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ABSTRACT 

Ecologists and conservation biologists alike aim to understand factors determining the 

abundance and distribution of free-living organisms and to pinpoint why free-ranging animal 

populations decline. My broad goals were to test ecological hypotheses related to timing of 

breeding and offspring survival in lesser scaup (Aythya affinis, hereafter scaup), a boreal-

breeding diving duck species and to examine breeding-season explanations for why scaup 

populations remain below conservation goals. I demonstrated that timing of breeding and clutch 

size in scaup were remarkably consistent across a broad environmental gradient. Clutch initiation 

date was unaffected by growing season length (GSL) or latitude and was only marginally 

influenced by spring thaw date. Clutch size declined during the nesting season, but was 

unaffected by climatic variables. Although late-hatched ducklings (corrected for age and size) 

tended to have larger digestive systems, smaller leg muscles and lower abundances of intestinal 

parasites acquired through diet when compared with early-hatched individuals, timing of 

breeding did not independently influence duckling survival; survival declined seasonally only for 

ducklings raised by poor quality females. Assimilated diets of scaup ducklings were invariant 

with hatch date, and across a range of wetlands on two widely-separated boreal forest sites, 

duckling food densities did not vary throughout brood-rearing, nor did lipid content of 

amphipods. Taken together, my findings indicate that timing of breeding in scaup may have 

evolved to maximize temporal overlap between offspring and their critical food resources. 

Consequently, this species may be particularly sensitive to environmental changes that affect 

availability of prey, and I suggest that scaup conservation efforts should focus on determining 

how climatic factors influence invertebrate populations in key breeding areas. In addition, my 

study highlights the importance of maternal quality to reproductive success. Specifically, poor-
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quality female scaup may be unable to monopolize food resources as duckling densities increase 

throughout the season or may value their own survival more than that of their offspring as time 

constraints increase. Regardless of the exact mechanism, evaluating how changes in breeding 

habitat affect female quality could help to identify management actions that would facilitate 

recovery of scaup populations. 



 

vi 
 

ORGANIZATION OF THESIS 

Each data chapter of my thesis was written in the format of an independent manuscript 

for publication in peer-reviewed journals. There will be some redundancy in the introduction and 

discussion sections of some chapters, but I have made every effort to reduce this redundancy 

without sacrificing clarity. Although I always took the lead role in acquiring and analyzing data 

and writing these papers, I wish to acknowledge the contributions of many co-authors, including 

Dr. Bob Clark and Dr. Stuart Slattery, in preparing these manuscripts. I am also grateful to those 

who generously shared their data with me. 



 

vii 
 

TABLE OF CONTENTS  

Permission to use ............................................................................................................................. i 

Disclaimer ........................................................................................................................................ i 

Acknowledgements ......................................................................................................................... ii 

Dedication ...................................................................................................................................... iii 

Abstract .......................................................................................................................................... iv 

Organization of thesis .................................................................................................................... vi 

Table of contents ........................................................................................................................... vii 

List of tables ................................................................................................................................... ix 

List of figures ................................................................................................................................. xi 

Chapter 1. General introduction: applied avian reproductive ecology ........................................... 1 

1.1  Unresolved questions in avian reproductive ecology ................................................................... 1 

1.2  Conservation concerns in Canada’s boreal forest ........................................................................ 2 

1.3.1  Focal species: lesser scaup (Aythya affinis) .......................................................................... 3 

1.4  Thesis objectives .......................................................................................................................... 4 

1.4.1  Time constraints .................................................................................................................... 4 

1.4.2  Parental quality, environmental quality and offspring survival ............................................ 5 

1.4.3  Food resources ...................................................................................................................... 5 

Chapter 2. Time constraints in temperate-breeding species: influence of growing season length 
on reproductive strategies ............................................................................................................... 7 

2.1  Introduction .................................................................................................................................. 7 

2.2  Methods...................................................................................................................................... 10 

2.2.1  Study areas .......................................................................................................................... 10 

2.2.2  Field methods ...................................................................................................................... 13 

2.2.3  Growing season length ........................................................................................................ 13 

2.2.4  Statistical analyses .............................................................................................................. 14 

2.3  Results ........................................................................................................................................ 17 

2.3.1  Growing season length ........................................................................................................ 17 

2.3.2  Clutch initiation date ........................................................................................................... 17 

2.3.3  Clutch size ........................................................................................................................... 21 

2.4  Discussion .................................................................................................................................. 24 

2.4.1  Growing season length and clutch initiation dates .............................................................. 24 



 

viii 
 

2.4.2  Clutch size ........................................................................................................................... 26 

Chapter 3. Seasonal variation in pre-fledging survival of lesser scaup Aythya affinis: an 
interaction between parental and environmental quality? ............................................................ 28 

3.1  Introduction ................................................................................................................................ 28 

3.2  Methods...................................................................................................................................... 31 

3.2.1  Study areas .......................................................................................................................... 31 

3.2.2  Field methods ...................................................................................................................... 33 

3.2.3  Carcass analysis .................................................................................................................. 35 

3.2.4  Statistical analyses .............................................................................................................. 36 

3.3  Results ........................................................................................................................................ 39 

3.3.1  Influence of parental quality ............................................................................................... 39 

3.3.2  Influence of date.................................................................................................................. 42 

3.4  Discussion .................................................................................................................................. 49 

3.4.1  Influence of parental quality ............................................................................................... 50 

3.4.2  Influence of date.................................................................................................................. 51 

Chapter 4.  Reproductive success and food resources: assessing seasonal patterns in diet 
composition and quantity and quality of prey for lesser scaup Aythya affinis ducklings ............. 55 

4.1  Introduction ................................................................................................................................ 55 

4.2  Methods...................................................................................................................................... 58 

4.2.1  Study areas .......................................................................................................................... 58 

4.2.2  Field methods ...................................................................................................................... 60 

4.2.3  Laboratory methods ............................................................................................................ 61 

4.2.4  Statistical analyses .............................................................................................................. 62 

4.3  Results ........................................................................................................................................ 65 

4.3.1  Diet composition ................................................................................................................. 65 

4.3.2  Abundance and biomass of key food items ......................................................................... 69 

4.3.3  Amphipod lipid content ...................................................................................................... 79 

4.4  Discussion .................................................................................................................................. 81 

4.4.1  Diet composition ................................................................................................................. 81 

4.4.2  Abundance and biomass of key food items ......................................................................... 82 

4.4.3  Amphipod lipid content ...................................................................................................... 84 

Chapter 5. Synthesis...................................................................................................................... 86 

5.1  Pattern and process in avian reproductive ecology .................................................................... 86 

5.2  Conservation of lesser scaup in Canada’s boreal forest ............................................................. 95 



 

ix 
 

Literature cited .............................................................................................................................. 97 

LIST OF TABLES 

Table 2.1 Study site names, locations, years and sources for Aythya affinis reproductive data ......... 11 

Table 2.2 Growing season length (GSL) data for each field site, 1988 – 2007. Shown are mean 
spring thaw and fall freeze days (where 1 January = day 1), growing season lengths (i.e., freeze 
date – thaw date) and standard deviation (SD) ............................................................................. 15 

Table 2.3 Summary reproductive data for each field site, all years combined. For clutch initiation 
date, 1 January = day 1. Shown are mean values, standard deviation (SD), and sample size (N) 18 

Table 2.4 Ranking of mixed models accounting for variation in clutch initiation dates of Aythya 
affinis. Models are ranked by differences in Akaike’s Information Criterion, AIC. FREEZE = 
annual date of soil freeze, THAW = annual date of soil thaw. GSL = growing season length 
(FREEZE-THAW), -2logL = Deviance, wi = Akaike weight....................................................... 20 

Table 2.5 Ranking of mixed models accounting for variation in clutch size of Aythya affinis. Models 
are ranked by differences in Akaike’s Information Criterion, AIC. CID = clutch initiation date, 
FREEZE = annual date of soil freeze, THAW = annual date of soil thaw. GSL = growing season 
length (FREEZE-THAW), -2logL = Deviance, wi = Akaike weight............................................ 22 

Table 3.1. Ranking of top non-linear mixed models accounting for variation in predicted daily 
survival rates of lesser scaup Aythya affinis ducklings. Models are ranked by differences in 
quasi-Akaike’s Information Criterion, corrected for sample size (QAICc). DAge = duckling 
age, Year = random annual effect, HDay= standardized hatch day (annual fifth percentile), Mass 
= female body mass, MEVol = mean egg volume (per brood), wi = Akaike weight ................... 40 

Table 3.2. Sex, age, and hatch date distribution of lesser scaup Aythya affinis ducklings collected 
from the boreal forest of western Canada during 2005 and 2006. For region identification see Fig 
3.1.................................................................................................................................................. 45 

Table 3.3. Ranking of top linear mixed models accounting for variation in size and body 
composition of lesser scaup Aythya affinis ducklings. Dependent variables are listed in the first 
column and for each variable, the  indicates which explanatory variables were included in the 
models. In all cases, region was treated as a random effect, other factors were included as fixed 
effects. Models are ranked by differences in Akaike’s Information Criterion, corrected for 
sample size (AICc). Tarsus length = index of structural size, Growth index = predicted size, 
based on Gompertz growth curves for each variable, Corrected body mass = total wet body mass 
– mass of component, Hatch day = estimated hatch day, wi = Akaike weight. ............................ 46 

Table 3.4. Ranking of top generalized linear mixed models accounting for variation in 
acanthocephalan counts of lesser scaup Aythya affinis ducklings. Models are ranked by 
differences in Akaike’s Information Criterion, corrected for sample size (AICc). Region was 
treated as a random effect in all models, other factors were included as fixed effects: Protein = 
estimated dry mass of total protein content, Intestine = length of intestine, Hatch day = estimated 
hatch day, wi = Akaike weight. ..................................................................................................... 48 

Table 4.1. Invertebrate sweep net samples collected from the boreal forest of western Canada 
between 2001 and 2007. For site locations see Fig 4.1. Collection dates are classified relative to 



 

x 
 

estimated hatch-date distributions for each year (first quartile ± 3 days = ‘early’, median ± 3 days 
= ‘peak’ and third quartile ± 3 days = ‘late’). ............................................................................... 70 

Table 4.2. Ranking of top generalized linear mixed models accounting for variation in abundance of 
selected invertebrate taxa at two sites in Canada’s western boreal forest. Dependent variables are 
listed in the first column and for each variable, the  indicates which explanatory variables were 
included in the models. For all invertebrate groups (except Gastropoda), in addition to a scale 
parameter to account for overdispersion, wetlands and years were nested within site and treated 
as random effects. For Gastropoda, random factors included scale and years nested within site. In 
all cases, remaining factors were included as fixed effects. Models are ranked by differences in 
Akaike’s Information Criterion, corrected for sample size (AICc). Zone = emergent vegetation 
versus open water, Brood Period = timing of sample collection, relative to estimated hatch-date 
distributions for each year (first quartile ± 3 days = ‘early’, median ± 3 days = ‘peak’ and third 
quartile ± 3 days = ‘late’), wi = Akaike weight. ............................................................................ 75 

Table 4.4. Ranking of general linear mixed models accounting for variation in lipid content of 
amphipods at Cardinal Lake study area, NT. Models are ranked by differences in Akaike’s 
Information Criterion, corrected for sample size (AICc). BPeriod = timing of sample collection 
relative to the brood hatch date distribution, wi = Akaike weight. ............................................... 80 

Table 5.1. Timing of breeding and offspring survival in lesser scaup Aythya affinis: summary of 
hypotheses tested. ......................................................................................................................... 87 

 



 

xi 
 

LIST OF FIGURES 

Fig. 2.1 Map of lesser scaup breeding range (Ridgely et al. 2007). Dots denote field sites, 1 = Minto Flats 
State Game Refuge, 2 = Yukon Flats National Wildlife Refuge, 3 = Cardinal Lake, 4 = Yellowknife, 5 =-
St. Denis National Wildlife Area, 6 = Erickson, 7 = Missouri Coteau, 8 = Red Rock Lakes National 
Wildlife Refuge ........................................................................................................................................... 12 

Fig. 2.2 Model-based estimates of mean clutch initiation date (solid line) in lesser scaup Aythya affinis, 
including an 85% confidence interval (dashed lines), as a function of spring thaw day (1 January = day 1), 
after accounting for random effects of region, site and year, and their interaction. Annual means are 
plotted for each site, as described in the legend. ......................................................................................... 19 

Fig. 2.3 Model-based estimates of mean clutch size (solid line) in lesser scaup Aythya affinis, including an 
85% confidence interval (dashed lines), as a function of clutch initiation day (1 January = day 1), after 
accounting for random effects of site, year, and their interaction. Annual means are presented for each 
site, as described in the legend. ................................................................................................................... 23 

Fig. 3.1 Map of lesser scaup Aythya affinis breeding range (Ridgely et al. 2007). Cardinal Lake study area is 
marked with a star (region = Inuvik). Other markers represent additional collection sites for ducklings, 
with symbols representing regional classifications based on length of growing season (Gurney et al. 
2010): triangles = Northwest Territories and Alberta (NWT/AB); square = Peace River; circles = 
Saskatchewan. ............................................................................................................................................. 32 

Fig. 3.2 Seasonal variation in indices of parental quality for lesser scaup Aythya affinis: (a) raw data for late 
incubation body mass of adult females in relation to estimated hatch date (1 January = day 1), plotted by 
year, as described in the legend, and (b) model-based estimates of mean egg volume (solid line) in 
relation to estimated hatch day, including an 85% confidence interval (dashed lines). Raw data are plotted 
by year, as described in the legend for panel (a). ........................................................................................ 41 

Fig. 3.3 Model-based estimates of predicted daily survival rates (solid line) in relation to standardized hatch 
day for lesser scaup Aythya affinis ducklings, including an 85% confidence interval (CI, dashed lines) and 
accounting for random effects of year. Hatch dates are standardized relative to the fifth percentile for the 
annual distribution of hatch dates, and estimates are shown separately for (a) above median weight 
females (mean ± SE; 632 ± 35 g) and (b) below median weight weight females (557 ± 21 g). ................. 44 

Fig. 4.1. Map of lesser scaup Aythya affinis breeding range (Ridgely et al. 2007). Cardinal Lake study area is 
marked with a star, Utikuma Lake area is marked with a circle. ................................................................ 59 

Fig. 4.2. Mean δ13C and δ15N (± standard deviation) for invertebrate taxa and lesser scaup Aythya affinis leg 
muscle at Cardinal Lake study area, NT. Early and late hatch corresponds to individuals hatched before or 
after the peak hatch date, respectively. Means are plotted by taxon and group, as described in the legend, 
sample sizes are shown in parentheses. ...................................................................................................... 67 

Fig. 4.3. Box plots representing the range of possible proportions of invertebrate species in the assimilated 
diets of early (open boxes) and late (grey boxes) hatching lesser scaup Aythya affinis ducklings. Boxes 
indicate 25%, 85% and 95% credible intervals of feasible solutions to isotopic mixing models as 
determined by program SIAR (Parnell et al 2010). Only results from leg muscle analyses are shown, 
results from liver tissue analyses were identical. ........................................................................................ 68 

Fig. 4.4. Variation in (a) abundance and (b) biomass of key invertebrate food items for lesser scaup Aythya 
affinis ducklings throughout the brood-rearing period at two sites in Canada’s western boreal forest. 
Model-estimated values are represented by closed triangles for emergent vegetation, open circles for open 
water, and closed circles for emergent vegetation and open water combined. Estimates for Gastropoda and 
Hemiptera are model-averaged predictions. For other taxa, predicted values are derived from the best-
approximating model. Values in parentheses equal sample sizes ............................................................... 77



 

1 

CHAPTER 1. GENERAL INTRODUCTION: APPLIED AVIAN REPRODUCTIVE ECOLOGY  

Lifetime reproductive success (LRS), i.e. the total number of offspring recruited into the 

breeding population by an individual over its lifespan, is a pertinent index of individual fitness, 

and thus is an important aspect of evolutionary ecology (Murray 1992, Gienapp and Merila 

2011). Key determinants of LRS include annual reproductive success (ARS) and reproductive 

lifespan (Blums and Clark 2004, Dobson and Jouventin 2010). Consequently, assessing the 

relative importance of factors affecting ARS provides insight into ecological and evolutionary 

processes.  

1.1 UNRESOLVED QUESTIONS IN AVIAN REPRODUCTIVE ECOLOGY 

In birds, ARS is the product of breeding propensity, clutch size, egg and clutch survival, 

renesting probability, offspring survival, and number of broods raised per season (Cooper et al. 

2005, Wright et al. 2009, Kendall and Wittman 2010). Offspring survival can be measured across 

different life-history stages, including the period from hatching to independence (i.e., pre-

fledging) and the period between fledging and recruitment to the breeding population (i.e., first 

year survival) and is often influenced strongly by timing of breeding, particularly in temperate-

nesting bird species that have limited time to reproduce successfully (Spear and Nur 1994, 

Hoekman et al. 2004, Bears et al. 2009). Climatic variation can be a strong determinant of timing 

of breeding in birds, but observed patterns are not consistent across species. For example, in 

some temperate-nesting species, reproduction may be initiated relatively late when spring 

conditions are delayed (Krapu et al. 2002). In other species, breeding phenology appears to be 

less flexible and may be determined more by fixed factors such as photoperiod or migration 

distance (Helm 2009, Moussus et al. 2011).  
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Intraspecifically, there are repeated descriptions of variation in timing of breeding and its 

consequences for offspring survival; two key hypotheses have been advanced to explain 

observed seasonal patterns in productivity of temperate-nesting birds. Whereas the quality 

hypothesis proposes that there are inherent differences between early and late breeding 

individuals, such as age, condition or territory quality, that directly affect reproductive output, 

the date hypothesis purports that seasonal patterns in reproductive success are causally related to 

seasonal variability in some aspect of environmental quality (Verhulst and Nilsson 2008). Thus, 

offspring survival can be influenced both indirectly by those factors affecting timing of breeding 

and directly by proximate factors such as habitat quality and food availability (Blums et al. 2002, 

Chase et al. 2005, Karell et al. 2009). However, despite intensive study, the relative contributions 

of these factors to patterns of offspring survival remain poorly quantified and underlying 

biological mechanisms are unclear.  

1.2 CONSERVATION CONCERNS IN CANADA’S BOREAL FOREST 

The Boreal Forest Region (BFR) is the largest natural area in Canada, encompassing over 

2.92 x 106 km2 and consisting of seven ecozones (Wiken et al. 1996). In addition to being 

characterized by a wide variety of terrestrial ecosystem types, the BFR also contains significant 

aquatic resources including lentic and lotic systems: rivers, streams, deltas, lakes, and wetland 

complexes. Wetlands, ranging in size from <1 ha to several thousand km2, tend to predominate 

boreal landscapes and may account >1 x 106 km2 (20% of total surface area) of the Canadian 

boreal forest (Pelster et al. 2008). The wetlands found in northern reaches of the western BFR 

(WBFR) tend to be relatively productive (i.e.: increased primary productivity as indexed by 

levels of chlorophyll a) in comparison with more eastern boreal wetlands (Zoltai 1988), and the 

WBFR is generally considered an important wildlife production area, owing to abundant water, 
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mixtures of forest cover, and relatively low human interference (Thomas 1998). The WBFR is a 

primary breeding ground of many species of waterfowl, including lesser scaup (Aythya affinis) 

and scoters (Melanitta spp.). Although these species winter in different habitats, their continental 

breeding populations are declining at a rate that is highly correlated (R = 0.89, S. Slattery unpubl. 

data).  

1.3.1 Focal species: lesser scaup (Aythya affinis) 

Aerial breeding ground surveys conducted in North America by United Stated Fish and 

Wildlife Service (USFWS) and Canadian Wildlife Service (CWS) indicate that the combined 

numbers of both scaup species (Aythya spp.) declined steadily from the early 1980s until the 

mid-1990s. In 2011, the total breeding population (± 1 standard error) of scaup in North 

America’s traditional survey area was estimated at 4.3 million ± 0.2 individuals; 15% lower than 

the long-term average for these species (1955 – 2010) and ~33% below the North American 

Waterfowl Management Plan (NAWMP) population goal of 6.3 million birds (NAWMP Plan 

Committee 2004, USFWS 2010). Based on the known distribution of scaup species (Bellrose 

1980, Boyd 1983), greater scaup populations in North America appear to be relatively stable 

(Allen et al. 1999), whereas lesser scaup (hereafter scaup), which breed in boreal and prairie 

biomes declined strongly during the 1990s and populations remain low. Several hypotheses have 

been advanced to explain scaup population declines. Modeled population growth rates are highly 

sensitive to changes in duckling survival, and reduced recruitment of juveniles from northern 

boreal breeding grounds appears to be a key factor affecting productivity of scaup (Afton and 

Anderson 2001, Koons 2006, Hobson et al. 2009), Therefore, studies that examine this critical 

stage of the life cycle and evaluate those factors that influence it are of key importance in the 

development of effective waterfowl conservation strategies in boreal North America.  
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1.4 THESIS OBJECTIVES 

My general thesis objectives are to test ecological hypotheses related to timing of 

breeding and offspring survival in scaup and to examine breeding-season explanations for why 

scaup populations remain below conservation goals. Specifically, I focus on investigating 

hypotheses related to time constraints and climatic factors (Chapter 2), parental quality, 

environmental quality and offspring survival (Chapter 3), and food resources (Chapter 4). I 

believe that understanding whether and how birds cope with environmental variation is 

important, as ARS and population growth rate may be strongly affected by the ability of 

individuals to adjust to changing conditions across their range (Visser et al. 2003, Lyon et al. 

2008). Biologists studying scaup have long speculated that females nest at a relatively “fixed 

date” across a wide range of environmental conditions, so I wanted to examine this idea 

quantitatively and to understand the potential consequences that it might have for scaup 

populations. If timing of breeding in scaup is not influenced by spring phenology, but instead has 

evolved to allow ducklings to encounter peak food resources during development, then changes 

in food resources could influence recruitment in this species.  

1.4.1 Time constraints 

Climatic patterns dictate that growing season length typically decreases with latitude or 

elevation, subjecting temperate-breeding birds to time constraints that vary geographically. 

Reproductive strategies of birds along an environmental gradient of growing season lengths 

should reflect adaptations to these variable time constraints. In Chapter 2, I compiled scaup 

nesting data collected over 18 years from eight sites spanning 24° of latitude to test three non-

mutually exclusive hypotheses about how geographic variation in growing season length might 
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influence timing of breeding, clutch size, and the seasonal rate of clutch size decline in migratory 

birds.  

1.4.2 Parental quality, environmental quality and offspring survival 

Although evidence generally suggests that the relative influence of environmental factors 

on survival of offspring is greater than that of parental quality, the two hypotheses are not 

mutually exclusive (Brinkhof et al. 1993, Blums et al. 2002). To test the parental quality and date 

hypotheses, I estimated survival rates of scaup ducklings at a sub-arctic site in the WBFR and 

related survival to indices of maternal quality and hatch date (Chapter 3). I wanted to see if 

duckling survival was related to female body condition, in part because of recent interest and 

conflicting evidence about the role of spring body condition on breeding success of scaup 

(Anteau 2006, DeVink 2007). Furthermore, some studies report seasonal declines in survival of 

ducklings (Blums et al. 2002), whereas others do not (Dawson and Clark 1996, Gendron and 

Clark 2002). I examined the physical condition of ducklings collected across a range of hatch 

dates to provide further insight into the processes that might affect offspring survival in this 

species. The largest declines in scaup populations have occurred in northern boreal forest (S. 

Slattery, unpubl. data), possibly because of low productivity of northern-breeding birds (Hobson 

et al. 2009), so I wanted to see if duckling quality might vary across a southern to northern 

latitudinal gradient. I was also interested in determining spatiotemporal patterns in duckling 

quality and exploring the ecological basis for this variation because of the obvious implications 

for survival, as explained above.   

1.4.3 Food resources 

Under the date hypothesis, temporal change in food resources is commonly proposed as a 

mechanism that drives seasonal patterns of offspring survival (food-dependent hypothesis, 
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Dawson and Clark 1996, Brinkhof and Cavé 1997). To test hypothesized relationships between 

seasonal patterns of offspring survival and temporal variation in food quality and quantity, I 

assessed the diet of pre-fledging scaup using stable isotope analyses to evaluate whether diet 

composition varies between early and late-hatched offspring. In addition, I collected wetland 

invertebrates throughout the brood- rearing period and examined variation in the quantity 

(abundance and biomass) and quality (lipid content) of key food resources to test the food-

dependent hypothesis. This is one of the first and most complete characterisations of the aquatic 

food web (macroinvertebrate level plus one higher-order consumer) in northern boreal systems, 

which I believe will set an important benchmark for future studies. I was also particularly 

interested in the effects of seasonally changing food resources on reproductive success, as this is 

critical to understanding how populations may respond to climate-driven changes in food 

availability, i.e., the mismatch hypothesis (Durant et al. 2007, Gaston et al. 2009). For example, 

if scaup ducklings are generalist consumers or rely on non-ephemeral prey, the mismatch 

hypothesis may not apply.  
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CHAPTER 2. TIME CONSTRAINTS IN TEMPERATE-BREEDING SPECIES: INFLUENCE OF 

GROWING SEASON LENGTH ON REPRODUCTIVE STRATEGIES
1
 

2.1 INTRODUCTION 

Spatial and seasonal variation in phenotypic traits are well-documented patterns in 

ecology and provide a foundation for explaining how and why organisms are affected by their 

environments (Blackburn and Hawkins 2004, Jetz et al. 2008, Olalla-Tarraga et al. 2009). For 

example, growing season length (i.e., the difference between freeze date and thaw date for soils, 

as per Smith et al. 2004, hereafter GSL) typically decreases with increasing latitude or elevation, 

subjecting seasonally-reproducing organisms to time constraints that vary along geographic 

gradients. Life history adaptations to increasing time constraints are observed extensively among 

ectotherms (Merilä et al. 2000, Berner et al. 2004, Homeny and Juliano 2007), but evidence for 

such adaptations in endotherms is limited (Garel et al. 2006, Ely et al. 2007). Such information is 

necessary to accurately predict how endotherms with wide geographic distributions will respond 

to changing environmental conditions across their ranges (Visser et al. 2003, Lyon et al. 2008).  

The reproductive ecology of temperate-breeding endotherms, in particular, is expected to 

show geographic adaptation to changes in GSL, given the strong selection for producing 

offspring under favourable conditions (Loison et al. 1999, Wingfield 2008). Specifically, three 

features of avian reproductive ecology might respond to variation in GSL (1) clutch initiation 

date, (2) clutch size, and (3) seasonal patterns of clutch size decline (Briggs 1993, Fargallo 2004, 

Evans et al. 2009). In areas with short growing seasons, some bird species tend to initiate 

reproduction relatively late and also may finish laying sooner, compared to conspecifics in less 

                                                            
1 This chapter was reprinted from Gurney et al. 2011. Time constraints in temperate-breeding species: influence of 
growing season length on reproductive strategies. Ecography 34(4):628-636, with permission from Wiley-
Blackwell. 
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time-constrained habitats (Krapu et al. 2002, Silverin et al. 2008). However, this pattern is not 

consistent. There is no apparent effect of time constraints on breeding phenology in American 

wigeon (Anas americana). Although little is known about arrival of resident birds, wigeon 

nesting on the prairies appear to wait longer between arrival and laying than is observed farther 

north, resulting in relatively synchronous nesting over a broad latitudinal range (Wishart 1983, 

Mowbray 1999). American robins (Turdus migratorius) appear to adjust clutch initiation date to 

increasing seasonal constraints only in eastern North America, where they delay breeding by 

about 3 days per degree of increasing latitude. In contrast, in their western range, American 

robins begin breeding at approximately the same time over 26° of latitude (Sallabanks and James 

1999). 

Given the strong influence of environmental variation on reproductive investment, 

adjustment of total clutch size is another possible response to gradients in GSL. However, 

investigations of the relationship between clutch size and GSL are rare. Ashmole’s hypothesis 

suggests that clutch size increases with latitude as a result of increases in the seasonal flush of 

food resources, but this is expected to occur only when high latitude populations are both 

strongly resource-limited during the non-breeding season and experience reduced post-breeding 

survival as a direct result of increased egg production (Ashmole 1963, Ricklefs 1980, Griebler 

and Böhning-Gaese 2004, McNamara et al. 2008). Some recent studies suggest that decreasing 

GSL might not affect clutch size (Krapu et al. 2002) or might result in decreased clutch size (Yeh 

and Price 2004, Lu 2005).  

Seasonally-declining clutch size is ubiquitous among single-brooded bird species with 

variable clutch size, but the effect of variation in GSL on this pattern is uncertain. Latitudinal 

variation in seasonal patterns of reproductive investment has been found at the intraspecific level 



 

9 

(Dhondt et al. 2002, Gil-Delgado et al. 2005). Guyn and Clark (2000) reported a rate of seasonal 

clutch size decline for prairie-nesting northern pintails (Anas acuta) that was considerably lower 

than that observed in the arctic (Flint and Grand 1996, also see Krapu et al. 2002). In contrast, 

Evans et al. (2009) examined seasonal patterns in clutch size for seven single-brooded species 

and found that the rate of seasonal change in clutch size was constant across latitudes for all 

species.  

Thus, although many studies have described geographic variation in timing of breeding, 

clutch size and seasonal changes in clutch size, observed patterns are not consistent across or 

within species. In addition, the proximate variables that drive these patterns remain poorly 

understood. Studies that evaluate simultaneously multiple hypotheses about intraspecific patterns 

in reproductive strategies along a known environmental gradient should offer new mechanistic 

insights (Robinson et al. 2010). Here, I analyze nesting data for a temperate-breeding bird, the 

lesser scaup (Aythya affinis, hereafter scaup), from eight sites distributed over two unique 

geographic regions (Alaska and the mid-continent) to investigate three non-mutually exclusive 

hypotheses about how geographic variation in GSL may influence timing of breeding, clutch size 

and patterns of clutch size decline in migratory birds. Scaup are well suited for evaluating such 

hypotheses, because they nest almost continuously from northern prairie to northern boreal forest 

regions in central and western North America, a breeding distribution that spans about 2,200 km 

(47°N to 67°N).  

The flexible nesting date hypothesis suggests that birds adjust the timing of breeding to 

match local environmental conditions and maximize reproductive success (Visser et al. 1998). I 

tested a key prediction of this hypothesis: GSL should explain significant variation in clutch 
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initiation dates, after accounting for other site-specific and annual effects, with birds initiating 

nests earlier in springs with warmer temperatures, an earlier thaw, and increased GSL. 

Little is known about affiliations between wintering and breeding areas for scaup, but 

there could be considerable overlap (Hobson et al. 2009), such that spatially separated groups of 

breeding birds likely face similar resource limitations during winter. As such, Ashmole’s 

hypothesis may not apply for this species. Alternatively, I hypothesized that birds might attempt 

to improve their breeding success in areas with shorter GSL by laying fewer eggs, particularly if 

selection favours accelerated reproduction in these habitats. Under this reduced clutch size 

hypothesis, I expected a positive relationship between clutch size and GSL, such that the average 

clutch sizes of scaup breeding at higher latitudes, or at increased elevation, would be smaller 

than those of scaup nesting further south or at lower elevation. Because resource availability for 

breeding adults or for their offspring may decline more rapidly in areas with shorter GSL, I also 

surmised that a more rapid decline in clutch size would occur as time constraints increase (rate of 

decline hypothesis). Thus, under the rate of decline hypothesis, an interaction should exist 

between clutch initiation date and GSL, with a stronger seasonal rate of clutch size reduction 

occurring in areas with shorter GSL. 

2.2 METHODS 

2.2.1 Study areas 

I analyzed nesting data collected at field sites encompassing a broad range of GSL 

values, located in North and South Dakota, Manitoba, Saskatchewan, Northwest Territories, 

Montana, and Alaska, including portions of the Missouri Coteau escarpment, the Canadian 

prairies, the arctic taiga shield, intermontane Alaska and the Rocky Mountains (Table 2.1, Fig. 

2.1). 
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Table 2.1 Study site names, locations, years and sources for Aythya affinis reproductive data 

Site Location Years of study Source 

Missouri Coteau 46°N, 101°W 2000 – 2006 Stephens et al. 2005 (includes 

data from 2000-2001 only)

Erickson, Manitoba 50°N, 100°W 1977 – 1980 

1999 - 2000 

Afton 1984 

Koons and Rotella 2003

St. Denis National Wildlife Area, Saskatchewan 52°N, 106°W 1980 

1989 – 2000 

. 

.

Yellowknife, Northwest Territories 62°N, 114°W 1994 - 2000 Fournier and Hines 2001 

Brook 2002

Cardinal Lake, Northwest Territories 68°N, 134°W 2002 – 2007 .

Red Rock Lakes National Wildlife Refuge, Montana 44°N, 111°W 2006 - 2009 .

Yukon Flats National Wildlife Refuge, Alaska 66°N, 148°W 2001 – 2003 

2005 - 2008 

Corcoran et al. 2007 

Martin et al. 2009 (includes data 

from 2005-2006 only)

. = unpublished data
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Fig. 2.1 Map of lesser scaup breeding range (Ridgely et al. 2007). Dots denote field sites, 1 = Minto 
Flats State Game Refuge, 2 = Yukon Flats National Wildlife Refuge, 3 = Cardinal Lake, 4 = 
Yellowknife, 5 = St. Denis National Wildlife Area, 6 = Erickson, 7 = Missouri Coteau, 8 = Red 
Rock Lakes National Wildlife Refuge 
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2.2.2 Field methods 

Nest searching entailed walking along wetland margins (meadow and shrubby habitat) and 

using hand drags and foot searches/beat-outs, or using all terrain vehicles and chain drags, to flush 

females from nests. When a nest was found, the number of eggs was recorded and stage of 

incubation was determined by egg candling (Weller 1956). Clutch initiation dates were calculated by 

subtracting incubation stage and full clutch size from the date of discovery and adding 1 day. Timing 

of nest searching occurred from late April to late July depending on the site (see references in Table 

1 for details), and I assumed that nesting and clutch size data represented scaup reproductive timing 

and effort at each site. Although timing and methods varied to some extent among sites, I do not 

believe that these differences resulted in systematic biases with respect to reproductive patterns. I 

assumed that nests with >14 eggs did not represent the effort of a single breeding female and 

excluded them (n = 6).  

I could not distinguish replacement clutches from first breeding attempts because this study 

involved unmarked birds. However, this limitation likely applies to most studies of clutch size 

variation given that the number of nests initiated per female is underestimated even when radio-

marked individuals are well tracked (McPherson et al. 2003). Replacement clutches include fewer 

eggs and occur throughout the nesting season (i.e., after the earliest nests fail). Afton (1984) reported 

that re-nesting propensity in scaup is generally lower than that observed in earlier-nesting waterfowl 

species (see Arnold et al. 2010).  

2.2.3 Growing season length 

To calculate annual values of GSL at each site between 1988 and 2007, 1°x°1 maps produced 

from date of soil freeze (FREEZE) and thaw (THAW) were used (Smith et al. 2004), with GSL = 

FREEZE – THAW. The dates were derived from passive microwave satellite observations that 
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correlate well with surface air temperatures and annual seasonal events such as the timing of snow 

cover (Smith et al. 2004). Data were not available for latitudes south of 46°N, so estimates of GSL 

for the Montana site were based on a location (46°N, 111°W) that closely reflects conditions at the 

site (J. Warren, pers. obs.). Data for the Yellowknife site (62°N, 114°W) were also unavailable, so 

values were estimated by averaging values obtained from 62°N, 112°W and 62°N, 116°W. Long-

term (1988- 2007) means and standard deviations provide a general characterization of the GSL at 

each site (Table 2.2). 

2.2.4 Statistical analyses 

In all analyses, I employed general linear mixed models. Such models take advantage of 

correlation among clusters of observations (covariance) and enable us to account for dependence 

among groups of birds at the region, site and year level (random effects), while examining the 

specific influence of GSL or other fixed effects on clutch initiation date and clutch size (Littell et al. 

2006, Cheng et al. 2008).  

Clutch initiation date - To evaluate the relative support for a relationship between clutch 

initiation date and selected climatic variables, I used an information-theoretic approach (Burnham 

and Anderson 2002). I developed a set of candidate models that evaluated whether clutch initiation 

date was a function of an additive or multiplicative combination of fixed and random effects. The 

main fixed effect of interest was annual GSL, but the relative importance of each component of this 

composite variable, i.e., THAW and FREEZE dates, were also assessed. To compare the explanatory 

value of climatic attributes relative to a more commonly used geographic metric, I evaluated the 

effect of latitude. The same covariance structure (random effects of region, site, year, and year*site 

interaction) was retained for all models to ensure that model selection results  
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Table 2.2 Growing season length (GSL) data for each field site, 1988 – 2007. Shown are mean spring thaw and fall freeze days (where 
1 January = day 1), growing season lengths (i.e., freeze date – thaw date) and standard deviation (SD) 

Site 

Spring thaw Fall freeze Growing season length 

Mean (SD) Range Mean (SD) Range Mean (SD) Range 

Missouri Coteau 59 (18) 27 - 90 316 (13) 294 - 336 257 (20) 223 - 290 

Erickson, Manitoba 88 (12) 64 - 106 310 (14) 284 - 336 221 (15) 194 - 247 

St. Denis National Wildlife Area, Saskatchewan 87 (10) 68 – 100 305 (11) 288 – 325 218 (13) 194 – 244 

Yellowknife, Northwest Territories 138 (11) 103 – 165 311 (5) 299 – 336 173 (12) 142 – 213 

Cardinal Lake, Northwest Territories 137 (8) 121 - 149 273 (7) 264 - 285 136 (9) 121 - 149 

Red Rock Lakes National Wildlife Refuge, Montana 142 (18) 90 – 174 241 (35) 122 – 279 100 (24) 32 - 143 

Yukon Flats National Wildlife Refuge, Alaska 129 (6) 120 – 139 266 (6) 250 – 278 137 (10) 113 – 152 

Minto Flats State Game Refuge, Alaska 145 (6) 136 – 156 261 (8) 242 – 271 116 (8) 102 – 134 
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were directly comparable. A Kenward-Roger correction was applied in computing 

denominator degrees of freedom (PROC MIXED, SAS Institute 2009).  

Because sample sizes (2283 for laying date and 1984 for clutch size) greatly 

exceeded the maximum number of estimable parameters in my models (8 and 6, 

respectively; n/K > 200), I used first-order Akaike’s Information Criteron (AIC) to rank the 

models. In addition, because I controlled for non-independence due to region or site and 

year by using random effects, I did not incorporate a variance inflation term (Burnham and 

Anderson 2002). Semi-partial R2 statistics (Rβ2) have limited utility in linear mixed models 

(Edwards et al. 2008), thus inference concerning fixed effects was based on precision (85% 

confidence interval) of regression coefficients (β) estimated by the restricted maximum 

likelihood method (West et al. 2007, Arnold 2010). Inference regarding random effects in 

the best-approximating model was based on intraclass correlation coefficients, ρ, which 

describe the proportion of the total random variation in CID that is described by each 

random factor, based on conditional variance components, τ (Singer 1998, McMahon and 

Diez 2007). 

Clutch size - To evaluate the relative support for a relationship between clutch size 

and key explanatory variables, I used an information-theoretic approach, as described for 

clutch initiation date, and all models maintained the same covariance structure, with random 

effects of site, year, and year*site interaction. Candidate models were specified to represent 

the reduced clutch size and rate of decline hypotheses. In addition, seasonally-declining 

clutch size is a consistently observed pattern in single-brooded birds, so clutch initiation date 

(CID) was included in the biological null model (Rowe et al. 1994, Krapu et al. 2004). 

Models containing CID2 were also evaluated to investigate a possible non-linear relationship 
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between clutch size and CID. Main fixed effects considered were annual GSL, THAW and 

FREEZE dates, and latitude. Denominator degrees of freedom and procedures for making 

inference were as described for clutch initiation date. 

2.3 RESULTS 

2.3.1 Growing season length 

The sampled gradient of average GSL was ~2.5 times longer at Missouri Coteau than 

at Montana, with a wide range of GSL values across sites (Table 2.2). Annual variation in 

GSL was highest at Montana, where both yearly thaw and freeze dates varied considerably.  

2.3.2 Clutch initiation date 

Across all years, mean clutch initiation dates ranged from 4 June at Yukon Flats to 

29 June at Cardinal Lake (Table 2.3). There was no support for an influence of GSL on 

clutch initiation date, as the deviance estimated by this model was no different than the 

biological null (random effects only) model (Table 2.4). The best-supported model 

suggested that clutch initiation date was positively related to spring thaw dates. Although I 

cannot rule out the possibility that the biological null (ΔAIC = 1.2) was also suitable for 

explaining variation in clutch initiation date, Akaike weights (wi) provide an evidence ratio 

of 37% in favour of including spring thaw date as a predictor of clutch initiation date (CIDijk 

= 157.9 (SE = 6.3) + 0.06 (SE = 0.03)*THAWjk), and suggest that spring thaw is a better 

predictor of timing of nesting than either fall freeze (wi = 0.20) or latitude (wi = 0.14); 85% 

confidence intervals for both of these parameters included zero. 

There was an association between spring thaw date and CID (βα=0.15 = 0.009 – 

0.112), but the effect was not strong (Fig. 2.2). Additional unexplained variation in CID, as 

measured by ρ, indicated that approximately 34% of variance was attributable to region, 
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Table 2.3 Summary reproductive data for each field site, all years combined. For clutch initiation date, 1 January = day 1. Shown are 
mean values, standard deviation (SD), and sample size (N) 

Site 

Clutch initiation date Clutch size 

Mean (SD) N Mean (SD) N 

Missouri Coteau 166.1 (10.1) 629 9.6 (1.8) 558 

Erickson, Manitoba 170.2 (9.8) 128 9.8 (1.6) 128 

St. Denis National Wildlife Area, Saskatchewan 166.8 (10.9) 263 9.4 (1.6) 224 

Yellowknife, Northwest Territories 170.0 (9.4) 43 8.5 (1.4) 84 

Cardinal Lake, Northwest Territories 173.8 (8.1) 520 8.3 (1.6) 492 

Red Rock Lakes National Wildlife Refuge, Montana 171.9 (9.0) 247 7.8 (1.6) 223 

Yukon Flats National Wildlife Refuge, Alaska 161.6 (9.1) 398 8.2 (1.5) 352 

Minto Flats State Game Refuge, Alaska 160.3 (8.8) 341 9.6 (1.6) 259 
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Fig. 2.2 Model-based estimates of mean clutch initiation date (solid line) in lesser scaup 
Aythya affinis, including an 85% confidence interval (dashed lines), as a function of 
spring thaw day (1 January = day 1), after accounting for random effects of region, site 
and year, and their interaction. Annual means are plotted for each site, as described in the 
legend.  
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Table 2.4 Ranking of mixed models accounting for variation in clutch initiation dates of 
Aythya affinis. Models are ranked by differences in Akaike’s Information Criterion, 
AIC. FREEZE = annual date of soil freeze, THAW = annual date of soil thaw. GSL = 
growing season length (FREEZE-THAW), -2logL = Deviance, wi = Akaike weight.  

Model Structurea Kb -2logL AIC wi 

Region + Site*Year + THAW 7 16541.7 0.0 0.37 

Region + Site*Year 6 16544.9 1.2 0.20 

Region + Site*Year + FREEZE 7 16542.9 1.2 0.20 

Region + Site*Year + Latitude 7 16543.6 1.9 0.14 

Region + Site*Year + GSL 7 16544.6 2.9 0.08 

Intercept 2 17225.1 673.4 0.0 

a The + between variables indicates an additive effect, the * denotes interaction; where 

interactions are listed, main effects were also included.     

b Number of parameters estimated 
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whereas site, year and year*site interaction effects were relatively small (2%, 4%, and 

6%, respectively). When comparing the conditional variance components to those in the 

unconditional (random effects only) model, I observed little change in τSite, τYear or 

τYear*Site, which indicates that site or year*site level variation in CID is not being 

accounted for by thaw dates. In summary, although timing of nesting varied between 

regions, it was remarkably similar among sites and years, and I obtained only weak 

support for predictions of the flexible nesting date hypothesis. 

2.3.3 Clutch size 

On average, female scaup nesting at Montana laid 2 fewer eggs than did females 

at Manitoba (Table 2.3). No models containing a region effect or non-linear effects of 

CID received any support. Similarly, none of the climatic variables, nor latitude, had a 

discernable effect on clutch size (Table 2.5). The best-approximating model was the 

biological null (wi = 0.97), which included a fixed effect of CID (Fig. 2.3) and random 

effects of site, year and a year*site interaction (Clutchijk = 23.0 (SE = 0.7) - 0.084 (SE = 

0.004)*CIDjk).  

Values for ρ indicated that approximately 23% of clutch size variation occurred 

among sites and 1% occurred among years, with an additional 4% associated with annual 

variation within a site. The remaining 72% (i.e., residual covariance term) of clutch size 

variability was unexplained by the variables I considered. 
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Table 2.5 Ranking of mixed models accounting for variation in clutch size of Aythya 
affinis. Models are ranked by differences in Akaike’s Information Criterion, AIC. CID 
= clutch initiation date, FREEZE = annual date of soil freeze, THAW = annual date of 
soil thaw. GSL = growing season length (FREEZE-THAW), -2logL = Deviance, wi = 
Akaike weight. 

Model Structurea Kb -2logL AIC wi 

Site*Year + CID 6 7169.7 0.0 0.93 

Site*Year + CID + Latitude 7 7173.9 6.2 0.04 

Site*Year + CID + Freeze 7 7175.8 8.2 0.02 

Site*Year + CID + GSL 7 7177.3 9.6 0.01 

Site*Year + CID + Thaw 7 7178.2 10.5 0.00 

Site*Year + CID*GSL 8 7190.4 24.7 0.00 

Intercept 2 7992.6 814.9 0.00 

 

a The + between variables indicates an additive effect, the * denotes interaction; where 

interactions are listed, main effects were also included.     

b Number of parameters estimated 
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Fig. 2.3 Model-based estimates of mean clutch size (solid line) in lesser scaup Aythya 
affinis, including an 85% confidence interval (dashed lines), as a function of clutch 
initiation day (1 January = day 1), after accounting for random effects of site, year, and 
their interaction. Annual means are presented for each site, as described in the legend.  
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2.4 DISCUSSION 

Hypothesized causes of spatial variation in reproductive ecology are infrequently 

examined. Here, I used a novel approach to assess specific effects of geographic variation 

in the length of the growing season on clutch initiation date, clutch size, and the seasonal 

pattern of clutch size decline in a temperate-breeding bird. By accounting explicitly for 

uncontrolled variation related to region, site and year in the analyses, I provide direct 

evidence that clutch initiation dates in scaup are only weakly correlated with growing 

season length or its components, suggesting that timing of breeding in these birds is not 

strongly responsive to climatic variation. Similarly, my results suggest that clutch size is 

most influenced by clutch initiation date.   

2.4.1 Growing season length and clutch initiation dates 

Breeding scaup are widely distributed and therefore experience a broad range of 

climatic conditions on their nesting grounds. For example, over a latitudinal range of 22°, 

the average timing of soil freeze varies by 43 days, average values for timing of soil thaw 

encompass an even greater range of 78 days (see Table 2.2). Elevation also has a clear 

effect on soil freeze and thaw cycles, with the high elevation site (Montana) experiencing 

a very short GSL (100 ± 24 d) relative to a high latitude site such as Cardinal Lake (136 ± 

8 d). In turn, these varying climatic conditions influence scaup clutch initiation dates, 

with scaup in Alaska tending to nest earlier than those in the mid-continent. Accounting 

for this regional effect, I still found that when spring thaw dates are delayed, clutch 

initiation dates tend to be later. However, the effect is very small, with scaup nesting 

approximately 1 day earlier for every 16 day reduction in thaw date. 
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The finding that scaup clutch initiation date is only weakly related to climatic 

variables is in contrast to some other duck species that more closely track spring 

conditions and start nesting earlier in years with warmer springs (Hammond and Johnson 

1984, Serie et al. 1992, Drever and Clark 2007). My findings show that scaup tend to nest 

at a relatively fixed date and do not respond strongly to spring phenology. Timing of 

breeding in scaup may be based more on fixed cues (e.g. photoperiod) encountered on the 

breeding grounds or on timing of availability of critical resources. These hypotheses 

merit further investigation.  

Visser et al. (1998) found that timing of reproduction in great tits (Parus major) 

did not respond to changes in mean spring temperature and suggested that this could lead 

to a mismatch between timing of reproduction and food abundance with potential 

consequences for population viability. Recently, Helm (2009) confirmed that a reliance 

on fixed cues for timing of breeding can limit the reproductive success of birds. When 

captive stonechats (Saxicola torquata) of Siberian origin were kept under temperature 

and daylength conditions similar to those experienced by stonechats breeding in less 

constrained environments, they did not adjust clutch initiation dates, and consequently 

suffered reduced reproductive success. If wild scaup are similarly unresponsive to 

variation in annual weather patterns and do not alter clutch initiation dates to contend 

with novel climatic conditions, as my data suggest, their reproductive success might also 

be reduced. Such a response is likely to be particularly important in scaup because of 

lower recruitment of late-hatching offspring (Dawson and Clark 2000). I suggest that 

captive studies that directly examine the influence of factors such as photoperiod, 

ambient temperature, and abundance of food on timing of breeding in scaup might clarify 
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the relative importance of fixed and proximate cues for this species. Such information 

will be needed to identify whether or not there is potential for mismatched timing of 

breeding. Long-term monitoring of scaup breeding biology in wild populations is also 

recommended; data from such studies will further increase the understanding of 

reproductive decisions in this species. In addition, because population growth rates in 

scaup may be sensitive to changes in duckling survival (Koons et al. 2006), I concur with 

Hobson et al. (2009) that identifying possible links between mismatched timing of 

breeding and survival of ducklings warrants further study.  

2.4.2 Clutch size 

As expected, clutch size declined with advancing clutch initiation date in scaup. 

My findings were not consistent with the reduced clutch size or the rate of decline 

hypotheses; the majority of clutch size variation was unexplained by my explanatory 

variables. Variation in clutch size between sites was relatively high, and at sites with 

shortened GSL, scaup tended to lay, on average, one less egg (Fig. 2.3). The biological 

significance of this small reduction is unknown, but variation in proximate and ultimate 

factors at this scale might be important predictors of clutch size. For example, if scaup 

breeding in more time-constrained areas are more nutritionally constrained during laying, 

are at greater risk of nest predation, or if more young birds breed in these areas, a pattern 

of reduced clutch size would be expected (Afton 1984, Arnold et al. 1987, Patten 2007). 

Research on individual-level effects and the link between clutch size and environmental 

covariates is necessary to obtain a more complete understanding of variation in clutch 

size of scaup.  
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Unlike what has been observed in northern pintails, I found no evidence of an 

increased seasonal rate of clutch size decline in scaup breeding at high latitudes. 

Mechanisms that lead to increasing rates of seasonal clutch size decline are not well 

understood but may be related, in part, to differences in nutrient availability on the 

breeding grounds (Krapu et al. 2002). In their multi-year study, Krapu et al. (2004) 

observed that intraspecific rates of clutch size decline in three waterfowl species were 

annually variable. They suggested that reduced rates of clutch size decline were related to 

variation in wetland habitat conditions that may have resulted increasing protein and 

carbohydrate availability. However, these species are known to use primarily exogenous 

nutrients for egg production. Lesser scaup rely more heavily on endogenous nutrients. 

Therefore, nutrient reserves acquired during spring migration may have a stronger 

influence on seasonal clutch size patterns in this species (Afton and Ankney 1991, Esler 

et al. 2001).  

Scaup do not seem to respond strongly to seasonally-imposed time constraints 

that characterize the areas in which they breed, which results in low levels of annual and 

between site variation in clutch initiation date and clutch size. My results show that, 

although breeding scaup face varying climatic conditions across their breeding range, 

relatively trivial adjustments to clutch initiation dates were made in response to these 

cues (Fig. 2.2). I suggest that investigations of the mechanisms that scaup use to time the 

onset of breeding will help us to understand why some animals are more phenotypically 

plastic than others. Further, to clarify the extent to which my results represent a 

generalized biogeographical pattern, I recommend that these analyses be repeated in other 

endotherms that breed across broad environmental gradients of GSL. 
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CHAPTER 3. SEASONAL VARIATION IN PRE-FLEDGING SURVIVAL OF LESSER 

SCAUP AYTHYA AFFINIS: AN INTERACTION BETWEEN PARENTAL AND 

ENVIRONMENTAL QUALITY? 

3.1 INTRODUCTION 

Seasonally declining reproductive success has been frequently reported in diverse 

taxa, and hypotheses advanced to explain this pattern are related to differences in quality 

among individuals or differences in environmental quality that affect all individuals 

equally (Verhulst and Nilsson 2008, Anderson et al. 2010, Uller and Olsson 2010). The 

parental quality hypothesis proposes that higher quality parents initiate reproduction 

earlier and that variation in reproductive success reflects differences in physiological or 

behavioural characteristics between early and late breeders. For example, early-breeding 

females may be in better body condition and lay larger eggs that produce larger and faster 

growing offspring than females in poorer body condition (Ardia et al. 2006, Newbrey and 

Reed 2009). If poor quality females breed later in the season and invest fewer nutrients in 

reproduction, then late-hatching offspring could be in poorer condition, receive less 

maternal care and have lower survival (Brinkhof 1997, Bogdanova et al. 2007). 

Seasonal declines in reproductive success can also be the direct result of temporal 

variation in environmental factors like food supply or weather, as proposed by the date 

hypothesis (Chapter 4, Lepage et al. 1999, Naef-Daenzer et al. 2001). Shifts in both the 

quality and quantity of food can occur during the breeding season, and some studies show 

that to maintain high nutrient intake when food resources become limited, late-hatching 

birds may prioritize the development of leg muscles and digestive system tissue at the 

expense of structural size and overall mass (Lesage and Gauthier 1998, Lepage et al. 

1998). Although the physiological and fitness costs of such compensatory growth have 
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been demonstrated in many species, they have received relatively little attention in birds 

(Metcalfe and Monaghan 2001, but see Fisher et al. 2006). A seasonal increase in 

exposure to parasites might also have negative effects on survival for late-hatched 

offspring (Merino and Potti 1995, Harriman and Alisauskas 2010).  

The relative contributions of parental quality and environmental variability to 

seasonally varying reproductive success are not clear and underlying biological 

mechanisms remain poorly quantified (Dawson 2008, Feder et al. 2008). Although 

evidence generally suggests that the relative influence of environmental factors is greater 

than that of parental quality, the two hypotheses are not mutually exclusive (Brinkhof et 

al. 1993, Blums et al. 2002). Parental quality and timing of breeding both reportedly 

influence reproductive success and their effects may be confounded or manifested 

sequentially (Ost et al. 2008, Hipfner et al. 2010). Parental quality could become 

increasingly important as environmental quality declines, but assessments of the 

interactive effects of parental and environmental quality on reproductive success have 

focused primarily on parental age and are not well understood within a broader context 

(Laaksonen et al. 2002, Bunce et al. 2005, but see Wiebe and Gerstmar 2010).  

Here, I evaluated how parental quality and environmental conditions influenced 

patterns of offspring survival by analyzing reproductive data from a temperate-breeding 

bird, the lesser scaup (Aythya affinis, hereafter scaup). Because parental care in this 

species is provided exclusively by the female, I focused on maternal quality, using this 

term synonymously with parental quality. Female body condition, but not age, appears to 

positively influence survival of scaup ducklings in the pre-fledging period (Afton 1984, 

Walker and Lindberg 2005). In prairie Canada, late-hatched scaup broods had higher 
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survival to 14 days of age, whereas in boreal Alaska, there was no apparent effect of 

hatch date, or of any environmental covariates, on duckling survival rates (Dawson and 

Clark 1996, Walker and Lindberg 2005). Although early hatching scaup offspring did not 

necessarily have the highest pre-fledging survival rates, they did have higher first-year 

survival than late-hatched conspecifics (Dawson and Clark 2000), indicating that multiple 

interactive factors may influence juvenile survival over the course of the annual life 

cycle, as observed in other species (Brinkhof et al. 1997, Blums et al. 2002, Grüebler and 

Naef-Daenzer 2010).  

My main objectives were to clarify the processes that affect offspring survival of 

scaup by testing the parental quality and date hypotheses and thereby to provide insights 

into the potential consequences of changing environmental conditions for this species. 

Under the parental quality hypothesis, I predicted that phenotypic quality of female scaup 

would decline seasonally and that duckling survival rates would be positively related to 

indices of maternal quality. Under the date hypothesis, I predicted that duckling survival 

would be negatively related to environmental quality (using hatch date, while controlling 

for maternal effects, as a proxy). Assuming that changing environmental conditions for 

late-hatched scaup result in compensatory growth as observed in other precocial species, 

I predicted that relative to earlier hatching individuals, later hatched scaup ducklings 

would be structurally smaller and would allocate more energy into development of 

digestive organs. I also anticipated that late-hatched ducklings could be exposed to more 

intestinal tissue-feeding parasites, which predicts not only increased investment in 

digestive organ development, but also greater numbers of these parasites in late hatched 

scaup (Connors and Nickol 1991). Finally, I assessed the interactive effect of factors 



 

31 
 

associated with parental quality and date on daily survival rates of pre-fledging scaup, 

while accounting specifically for the dependent effects of these two factors, predicting 

that there would be a more rapid seasonal decline in survival of offspring attended by 

poor-quality females. 

3.2 METHODS 

3.2.1 Study areas 

I studied adult female scaup and their ducklings at Cardinal Lake (CLSA), NT, 

Canada (67º36’N 133º39’W). The field site encompasses an estimated area of 1500 km2, 

approximately 18 km northeast of Tsiigehtchic and 80 km south of Inuvik, NT, in the 

taiga plains ecozone (Fig. 3.1). The climate of the area is classified as high subarctic: 

short, cool summers (mean temperature of 8°C between May and August) are typical. 

The landscape is characterized by open, stunted stands of black spruce (Picea mariana) 

and tamarack (Larix laricina); low shrubs typically include dwarf birch (Betula 

glandulosa), willow (Salix spp.), Labrador tea (Ledum groenlandicum), and other 

ericaceous species. Lichens and mosses (Sphagnum spp.) dominate the ground cover, 

particularly in poorly drained areas. A variety of wetland types cover over 25% of the 

landscape in the north and over 50% in the south (Wiken 1986). To assess the effects of 

hatch date on duckling characteristics, I collected pre-fledging scaup at CLSA and at sites 

in Saskatchewan, Alberta, and Northwest Territories, and including portions of the 

Canadian prairies, the boreal plains and the taiga plains (Fig. 3.1). 
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Fig. 3.1 Map of lesser scaup Aythya affinis breeding range (Ridgely et al. 2007). Cardinal 
Lake study area is marked with a star (region = Inuvik). Other markers represent 
additional collection sites for ducklings, with symbols representing regional 
classifications based on length of growing season (Gurney et al. 2010): triangles = 
Northwest Territories and Alberta (NWT/AB); square = Peace River; circles = 
Saskatchewan. 
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3.2.2 Field methods 

From the last week of June to the first week of August, 2002 – 2007, I located 

scaup nests at CLSA by walking along wetland margins and using hand drags and foot 

searches/beat-outs to flush females from nests. When a nest was found, clutch size was 

recorded and stage of incubation was determined by egg candling (Weller 1956). All eggs 

were measured (length and breadth, to the nearest 0.1 mm using dial calipers); egg 

volume (cm3) was calculated following Hoyt (1979). Mean egg volume was calculated as 

the summed volume of all eggs in the clutch divided by the full clutch size. Expected 

hatch day for nests in incubation was estimated by subtracting the days of incubation 

from 25 (i.e., the average length of incubation for scaup) and adding this value to the day 

of discovery.   

One or two days prior to the estimated hatch date, I used a sliding-door trap to 

catch the female on the nest (Weller 1957). Captured females were weighed (Pesola 

spring scale, ± 5 g), measurements of structural size (culmen, head and tarsus lengths) 

were collected (dial calipers, ± 0.1 mm), and approximate age was determined by using 

eye colour charts (Trauger 1974). Each female was marked with a standard leg band, a 

unique colour and shape combination of nasal markers (Lokemoen and Sharp 1985), and 

a subcutaneous or prong-and-suture style radio-transmitter (Walker and Lindberg 2005). 

To reduce nest abandonment observed during 2002 and 2003, from 2004 onwards, 

females were anesthetized with Propofol™ following surgery (Machin and Caulkett 

2000). The Manitoba Wildlife Animal Care Committee and Northwest Territories 

Wildlife Care Committee approved all animal handling procedures (Protocols 2007-03 

and 007-010, respectively). 
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I relocated marked females within a day of the predicted hatch date and then 

approximately every week thereafter to count ducklings with the aid of a 20 – 60X 

spotting scope. Duckling counts continued until the brood was either (1) 30 days of age 

(n = 6 broods), (2) lost (all ducklings dead or abandoned; n = 37 broods), or (3) 

permanently part of a crèche and no longer distinguishable as a unique group (n = 4 

broods). If a complete count of the brood was not obtained (possibly due to visual 

obstructions or crèching), I continued to relocate the hen and brood each subsequent day 

until a full count was obtained. When females were relocated without a brood, I 

continued to re-observe them on at least two successive days to confirm complete brood 

loss. In total, 47 broods were followed over 6 years, providing 159 complete brood 

observations, with hatch dates ranging from 13 July to 13 August. The attachment of 

nasal markers and transmitters were assumed to have no adverse effects on either the 

behaviour of brood-rearing females or estimates of duckling survival (Koons 2001, Brook 

and Clark 2002). 

To test predictions of the date hypothesis, I examined the effect of hatch date on 

duckling nutrient composition, morphology and numbers of tissue-feeding parasitic 

worms, Acanthocephala (Spiralia: Platyzoa). During 2005 and 2006, I collected 158 pre-

fledging scaup during two sampling periods, one in early to mid-August and one in late 

August to early September (depending on breeding chronology) at sites located over a 

16° span of latitude (from 52°N to 68°N)(Fig. 3.1). One or two ducklings/brood were 

shot, immediately retrieved and dilute alcohol was injected into the esophagus. Plumage 

development was used to assign an approximate age for each bird (Gollop and Marshall 

1954), and hatch date was estimated by backdating from the day of collection. Carcasses 
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were individually double-wrapped in plastic bags and frozen as soon as possible after 

collection (generally within 24 hours).  

3.2.3 Carcass analysis 

Prior to dissections, carcasses were assigned a unique code so that identifying 

information remained unknown to laboratory personnel. After thawing, sex was 

determined by the presence or absence of bulla tympaniformis of the syrinx (Broman 

1942, in Hollmén et al. 1999), and morphological measurements were collected for all 

birds (n = 158). Lengths of the culmen, head, and tarsus were recorded with dial calipers 

(± 0.1 mm); total body mass was determined using an electronic scale (± 1 g). The heart 

and digestive tract (esophagus, proventriculus, gizzard, liver, and intestine) were then 

removed, emptied (esophagus, proventriculus, gizzard and intestine), and patted dry prior 

to weighing (± 0.01 g on an electronic scale). The small intestine was measured for 

length, slit open lengthwise, and attached acanthocephalans, which are readily identified 

by their orange colour, were carefully removed from the lining using forceps. The 

contents of the intestine were rinsed under gentle water pressure into a sieve (75 µ). The 

remaining contents were removed from the sieve and, together with the parasites that 

were removed from the intestinal wall, stored at -20°C.  

I assessed body composition of ducklings in a random subsample stratified by 

location and hatch date (n = 49). Pectoralis and leg muscles, as well as the entire liver 

were removed and dried (60 - 65°C) to constant mass. The remainder of the carcass was 

homogenized and similarly dried. Lipids were then extracted, and nutrient composition 

was calculated following Alisauskas (1986). Estimates of carcass protein based on body 

composition and dissection data were strongly correlated (r2 = 0.95), so dry protein index 
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was calculated for all birds as the combined wet mass of both leg muscles, pectoralis 

muscle, liver, heart, esophagus, proventriculus, gizzard, and intestine multiplied by the 

average percentage of water loss for all dried tissues. A second stratified random sub-

sample of ducklings was selected for parasite analyses (n = 57). Intestinal contents were 

thawed, and acanthocephalans were counted. A small subsample of worms from each 

location was preserved in 10% formalin for species identification. A random sample of 

intestinal contents (n = 20) was checked by visual inspection by a second observer to 

assess the completeness of removal.  

3.2.4 Statistical analyses 

Duckling survival – General linear mixed (PROC MIXED), non-linear mixed 

(PROC NLMIXED) models, and an information-theoretic approach to model selection 

were employed to evaluate the relative support for relationships predicted by the maternal 

quality hypothesis (Burnham and Anderson 2002, SAS Institute Inc. 2009). In each case, 

I began by developing an a priori set of candidate models that represented the response 

variable as a function of additive or multiplicative combinations of fixed and random 

effects that were selected based on my hypotheses and the results of previous 

investigations. Main fixed effects of interest included female age, size, mass, condition, 

i.e., scaled mass index (Peig and Green 2009), and mean egg volume, as well as hatch 

date (standardized relative to the fifth percentile for the annual distribution of hatch 

dates). Both statistical (intercept only) and biological null (intercept and known 

covariates such as duckling age and clutch initiation date) models were included in each 

candidate set. The same covariance structure (random effect of year) was retained for all 

models to ensure that model selection results were directly comparable.  
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In PROC NLMIXED, the number of surviving ducklings was treated as being 

binomially distributed, conditional on the number of ducklings observed during the 

previous brood count. I calculated the variance inflation factor, ĉ, from the most 

parameterized (global) model in the candidate set using the Pearson chi-square statistic 

and adjusted the number of estimable parameters to include ĉ (Anderson et al. 2001, 

Anderson and Burnham 2002). Due to evidence of overdispersion, likely caused in part 

by lack of independence in the fates of brood-mates, I used the quasi-likelihood form of 

Akaike’s Information Criterion, corrected for sample size (QAICc) to discriminate among 

competing models and then increased the estimates of sampling error by the square root 

of ĉ (Burnham and Anderson 2002). Inference concerning fixed effects was based on 

precision (85% confidence interval, CI) of regression coefficients estimated by the 

maximum likelihood method (Littell et al. 2006, Arnold 2010). To account for model 

selection uncertainty, model-averaged parameter estimates and predictions were 

calculated as per Anderson (2008).  

Duckling characteristics – To determine objectively how to group the different 

areas where ducklings were collected, I identified five possible classifications of 

collection sites (i.e., region) based on latitude and growing season length (Gurney et al. 

2010). I then compared a series of models treating each dependent variable as a function 

of region. The region specification in the models with the lowest Akaike information 

criterion (corrected for sample size, AICc) was maintained in all subsequent analyses 

(Fig. 3.1).  

To evaluate the relative support for a relationship between attributes of duckling 

quality and hatch date, I used an information-theoretic approach as described for duckling 
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survival. Specifically, the duckling characteristics I examined included structural size 

(indexed by tarsus length), protein index, leg muscle mass, pectoralis mass, carcass lipid 

content, and intensity of parasitism by acanthocephalans (i.e., parasite count). I used 

principal component analysis (PCA, PROC PRINCOMP) to conduct a multivariate 

analysis of digestive system organ measurements, creating an index of the overall size of 

the digestive system for each bird (i.e., the first principal component, PC1) and then 

assessed this dependent variable as well. To account for non-linear effects of age on 

duckling characteristics, I plotted a Gompertz curve for each attribute across all 

individuals and used the resultant equations to assign each bird a predicted value of the 

dependent variable based on their estimated age (Sedinger and Flint 1991). Other factors 

in biological null models included indices of structural size, acanthocephalan count (as a 

potential determinant of digestive system size), and a random effect of region. Gender, 

which does not influence growth of pre-fledging scaup, was not included as a covariate 

(Lightbody and Ankney 1984). Candidate models specified to represent the date 

hypothesis included hatch day, hatch day2, year, and a year*hatch day interaction as 

explanatory variables.  

Because all dependent variables were normally distributed (with the exception of 

parasite count), general linear mixed models were used, and inference concerning fixed 

effects was based on precision of parameters (85% CI) estimated by the restricted 

maximum likelihood method. Parasite count data followed a negative binomial 

distribution, so data were analyzed using generalized linear mixed models (PROC 

GLIMMIX), with Laplace approximation for computing the marginal log likelihood. 

Regression coefficients for fixed effects were estimated by the maximum likelihood 
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method and when model selection uncertainty was observed, parameter estimates and 

associated predictions were calculated as averages (as described for duckling survival). 

Inference regarding the random effect (region) was based on the intraclass correlation 

coefficient, ρ, which describes the proportion of the total random variation in the 

dependent variable that is described by the random factor, based on conditional variance 

components, τ (Singer 1998, McMahon and Diez 2007).  

3.3 RESULTS 

The variance inflation factor (ĉ) estimated from the global model for duckling 

survival was 3.84. Although model selection uncertainty was evident, variance 

components for year from all models suggested that duckling survival varied among 

years. Annual estimates of 30 day survival probabilities ranged from a low of 0.021 (95% 

CI: 0.01 – 0.06) in 2005 to a high of 0.27 (95% CI: 0.12 – 0.57) in 2007. 

3.3.1 Influence of maternal quality 

I did not detect an independent effect of any index of maternal quality on 

predicted daily survival rate (DSR) of ducklings. No models containing age, size or 

scaled mass index were supported by my data, and although female mass was included in 

the two best-approximating models for DSR (Akaike weights, wi = 0.36 and wi = 0.33, 

Table 3.1), the model-averaged estimate of the parameter was imprecise (β = 0.15 = -0.010 

± 0.006). Similarly, there was a trivial improvement in the fit of the best DSR model with 

the addition of mean egg volume, and the parameter was estimated imprecisely (Table 

3.1, β = 0.15 =-0.058 ± 0.037). In addition, neither female mass nor mean egg volume 

declined seasonally (Fig. 3.2). The best-supported model for female mass included only a 

random effect of year (wi = 0.70), and the addition of hatch date to the biological null 
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Table 3.1. Ranking of top non-linear mixed models accounting for variation in predicted 
daily survival rates of lesser scaup Aythya affinis ducklings. Models are ranked by 
differences in quasi-Akaike’s Information Criterion, corrected for sample size (QAICc). 
DAge = duckling age, Year = random annual effect, HDay= standardized hatch day 
(annual fifth percentile), Mass = female body mass, MEVol = mean egg volume (per 
brood), wi = Akaike weight 

MODELa Kb Deviancec QAICc wi 

DAge + Year + HDay*Mass + MEVol 8 190.5 0.0 0.36 

DAge + Year + HDay*Mass 7 193.0 0.2 0.33 

DAge + Year + HDay 5 199.3 2.2 0.12 

DAge + Year 4 201.7 2.4 0.11 

DAge + Year + HDay + Mass 6 199.2 4.3 0.04 

DAge + Year + Mass 5 201.6 4.5 0.04 

Intercept 2 231.6 28.2 0.00 

a The + between variables indicates an additive effect, the * denotes interaction; when interactions 

are listed, main effects were also included.     

b Number of parameters estimated. 

c Deviance estimate, corrected for overdispersion (= -2 loglikelihood/ĉ). 
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Fig. 3.2 Seasonal variation in indices of parental quality for lesser scaup Aythya affinis: 
(a) raw data for late incubation body mass of adult females in relation to estimated hatch 
date (1 January = day 1), plotted by year, as described in the legend, and (b) model-based 
estimates of mean egg volume (solid line) in relation to estimated hatch day, including an 
85% confidence interval (dashed lines). Raw data are plotted by year, as described in the 
legend for panel (a). 
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model did not sufficiently reduce model deviance to warrant its inclusion. The best-

approximating model for mean egg volume included year and hatch date, wi = 0.77), with 

the parameter estimate indicating a slight seasonal increase in mean egg volume (β = 0.15 

= 0.148 ± 0.060). 

3.3.2 Influence of date 

Duckling survival – Model selection criteria indicated that duckling DSR was not 

independently related to hatch date; the addition of this variable to the biological null 

model (duckling age and year) reduced model deviance marginally, and the model-

averaged parameter estimate was imprecise (Table 3.1, β = 0.15 = - 0.612 ± 0.384). 

However, the model-averaged estimate of the mass*hatch day interaction parameter was 

sufficiently precise to provide reliable inference (β = 0.15 = 0.0012 ± 0.0005). Whereas 

DSR of ducklings from heavy females (i.e., females above median value for mass) did 

not change appreciably with hatch date, survival of ducklings attended by light-weight 

females declined seasonally (Fig. 3.3).  

Duckling characteristics – Estimated hatch dates of collected ducklings ranged 

from 30 June to 9 August (Table 3.2). Projected hatch day had no detectable effect on 

age-corrected skeletal size, nor on the overall protein or lipid content of ducklings, but a 

negative relationship was observed between hatch day and leg musculature, possibly 

quadratic in nature. The two best-approximating models for total leg mass included an 

effect of hatch day (wi = 0.45 and wi = 0.30, Table 3.3). Indeed, inclusion of hatch day 

reduced biological null model deviance by 3.3 points, and the parameter for hatch day 

was estimated precisely in the best-approximating model (β = 0.15 = -0.187 ± 0.075). 
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When model-averaged, the hatch day parameter estimate was uninformative (β = 0.15 = -

2.50 ± 3.05), likely due to inclusion of a quadratic term in the second model (Blums et al. 

2005).  

The first PCA axis (PC1) for five digestive system organ measurements 

accounted for 84.6%  of the variation in the data and was characterized by high positive 

loadings for all components (range = 0.372 - 0.419), indicating that larger PC1 values 

corresponded to increasing digestive system size. The top-ranked explanatory model for 

digestive system size, which included effects of age, size, non-digestive system body 

mass and hatch day was supported by 100% of the weight of evidence (Table 3.3). 

Accounting for variation in age, size and mass, late-hatched ducklings had larger 

digestive systems than did individuals that hatched earlier (β = 0.15 = 0.058 ± 0.012). This 

does not appear to be the result of increased parasitism: when I repeated digestive system 

analyses with the subset of ducklings for which I had parasite data, acanthocephalan 

count was an uninformative parameter. Additional unexplained variation in duckling 

attributes, as measured by ρRegion, indicated that in general, between 8 - 10% of variance 

in duckling characteristics was attributable to regional effects. No models considering an 

effect of year received support.  
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Fig. 3.3 Model-based estimates of predicted daily survival rates (solid line) in relation to 
standardized hatch day for lesser scaup Aythya affinis ducklings, including an 85% 
confidence interval (CI, dashed lines) and accounting for random effects of year. Hatch 
dates are standardized relative to the fifth percentile for the annual distribution of hatch 
dates, and estimates are shown separately for (a) above median weight females (mean ± 
SE; 632 ± 35 g) and (b) below median weight weight females (557 ± 21 g). 
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Table 3.2. Sex, age, and hatch date distribution of lesser scaup Aythya affinis ducklings 
collected from the boreal forest of western Canada during 2005 and 2006. For region 
identification see Fig 3.1.  

Year Region Sex N 
Estimated age Estimated hatch date 

Mean (SD) Range Mean (SD) Range 

2005 Peace River F 10 22 (6) 17 – 33 17-Jul (6) 6-Jul to 22-Jul 

  M 10 21 (4) 17 - 25 18-Jul (4) 14-Jul to  23-Jul 

 NWT / AB F 8 21 (9) 3 - 31 19-Jul (7) 10-Jul to 2-Aug 

  M 8 12 (6) 3 - 17 26-Jul (5) 20-Jul to 2-Aug 

 Inuvik F 5 25 (5) 17 - 31 13-Jul (4) 8-Jul to 19-Jul 

  M 6 26 (7) 17 - 38 14-Jul (4) 10-Jul to 21-Jul 

2006 Saskatchewan F 3 36 (10) 28 - 47 22-Jul (19) 30-Jun to 4-Aug 

  M 8 36 (10) 17 - 47 23-Jul (11) 30-Jun to 1-Aug 

 NWT / AB F 26 27 (6) 10 - 38 19-Jul (6) 8-Jul to 3-Aug 

  M 39 26 (7) 10 - 38 20-Jul (7) 8-Jul to 5-Aug 

 Inuvik F 16 17 (9) 10 - 31 24-Jul (8) 12-Jul to 9-Aug 

  M 19 23 (9) 10 - 38 22-Jul (8) 12-Jul to 9-Aug 
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Table 3.3. Ranking of top linear mixed models accounting for variation in size and body composition of lesser scaup Aythya affinis 
ducklings. Dependent variables are listed in the first column and for each variable, the  indicates which explanatory variables were 
included in the models. In all cases, region was treated as a random effect, other factors were included as fixed effects. Models are 
ranked by differences in Akaike’s Information Criterion, corrected for sample size (AICc). Tarsus length = index of structural size, 
Growth index = predicted size, based on Gompertz growth curves for each variable, Corrected body mass = total wet body mass – mass 
of component, Hatch day = estimated hatch day, wi = Akaike weight. 

 Explanatory factors Model selection criteria 

 Region 
Growth 
index 
(age) 

Tarsus 
Length 
(mm) 

Corrected 
body mass 

(g) 
Hatch day Hatch day2 Deviance AICc wi 

Tarsus length (mm)       632.00 0.00 0.95 
       635.57 5.70 0.05 
       850.34 216.23 0.00 
          
Protein index (g, dry)       862.80 0.00 0.89 
       864.84 4.20 0.11 
       1175.86 308.82 0.00 
          
Leg protein (g, wet)       919.03 0.00 0.45 
       917.66 0.82 0.30 
       922.33 1.14 0.25 
       1243.81 318.38 0.00 
          
Pectoralis protein (g, wet)       1071.68 0.00 0.69 
       1072.00 2.48 0.20 
       1077.70 3.89 0.10 
       1229.32 153.40 0.00 
          
Digestive system size        351.63 0.00 1.00 
       365.20 11.37 0.00 
       673.84 313.60 0.00 
          
Body lipid (g)       205.06 0.00 0.93 
       208.62 5.93 0.05 
       215.06 10.00 0.01 
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All but 5 ducklings were infected with acanthocephalans (91% prevalence). 

Among infected ducklings, the number of parasites per bird ranged from 1 to 188, with a 

mean (± 1 standard deviation) of 16.2 (± 27.0). No additional specimens were observed 

during inspection of samples by a second observer (n = 20), suggesting complete removal 

by visual inspection. Microscopic examination of specimens indicated that prevalent 

species were Polymorphus marilis and Corynosoma constrictum (Lesley Warner, 

Parasitology Section, South Australian Museum, personal communication). Although 

there was model uncertainty, the unconditional (random effect of region only) model 

received most support (wi = 0.40, Table 3.4); ρRegion for parasite models indicated that 34 

– 41% of the variation in acanthocephalan counts was due to regional variation. Counts 

were highest in the areas with mid-length growing seasons, in the Northwest Territories, 

and northern Alberta, with a mean (± 1 standard deviation) of 24.9 (± 34.6) and lowest in 

the Inuvik region, 4.2 (± 4.1). Explanatory models that contained a hatch day effect were 

supported by 38% of the weight of evidence, but the model-averaged parameter estimate 

for an effect of hatch day on acanthocephalan count was not precise (β = 0.15 = -0.048 ± 

0.034).  
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Table 3.4. Ranking of top generalized linear mixed models accounting for variation in 
acanthocephalan counts of lesser scaup Aythya affinis ducklings. Models are ranked by 
differences in Akaike’s Information Criterion, corrected for sample size (AICc). Region 
was treated as a random effect in all models, other factors were included as fixed effects: 
Protein = estimated dry mass of total protein content, Intestine = length of intestine, 
Hatch day = estimated hatch day, wi = Akaike weight. 

MODELa Kb Deviance AICc wi 

Region 3 402.50 0.00 0.40 

Region + Intestine + Protein + Hatch day 6 395.40 0.13 0.38 

Region + Intestine + Protein 5 399.03 1.25 0.22 

Intercept 2 427.06 22.33 0.00 
a The + between variables indicates an additive effect.     

b Number of parameters estimated. 
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3.4 DISCUSSION 

Hypothesized causes of seasonal variation in offspring survival are broadly 

categorized as related to aspects of parental quality or date, but the presumed biological 

mechanisms that underlie these hypotheses are rarely tested. Additionally, in some cases, 

these factors are interdependent, yet the nature of the interaction is rarely assessed and 

not well understood. Here, I examined multiple factors influencing seasonal variation in 

offspring survival in a temperate-nesting bird and tested whether seasonal trends in 

offspring survival were related to decreasing nutrient investment by late-breeding females 

or seasonally variable environmental conditions. I found evidence for interactive effects 

of maternal quality and timing of breeding on offspring survival probability.  

I was unable to determine the proximate causes of duckling mortality, but aerial 

predators (primarily larids) at CLSA prey extensively on young scaup ducklings (K. 

Gurney, personal observation) and probably reduce survival of newly hatched 

individuals. Inclement weather may also adversely affect post-hatch survival of scaup at 

Cardinal Lake. Minimum daily temperatures during brood rearing can be as low as 2°C, 

with frequent precipitation and occasional snow (K. Gurney, unpubl. data). Adverse 

weather conditions negatively affect survival in other species of ducks (Schmidt et al. 

2006, Stafford and Pearse 2007), and may partially explain annual variation in duckling 

survival at CLSA: annual estimates of survival for scaup ducklings were lowest in 2002 

and 2005, corresponding to years with the highest precipitation and lowest temperatures 

for July and August in nearby Inuvik 

(http://www.climate.weatheroffice.gc.ca/climateData/canada_e.html).  
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3.4.1 Influence of parental quality 

Several studies have found that indices of maternal quality, including size, mass, 

age, and condition influence duckling survival rates. In king eiders (Somateria 

spectabilis) and gadwall (Anas strepera), female size is positively correlated with 

duckling survival, possibly due to improved predator protection or better foraging 

opportunities for broods attended by large females (Gendron and Clark 2002, Mehl and 

Alisauskas 2007). In other diving ducks, including redheads (Aythya americana) and 

common pochards (Aythya ferina), female mass appears to be a more important 

determinant of duckling survival, having as much as > 2 times the influence of female 

size (Yerkes 2000, Blums et al. 2002). If food resources become more limiting later in the 

breeding season, and heavier females are better able to exploit increasingly patchy prey 

or have greater access to nutrient-rich brood-rearing areas, then the influence of female 

mass would become progressively more important during the breeding season. I cannot 

rule out the possibility that light-weight females are more likely than heavier conspecifics 

to trade-off current and future reproduction as the breeding season progresses, possibly 

becoming less vigilant or more likely to abandon their brood to a crèche (Kilpi et al. 

2001). Furthermore, if heavier females are able to provide better thermal protection to 

ducklings than are light-weight females, then seasonal increases in inclement weather 

may also partially explain why I observed an interplay between maternal quality and 

hatch date.  

In some species of waterfowl, there is a positive relationship between egg volume 

and size, mass, and condition of ducklings at hatch, and that I did not detect an effect of 

egg size on survival of scaup ducklings seems counter to studies that have found a 
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positive relationship between duckling mass and survival (Anderson and Alisauskas 

2002, Pelayo and Clark 2003, Davis et al. 2007). I suggest these findings indicate that the 

survival advantages related to offspring attributes are likely more detectable at the level 

of an individual versus at the brood level, but I was unable to test this possibility, as I did 

not follow individually marked ducklings. Dawson and Clark (1996) found increased 

survival and recruitment of scaup ducklings from larger eggs that also were larger at 

hatch in Saskatchewan. Rotella et al. (2003) showed that first-year survival of scaup in 

Manitoba was lower for heavier ducklings captured later in the pre-fledging period and 

suggested that costs associated with being too heavy in this species may relate to 

increased time required to fledge or reduced predator evasion. It remains unclear whether 

or not potential survival benefits accrued from hatching from large eggs persist as 

ducklings age. 

3.4.2 Influence of date 

Duckling characteristics – Physical characteristics of ducklings were influenced 

by hatch day; accounting for size and age differences, ducklings that hatched later during 

the breeding season had smaller leg muscles and slightly larger digestive systems, 

relative to earlier-hatched individuals. This finding is consistent with physiological 

compensation for increased nutrient demands. However, accounting for age, I did not 

find that the structural size of late-hatched ducklings was different from that of those 

hatched earlier, suggesting skeletal growth rates may be fairly constant across the season. 

The anatomical differences I observed may represent an adaptive response to seasonally 

variable environmental conditions, for which ducklings were mostly able to compensate. 

Although several studies have examined variation in nutrient composition of neonate 
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waterfowl, to my knowledge, no studies have assessed nutrient content of wild juvenile 

waterfowl later in the pre-fledging period, and factors that might influence mass of leg 

musculature are unknown. Anderson and Alisauskas (2002) found that neonate king 

eiders from smaller eggs had reduced leg muscle mass, but such effects might not persist 

as ducklings age. Also, my data showed that late-hatching scaup were not from smaller 

eggs. Possibly, a reduction in total leg muscle mass represents a compensatory 

mechanism for shifts in diet, allowing re-allocation of limited nutrient resources to 

digestive system development and thereby improving nutrient absorption. This type of 

physiological trade-off could have negative consequences for survival, particularly in 

cold environments, given the importance of leg muscle for thermogenesis (Visser and 

Ricklefs 1995). Ducklings with smaller leg muscles may also be less adept swimmers 

(Anderson and Alisauskas 2001) and thus less efficient foragers, which is potentially why 

survival of later hatched scaup is enhanced when they are attended by heavier females 

that might maintain brood-rearing territories with improved food resources, relative to 

those territories of lighter females. 

Later-hatched scaup also had larger digestive systems than earlier-hatched 

conspecifics, which is suggestive of seasonally variable diets. In several bird species, an 

inverse relationship between diet quality (protein content) and size of the gastrointestinal 

tract has been demonstrated, but rate of food consumption may also be an important 

explanatory factor (Paulus 1982, Brugger 1991). Specifically, those diets lower in protein 

or higher in fiber may lead to increases in the size of digestive organs such as the gizzard, 

intestine or liver (Ankney and Scott 1988, Kehoe et al. 1988), although in captive pekin 

(Anas pekin) ducklings, the size of digestive organs was unresponsive to changes in 
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dietary protein content (Atkinson and Kelsey 1984). I found no evidence that 

acanthocephalan burden affected digestive system size in scaup ducklings, but other 

parasites, such as cestodes, can influence the size of digestive organs (Slattery 2000, 

Stein and Williams 2006). The proximate causes of increasing digestive organ size in late 

season offspring are thus unknown, but examining the seasonal variation in the food 

resources and cestode parasites of juveniles would provide further insight.   

The intensities of acanthocephalan infection that I observed in collected scaup 

were generally low, relative to values observed in other species. Hollmén et al (1996) 

reported intensities between 123 – 860 worms/bird in common eider (Somateria 

mollissima) ducklings, although birds they examined were typically older (mean age 40 

days) than those in this study. Evidence of seasonal declines in acanthacephalan counts 

was equivocal, but in all models, regression coefficients were negative, suggesting a 

negative relationship between hatch day and acanthocephalan count. Changes in 

acanthocephalan counts have been attributed to diet-switching in other species, but 

further assessments of the diets of pre-fledging scaup, as well as of seasonal changes in 

the prevalence of cystacanth infections in intermediate host populations are needed to 

clarify to what degree acanthocephalan counts are reflective of amphipod ingestion rates 

in this species (Hollmén et al 1996). 

Taken together, my results provide indirect evidence that seasonal declines in 

juvenile survival in this species may be causally linked to changes in some aspect of 

environmental quality. Further studies of seasonal trends in weather, quantity and quality 

of food resources and risk of predation and disease, or experimental manipulation of 

proximate factors, are needed to test hypothesized mechanisms. In light of recent work on 
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boreal wetland degradation and food web shifts (Riordan et al. 2006, Corcoran et al. 

2009), I suggest that further examination of seasonal variation in duckling diets deserves 

particular attention. 
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CHAPTER 4. REPRODUCTIVE SUCCESS AND FOOD RESOURCES: ASSESSING 

SEASONAL PATTERNS IN DIET COMPOSITION AND QUANTITY AND QUALITY OF 

PREY FOR LESSER SCAUP AYTHYA AFFINIS DUCKLINGS 

4.1 INTRODUCTION 

There are repeated descriptions of seasonal patterns of reproductive success for 

species that breed in temperate environments. Although the processes that drive these 

patterns are not fully understood, proposed explanations include differences between 

early and late breeding individuals (i.e., physiological, behavioural, territory quality), and 

temporal variation in environmental factors such as food resources, weather conditions or 

predation rate (Verhulst and Nilsson 2008, Skoglund et al. 2011). Across diverse animal 

taxa, the importance of food to reproductive success and population size has been well-

documented (Winder and Schindler 2004, White 2008) and, in birds, the quantity and 

quality of key food items during the breeding cycle can influence offspring growth and 

survival (Brinkhof 1997, Reynolds et al. 2003). However, intraseasonal relationships 

between food supply and reproductive parameters may be confounded by annual effects 

of overall food availability (Lepage et al. 1998). Some studies have indicated no 

relationship between timing of breeding and offspring survival, particularly when habitat 

conditions are favourable (Gendron and Clark 2002, Hoi et al. 2002), suggesting that 

contrasts in seasonal patterns of reproductive performance are a consequence of 

variability in seasonal patterns of food resources (food-dependent hypothesis, Dawson 

and Clark 1996).  

In waterfowl, evidence of an effect of food resources on offspring survival is 

primarily indirect (but see Swennen 1989, Gunnarsson et al. 2004). Reduced primary 

productivity and invertebrate densities on brood-rearing areas can negatively impact 
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juvenile growth, an important surrogate of survival (Cox et al. 1998, Nummi et al. 2000, 

Fondell et al. 2011). Growth rates in pre-fledging waterfowl tend to be more rapid than in 

other precocial species of similar size, so birds require a food supply that is not only 

abundant, but highly nutritious as well (Ricklefs 1973, Sedinger 1992). Dietary lipids 

provide a highly concentrated source of energy (i.e., high energy per unit mass) and are 

digested and metabolized more efficiently than other energy-yielding nutrients. Some 

lipids are also precursors to physiologically important molecules that regulate avian 

growth, immunity and bone development (Annison 1971, Klasing 1998). 

Variation in food resources for late-hatching birds can arise directly due to 

population dynamics or physiological changes in dietary components that directly affect 

food abundance, biomass or quality (Arts et al. 1995, Rossmanith et al. 2007), but food 

resources for late-hatched offspring may also be affected indirectly, via increased 

intraspecific competition (Verhulst and Tinbergen 1991). According to optimal foraging 

theory, individuals should use alternative resources when intraspecific competition is 

high and empirical evidence is consistent with this idea (Kuijper et al. 2009). The diet-

switching hypothesis presents another mechanism by which food resources might 

influence offspring survival, particularly if a change in diet composition requires 

physiological adjustments that reduce energy available for other developmental processes 

(Arnold et al. 2007, García-Navas and Sanz 2011). The increasing digestive system size 

and potentially reduced acanthocephalan burdens of late-hatched scaup that I described in 

Chapter 3 are consistent with the idea that these individuals may use different food 

resources from earlier hatching conspecifics.  
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Here I investigate the diet of pre-fledging lesser scaup (Aythya affinis, hereafter 

scaup) and conduct stable isotope analyses to evaluate whether diet composition varies 

between early and late-hatched offspring, thereby testing the diet-switching hypothesis. I 

also examine temporal variation in the quantity (abundance and biomass) and quality 

(lipid content) of selected food resources in relation to seasonal patterns of offspring 

survival to test the food-dependent hypothesis.  

In prairie locations, amphipods (Crustacea: Peracarida) are known to be key food 

resources for pre-fledging scaup, but freshwater snails (Mollusca: Gastropoda), aquatic 

fly larvae (Diptera: Chironomidae) and other aquatic insects (Hemiptera, Odonata) may 

also be consumed in relatively high proportions (Bartonek and Hickey 1969, Sugden 

1973). I am aware of only one study that has examined prey use by scaup ducklings in 

their core breeding area (Bartonek and Murdy 1970), the boreal forest of western Canada. 

That study reported that older ducklings tended to feed more on bottom-dwelling 

organisms and further suggested that phantom midge larvae (Diptera: Chaoboridae) and 

other crustaceans, such as clam shrimp (Crustacea: Branchiopoda) were important dietary 

items. Under a diet-switching hypothesis, I predicted that individuals hatched later would 

be more likely to consume alternative, non-crustacean prey items when compared to 

juvenile birds of the same age collected earlier in the breeding season. In a previous 

study, I showed that survival of scaup ducklings decreased seasonally for broods attended 

by lightweight females (Chapter 3). Thus, under the food-dependent hypothesis, I 

predicted that density or biomass of amphipods and other invertebrate food items should 

decline as the brood-rearing period progresses. Finding no seasonal changes in food 

resources, however, may suggest the need to examine interactions between female quality 
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and duckling survival more closely. I also tested a second prediction of the food-

dependent hypothesis; that lipid content of amphipods should decrease during the brood-

rearing season.  

4.2 METHODS 

4.2.1 Study areas 

I studied survival of scaup ducklings, as well as temporal variation in diet and 

invertebrate food resources at Cardinal Lake (CLSA), Northwest Territories, Canada (67º 

36’ N 133º 39’ W; e.g., Chapter 3). I also studied seasonal patterns of quantity of 

invertebrate food items for scaup ducklings in the boreal forest wetland complex 

surrounding Utikuma Lake (UTL), Alberta, Canada (55° 54’ N, 115° 02’ W; Fig. 4.1). 

The UTL field site is located in the Boreal Plains ecozone of north central Alberta, 

encompassing approximately 3,300 km2. The climate of the area is characterized by cold 

winters and short, cool summers with mean temperatures between 13°C and 15.5°C. Late 

successional stands of trembling aspen (Populus tremuloides) and balsam poplar 

(Populus balsamifera), with balsam fir (Abies balsamea) and white (Picea glauca) and 

black (Picea mariana) spruce are abundant on the landscape; willow (Salix spp.), alder 

(Alnus spp.) and feathermoss (Hylocomium spp.) are predominate the understory. 

Standing water bodies include a large number of shallow lakes, ponds, and sloughs, 

between 0.01 km2 and 0.05 km2 in size, as well as poorly-drained fens and bogs that are 

dominated by pondweed (Potamogeton spp.), water milfoil (Myriophyllum exalbescens) 

or hornwort (Ceratophyllum demersum)(Wiken 1986, Sass et al. 2007).   
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Fig. 4.1. Map of lesser scaup Aythya affinis breeding range (Ridgely et al. 2007). 
Cardinal Lake study area (CLSA) is marked with a star, Utikuma Lake (UTL) area is 
marked with a circle. 
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4.2.2 Field methods 

To characterize the consumed and assimilated diets of pre-fledging scaup at 

CLSA, I collected 49 ducklings during two sampling periods, one in early to mid-August 

and one in late August to early September, depending on breeding chronology (Canadian 

Wildlife Service permit NWT-SCI-04-04 and University of Saskatchewan Animal Care 

permit  20050038)(Chapter 3). Between 2005 and 2007, I collected samples of putative 

dietary components for stable isotope analyses at CLSA by towing a sweep net through 

the water at varying depths in ponds known to be used by scaup broods (i.e., brood 

ponds) and preserving collections in 70% ethanol. To assess scaup duckling survival at 

CLSA in relation to seasonal food patterns, broods of radio-marked adult female scaup (n 

= 47 broods and 159 unique observations) were monitored during the period between 

hatch and fledging (see Chapter 3). Aquatic macroinvertebrates were sampled from 14 

brood ponds on CLSA (2003, 2005 – 2007) and 17 brood ponds UTL (2001, 2002) 

throughout the breeding season. Sampling intervals, based on known hatch date 

distributions and the appearance of scaup broods on each study area, were assumed to 

represent the early, peak, and late-hatch periods. Sweep nets (500 μ, surface area = 

0.0604 m2) were used to collect invertebrates at randomly selected open water locations 

(stratified by depth) and emergent vegetation locations on each wetland. The head of the 

sweep net was extended to the surface of, but not into, the substrate and quickly pulled 

towards the water surface. Water depth and the type and percentage of vegetation 

(emergent and submerged) were recorded for each sample. Time permitting, invertebrates 

were identified to the family level, and to genus and species when possible and 

enumerated in the field (Merritt and Cummins 1996, Thorp and Covich 2001). Each 
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specimen was assigned to a size class, based on previously determined size distributions 

for each taxon and life stage (i.e., adult, larvae, nymph, pupae; Murkin and Ross 1999). 

When logistical constraints prevented processing of samples in the field, invertebrates 

were preserved in 70% ethanol and processed at a later date. To examine seasonal 

variation in lipid content of amphipods, random subsamples of amphipods were separated 

from the isotope collections at CLSA and frozen. 

4.2.3 Laboratory methods 

For diet composition analyses of collected juvenile scaup, samples of leg muscle 

and liver tissue, as well as contents of the upper gastrointestinal tract (UGT; i.e., 

esophagus, proventriculus and gizzard) were removed and dried to constant mass (60°C). 

Dried UGT contents were weighed to the nearest 0.1 mg, and mean percent aggregate dry 

biomass for each prey item (PDMi) was calculated following Strand et al. (2008). Diet 

results were used to guide selection of items for isotopic assessments of dietary 

assimilation. All isotope samples (leg muscle, liver tissue and invertebrates) were rinsed 

in a 2:1 chloroform-methanol solution to remove lipids and dried to constant mass in a 

fume hood. Dry samples were ground to a homogenous powder and weighed 

(approximately 1 mg) into tin cups for analysis (δ13C and δ15N) at the Department of Soil 

Science, University of Saskatchewan, Saskatoon, Saskatchewan. Standard continuous 

flow – isotope ratio mass spectrometry techniques, using a Delta V mass spectrometer 

interfaced with a Costech ECS4010 elemental analyzer were employed, with 

measurements reported in the δ notation relative to the PeeDee belemnite (carbon) and 

atmospheric air (nitrogen). Measurement errors were ±0.1‰ and ±0.2‰ for δ13C and 

δ15N, respectively. The lipid energy that was available to scaup ducklings from 
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amphipods at CLSA was estimated by extracting and purifying total lipids from a random 

subsample of pooled specimens (10 – 13 individuals per sample, analyzed in duplicate) 

stratified by wetland and sampling period (n = 71 samples). Analyses were conducted by 

the Aquatic Ecosystem Management Research Division at the National Water Research 

Institute, Burlington, Ontario following the methods of Bligh and Dyer (1959), with lipid 

results reported as a percentage of total dry weight.  

4.2.4 Statistical analyses 

Diet composition – Raw isotopic data were analyzed in SAS® (SAS Institute Inc. 

2009), using multivariate analysis of variance (MANOVA) to evaluate simultaneously 

whether δ13C and δ15N values for invertebrate sources varied by taxonomic group and 

whether isotopic composition (δ13C and δ15N) of consumer tissues (i.e., duckling leg 

muscle and liver tissue) differed for scaup hatched before or after the peak hatch date 

(i.e., early versus late groups). Bayesian isotopic mixing models, implemented in the 

open-source R package, SIAR, were used to determine the relative contributions of food 

sources to pre-fledging scaup tissues (Parnell et al. 2010) in early and late-hatching 

groups. Consumer isotopic values were adjusted for trophic enrichment (mean ± standard 

deviation), -0.1 ± 0.4 for δ13C and 4.2 ± 0.2 for δ15N, using fractionation values 

determined from captive studies of scaup ducklings (K. Gurney, unpubl. data). The δ13C 

and δ15N values for invertebrate samples were input as sources, with PDMi values used as 

prior information to guide the model as to the likely range of values for the dietary 

proportions. To visualize the stable isotope data for early and late hatched groups, I 

plotted the 25%, 85% and 95% credible intervals of the proportions for each group by 

dietary source (Inger et al. 2010). 
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Food quantity and quality – For each sweep net sample, dry biomass was 

calculated by multiplying the number of individuals for each taxon, size class and life 

stage by a corresponding mean mass in milligrams (Murkin and Ross 1999). Total 

volume-corrected sample count (abundance) and biomass values were obtained by 

summing all values for a given taxon and dividing by the volume of water (m3) that 

passed through the sweep net, i.e., (depth/100)*0.0604. To classify collection dates 

relative to the brood-rearing period, clutch initiation dates for each year and site were 

used to estimate hatch-date distributions (i.e., hatch date = clutch initiation date + 25). 

Based on these distributions, invertebrate samples collected within 3 days of the first 

quartile were considered to represent food available for early hatching broods, samples 

collected within 3 days of the median value were assumed to represent food resources for 

peak-hatch broods, and samples collected within 3 days of the third quartile encompassed 

were considered representative of the late-hatch period.  

Abundance and biomass data followed a negative binomial distribution, so to 

evaluate the relative support for a relationship between abundance and biomass of 

putative food resources and timing of the collection (i.e., brood period = early, peak, and 

late hatch), I used generalized linear mixed (PROC GLIMMIX) models with a log link 

function. An information-theoretic approach to model selection was employed, and the 

Laplace approximation was applied to compute marginal log likelihood values (Burnham 

and Anderson 2002, SAS Institute Inc. 2009). I began by developing an a priori set of 

candidate models that represented the response variable (i.e., abundance or biomass of 

selected taxa) as a function of additive or multiplicative combinations of fixed and 

random effects that were selected based on hypotheses of interest. Main fixed effects 
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included brood period, macrohabitat (emergent vegetation versus open water) and site, as 

well as interactions between site and macrohabitat (zone*site), site and brood period 

(site*brood period), and macrohabitat and brood period (zone*brood period). The same 

covariance structure, which included random effects of wetlands and years nested within 

sites, and a scale parameter to account for overdispersion (i.e., the data variance being 

much greater than the mean due to large numbers of zeroes), was retained for all models 

to ensure that model selection criteria were directly comparable. Inference concerning 

fixed effects was based on the precision (85% confidence interval) of regression 

coefficients (β) estimated by the maximum likelihood method (West et al. 2007, Arnold 

2010). To account for model selection uncertainty, model-averaged parameter estimates 

and predictions were calculated following Anderson (2008). Inference regarding random 

effects was based on intraclass correlation coefficients, ρ, which describes the proportion 

of the total random variation in the dependent variable that is described by the random 

factor, based on conditional variance components, τ (Singer 1998, McMahon and Diez 

2007).  

To evaluate the relative support for a relationship between amphipod lipid content 

and brood period, I used an information-theoretic approach as described for abundance 

and biomass. Values of percent lipid content were first changed to proportions by 

dividing by 100 and then normalized using a logit transformation (Berkson 1951) so that 

general linear models could be used. Candidate models specified to represent the food-

dependent hypothesis included year, wetland, and brood period as explanatory variables; 

inference concerning fixed effects was as described above for food quantity, but the 

restricted maximum likelihood method was used (Littell et al. 2006). 
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4.3 RESULTS 

4.3.1 Diet composition 

Upper gastrointestinal tract – Of the 49 pre-fledging scaup collected at CLSA 

during 2005 and 2006, 13 contained measurable food items. On a dry weight basis, 

branchiopods (clam shrimp, Lynceidae) and amphipods represented a substantial portion 

of consumed biomass (PDM = 40.0% and 26.0%, respectively). Phantom midge larvae 

(Chaoboridae, 8.7%), water boatmen (Corixidae, 9.2%), beetles (Coleoptera, 7.7%) and 

snails (Planorbidae, 7.3%) together accounted for 32.9% of aggregate dry biomass, with 

the remaining prey items (chironomid larvae and physid snails) comprising 1.1% of the 

total dietary biomass.   

Stable isotope analyses of duckling tissues – At CLSA, δ13C for scaup duckling 

leg muscle ranged from -29.2‰ to -24.1‰, with δ15N values ranging between 7.4‰ and 

9.8‰. Significant differences were found between the leg muscle isotopic composition of 

ducklings hatched before (early) or after (late) annual peak hatch dates for δ13C 

(MANOVA: F[1,36] = 5.1, P < 0.03), but not for δ15N (F[1,36] = 0.8, P < 0.37). Isotopic 

values for liver tissue ranged from -28.6‰ to -23.2‰ for δ13C, and from 7.8‰ to 10.3‰ 

for δ15N. MANOVA results showed the same trends for liver as observed for leg tissue 

(δ13C: F[1,34] = 6.6, P < 0.015, δ15N: F[1,34] = 0.6, P < 0.4).  

Stable isotope analyses of macroinvertebrates - In brood ponds at CLSA, mean 

δ13C for food sources was lowest for chaoborid larvae (-27.9‰, standard deviation [SD] 

= 3.5) and branchiopods (-27.6‰, SD = 3.4), followed by corixid hemipterans (-26.1‰, 

SD = 2.4), amphipods (-23.6‰, SD = 2.8) and gastropods (-18.8‰, SD = 4.7). With 

regard to δ15N, values for all sources were low, relative to chaoborid larvae (7.5‰, SD = 
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1.1). Significant differences were found between invertebrate samples for δ13C 

(MANOVA: F[4,154] = 33.3, P < 0.0001) and δ15N (F[4,154] = 56.0, P < 0.0001; Fig. 4.2).  

Stable isotope mixing models were not able to differentiate between amphipods 

and branchiopods. Results were not consistent with predictions made under a diet-

switching hypothesis; assimilated diets of early and late hatching scaup at CLSA were 

predicted to be comprised predominantly of crustacean invertebrates and less extensively 

of chaoborid larvae, gastropods and corixid hemipterans (Fig.4.3). 
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Fig. 4.2. Mean δ13C and δ15N (± standard deviation) for invertebrate taxa and lesser scaup 
Aythya affinis leg muscle at Cardinal Lake study area, NT. Early and late hatch 
corresponds to ducklings hatched before or after the peak hatch date, respectively. Means 
are plotted by taxon and group, as described in the legend; sample sizes are shown in 
parentheses. For food data, sample size values refer to the number of pooled samples 
analyzed (each sample included multiple specimens). 
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Fig. 4.3. Box plots representing the range of possible proportions of invertebrate species in the assimilated diets of early (open boxes) 
and late (grey boxes) hatching lesser scaup Aythya affinis ducklings. Boxes indicate 25%, 85% and 95% credible intervals of feasible 
solutions to isotopic mixing models as determined by program SIAR (Parnell et al 2010). Only results from leg muscle analyses are 
shown because results from liver tissue analyses were identical. 
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4.3.2 Abundance and biomass of key food items 

Over six years, I collected 3,971 sweep net samples from the two sampling sites in boreal 

forest (Table 4.1). At CLSA, the aquatic invertebrate community contained 23 orders, 

incorporating a total of 51 unique genera or families; at UTL, 19 unique invertebrate orders were 

observed, with 52 unique genera or families. Total estimated invertebrate biomass at CLSA was 

highest in 2007 (1.67 x 106 mg), with the lowest estimate in 2005 (5.05 x 105 mg). Each year, the 

dominant taxon was the gammarid amphipods, contributing 31% (2005) to 41% (2003) of the 

total biomass. Other dominant taxa contributing to the invertebrate biomass included dytiscid 

beetles (11% in 2003), fingernail clams (11% in 2005), clam shrimp (24% in 2006), and 

planorbid snails (25% in 2007). In general, values for annual total invertebrate biomass were 

higher at UTL than at CLSA: 6.90 x 106 mg and 6.21 x 106 mg at UTL (in 2001 and 2002, 

respectively). In both years at UTL, the dominant taxa were dytiscid beetles and gammarid 

amphipods at 24% and 23% of total biomass, respectively (2001), and 21% and 22% in 2002. 

Talitrid amphipods also comprised a relatively large proportion of the total biomass at UTL, 9% 

(2001) and 17% for 2002. 
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Table 4.1. Invertebrate sweep net samples collected from the boreal forest of western Canada 
between 2001 and 2007. For site locations see Fig 4.1. Collection dates are classified relative to 
estimated hatch-date distributions for each year (first quartile ± 3 days = ‘early’, median ± 3 days 
= ‘peak’ and third quartile ± 3 days = ‘late’). 

Site Year N Collection dates 
Early Peak Late 

Utikuma Lake, AB 2001 1,282 22-Jun to 6-Jul 7-Jul to 24-Jul 25-Jul to 3-Aug 

 2002 854 22-Jun to 9-Jul 12-Jul to 24-Jul 25-Jul to 3-Aug 

Cardinal Lake, NT 2003 423 n/c 23-Jul to 2-Aug n/c 

 2005 587 n/c 19-Jul to 27-Jul 8-Aug to 15-Aug 

 2006 436 13-Jul to 17-Jul 2-Aug to 4-Aug 14-Aug to 16-Aug 

 2007 389 12-Jul to 18-Jul 31-Jul to 2-Aug 13-Aug to 15-Aug 

n/c = no samples collected 
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Amphipoda – Amphipod taxa (including gammarids and talitrids) showed the same 

seasonal trends for abundance and biomass. In both cases, the top-supported model (Akaike 

weight, wi = 0.70 and 0.69 Tables 4.2 and 4.3) indicated that on amphipod densities varied by 

site, zone, and brood period, as well as zone*site and zone*brood period. Amphipod abundance 

was lower at CLSA than at UTL (β = 0.15 = -2.42 ± 0.84), but the site effect for biomass was 

estimated imprecisely (β = 0.15 = -1.82 ± 0.94). Abundance and biomass of amphipods were 

higher in emergent vegetation than in open water (β = 0.15 = 2.09 ± 0.23 and β = 0.15 = 1.81 ± 

0.26). The interactive effect of zone by brood period suggested that numbers and biomass of 

amphipods were relatively temporally stable, increasing marginally as the brood-rearing period 

progressed in both emergent vegetation and open water zones (Fig. 4.4). Covariance parameter 

estimates suggested that additional unexplained variation in amphipod abundance and biomass 

were primarily attributable to overdispersion (ρ = 50% and 43%, respectively) and differences 

among wetlands (ρ = 45% and 55%), whereas the annual differences at each geographic location 

(CLSA and UTL) were relatively small (ρ = 5% and 2%). When I compared the conditional 

variance components to those in the unconditional (random effects only) model for abundance, I 

observed a substantial decrease in τYear(Site), indicating that annual variation in amphipod numbers 

within each study sites is, in large part, accounted for by zone and brood period effects. This was 

not the case for amphipod biomass; at neither study location were zone or brood period effects 

variable between wetlands or years.  

Branchiopoda – Branchiopod taxa included clam shrimp and fairy shrimp (Anostraca) at 

CLSA; the latter were not observed at UTL. The best-approximating models for abundance and 

biomass were supported by 100% of the weight of evidence (wi = 1) and included effects of 

zone, brood period, and zone*brood period. Branchiopods were less abundant and had less total 
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biomass in emergent vegetation, relative to the open water (β = 0.15 = -2.97 ± 0.61, β = 0.15 = -2.13 

± 0.48). Late season declines in abundance were observed in both zones, although the overall 

seasonal pattern of change was more convex in open water. Biomass of branchiopods showed the 

opposite pattern, with a slightly concave pattern and marginal late-season increase (Fig. 4.4). 

Remaining variation in branchiopod abundance and biomass was primarily due to covariance 

between wetlands within sites (ρ = 36% and 37%, respectively) and overdispersion (ρ = 56% for 

both abundance and biomass), with a relatively minor effect of year (ρ = 7% for abundance and 

biomass). Conditional and unconditional covariance parameter estimates were similar, 

suggesting that variation in abundance and biomass of branchiopods between wetlands and years 

within sites was not related to the influence of zone or brood period. 

Diptera – Dipteran taxa were comprised of seven families, including larvae of biting and 

non-biting midges, crane flies, and soldier flies. There was model selection uncertainty for both 

abundance and biomass. The top-supported model for abundance (wi = 0.54) indicated that zone, 

site, site*zone, and brood period had an important influence on numbers of dipterans, whereas 

for dipteran biomass, site*brood period was also included in the best-approximating model (wi = 

0.59). Abundance and biomass of dipteran taxa were lowest at CLSA, primarily in the emergent 

vegetation (β = 0.15 = -1.24 ± 0.31, β = 0.15 = -1.21 ± 0.32). Model averaged estimates of 

abundance by brood period suggested slightly higher numbers of dipterans during the early 

brood-rearing period, although the model-averaged parameter estimate for this period was 

imprecise (β = 0.15 = 0.40 ± 0.28). Similarly, there was only weak evidence for decreased biomass 

of dipterans at CLSA in the late brood period (β = 0.15 = -0.72 ± 0.39)(Fig. 4.4). Covariance 

parameter estimates for abundance and biomass were similar, indicating relatively minor effects 

of wetlands within sites (ρ = 10% and 11%, respectively) and of years within sites (ρ = 4%, 
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abundance and biomass). Year within site effects on abundance and biomass of dipterans 

appeared to be partly a result of variation between zones and brood periods, with minor 

decreases in τYear(Site) between conditional and unconditional models in both cases. 

Gastropoda – Gastropod families observed included ramshorn (Planorbidae), pond 

(Lymnaeidae), bladder (Physidae), and valve (Valvatidae) snails; with the latter observed only at 

UTL. Brood period was included in the top-supported models for both abundance and biomass 

(wi = 0.87 and 0.91, respectively, Tables 4.2 and 4.3). The addition of zone*brood period to the 

top explanatory model for abundance did not appreciably reduce model deviance (Table 4.2). 

The parameter estimate for brood period suggested that numbers of snails were generally lower 

during the early brood period, relative to peak and late periods (β = 0.15 = -0.57 ± 0.22; Fig. 4.4). 

Gastropod biomass was marginally higher during the early brood-rearing period, with this effect 

being driven by the relatively higher biomass in the emergent vegetation, compared to open 

water (β = 0.15 = 1.07 ± 0.46; Fig. 4.4). Wetland level effects were not detected for either 

gastropod abundance or biomass, with 15 and 14%, respectively, of unexplained variation 

attributable to annual variability within sites, and the remainder due to overdispersion. 

Conditional and unconditional covariance parameter estimates were not appreciably different; 

annual variation within sites was thus not accounted for by the explanatory variables I 

considered.   

Hemiptera – Hemipteran taxa were predominantly comprised of water boatmen 

(Corixidae); water striders (Gerridae, Veliidae), water treaders (Mesoveliidae), and back 

swimmers (Notonectidae) were also observed. The best-approximating model for hemipteran 

abundance (wi = 0.82, Table 4.2) included zone as the key explanatory factor, with relatively 

high hemipteran numbers observed in emergent vegetation, compared to open water (β = 0.15 = 
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1.68 ± 0.16). Brood period alone did not add further explanatory power to this model, and the 

interaction between brood period and site did reduce model deviance sufficiently to warrant 

inclusion of this term. The two top-supported models (wi = 0.65 and 0.26, Table 4.3) for 

hemipteran biomass both included an effect of brood period, and model-averaged estimates 

suggested marginal seasonal increases (Fig. 4.4). Site*brood period parameters were not 

estimated with sufficient precision to allow reliable inference. Hemipteran abundance and 

biomass were more annually variable within sites and less variable between wetlands than other 

orders, with τYear(Site) equal to 17% and 30%, respectively, and τWetland(Site) equal to 2% for both 

abundance and biomass. This annual variation was not explained by effects of zone or brood 

period, as conditional and unconditional covariance parameter estimates were approximately 

equal.   
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Table 4.2. Ranking of top generalized linear mixed models accounting for variation in abundance of selected invertebrate taxa at two 
sites in Canada’s western boreal forest. Dependent variables are listed in the first column and for each variable, the  indicates which 
explanatory variables were included in the models. For all invertebrate groups (except Gastropoda), in addition to a scale parameter to 
account for overdispersion, wetlands and years were nested within site and treated as random effects. For Gastropoda, random factors 
included scale and years nested within site. In all cases, remaining factors were included as fixed effects. Models are ranked by 
differences in Akaike’s Information Criterion, corrected for sample size (AICc). Zone = emergent vegetation versus open water, 
Brood Period = timing of sample collection, relative to estimated hatch-date distributions for each year (first quartile ± 3 days = 
‘early’, median ± 3 days = ‘peak’ and third quartile ± 3 days = ‘late’), wi = Akaike weight. 

 Explanatory factors Model selection criteria 

 Zone Site 
Brood 
Period 

Zone*Site 
Zone*Brood 
Period 

Site*Brood 
Period 

Deviance AICc wi 

Amphipoda       16743.2 0.0 0.70 
       16749.4 2.1 0.24 
       16748.1 4.9 0.06 
       16787.8 36.5 0.00 

Branchiopoda       7719.0 0.0 1.00 
       7752.2 29.1 0.00 
       7775.7 48.6 0.00 

Diptera       12871.8 0.0 0.54 
       12868.4 0.6 0.39 
       12871.9 4.1 0.07 
       12889.9 14.0 0.00 

Gastropoda*       10043.8 0.0 0.87 
       10043.7 3.9 0.12 
       10059.2 11.4 0.00 

Hemiptera       10018.7 0.0 0.82 
       10018.4 3.7 0.13 
       10015.0 6.3 0.03 
       10020.6 7.9 0.02 

* Gastropoda: did not include wetlands nested within year as a random effect
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Table 4.3. Ranking of top generalized linear mixed models accounting for variation in dry biomass of selected invertebrate taxa at two 
sites in Canada’s western boreal forest. Dependent variables are listed in the first column and for each variable, the  indicates which 
explanatory variables were included in the models. For all invertebrate groups (except Gastropoda), in addition to a scale parameter to 
account for overdispersion, wetlands and years were nested within site and treated as random effects. For Gastropoda, random factors 
included scale and years nested within site. In all cases, remaining factors were included as fixed effects. Models are ranked by 
differences in Akaike’s Information Criterion, corrected for sample size (AICc). Zone = emergent vegetation versus open water, 
Brood Period = timing of sample collection, relative to estimated hatch-date distributions for each year (first quartile ± 3 days = 
‘early’, median ± 3 days = ‘peak’ and third quartile ± 3 days = ‘late’), wi = Akaike weight. 

 Explanatory factors Model selection criteria 

 Zone Site 
Brood 
Period 

Zone*Site 
Zone*Brood 

Period 
Site*Brood 

Period 
Deviance AICc wi 

Amphipoda       19147.6 0.0 0.69 
       19153.7 2.0 0.25 
       19152.6 4.9 0.06 
       19169.5 13.8 0.00 

Branchiopoda       8740.2 0.0 1.00 

       8763.7 19.4 0.00 
       8779.3 31.0 0.00 

Diptera       11958.9 0.0 0.59 
       11964.0 1.1 0.35 
       11963.5 4.6 0.06 
       11987.7 20.7 0.00 

Gastropoda*       11527.1 0.0 0.91 
       11535.9 4.7 0.09 
       11549.6 14.4 0.00 

Hemiptera       9012.4 0.0 0.65 
       9008.1 1.8 0.26 
       9014.3 3.9 0.09 
       9044.8 28.3 0.00 

* Gastropoda: did not include wetlands nested within year as a random effect
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Fig. 4.4 (a) Variation in abundance of key invertebrate food items for lesser scaup Aythya affinis ducklings throughout the brood-
rearing period at two sites in Canada’s western boreal forest. Model-estimated values are represented by closed triangles for emergent 
vegetation, open circles for open water, and closed circles for emergent vegetation and open water combined. Estimates for 
Gastropoda and Hemiptera are model-averaged predictions. For other taxa, predicted values are derived from the best-approximating 
model. Values in parentheses equal sample sizes. 
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Fig. 4.4 (b) Variation in biomass of key invertebrate food items for lesser scaup Aythya affinis ducklings throughout the brood-rearing 
period at two sites in Canada’s western boreal forest. Model-estimated values are represented by closed triangles for emergent 
vegetation, open circles for open water, and closed circles for emergent vegetation and open water combined. Estimates for 
Gastropoda and Hemiptera are model-averaged predictions. For other taxa, predicted values are derived from the best-approximating 
model. Values in parentheses equal sample sizes. 
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4.3.3 Amphipod lipid content 

Values for amphipod lipid content ranged for 6.1% to 20.6% of dry mass, with the 

top-supported explanatory model (wi = 0.78, Table 4.4) indicating that annual variation 

was substantial. Parameter estimates for year further indicated that average lipid content 

of amphipods (% ± standard deviation, N = number of pooled samples) was higher in 

2006 (12.4 ± 3.2, 40) than in 2005 (8.7± 1.1, 6) or 2007 (8.9 ± 2.1, 25)(β = 0.15 = 0.36 ± 

0.07). An influence of brood period on amphipod lipid content was not detected: the 

addition of brood period to the best-approximating model did not reduce model deviance. 

Similarly, my findings were not consistent with an effect of wetland on variation in lipid 

content of amphipods. 
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Table 4.4. Ranking of general linear mixed models accounting for variation in lipid 
content of amphipods at Cardinal Lake study area, NT. Models are ranked by differences 
in Akaike’s Information Criterion, corrected for sample size (AICc). BPeriod = timing 
of sample collection relative to the brood hatch date distribution, wi = Akaike weight. 

MODELa Kb Deviancec AICc wi 

Year 4 20.6 0.0 0.90 

Year + BPeriod 6 20.6 4.6 0.09 

Basin + Year 6 25.1 9.2 0.01 

Year*BPeriod 8 20.9 10.0 0.01 

Year*Basin 8 26.6 15.7 0.00 

Intercept 2 42.3 17.2 0.00 
a The + between variables indicates an additive effect, the * denotes interaction; when interactions 

are listed, main effects were also included.     

b Number of parameters estimated. 

c Deviance estimate = -2 log likelihood 
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4.4 DISCUSSION 

4.4.1 Diet composition 

Diet composition of early and late-hatching pre-fledging scaup at CLSA appears 

to be similarly predominated by crustaceans. This finding is consistent with Fast et al. 

(2004), who showed that scaup broods in the northern boreal forest occur more often on 

wetlands with amphipods. Key foods are comparable to those consumed by conspecifics 

further south (Collias and Collias 1963, Bartonek and Hickey 1969). However, my ability 

to examine variation in the occurrence of non-crustacean prey taxa was limited by sample 

size and difficulties in isotopically distinguishing different invertebrate groups.  

I did not find evidence of a diet shift for late-hatching scaup, but I cannot rule out 

that late-hatching individuals did not incur physiological or fitness costs associated with 

maintaining a crustacean-dominated diet. In some cases, seasonal switches in prey use 

may be advantageous, particularly if the nutritional value of prey fluctuates seasonally 

(Abraham 2008). This does not appear to be the case for scaup; lipid content of 

amphipods is relatively consistent throughout the brood-rearing period. Alternatively, 

seasonal changes in prey distribution may require individuals to spend more time 

foraging for preferred food items (Hipfner 2009). If such a behavioural shift resulted in 

less energy available for growth or in increased vulnerability to predation, late-hatched 

scaup might be maintaining diet composition at the expense of growth or survival. My 

earlier observation that late-hatched scaup ducklings tend to have smaller leg muscles 

than those hatched earlier is consistent with this idea, and might explain why late-

hatching scaup are less likely to recruit to the breeding population (Dawson and Clark 

2000, Chapter 3). Furthermore, I did not sample invertebrates in mid to late September 
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when late-hatched ducklings could confront food limitation prior to fledging. Finally, by 

focusing exclusively on ponds selected by females to raise broods, I may have 

inadvertently underestimated the overall change in food abundance on each study area.  

4.4.2 Abundance and biomass of key food items 

Seasonal variability in total numbers and biomass of invertebrate prey items 

differed among taxonomic groups. However, with the exception of dipteran larvae, no 

taxa showed marked declines throughout the brood-rearing season, suggesting that scaup 

ducklings exploit temporally stable prey resources. Aquatic invertebrate communities in 

smaller, temporary ponds can be affected by hydroperiod, water chemistry, depth and 

turbidity but, in general, the relationships between invertebrates and local environmental 

conditions in these systems are weak (Oertli et al. 2008, Hanson et al. 2009); factors that 

influence macroinvertebrate population dynamics in large, permanent wetlands, such as 

those I studied are not clear. Peracarid crustaceans, for example, which are not adapted 

for dessication are only found in permanent water bodies (Thorp and Covich 2001), with 

population densities being dependent on wetland area and, more specifically, water depth 

(Lindeman and Clark 1999). Haszard and Clark (2007) examined limnological features of 

permanent wetlands in the Mackenzie Delta Region of northern Canada and did not 

detect a relationship between wetland productivity (as indexed by total phosphorous) and 

amphipod abundance and biomass. In contrast, amphipod biomass in Alaska boreal 

wetlands is positively related to indices of wetland productivity, increasing in wetlands 

with higher chlorophyll a (Corcoran et al. 2009). In a study of UTL wetlands, Hornung 

and Foote (2006) reported that invertebrate communities are influenced by the structural 

complexity of submerged aquatic macrophytes, with higher biomass of herbivorous 
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species such as crustaceans and gastropods in wetlands dominated by filamentous 

metaphyton. Similarly, abundance of epiphytic chironomid larvae is higher in 

macrophyte dominated clear water lakes, relative to turbid lakes dominated by 

phytoplankton (Tarkowska-Kukuryk 2010). Water chemistry may also play a role in 

determining abundance of some invertebrates, with gastropod taxa being physiologically 

dependent on sufficient calcium concentrations for shell development (Batzer et al. 2005)  

Variation in biomass of invertebrate functional groups with sampling date has 

rarely been considered (but see Hornung and Foote 2006, Miller et al. 2008). Although I 

am unaware of any studies that describe the causative mechanisms for seasonal 

fluctuations in invertebrate population densities, water temperature appears to be an 

important regulator of reproduction, growth rate and final body size of amphipods and 

other invertebrates, such that earlier dates of spring thaw might result in temporally 

shifted population peaks for these organisms. In addition, because fecundity in most 

invertebrates is positively related to body size, increasing winter temperatures could 

reduce reproductive potential for overwintering populations and subsequently result in 

depauperate first generations in the early summer (Menon 1969, Sweeney 1978, Panov 

and McQueen 1998). In univoltine amphipods, reproduction is typically synchronous, but 

decreased development time of eggs due to increasing water temperatures could result in 

more generations per season (Wilhelm and Schindler 2000), and possibly higher 

population densities of these prey species. I suggest that understanding the factors that 

influence population dynamics in invertebrate populations will provide further insights 

regarding potential consequences of environmental changes on offspring survival in 

scaup. 
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The consequences of seasonal patterns in the abundance and biomass of 

invertebrate taxa for populations of upper level consumers are not clear. My results 

suggest that key prey items for scaup ducklings do not fluctuate markedly throughout the 

brood-rearing period and that duckling survival declines seasonally only for broods 

attended by relatively light-weight females. The observed effect of maternal quality on 

duckling survival suggests that females with reduced reserves are more likely to trade-off 

current reproductive success for their own survival, particularly late in the breeding 

season when they increasingly face time constraints. Given the strong correlation 

between longevity and lifetime reproductive success in other duck species (Blums and 

Clark 2004), such a strategy seems likely.  

4.4.3 Amphipod lipid content 

Contrary to my prediction under the food-dependent hypothesis, I did not detect a 

seasonal decline in the lipid content of gammarid amphipods at CLSA. However, I did 

find evidence of substantial annual variation in amphipod lipid content, which may have 

reflected an increased cohort of reproducing individuals in 2006. Wilhelm (2002) 

suggested that lipid content of amphipods is influenced by reproductive effort, with lipid 

levels in gravid females more than two times those in a post-reproductive state. There is 

some evidence that animals in cold climates maintain higher lipid content than 

conspecifics in more temperate areas (Palmerini et al. 2009); increased lipid content of 

amphipods at CLSA in 2006 may thus be related to decreased temperatures during the 

winter of 2005. The high lipid content of amphipods in 2006 may also have indicated an 

increased reproductive effort or a prolonged incubation period among populations of 

these invertebrates that year (Wilhelm 2002). Experimental studies that manipulate 
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temperature and assess the nutritional contents of amphipods and other invertebrate prey 

would provide further insight regarding factors influencing food resource quality. 

In summary, I have examined the diet of lesser scaup ducklings in their core 

breeding area and shown that, across a broad geographic gradient, ducklings rely heavily 

on crustacean prey items, including amphipods and branchiopods. Further, by testing 

hypothesized relationships between seasonal patterns of survival for pre-fledging scaup 

and food resources, I have shown that the quantity and quality of key food items seem to 

be temporally stable throughout the brood-rearing period, suggesting that seasonal 

patterns of duckling survival in this species are not related to food limitations, but are 

more driven by an ultimate mechanism related to survival of brood-rearing females. I 

believe this represents a critical first step in understanding the implications of changing 

environmental conditions for individuals and populations of this species and others, and 

encourage future studies to directly assess the relationships between offspring survival 

and food resources. 
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CHAPTER 5. SYNTHESIS 

5.1 PATTERN AND PROCESS IN AVIAN REPRODUCTIVE ECOLOGY 

In the first chapter of this thesis, I investigated annual and geographic variation in 

the breeding strategies of lesser scaup (hereafter scaup) and specifically tested for a 

hypothesized influence of climatic variables on reproductive parameters (Table 5.1). In 

contrast to most other avian species that breed across a large geographical range, results 

revealed that timing of breeding and clutch size of scaup show little response to the 

climatic variables that I considered (Gurney et al. 2010). Although waterfowl ecologists 

have long suggested that scaup tend to breed at a relatively constant time, regardless of 

latitude, my study was the first to quantitatively confirm this idea. My findings, in 

combination with the abrupt onset of breeding status for female scaup observed across a 

range of latitudes (DeVink et al. 2008) indicate that, proximately, timing of breeding in 

this species is likely based on fixed cues encountered on the breeding grounds (e.g., a 

photoperiod threshold; Kumar et al. 2010, Dixit and Singh 2011). This is consistent with 

the idea that day length is the primary proximate cue for reproduction in temperate-

breeding birds, but it appears to be in contrast to those studies that have highlighted the 

importance of additional environmental covariates - such as weather and food abundance 

- in determining timing of breeding (Krapu et al. 2002, Carrillo and González-Davila 

2010), and the evolutionary significance of a fixed date of breeding in scaup and other 

species remains unclear. 

Ultimately, timing of breeding in scaup may be the result of selective pressure to 

produce offspring during a period when the survival probability for ducklings is 

predictably optimal. Specifically, duckling production may be improved when hatching 
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Table 5.1. Timing of breeding and offspring survival in lesser scaup Aythya affinis: summary of hypotheses tested. 

Hypothesis Predictions Key findings 

Chapter 2: Time constraints and temperate-breeding species 

Flexible nesting date  GSL should explain significant variation in clutch initiation 
dates, after accounting for other site-specific and annual effects. 

 Scaup should initiate nests earlier in springs with warmer 
temperatures, an earlier thaw, and increased GSL. 

 Not consistent with these predictions. 

 Scaup breed at relatively “fixed” dates, 
despite environmental variation. 

Reduced clutch size  The average clutch sizes of scaup breeding at higher latitudes, 
or at increased elevation, should be smaller than those of scaup 
nesting further south or at lower elevation.  

 Not consistent with these predictions. 

 Scaup have consistent clutch size, despite 
environmental variation. 

Rate of decline  An interaction should exist between clutch initiation date and 
GSL, with a stronger seasonal rate of clutch size reduction 
occurring in areas with shorter GSL. 

 Not consistent with these predictions. 

 Rates of clutch size decline across the 
breeding season did not vary across the 
breeding range.  

Chapter 3: Seasonal variation in offspring survival 

Parental quality  Phenotypic quality of female scaup should decline seasonally. 

 Duckling survival rates should be positively related to indices of 
maternal quality. 

 Not consistent with these predictions. 

 Neither female body mass nor mean egg 
volume declined seasonally. 

 I did not detect an independent effect of any 
index of maternal quality on duckling 
survival. 

Date  Duckling survival should be negatively related to environmental 
quality (using hatch date as a proxy). 

 If changing environmental conditions for late-hatched scaup 
result in compensatory growth, later hatched scaup ducklings 
should be smaller and have larger digestive organs.  

 If late-hatched ducklings are exposed to more intestinal tissue 
feeding parasites, greater numbers of these parasites should be 
observed in late hatched scaup. 

 Partially consistent with these predictions. 

 Duckling survival declined with hatch date, 
but only in broods attended by low quality 
females. 

 Corrected for age and size, late-hatched 
scaup had larger digestive systems. 

 Weak evidence that parasite numbers 
increased with hatch date. 
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Chapter 4: Reproductive success and food resources 

Diet switching  Late-hatched scaup should be more likely to consume non-
crustacean prey items when compared to juvenile birds of the 
same age collected earlier in the breeding season. 

 Not consistent with these predictions. 

 Assimilated diets were invariant with hatch 
date. 

Food dependent  Density or biomass of invertebrate food items should decline as 
the brood-rearing period progresses.  

 Lipid content of amphipods should decrease during the brood-
rearing season. 

 Not consistent with these predictions. 

 Quantity and quality of food resources were 
temporally stable in the habitats I examined. 
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dates coincide with periods of either reduced predation risk, favourable weather 

conditions or peak availability of critical resources (Blums et al. 2002, Traylor and 

Alisauskas 2006). For example, Brook et al. (2005) found that production of scaup at a 

boreal forest site was highest when alternate prey species (i.e., small rodents) for 

generalist predators were most abundant. Thus, onset of breeding in scaup may be timed 

to coincide with peaks in rodent populations such that females and their eggs are buffered 

from predation by the presence of alternate prey. I cannot rule out this possibility, and the 

high rates of nest depredation by aerial predators that I observed for scaup at CLSA (K. 

Gurney, unpubl. data) suggests that predator dynamics may indeed influence scaup 

reproduction. Specifically, predation risk may have a direct effect on timing of breeding 

in scaup if major predators of ducklings, such as gulls (Larus spp., Mehl and Alisauskas 

2007), also have a relatively synchronous onset of reproduction, and scaup are able to 

accurately predict this onset using proximate cues, such as the presence of gull nests. 

Observations of extensive mortality of pre-fledging scaup due to predation by larids 

(Chapter 3, Walker & Lindberg 2005) are not consistent with this hypothesis, but a 

quantitative assessment of the relationship between scaup productivity and the population 

dynamics of gulls and other predatory birds is required to investigate the idea more fully.  

Periods of inclement weather can have significant impacts on the growth and 

survival of avian offspring (Dawson and Bortolotti 2000, Dawson 2008), and local 

weather and large-scale climate conditions are important selective processes in the timing 

of breeding by some bird species (Blums et al. 2002, Oja and Pöysä 2007). For scaup at 

CLSA, I did find that annual estimates of pre-fledging survival were lowest in 2002 and 

2005, corresponding to years with the highest precipitation and lowest temperatures 
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during brood-rearing (Chapter 3). The results presented in Chapter 2 are not consistent 

with a hypothesized influence of spring weather conditions on timing of breeding. 

However, it is possible that the index of spring conditions (i.e., soil thaw date) that I 

measured is poorly correlated with local weather conditions during brood rearing. If late 

summer weather is typically most favourable for duckling survival and if conditions 

during this period are more predictable and benign than during spring, then there might 

be a strong fitness advantage for ducklings hatching at this time.  

Key food resources for pre-fledging scaup include amphipod and branchiopod 

crustaceans (Bartonek and Murdy 1970, Sugden 1974, Chapter 4), and habitat selection 

by breeding scaup in other regions has been linked to the presence of amphipod prey 

(Lindeman and Clark 1999, Fast et al. 2004). In the northwestern boreal forest, Walsh et 

al. (2006) found that densities of these invertebrates were approximately 8 times greater 

in wetlands that were used by scaup broods versus wetlands where broods were absent. 

Thus, it seems plausible that availability of crustacean prey is an important determinant 

of timing of breeding in scaup, as per the food dependent hypothesis (Dawson and Clark 

1996). This idea agrees with the work of Brinkhof (1997), as well as a more recent study 

by Rossmanith et al. (2007), which found that lesser spotted woodpeckers (Picoides 

minor) time their breeding such that the abundance of preferred prey (caterpillar larvae) 

for offspring is greatest during the early nestling period. Timing of breeding also 

coincided with the period of peak availability of preferred prey for nestling blue tits 

(Cyanistes caeruleus); nestlings hatched outside this period were typically lighter and 

structurally smaller than their conspecifics (García-Navas and Sanz 2011). Alternatively, 

reproductive decisions in scaup may be based on food supply during egg formation as 
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opposed to during the pre-fledging period, as observed in other species (Dunn et al. 

2011). However, breeding female scaup rely primarily on endogenous lipid reserves for 

clutch formation (Esler et al. 2001, Warren and Cutting 2011), and body condition 

analyses imply that boreal-breeding scaup are not constrained by nutrients for egg 

formation (DeVink et al. 2008).  

To further examine the mechanisms that influence timing of reproduction in this 

species, I evaluated how parental (i.e., maternal) quality and environmental conditions 

(i.e., date) influenced patterns of survival for pre-fledging scaup at a sub-arctic boreal site 

(Chapter 3). I found that duckling survival declined seasonally for broods raised by light-

weight females, whereas survival for broods attended by heavier females did not change 

appreciably with date (Table 5.1). This may indicate that as time constraints increase, 

females that weigh less are more likely to trade-off current reproductive success for their 

own survival and future reproductive potential. Indeed, in several duck species, longevity 

is strongly correlated with lifetime reproductive success (Dow and Fredga 1984, Blums 

and Clark 2004). Recent work has shown that shifts in energy investments from breeding 

toward survival are mediated by high levels of glucocorticoid hormones, with negative 

correlations between baseline corticosterone (CORT) and body mass (Bókony et al. 

2009). Though a simple relationship between CORT and fitness is not expected, I suggest 

that longitudinal studies measuring changes in circulating CORT concentrations of 

female scaup during the incubation period may provide valuable insights regarding life 

history theory and proximate controls on offspring survival (Satterthwaite et al. 2010).  

I also observed that the physical attributes of ducklings collected over a range of 

sites changed with progressing hatch date; later-hatched ducklings had increased 
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digestive system size. Such anatomical changes may occur as these individuals attempt to 

increase digestive efficiency and maintain enhanced growth rates and reach maximum 

fledging size in a short period of time. Enhanced growth rates in the face of increasing 

time constraints have been observed interspecifically (Lightbody and Ankney 1984), as 

well as intraspecifically (Sedinger and Flint 1991, Flint et al. 2006). For other anatids, 

size at fledging, as well as growth rate, affect post-fledging survival, particularly in late-

hatching individuals (Sedinger et al. 1995, Cooch 2002). Although I did not collect 

longitudinal data on rates of growth in this study, such data were collected as part of 

another study, designed to examine trade-offs between growth and immune system 

development of early and late-hatching scaup in captivity. Future analyses will focus on 

using this data to clarify the relevance of variable morphology for survival of late-

hatching scaup.  

The physiological effects of later hatching dates that I observed might reflect 

adaptive responses to attempt to compensate for changes in the quantity or quality of food 

resources available during growth (Sears and Hatch 2008, Miller 2010). For example, 

among juvenile mallards (Anas platyrhynchos) wintering in North Dakota, those eating 

fish-based diets had larger livers than those that did not consume fish (Olsen et al. 2011), 

and increased dietary protein has been correlated with larger digestive systems in other 

avian species (Millán et al. 2003). To investigate the possibility that the gastrointestinal 

responses that I observed in late-hatched pre-fledging scaup were the result of seasonally 

changing food supplies, in Chapter 4, I investigated isotopically the relationship between 

hatch date and duckling diet. In addition, to test the hypothesized relationship between 

food resources and seasonal patterns of offspring survival, I examined temporal variation 
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in the quantity (number and biomass) and quality (lipid content) of food resources for 

pre-fledging scaup. I was not able to distinguish invertebrate prey beyond the class level 

using carbon and nitrogen stable isotope signatures, which limited my ability to examine 

dietary differences between early and late-hatching scaup. However, at the taxonomic 

level of class / subphylum, I did not find evidence of a diet switch in late-hatching 

ducklings. This is in contrast to data from seabirds that suggest juvenile diets change with 

advancing hatch dates, (Abraham 2008, Hipfner 2009), but I am not aware of studies that 

show this effect in self-feeding precocial species. Although Bartonek and Murdy (1970) 

and Reinecke (1979) found that juvenile duck diets change over the course of the 

summer, these studies did not control for age effects (my collected birds were of roughly 

equal age), so the relative effect of hatching date, independent of a change in body size 

and foraging capacity is not clear.  

The abundance (number), biomass and lipid content of key invertebrate food 

items for pre-fledging scaup at CLSA were generally temporally stable across the brood-

rearing period on ponds used by brood-rearing females (Chapter 4, Table 5.1). Although 

this pattern is generally inconsistent with the food-dependent hypothesis, it is possible 

that food resources are changing at a landscape-level, such that the number of ponds with 

sufficient food for scaup broods is decreasing seasonally. Changing food resources may 

also have an indirect effect on survival of juveniles, as changing prey distributions can 

alter their availability to consumers, such that increased foraging effort reduces the net 

energetic benefits of such prey (Anderson and Lovvorn 2011, Varo et al. 2011). For 

example, diving has important metabolic costs (Richman and Lovvorn 2008) and, in least 

and Cassin’s auklets (Aethia pusilla and Ptychoramphus aleuticus, respectively), aerobic 
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costs of diving are positively related to depth and negatively related to water temperature. 

Therefore, migration of prey within the water column has a direct influence on prey 

profitability in these species (Lovvorn 2010). Seasonal changes in the chemical 

composition of prey items may also affect their nutritional value and profitability. 

Although I did not detect a seasonal change in the lipid content of amphipods, other 

studies have indicated that the nutritional value of invertebrates can vary temporally 

(Cavaletto and Gardner 1999). Arts et al (1992, 1993) found that lipid content of 

crustaceans was seasonally variable, with peaks in total and energy reserve 

(triacylglycerol) lipid content corresponding to increases in algal biomass and water 

temperature. If these conditions were constant during the time interval over which my 

samples were collected, then this may explain why I did not observe a change in lipid 

values. The effects of prolonged exposure to warming temperatures on lipid content of 

invertebrates is unknown, but intraspecific biogeographical studies have shown that in 

populations adapted to increased water temperatures, lipid stores are reduced, as fewer 

lipids are required to maintain cell membrane structure in warmer habitats (Pörtner 

2002). Given the importance of lipids to energy dynamics in freshwater ecosystems and 

the uncertainty surrounding the possible influence of changing environmental conditions 

on lipid contents, further assessments of temporal patterns in lipid content of 

invertebrates is warranted. Future studies should also focus on examining variation in 

those specific essential fatty acids that are most relevant to food quality (see Kainz et al. 

2004). 
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5.2 CONSERVATION OF LESSER SCAUP IN CANADA’S BOREAL FOREST 

A number of hypotheses have been developed to explain scaup population 

declines (Austin et al. 2000), and there is growing evidence that changes on northern 

boreal breeding grounds are reducing recruitment in this species (Afton and Anderson 

2001, DeVink 2007, Hobson et al. 2009). Koons et al. (2006) developed a matrix life-

cycle model for scaup and demonstrated that in addition to duckling and juvenile 

survival, population growth rates for lesser scaup are also highly sensitive to changes in 

adult female survival. However, very little research on scaup has been conducted in the 

boreal forest, and vital rate data in their core breeding range are lacking. Most recent and 

ongoing work on scaup is evaluating sources of variation in survival of adult females and 

interactions among pre-breeding body condition, contaminants and breeding propensity 

(Anteau and Afton 2004, DeVink et al. 2008b). However, this study focused on life-cycle 

stages between hatching and recruitment, which have received little attention so far, and 

my research objectives were guided by specific information needs identified by the Scaup 

Action Team prospectus (Austin et al. 2006), identifying possible links between the 

ecology of lesser scaup and observed population declines.   

In Chapter 2, I asked whether spring phenology explained reproductive patterns in 

lesser scaup to assess the potential effects of shifting climate patterns on scaup. I 

observed only a weak relationship between clutch initiation date (CID) and spring thaw 

no discernable effect of climate on clutch size. This reliance on fixed cues for timing of 

breeding might limit the reproductive success of scaup if warmer climatic conditions lead 

them to be mismatched with critical resources. To assess what these resources might be, I 

tested predictions of the food dependent hypothesis, which posits that shifting 



 

96 
 

distributions of food resources may influence survival of ducklings. In Chapter 3, I 

showed environmental conditions appear to affect survival of pre-fledging scaup only 

when broods are attended by light-weight females. Maintaining adequate habitat and food 

supplies for adult female scaup throughout the incubation and brood-rearing period is in 

the boreal forest will benefit conservation efforts by increasing duckling survival. 

Although exact food preferences for breeding females in these areas are unknown, 

assessment of gut contents suggest that trichopteran larvae (L. Ross, unpubl. data) may be 

particularly important. Further dietary assessments and experiments involving 

supplementary feeding may provide valuable insights. By assessing assimilated diets of 

pre-fledging scaup (Chapter 4), I showed that crustaceans are a key food resource during 

juvenile stage of the life cycle. I also found that this resource, in terms of quantity and 

quality, is relatively temporally stable across the brood-rearing period. Food did not 

appear to be a limiting resource for duckling survival during my study period. However, 

climate change is altering the snow and ice duration dynamics and possible wetland 

habitat in Canada’ western boreal forest (Drever et al. in press), and I suggest that 

monitoring key food resources over longer periods on a wider range of wetlands will 

provide valuable information about how aquatic invertebrates will be affected by such 

changes. Controlled studies that examine changes in crustacean physiology and 

population cycles in response to changing ambient temperatures and season lengths will 

be especially useful.  
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