the wetland area, 

with scattered closed or opened patches of emergent cover. 

Cover Type 3 Open water or bare soi1 of greater than 5% of wetland area 

surrounded by peripheral bands of emergent cover averaging 6 

feet or more in width. 

Cover Type 4 Open water or bare soi1 covering greater than 95% of the 

wetland area. Marginal bands on emergent cover may be 

restricted to less than 6 feet in width. 



LITERATURE CITED 

Afton, A. D. 1 980. Factors affecting incubation rhythms of Northern Shovelers. 

Condor 82: 132-1 37. 

Afton, A. D. 1984. Influence of age and time on reproductive performance of 

female Lesser Scaup. Auk 101 255-265. 

Afton, A. D., and S. L. Paulus. 1992. Incubation and brood care. IN Batt, B. D. 

J., A. D. Afton, M. G. Anderson, C. D. Ankney, D. H. Johnson, J. A. 

Kadlec, and G. L. Krapu, eds. Ecology and Management of Breeding 

Waterfowl, pp 62-1 08. University of Minnesota Press, Minneapolis. 

Aldrich, T. W., and G. D. Raveling. 1983. Effects of experience and body 

weight on incubation behavior of Canada Geese. Auk 100:670-679. 

Alisauskas, R. T., and C. D. Ankney. 1987. Age-related variation in the nutrient 

reserves of breeding American Coots, Fulica amencana. Can. J. Zool. 

651241 7-2420. 

Alisauskas, R. T., and C. 0. Ankney. 1992. The cost of egg laying and its 

relationship to nutrient reserves in waterfowl. IN Batt, B. O. J., A. D. 

Afton, M. G. Anderson, C. D. Ankney, D. H. Johnson, J. A. Kadlec, and 

G. L. Krapu, eds. Ecology and Management of Breeding Waterfowl, pp. 

30-61, University of Minnesota Press, Minneapolis. 

Andersson, M., and M. O. G. Eriksson. 1982. Nest parasitism in Goldeneyes 

Bucephala clangula: some evolutionary aspects. Am. Nat. 120: 1 -1 6. 

Ankney, C. D. 1984. Nutrient reserve dynamics of breeding and molting Brant. 

Auk 101 :361-370. 



Ankney, C. D., and R. T. Alisauskas. 1991. The use of nutrient reserves by 

breeding waterfowl. Proc. 20th Int. Ornith. Congress, Auckland. 

Ankney, C. O., and A. D. Afton. 1988. Bioenergetics of breeding Northem 

Shovelers: diet, nutrient reserves, clutch size. and incubation. Condor 

90:459-472. 

Ankney, C. D., and C. D. Maclnnes. 1978. Nutrient reserves and reproductive 

performance of female Lesser Snow Geese. Auk 95:459471. 

Arnold, T. W., M. G. Anderson, R. B. Emery. M. D. Sorenson, and C. N. 

DeSobrino. 1995. The effect of late-incubation body mass on 

reproductive success of Canvasbacks and Redheads. Condor 97:953 

-962. 

Askenmo, C. 1982. Clutch size fiexibility in the Pied Flycatcher Ficedula 

hypoleuca. Ardea 70: 1 89-1 96. 

Bailey, R. 0. 1979. Methods of estimating total lipid content in the Redhead 

Duck (Ayfhya americana) and an evaluation of condition indices. Can. J. 

ZOOI. 57: 1830-1 833. 

Bali, I. J., D. S. Gilmer, L. M. Cowardin, and J. H. Riechmann. 1975. Survival of 

Wood Duck and Mallard br~ods in north-central Minnesota. J. Wildl. 

Manage. 39:776-780. 

Barzen, J. A., and J. R. Serie. 1990. Nutrient reserve dynamics of breeding 

Canvasbacks. Auk 1 07:75-85. 



Batt, B. D. J., and H. H. Prince. 1978. Some reproductive parameters of 

Mallards in relation to age, captivity, and geographic region. J. Wildl. 

Manage. 42:834-842. 

Batt, B. D. J., M. G. Anderson, C. D. Anderson, and F. D. Caswell. 1989. The 

use of prairie potholes by North American ducks. IN A. van der Valk, ed., 

Northern Prairie Wetlands, pp. 204-227. Iowa State University Press, 

Arnes. 

Bellrose, F. C. 1980. Ducks, Geese and Swans of North America. Stackpole 

Books, Harrisburg, Pennsylvania.. 

Bengston, S. 1971. Habitat selection of duck brood in Lake Myvatn area, north- 

east Iceland. Omis. Scand. 2: 17-26. 

Bjom, T. H., and K. E. Erikstad. 1994. Patterns of intraspecific nest parasitism 

in the high arctic Common Eider (Somatena moliissima borealis). Can. J .  

 ZOO^. 72: 1027-1 034. 

Bouffard, S. H. 1983. Redhead egg parasitism of Canvasback nests. J. Wildl. 

Manage. 47:213-216. 

Brown, P. W., and L. H. Fredrickson. 1987. Time budget and incubation 

behavior of breeding White-winged Scoters. Wilson Bull. 99:50-55. 

Bryant, D. M. 1979. Reproductive costs in the house martin (Delichon urbica). 

J. Anim. Ecol. 48:655-675. 

Bustnes, J. L., and K. E. Erikstad. 1991. Parental Gare in the Common Eider: 

factors affecting the abandonment and adoption of Young. Can. J. Zool. 

69: 1 538-1 545. 



Cain. B. 1972. Cold hardiness and development of homeotherrny in young 

Black-bellied Tree Ducks. Wilson Bull. 84:483485. 

Caldwell, P. J., and G. W. Comell. 1975. Incubation behavior and temperatures 

of the Mallard duck. Auk 92:706-731. 

Carlisle, T. R. 1982. Brood success in variable environments: implications for 

parental care allocation. Anim. Behav. 30:824-836. 

Chappell, W. A., and R. D. Titman. 1983. Estimating reserve lipids in Greater 

Scaup (Aythya mada) and Lesser Scaup (A. affinis). Can. J .  Zool. 61 :35- 

38. 

Chastel, O.. H. Weirnerskirch, and P. Jouventin. 1995. Influence of body 

condition on reproductive decision and reproductive success in the Blue 

Petrel. Auk 1 1 2:964-972. 

Clawson. R. L., G. W. Hartman, and L. H. Fredrickson. 1979. Dump nesting in 

a Missouri Wood Duck population. J. Wildl. Manage. 43:347-355. 

C lutton-B rock. T. H . 1 988. Reproductive Success: Studies of Individual 

Variation in Contrasting Breeding Systems. University of Chicago Press, 

Chicago. 

Cooper, J. A. 1978. The history and breeding biology of the Canada Geese of 

Marshy Point, Manitoba. Wildl. Monogr. 61 : 187. 

Cooper, J. A. 1979. Trumpeter Swan nesting behaviour. Wildfowl 30:55-71. 

Cowardin, J. A., and D. H. Johnson. 1979. Mathematics and Mallard 

management. J. Wildl. Manage. 43: 1 8-35. 



Cowardin, L. M., 0. S. Gilrner, and C. W. Shaiffer. 1985. Mallard recruitment in 

the agricultural environment of North Dakota. Wildl. Monogr. 92. 

Dane, C. W., and D. H. Johnson. 1975. Age determination of fernale Redhead 

Ducks. J. Wildl. Manage. 39:256-263. 

Dijkstra, C., A. Bult, S. Bijlsma, S. Daan, T. Meijer, and M. Zijlstra. 1990. Brood 

size manipulations in the Kestrel (Falco tinnunculus): effect on offspring 

and parent survival. J. Anim. Ecol. 59:269-285. 

Dobson, A. P. 1987. A cornparison of seasonal and annual mortality for both 

sexes of 15 species of common British birds. Ornis Scand. 18: 122-1 28. 

Doty, H. A., D. L. Trauger, and J. R. Serie. 1984. Renesting by Canvasbacks in 

southwestern Manitoba. J. Wildl. Manage. 48581 -584. 

Drent, R. H. 1970. Functional aspects of incubation in the Herring Gull. 

Behaviour Suppl. 17: 1-1 32. 

Drent, R. H. 1975. Incubation. IN D. S. Farner and J. R. King, eds. Avian 

Biology, Vol. 5. Academic Press, N.Y. 

Drobney, R. D. 1980. Reproductive bioenergetic of Wood Ducks. Auk 97;480- 

490. 

Drobney, R. 0. 1982. Body weight and composition change and adaptations for 

breeding in Wood Ducks. Condor 84:300-305. 

Dubovsky, J. A., and R. M. Kaminski. 1994. Potential reproductive 

consequences of winter-diet restriction in Mallards. J. Wildl. Manage. 

58:780-786. 

Dugger, B. D. 1996. The impact of brood parasitism on host fitness in Common 



Pochards and Tufted Ducks. Ph.0. Dissertation, University of Missouri - 

Columbia. 

Duncan. D. C. 1986. Survival of dabbling duck broods on prairie impoundments 

in southeastern Alberta. Can. Field Nat. 100: 1 10-1 13. 

Duncan, D. C. 1987a. Nesting of Northern Pintails in Alberta: laying date. 

clutch size and renesting. Can. J. Zool. 65:234-246. 

Duncan, D. C. 1987b. Variation and heritability in egg size of the Northern 

Pintail. Can. J. Zool. 65:992-996. 

Duncan, D. C. 1987~. Nest-site distribution and overland brood movements of 

Northern Pintails in Alberta. J. Wildl. Manage. 51 :T l  6-723. 

Dzubin, A., and J. B. Gallop. 1972. Aspects of Mallard breeding ecology in 

Canadian parkland and grassland. IN Population ecology of migratory 

birds. U S .  Fish and Wildl. Serv. Wildl. Res. Rep. No. 2. 

Eadie, J. M. 1989. Alternative reproductive tactics in a precocial bird: the 

ecology and evolution of brood parasitism in Goldeneyes. Ph.D. 

dissertation, University of British Columbia, Vancouver. 

Eadie, J. M. 1991. Constraint and opportunity in the evolution of brood 

parasitism in waterfowl. Proc. Int. Ornith. Congr. 20: 1 031 -1 040. 

Eadie, J. M., and H. G. Lumsden. 1985. Is nest parasitism always deleterious to 

Goldeneyes? Am. Nat. 126:859-866. 

Eldridge, J. L.. and G. L. Krapu. 1988. The influence of diet quality on clutch 

size and laying pattern in Mallards. Auk 105: 102-1 10. 



Erickson, R. C. 1948. Life history and ecology of the Canvas-back, Nyroca 

valisineria (Wilson), in southeastem Oregon. Ph. D. Dissertation, Iowa 

State College, Arnes. 

Erikstad, K. E., J. O. Bustnes, and T. Moum. 1993. Clutch-size determination 

in precocial birds: a study of the Cornmon Eider. Auk 1 10:623-628. 

Evans, C. D., and K. E. Black. 1956. Duck production studies on the prairie 

potholes of South Dakota. U.S. Fish Wildl. Serv. Spec. Sci. Rep., Wildl. 

No. 32. 

Evans, C. D., A S. Hawkins, and W. K. Marshall. 1952. Movements of 

waterfowl broods in Manitoba. U.S. Fish Wildl. Serv. Spec. Ser. Rep. 

Wildl. 16. 

Featherstone, J. D. 1975. Aspects of nest site selection in three species of 

ducks. Ph. D. dissertation, University of Toronto. Toronto. 

Forslund. P., and K. Larsson. 1991. Age-related reproductive success in the 

BarnacIe Goose. J. Anim. Ecol. 61 : 195-204. 

Gatti, R. C. 1983. Incubation weight loss in the Mallard. Can. J. 2001. 61:565- 

569. 

Gauthier, G. 1987. Brood territories in Buffleheads: determinants and 

correlates of territory size. Can. J. Zool. 65: 1402-1 41 0. 

Giroux, J-F. 1 981 . Interspecific nest parasitism by Redheads on islands in 

southeastern Alberta. Cam J. Zool. 59:2053-2057. 

Giroux, J., J. Bedard, and Y. Bedard. 1986. Time budget of Greater Snow 

Geese during the brood-rearing period. Wildfowl37:46-50. 



Gloutney. M. L.. and R. G. Clark. 1991. The significance of body mass to 

female dabbling ducks during late incubation. Condor 93:811-816. 

Haftorn, S. 1988. lncubating female passerines do not let the egg temperature 

fall below the "physiological zero temperature" during their absences from 

the nest. Omis Scand. 19:97-110. 

Hararnis, G. M., and 0. Q. Thompson. 1985. Density-production characteristics 

of box-nesting Wood Ducks in a northem greentree impoundment. J. 

Wildl. Manage. 49:429-436. 

Harris, H. J. 1970. Evidence of stress response in breeding Blue-winged Teal. 

J. Wildl. Manage. 34:747-755. 

Harvey, W. F., G. R. Hepp, and R. A. Kennamer. 1989. Body mass dynamics of 

Wood Ducks during incubation: individual variation. Can. J. Zool. 67: 

570-574. 

Hepp, G. R., R. A. Kennamer, and W. F. Harvey. 1990. Incubation as a 

reproductive cost in female Wood Ducks. Auk 107:756-764. 

Heusmann, H. W. 1975. Several aspects of the nesting biology of yearling 

Wood Ducks. J. Wildl. Manage. 39503-507. 

Hohman, W. L. 1986. Incubation rhythm components of Ring-necked Ducks. 

Condor 88:290-296. 

Hohman, W. C., and T. S. Tayler. 1986. Indices of fat and protein for Ring- 

necked Ducks. J. Wildl. Manage. 50:209-211. 

Inglis, 1. R. 1977. The breeding behavior of the Pink-footed Goose: 

Behavioural correlates of nest success. Anim. Behav. 25747,764. 



James. F. C., and J. H. Stugart. 1974. The phonology of the nesting season of 

the American Robin (Turdus migratmius) in the United States. Condor 

76: 159-1 68. 

Jeske, C. W.. M. R. Szymuak, D. R. Anderson, J. K. Ringelman, and J. A. 

Armstrong. 1994. Relationship of body condition to survival of Mallards 

in San Luis valley. Colorado. J. Wildl. Manage. 58:787-793. 

Johnson. D. H. 1 980. The cornparison of usage and availability measurements 

for evaluating resource preference. Ecology 61 :65-71. 

Johnson, D. H., G. L. Krapu, K. J. Reinecke, and D. G. Jorde. 1985. An 

evaluation of condition indices for birds. J. Wildl. Manage. 49:569-575. 

Johnson, D. H., J. D. Nichols, and M.D. Schwartz. 1992. Population dynamics 

of breeding waterfowl. IN Batt, B. D. J., A. D. Afton, M. G. Anderson, C. 

D. Ankney, D. H. Johnson, J. A. Kadlec, and G. L. Krapu, eds. Ecology 

and Management of Breeding Waterfowl. pp.446-485. University of 

Minnesota Press, Minneapolis. 

Joyner, D. E. 1983. Parasitic egg laying in Redheads and Ruddy Ducks: 

incidence and success. Auk 100:717-725. 

Kaminski, R. H., and H. H. Prince. 1981. Dabbling duck and aquatic 

rnacroinvertebrate responses to manipulated wetland habitat. J. Wildl. 

Manage. 45: 1 -1 5. 

Kehoe, F. P. 1986. The adaptive significance of creching behavior in the 

White-winged Swter. M.S. Thesis, University of Guelph, Ontario. 



Keith, L. B. 1961. A study of waterfowl ecology on small impoundments in 

southeastern Alberta. Wildl. Monogr. No. 6. 

Klett A. T., H. F. Duebbert, C. A. Faanes, and K. F. Higgins. 1986. Techniques 

for studying nest success of ducks in upland habitats in the prairie 

pothole region. U. S. Fish and Wildl. Serv. Resourc. Publ. 158. 

Korschgen, C. E. 1977. Breeding stress of female Eiders in Maine. J. Wildl. 

Manage. 41 :360-373. 

Korschgen, C. E., S. J. Maxson, and V. B. Kuechle. 1984. Evaluation of 

implanted transmitters in ducks. J. Wildl. Manage. 48:982-987. 

Koskimies, J., and L. Lahti. 1964. Cold-hardiness of the newly hatched young 

in relation to ecology and distribution in 10 species of European ducks. 

Auk 81 :281-307 

Krapu, G. L. 1981. The role of nutrient resewes in Mallard reproduction. Auk 

98:29-38. 

Krapu, G. L., and H. A. Doty. 1979. Age-related aspects of Mallard 

reproduction. Wildfowl 30:35-39. 

Krapu, G. L., A. T. Klett, and D. C. Jorde. 1983. Effect of variable spring water 

conditions on Mallard reproduction. Auk 1 OO:689-698. 

Lank, D. B., E. G. Cooch, R. F. Rockwell, and F. Cooke. 1989. Environmental 

and demographic correlates of intraspecific nest parasitism in Lesser 

Snow Geese Chen caerulescens caerulescens. J. Anim. Ecol. 58:29-45. 



Lank, O. B., R. F. Rockwell, and F. Cooke. 1990. Frequency-dependeni fitness 

consequences of intraspecific nest parasitism in Snow Geese. Evolution 

44: 1436-1 453. 

Lazarus, J.. and 1. R. Inglis. 1978. The breeding behaviour of the Pink-footed 

Goose: parental care and vigilant behaviour during the fledging period. 

Behaviour 65:62-88. 

Lessels. C. M. 1986. Brood size in Canada geese: A manipulation experiment. 

J. Anirn. Ecol. 55:669-689. 

Low, J. B. 1945. Ecology and management of the Redhead, Nyroca amencana, 

in Iowa. Ecol. Monogr. 15:35-69. 

Lyon. B. E., and J. M. Eadie. 1990. Mode of development and interspecific 

avian brood parasitisrn. Behav. Ecol. 2:309-317. 

Mallory, M. L., and P. J. Weatherhead. 1993. Incubation rhythms and mass 

loss of Cornmon Goldeneyes. Condor 95:849-859. 

Mangel, M., and C. W. Clark. 1988. Dynamic Modeling in Behavioral Ecology. 

Princeton University Press, Princeton N. J. 

Mauser. D. M., R. L. Jarvis, and D. S. Gilrner. 1994. Survival of radio-rnarked 

Mallard ducklings in northeastern California. J. Wildl. Manage. 58:82-87. 

McCamant, R. E., and E. G. Bolen. 1979. A 12-year study of nest box utiiization 

by Black-bellied Whistling Ducks. J. Wildl. Manage. 43:936-943. 

McRae, S. B. 1995. Temporal variation in responses to intraspecific brood 

parasitism in the moorhen. Anirn. Behav. 49: 1073-1 088. 

Meade, R. W. 1996. Canvasback incubation constancy, factors affecting 



Canvasback incubation constancy, and Canvasback egg hatchability. 

M.S. thesis, Louisiana State University, Baton Rouge. 

Michot. T. C. 1976. Nesting ecology of the Redhead duck on Kundson Marsh, 

Utah. M.S. thesis, Utah State University, Logan. 

Miller, K. J. 1976. Activity patterns, vocalizations. and site selection in nesting 

Blue-winged Teal. Wildfowl 27:33-43. 

Monaghan. P., J. D. Uttley, and M. D. Burns. 1980. Effect of changes in food 

availability on reproductive effort in Arctic Tems Sterna paradisaea. 

Ardea 80:71-81. 

Morse, T. E., and H. W. Wight. 1969. Dump nesting and its effect on production 

in Wood Ducks. J. Wildl. Manage. 33284293. 

Moss, R.. and A. Watson. 1984. Breeding success in relation to parent size and 

experience in a population of Hooded Crow. Ornis Scand. 15:183-187. 

Morton. M. L., J. L. Horstman, and J. M. Osborn. 1972. Reproductive cycle and 

nest success of the mountain White-crowned Sparrow (Zonotnchia 

ieucophrys onantha) in central Sierra Nevada. Condor 74: 152-1 63. 

Murkin, H. R.. R. M. Kaminski, and R. O. Titman. 1982. Responses of dabbling 

ducks and aquatic invertebrates to an experimentally manipulated cattail 

marsh. Can. J. Zool. 60:2324-2332. 

Murphy, A. J., and D. A. Boag. 1989. Body reserve and food use by incubation 

Canada Geese. Auk 106:439-446. 



Newton. 1. 1988. Age and reproduction in the Sparrowhawk. IN T. H. Clutton- 

Brock. ed., Reproductive Success: Studies of Individual Variation in 

Contrasting Breeding Systems, pp. 201 -2 1 9. University of Chicago Press, 

Chicago. 

Nolan, V., and C. F. Thompson. 1975. The occurrence and significance of 

anomalous reproductive activities in two North Arnerican non-parasitic 

Cuckoos Coccuzus spp.  Ibis 1 17:496-503. 

Noyes, J. H., and R. 1. Jarvis. 1985. Diet and nutrition of breeding fernale 

Redheads and Canvasback ducks in Nevada. J. Wildl. Manage. 49:203- 

211. 

Nur, N. 1984. The consequences of brood size for breeding Blue Tits: 1. Adult 

survival, weight change and the cost of reproduction. J. Anim. Ecol. 

531479496. 

Nur. N. 1988. The consequences of brood size for breeding Blue Tits: III. 

Measuring the cost of reproduction: survival, future fecundity and 

differential dispersal. Evolution 42:351-362. 

Olson, D. P. 1964. A study of Canvasback and Redhead breeding populations, 

nesting habits, and productivity. Ph.D. dissertation, University of 

Minnesota, Minneapolis. 

Orthmeyer, D. L., and 1. J. Ball. 1990. Survival of Mallard broods on Benton 

Lake National Wildlife Refuge in north-central Montana. J. Wildl. 

Manage. 4:62-66. 



Owen, M. 1972. Some factors affecting food intake and selection in White- 

fronted Geese. J. Anim. Ecol. 41 :79-92. 

Parker, H., and H. Holrn. 1990. Patterns of nutrient and energy expenditure in 

female Common Eiders nesting in the high arctic. Auk 107:660-668. 

Partridge, L., and P. H. Harvey. 1988. The ecological context of life history 

evolution. Science 241 : 1449-1 455. 

Pattenden, R. K., and D. A. Boag. 1989. Effects of body mass on courtship, 

pairing, and reproduction in captive Mallards. Can. J. Zool. 67:495-501. 

Pianka, E. R., and W. S. Parker. 1975. Age-specific reproductive tactics. Am. 

Nat. 1 09:453-464. 

Porter, W. F., G. C. Nelson, and K. Mattson. 1993. Effects of winter conditions 

on reproduction in a northern Wild Turkey population. J. Wildl. Manage. 

47:281-290. 

Ratcliffe, L. R. F. Rockwell, and F. Cooke. 1988. Recruitment and 

maternai age in Lesser Snow Geese Chen caerulescens caerulescens. J. 

Anim. Ecol. 57553-563. 

Raveling, D. G. 1979. The annual cycle of body composition of Canada Geese 

with special reference to control of reproduction. Auk 96:234-252. 

Raveling, D. G. 1981. Survival, experience, and age in relation to breeding 

success of Canada Geese. J. Wildl. Manage. 45:817-829. 

Reid, W. V. 1987. The cost of reproduction in the Glaucous-winged Gull. 

Oecologia 74:458-467. 

Reed, A., R. J. Hughes, and G. Gauthier. 1995. Incubation behavior and body 



mass of female Greater Snow Geese. Condor 971993-1 001. 

Ringelman, J. K., J. R. Longcore, and R. B. Owen. 1982. Nest and brood 

attentiveness in female Black Ducks. Condor 84: 1 10-1 16. 

Ringelman, J. K., and J. R. Longcore. 1982. Movements and wetland selection 

by brood-rearing Black Ducks. J. Wildl. Manage. 46:6 1 5-62 1 . 

Rhymer, J. M. 1988. The effect of egg size variability on thenoregulation of 

Mallard offspring and its implication for survival. Oecologia 75:20-24. 

Robertson, G. J., M. D. Watson, and F. Cooke. 1992. Frequency, timing and 

costs of intraspecific nest parasitism in the Common Eider. Condor 

94:871-879. 

Roff, D. A. 1 992. Evoiution of Life Histories: Theory and Analysis. Chapman 

and Hall, New York. 

Rogers, J. P. 1964. Effect of drought on reproduction of Lesser Scaup. J. 

Wildl. Manage. 28:213-222. 

Rohwer, F. C. 1992. Evoiution of reproductive patterns. IN Batt, B. D. J., 

A. D. Afton, M G. Anderson, C. D. Ankney, 0. H. Johnson, J. A Kadlec, 

and G. L. Krapu, eds., Ecology and Management of Breeding Waterfowl, 

pp.486-539. University of Minnesota Press, Minneapolis. 

Rohwer, F. C., and S. Freeman. 1989. The distribution of conspecific nest 

parasitism in birds. Can. J. Zool. 67:239-253. 

Rotella, J. J., and J. T. Ratti. 1992a. Mallard brood survival and wetland habitat 

conditions in southwestern Manitoba. J. Wildl. Manage. 56:499-507. 



Rotella, J. J., and J. T. Ratti. l99Zb. Mallard brood rnovements and wetland 

selection in southwestern Manitoba. J. Wildl. Manage. 56:508-515. 

Rushforth Guinn, S. J., and B. O. J. Batt. 1985. Activity budgets of Northern 

Pintail hens: influence of brood size, brood age and date. Can. J. Zool. 

63:2114-2120. 

Sargeant, A. B., and D. G. Raveling. 1992. Mortality during the breeding 

season. IN Batt, B. D.J., A. 0. Afton, M. G. Anderson, C. D. Ankney, D. H. 

Johnson, J. A. Kadlec, and G. L. Krapu, eds. Ecology and Management 

of Breeding Waterfowl, pp.396-422. University of Minnesota Press, 

Minneapolis. 

SAS INSTITUTE INC. 1996. SAS System for Mixed Models. Littel, R. C., G. A- 

Milliken, W. W. Straup, and R. D. Wolfinger, eds. Cary, N.C. 

Savard, J. L. 1988. The use of nest boxes by Barrow's Goldeneyes: nesting 

success and effect on the breeding population. Wildl. Soc. Bull. 16: 1 25- 

132. 

Savard, J. L. G. E. John Smith, and J. N. M. Smith. 1991. Duckling 

mortality in Barrow's Goldeneye and Bufflehead broods. Auk 108:568- 

577. 

Sayler, R. D. 1985. Brood parasitism and reproduction of Canvasbacks and 

Redheads on the Delta Marsh. Ph.D. dissertation, University of North 

Dakota, Grand Forks. 

Sayler, R. D. 1992. Ecology and evolution of brood parasitism in waterfowl. IN 

Batt, B. D. J., A. D. Afton, M. G. Anderson, C. D. Ankney, D. H. Johnson, 



J. A. Kadlec, and G. L. Krapu, eds. Ecology and Management of 

Breeding Waterfowl, pp. 290-322. University of Minnesota Press, 

Minneapolis. 

Sayler, R. D. 1996. Behavioral interactions arnong brood parasities with 

precocial Young: Canvasback and Redheads on the Delta Marsh. 

Condor 98:801-809. 

Scott, 0. K. 1980. Function aspects of prolonged parental care in Bewick's 

swans. Anim. Behav. 28:938-952. 

Scott, D. K. 1 988. Reproductive success in Bewick's swans. IN T. H. Clutton- 

B rock, ed., Reproductive Success: Studies of lndividual Variation in 

Contrasting Breeding Systems, pp. 220-236. University of Chicago Press, 

Chicago. 

Semel, B., and P. W. Sherman. 1986. Dynamics of nest parasitisrn in Wood 

DUC~S. Auk 103: 81 3-816. 

Sernel, B., P. W. Sherman, and S. M. Byers. 1988a. Nest boxes and brood 

parasitism in Wood Ducks: a management dilemma. IN L. H. 

Fredrickson, G. V. Burger, S. P. Havera, O. A. Graber, and R. E. Kriby, 

eds. Proc 1988 North Am. Wood Duck Symp., St. Louis, Missouri. 

Semel, B., P. W. Sherman, and S. M. Byers. 1988b. Effects of brood parasitism 

and nest-box placement on Wood Duck breeding ecology. Condor 

901920-930. 



Serie, J. R., D. L. Trauger, and J. E. Austin. 1992. Influence of age and 

selected environmental factors on reproductive performance of 

Canvasbacks. J. Wildl. Manage. 56:546656. 

Seymour, N. R. 1982. Mortality of duckling attributed to separation from mother 

and subsequent protracted exposure to low ambient temperature. Auk 

99:383-384. 

Skutch, A. F. 1962. The constancy of incubation. Wilson Bull. 74: 1 15-1 52. 

Smith, A. G. 1971. Ecological factors affecting waterfowl reproduction in the 

Alberta parklands. U.S. Fish and Wildl. Serv. Resourc. Publ. 98, 

Washington, D.C. 

Smith, S. M. 1983. The ontongeny of avian behavior. IN D. S. Famer, J. R. 

King, K. C. Parkes, eds. Avian Biology Vol. 7. Academic Press, New 

York. 

Sorenson, M. D. 1990. Parasitic egg-laying in Redhead and Canvasback 

ducks. Ph.D. dissertation, University of Minnesota, Minneapolis. 

Sorenson, M. D. 1992. Comment: Why is conspecific nest parasitism more 

frequent in waterfowl than in other birds? Can. J. Zool. 70:1856-1858. 

Stearns, S. C. 1992. Evolution of Life Histones. Oxford University Press, 

Oxford. 

Stewart, R. E., and H. A. Kantrud. 1971. Classification of natural ponds and 

lakes in the glaciated prairie region. U.S. Fish and Wildl. Serv. Resourc. 

Publ. 92. 



Stoudt, J. H. 1 971 . Ecological factors affecting waterfowl production in the 

Saskatchewan parklands. U. S. Fish. Wildl. Serv. Resourc. Publ. 99.. 

Stoudt, J. H. 1982. Habitat use and productivity of Canvasbacks in 

southwestern Manitoba. 1961 -72. U.S. Fish Wildl. Serv. Spec. Sci. Rept. 

Wildl. No. 248. 

Swanson, G. A., T. L. Shaffer, J. F. Wolf, and F. B. Lee. 1986. Renesting 

characteristics of captive Maliards in experirnental ponds. J. Wildl. 

Manage. 50:3238. 

Talent, L. G., G. L. Krapu, and R. L. Jarvis. 1982. Habitat use by Mallard 

broods in south-central North Dakota. J. Wildl. Manage. 46:629-635. 

Talent, L. G., R. L. Jarvis, and G. L. Krapu. 1983. Survival of Mallard broods in 

south-central North Dakota. Condor 85:74-78. 

Trivers. R. L. 1972. Parental investment and sexual selection. IN B. G. 

Campbell. ed. Sexual selection and the Descent of Man. University of 

Chicago Press, Chicago. 

Trivers, R. L. 1974. Parent-offspring wnflict. Amer. Zool. l4:249-264. 

van Tyne, J., and A. J. Berger. 1 959. Fundamentals of Ornithology. John 

Wiley and Sons, New York. 

Webb, D. R. 1987. Thermal tolerance of avian embryos: a review. Condor 

89:8744398. 

Weller, M. D. 1956. A simple field candler for waterfowl eggs. J. Wildl. Manage. 

2011 11-1 13. 



Weller, M. D. 1959. Parasitic egg-laying in the Redhead (Aythya amencana) 

and other North American Anatidae. Ecol. Monographs 29:333-365. 

Welty, J. C. 1982. The Life of Birds. Saunders College Publications, 

Philadelphia. 

Wilson, S. F., and N. A. M. Verbeek. 1995. Patterns of Wood Duck nest 

temperatures during egg laying and incubation. Condor 97:963-969. 

Wingfield, B. H. 1951. A waterfowl productivity study in Knudson Marsh, Salt 

Lake Valley, Utah. M.S. thesis, Utah State University, Logan. 

Winkler, D. W., and P. E. Allen. 1995. Effects of handicapping on female 

condition and reproduction in Tree Swallows (Tachycinefa bicolor). Auk 

1 921737-747. 

Woodin, M. C. 1987. Wetland selection and foraging ecology of breeding 

diving ducks. Ph.D. dissertation, University of Minnesota, Minneapolis. 

Zicus, M. C., and M. R. Riggs. 1996. Changes in body mass of female Common 

Goldeneyes during nesting and brood rearing. Wilson Bull. 1 08:61-71. 



IMAGE EVALUATION 
TEST TARGET (QA-3) 

APPLIED IMAGE . lnc - = 1653 East Main Street - ,=- Rocfiester. NY 14609 USA ,=-= Phone: i l  6/4î8~-03OO -- --= F a  71 6/288-5989 




