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A.—We studied nutrient-reserve dynamics of female Greater Scaup (Aythya marila) to quantify intraspecific strategies of 
nutrient acquisition for egg production, particularly in relation to the seasonal timing of reproduction (i.e., date of initiation of rapid follicle 
growth [RFG]). We collected female Greater Scaup on the Yukon-Kuskokwim Delta, Alaska, from arrival through clutch formation during 
the  and  breeding seasons, and we subsequently conducted standard proximate body-composition analysis. Endogenous lipid, 
protein, and mineral reserve levels did not decline during egg production. �is result differs from most other nutrient-reserve studies of 
waterfowl, suggesting that female Greater Scaup rely on exogenous food resources, rather than endogenous nutrient reserves, to meet 
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later nesting (Perrins , Cooke et al. , Hochachka , 
Lepage et al. ). Furthermore, delayed reproduction also re-
sults in fewer opportunities for renesting (Rohwer ). �us, 
understanding the proximate mechanisms that drive variation 
in reproductive timing has been of interest to both theoretical 
and applied conservation ecologists, given the associated fitness 
consequences.

Primary reproductive effort (i.e., egg production) has been 
highlighted as an important component of the energetic cost of 
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of completely regressed postovulatory follicles, the presence of 
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interactions were interpreted as the difference in the proportional 
amount of endogenous nutrient reserves used during clutch for-
mation between years and interannual variation in the amount 
of endogenous nutrient reserves at RFG initiation between years, 
respectively.

Information-theoretic methods were used to direct model se-
lection and parameter estimation (Burnham and Anderson ). 
�e set of candidate models for describing variation in somatic 
lipid, protein, and mineral reserve levels included an equal-means 
model and all possible combinations of R-nutrient, RFGinit, year, 
and R-nutrient*RFGinit parameters with and without PC score. 
In addition, two models were included with main effects of year 
and R-nutrient or RFGinit, as well as the corresponding interac-
tion term, either R-nutrient*year or RFGinit*year, respectively, re-
sulting in  candidate models for each somatic nutrient. We used 
this approach because these models described realistic biological 
possibilities based on the array of strategies used by female water-
fowl in the literature. Inference was based largely on the relative 
support for parameters across all models and weighted parameter 
estimates (i.e., multimodel inference). For each model, Akaike’s 
Information Criterion including a correction for small sample 
size (AICc), ΔAICc values, and Akaike weight (w) values were cal-
culated and used to compare candidate models (Burnham and 
Anderson ).

Parameter estimation included calculation of model-averaged 
parameter estimates based on w values for all candidate models 
(Burnham and Anderson ). Standard errors for parameter es-
timates were based on unconditional variances calculated across 
the same models. Parameter likelihood values were evaluated by 
summing w values across all models that included each parameter 
under consideration (Burnham and Anderson ).

Statistical methods: Nutrient-reserve thresholds for egg 
production.—We also examined differences in nutrient-reserve 
levels between nonreproductive females (i.e., individuals with 
undeveloped ovaries) and reproductive females (i.e., RFG and 
laying individuals) (n = ) to evaluate body-condition thresholds 
for egg production (Alisauskas and Ankney ). We quantified 
variation in somatic lipid, protein, and mineral nutrient-reserve 

levels in relation to reproductive state (R-state), date of collec-
tion (C-date), PC, and year as main effects, as well as interaction 
terms for R-state*year, R-state*C-date, and C-date*year. Year was 
treated as a categorical variable, with  as the reference value. 
Our candidate model set included an equal-means model and 
all combinations of R-state, C-date, and year main effects with 
and without PC score. Additional models were included with 
R-state*year, R-state*C-date, and C-date*year interaction terms 
in addition to both corresponding main effects of the param-
eters in the interaction term, resulting in  candidate models 
for each somatic nutrient. Information-theoretic methods were 
again used for model selection, and summed w values were cal-
culated to assess parameter likelihoods. A difference in reserve 
levels between nonreproductive and reproductive females, after 
accounting for other effects (i.e., collection date, structural si
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that females had higher levels of endogenous lipid in  than in 
, though % confidence intervals (CI: parameter estimate  
± .*SE) overlapped with  (Table ). No other explanatory vari-
ables were strongly supported by the data, including R-lipid and 
RFGinit main effects, as well as all interaction terms. �ere was 
no evidence that female Greater Scaup relied on endogenous lipid 
reserves to meet the energy and nutrient demands of reproduc-
tive lipid production, or that lipid reserve levels differed among 
females initiating RFG across the nesting season.

Four models describing variation in protein reserve levels re-
ceived ΔAICc values ≤.. �e w values suggested that model un-
certainty was again high (Table ). �e most parsimonious model 
included PC and R-protein terms. PC was included in all models 
that received ΔAICc values ≤., and R-protein was included in two 
of the top four models (Table ). �e positive parameter estimate 
for PC indicated that structurally larger females had more endog-
enous protein. �e parameter estimate for R-protein was slightly 
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were better fit by the data than the other models in the candidate 
set; also, parameter likelihood values were high for all three vari-
ables (Table ). No other models received ΔAIC values ≤, and the 
w values for the most parsimonious models indicated ~× the sup-
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hereafter “Rowe model”) provides a conceptual framework for 
understanding the relationships that may be important deter-
minants of reproductive timing for Greater Scaup. Although the 
Rowe model was developed to address the covariation between lay 
date and clutch size in birds, our application of this model to the 
Greater Scaup system is restricted to its utility in understanding 
determinants of reproductive timing. �is model predicts the on-
set of breeding on the basis of initial body condition of females at 
arrival on the breeding grounds, time of arrival in relation to that 
of other conspecifics, and rate of condition gain (Fig. , model ). 
In our application of the Rowe model, we hypothesize that a fe-
male Greater Scaup arriving on the breeding grounds early in the 
season, but in the same condition as a later-arriving female, will 
achieve the condition threshold earlier and, therefore, initiate RFG 
earlier. In addition, females arriving on the breeding grounds at 
the same time, but in different condition, will have different RFG 
initiation dates such that a female in relatively better condition 
will achieve the condition threshold faster and, subsequently, ini-
tiate RFG earlier, assuming constant rates of condition gain (Fig. 
, model ). We found some evidence, based on the PC score for 
structural size, that larger females had earlier RFG initiation dates 
(K. B. Gorman unpubl. data). Structurally larger females may be 
able to carry more endogenous reserves to the breeding areas and, 
thus, reach condition thresholds for RFG initiation faster than 
smaller females, resulting in earlier dates of egg production.

We documented differences in reserve levels between non-
reproductive and reproductive females for all somatic nutrients. 
However, the magnitude of variation was most marked with re-
spect to lipid (Fig. ). �is result is consistent with other studies that 



392	 —  GORMAN ET AL.  —	A Uk, VOL. 125

used during incubation, not egg production, and, therefore, are a 
necessary source of energy and nutrients for successful reproduc-
tion by Greater Scaup (e.g., Ankney et al. ). �e interannual 
differences we documented with respect to lipid thresholds for egg 
production may influence incubation constancy (Fig. , model  
vs. model ). Incubation constancy has been linked to nesting suc-
cess (Swennen et al. ), having important fitness consequences 
that would lead to evolved strategies of nutrient acquisition for use 
during this phase of nesting.

�ere has been considerable debate in the waterfowl litera-
ture concerning the role of nutrient reserves in proximately lim-
iting clutch size (Ankney et al. , Arnold and Rohwer , 
Drobney ). Our data are inconsistent with the idea that sea-
sonal declines in nutrient-reserve levels at RFG initiation corre-
spond to declines in clutch size as suggested by other researchers 
(Esler and Grand , Esler et al. ). We found that nutrient-
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