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INTRASPECIFIC VARIATION IN THE USE OF NUTRIENT 
RESERVES BY BREEDING FEMALE MALLARDS 

ANDREW D. YOUNG~ 
Ecology and Evolution Group, Department of Zoology, 

University of Western Ontario, London, Ontario N6A 5B7, Canada 

Abstract. Female Mallards (Anas platyrhynchos; n = 249) were collected from grassland 
and parkland habitats in western and eastern Saskatchewan to compare the use of stored 
nutrients by breeding birds in these two habitats. The use of nutrient reserves varied little 
between habitats. Fat and mineral use did differ between collection sites. Protein reserves 
were not used during laying and protein levels did not differ among sites. Body fat declined 
at a rate of -0.6 g per gram of clutch fat deposited at the western grassland (WG) site 
whereas fat declined - 1.5 g for every gram invested in clutch fat in other females. Body fat 
contributed 8.2% of the energy needed by WG females during the formation of a 10 egg 
clutch and 20.7% of energy needs during clutch formation for females from all other sites. 
WG females did not rely upon stored minerals during egg formation; however, body ash 
contributed 1 l-l 3 g for a 10 egg clutch at other sites, enough for about 1 egg shell. Based 
on ovarian follicle development of late layers, WG females would lay similar sized clutches 
(11.1; n = 14) to females breeding at other sites (10.6; n = 41), despite using much less 
stored body fat. This result does not support food limitation hypotheses which predict that 
the amount of stored body fat limits clutch size in mallards. 

Key words: Anas platyrhynchos; breeding; egg formation; habitat: Mallard; nutrient re- 
serves; nutrition. 

INTRODUCTION 

Many waterfowl store nutrient reserves prior to 
nutritionally costly events such as migration, 
winter cold stress and reproduction (Whyte et al. 
1986; Alisauskas and Ankney, in press). The nu- 
tritional costs of egg laying in waterfowl are sub- 
stantial compared with those in other birds 
(Ricklefs 1974). Reliance on stored nutrients var- 
ies among waterfowl, and different tactics are 
used to meet the nutritional requirements of egg 
laying. For example, arctic-nesting geese rely en- 
tirely on stored fat and protein during laying that 
is accumulated prior to arrival at breeding areas 
(Alisauskas and Ankney, in press). Many dab- 
bling and diving ducks use stored fat during clutch 
formation, whereas clutch protein requirements 
are met by consuming large quantities of aquatic 
invertebrates (Swanson et al. 1985). 

Interspecific comparisons of exogenous and 
endogenous nutrient acquisition and allocation 
in waterfowl have provided much information 
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about the role of nutrients in egg formation (Ali- 
sauskas and Ankney, in press). Few studies have 
examined intraspecific variation in nutritional 
tactics with respect to environmental factors 
(Gauthier et al. 1984, Morton et al. 1990). De- 
position of fat by spring migratory Greater Snow 
Geese (Chen caerulescens atlantica) differs mark- 
edly between habitats varying in food quality 
(Gauthier et al. 1984). Interspecific variation in 
nutrient use can best be understood after there 
has been sufficient research on the extent and 
nature of intraspecific variation in these tactics 
(Alisauskas and Ankney, in press). 

Prairie grassland and aspen parkland habitats 
in the mid-continent region of North America 
support high densities of breeding Mallards (Anas 
platyrhynchos) (Bellrose 1980). The aquatic in- 
vertebrate food base, used heavily by breeding 
Mallards (Swanson et al. 1985), likely shows 
greater annual variation in prairie grassland than 
in aspen parkland habitats, a reflection of annual 
wetland permanence (Lynch et al. 1963, Smith 
197 I, Nudds 1980). Consequently, given poten- 
tial differences in food availability, Mallards 
breeding in these two habitats may differ in their 
reliance on endogenous reserves during egg for- 
mation. 
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METHODS 

STUDY AREA AND DATA COLLECTION 

Topographical and vegetational features were the 
criteria used in choosing sampling areas. Grass- 
land habitat areas were characterized by gently 
undulating topography with few trees. Parkland 
areas contain irregular knob and kettle topog- 
raphy with an abundance of aspen trees (Populus 
spp.). Both grassland and parkland habitats con- 
tain post-glacial wetlands that have been exten- 
sively modified through drainage for agricultural 
production (Johnson and Shaffer 1987). 

Annual wetland conditions at the four sam- 
pling sites were determined from May pond 
counts collected by the United States Fish and 
Wildlife Service (USFWS) from 1961-1988 
(Anonymous 1987). Ephemeral wetlands were 
not counted. I used data from four segments (29 
km x 200 m sampling unit) at each sample site. 
These segments were located over the collection 
sites of ducks. Density of lone male Mallards was 
estimated using larger sampling segments (29 km 
x 400 m). These data were not corrected for 
visibility; consequently wetland numbers and 
male counts in wooded parkland areas may have 
been underestimated. 

Mallards collected in this study were paired. 
All ducks were shot. In 1986, females were col- 
lected in prairie grassland habitat (n = 68) within 
a 45 km radius of Leader, Saskatchewan (5 l”N, 
11o”W) and from aspen parkland habitat (WP; 
IZ = 70) within a 15 km radius of Baldwinton, 
Saskatchewan (53”N, 109”W; Fig. 1). In 1987,5 1 
female Mallards were collected from a 20 km2 
area located just west of Weyburn, Saskatchewan 
(49”N, 104”W) in grassland habitat. Females (n 
= 60) were collected from a 15 km2 area in park- 
land habitat just north of Melville, Saskatchewan 
(5 IoN, 103”W). Collection sites of birds in 1986 
are hereafter called western grassland (WG) and 
western parkland (WP) and those in 1987 as east- 
ern grassland (EG) and eastern parkland (EP). I 
chose new sampling locations in 1987 so that I 
was not sampling replacement birds (e.g., year- 
lings) that were not typical of the breeding pop- 
ulation (after Ankney and Scott 1980). This sam- 
pling scheme tested for potential habitat 
differences at two sites so that site and habitat 
effects are not confounded. 

Mallards were collected from each habitat al- 
ternately commencing with grassland sites im- 
mediately after arrival (Table 1) from 5 April to 

8 May in 1986 (06:30-19:00) and from 7 April 
to 4 May in 1987 (06:30-20:OO). Here I distin- 
guish between collection region to refer to either 
western (1986) or eastern (1987) Saskatchewan, 
collection habitat as grassland or parkland, and 
collection site as one of the four areas collected 
from, e.g., WG collection site. The term “region” 
refers to year or regional effects synonymously. 
Region is used rather than year because greater 
variation in water availability is attributable to 
region than to year. 

Ovaries were removed from females and placed 
in formalin within a few hours of collection. Ovi- 
ducal eggs were removed, and if intact, were hard 
boiled for 6 min and frozen for chemical analysis. 
Broken oviducal eggs were noted and discarded. 
The remainder of the carcass was tagged, double 
bagged and frozen until subsequent lab analysis. 

CARCASS ANALYSIS 

Thawed body mass was weighed to the nearest 
0.0 1 g in the lab. This mass minus reproductive 
tissue and ingesta was fresh body mass. All ab- 
dominal fat, including that adhering to digestive 
organs was removed, weighed and discarded. I 
recorded the presence or absence of the bursa of 
Fabricius; presence indicated that a bird was no 
greater than one year old (yearling) whereas ab- 
sence suggested the bird was at least one year old 
(adult). The rest of the carcass was passed twice 
through a Hobart meat grinder. Approximately 
400 g (roughly half) of the carcass was dried to 
constant mass at 90°C and ground once more. 
Proximate analysis of the carcass homogenate 
was performed as outlined by Alisauskas and 
Ankney (1985). Two subsamples of this dry ho- 
mogenate from each bird (about 6 g) were placed 
into cellulose extraction thimbles, and fats were 
extracted for 6 hr in a modified Soxhlet apparatus 
using petroleum ether as a solvent. The mass of 
fat extracted from the sample was obtained by 
subtraction. The remaining lean dry sample was 
placed in a muffle furnace at 550°C for 6 hr and 
the residue (ash) was weighed. Ash free lean dry 
mass (AFLDM) was obtained by subtraction. The 
proportion of sample fat was multiplied by es- 
timated dry body mass, and this total was added 
to abdominal fat to give total carcass fat. Total 
body ash was estimated by multiplying the ratio 
of sample ash by estimated dry body mass. Total 
body fat and ash were subtracted from dry body 
mass, leaving only AFLDM of the carcass, an 
index of protein, and hereafter referred to as pro- 
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FIGURE 1. A. Location of sampling sites in western (circles) and eastern (squares) Saskatchewan in grassland 
(closed symbols) and parkland (open symbols) habitats. Habitat zones after Kiel et al. (1972). B. Annual May 
pond densities per 5.8 km2 of Saskatchewan sample sites over a 28-year-period from 196 1-1988. Densities 
represent the average of four transects per sample site. Plot symbols designate collection site and correspond 
with figure A, closed circles = western grassland (WC), open circles = western parkland (WP), closed squares 
= eastern grassland (EG), open squares = eastern parkland (EP). 

TABLE 1. Timing and number of female Mallards collected in grassland and parkland habitats. 

site S-10 II-15 

April May 
16-20 21-25 26-30 1-S e-8 

1986 WG 13 9 0 20 16 10 
WP 15 0 10 18 14 13 

1987 EG 15 9 0 25 0 5 0 
EP 10 0 20 0 19 11 0 

* WG = western grassland, WP = western parkland, EG = eastern grassland, EP = eastern parkland 
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tein. Total carcass fat, protein and ash were ad- 
justed for differences due to structural size (see 
below) and are hereafter called body fat or fat, 
body protein or protein and body ash or ash. 

REPRODUCTIVE TISSUE 

For each female, I determined: (a) lipid content 
and lean dry mass of each yolky ovarian follicle 
(maximum n = 6) (b) lipid content and lean dry 
weight of the remainder of the ovary, (c) dry 
oviduct mass (assumed to be 100% protein, see 
Alisauskas and Ankney 1985) and (d) number 
of eggs laid by counting the number of post-ovu- 
latory follicles (POF) on the ovary. Some devel- 
oping ovulatory follicles (DOFs) were broken 
during collection; the fat and protein content of 
these follicles were estimated using average val- 
ues of these nutrients for intact series of six de- 
veloping follicles from laying females (Young 
1991). 

I determined the average amount of egg fat 
and protein for 27 shelled oviducal eggs follow- 
ing the procedure of Alisauskas and Ankney 
(1985). Mean egg fat was 6.54 -t 0.76 g (SD) and 
protein was 7.72 + 0.94 g. Oviducal egg shells 
may not be complete so a published mean value 
for dry shell mass of 9.8 g was used (Birkhead 
1985). These data were used to calculate total 
reproductive nutrients for each female as follows: 

REPRODUCTIVE LIPID (R-FAT) = DOF 
lipid + remaining ovarian lipid + lipid in eggs 
laid (i.e., average egg yolk lipid x number of 
POFs), REPRODUCTIVE PROTEIN (R-PRO- 
TEIN) = DOF lean dry mass + remaining ovar- 
ian follicular lean dry mass + oviduct dry mass 
+ protein in eggs laid (i.e., average egg protein 
x number of POFs), and REPRODUCTIVE 
ASH (R-ASH) = ash in eggs laid (as indexed by 
the average dry shell x number of POFs). 

Females were placed into one of five categories 
based on the development of the ovary as fol- 
lows: 

NON-RAPID FOLLICLE GROWTH (non- 
RFG): O-l DOFs, largest DOF had a dry mass 
of 10.39 g. These masses were based on the 
mean dry mass of the second smallest DOF in a 
hierarchy of six DOFs of laying females (Young 
199 1). This category contains all non-breeding 
and pre-breeding birds. 

RAPID FOLLICLE GROWTH (RFG): 1-6 
DOFs, largest DOF had a mean dry mass of 
>0.39 g and no POFs were present; only birds 

collected prior to or on 23 April (early RFG) 
were using in regression models. 

LAYZNG: ovaries with at least one POF and 
at least one DOF or an egg in the oviduct. 

Data from eight renesting females were dis- 
carded. Criteria were that the ovary contained a 
series (> 5) of very small POF, at least one DOF, 
and a vascularized brood patch. Also, two fe- 
males were discarded because they were collected 
during incubation as evidenced by a highly de- 
veloped brood patch, no DOFs, and very small 
POFs. 

I estimated clutch size of late laying (>4 POF) 
females by adding the number of DOFs that 
would have produced eggs and the number of 
eggs that had been laid as evidenced by POFs 
(Ankney and Afton 1988). 

STATISTICAL ANALYSES 

Statistical analyses were performed using either 
the SAS (1985) or SYSTAT (Wilkinson 1988) 
packages. Variation in body fat, protein and min- 
eral components of all female Mallards were ex- 
amined with respect to a number of independent 
variables including: mass of reproductive tissue, 
region (western or eastern), habitat (grassland or 
parkland), and age (yearling or adult). Non-sig- 
nificant (P > 0.05) interaction terms were ex- 
cluded from the models. 

I removed variation in body fat, protein and 
mineral due to differences in structural size using 
the following method. Eight linear measures were 
taken on Mallard carcasses (bones exposed) using 
either calipers (0.1 mm) or a ruler (1 mm). Mea- 
surements were, wing chord, keel length, tarsus 
length, neck length, body length, culmen length, 
skull length, and cranial height (see Young 199 1 
for further details). Principal component analysis 
(PCA) was performed on the correlation matrix 
of these eight morphological measures. PC, ei- 
genvectors for the 8 structural measures were all 
positive, so PC, scores can be used to index struc- 
tural size (Pimental 1979). Scores of greater mag- 
nitude indicate structurally larger birds than do 
scores of lesser magnitude. I used ordinary least 
squares regression analyses to determine whether 
fat, protein, and ash were positively correlated 
with PC, scores. Carcass components that showed 
a significant positive relationship to body size 
were adjusted to remove variation in component 
mass due to structural size. Residuals from the 
least squares regression of component masses on 
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TABLE 2. Mean f SE (g) body mass and composition of Mallards collected from Saskatchewan grassland and 
parkland habitats prior to and during egg formation. 

Site stage Age n Body mass Fat Protein Ash 

WG 

WP 

EG 

EP 

non-RFG 

RFG 

LAY 

non-RFG 

RFG 

LAY 

non-RFG 

RFG 

LAY 

non-RFG 

RFG 

LAY 

A 
Y 
A 
Y 
A 
Y 

A 
Y 
A 
Y 
A 
Y 

A 
Y 
A 
Y 
A 
Y 

A 

: 
Y 
A 
Y 

9 
12 
9 

10 
20 

6 

8 
3 

16 
13 
16 
9 

I 
3 

15 
6 

17 
3 

11 
2 

16 
3 

24 
3 

1046 + 31 131 z+ 21 265 + 6 56 f 2 
1022 f 20 106 + 8 256 & 6 54 + 2 
1074 + 24 122 f 17 275 & 5 54 f 3 
1024 + 25 109 + 9 267 * 5 54 + 2 
1010 + 14 95 + 6 277 ? 4 58 * 2 
1054 + 33 100 + 13 289 & 9 59 & 2 

1088 + 45 158 + 43 262 + 7 60 ? 7 
1016 * 50 125 t- 40 241 t 5 48 & 4 
1072 ? 18 159 * 13 265 + 4 61 ? 2 
1083 ? 16 125 + 9 274 t 3 57 -t 2 
1034 -t 20 103 ? 14 285 + 5 53 f 2 
987 & 21 72 k 10 277 f 6 49 + 1 

1136 + 16 180 & 14 253 + 11 63 f 2 
1104 * 37 116 & 12 264 + 12 55 + 3 
1160 & 23 148 2 12 165 +4 61 +2 
1052 ? 34 91 ? 16 266 + 5 48 + 1 
1046 & 19 102 & 8 265 * 5 53 * 2 
1109 + 15 86 f 6 263 ? 4 49 + 5 

1145 f 33 171 f 20 257 ? 5 62 + 4 
1061 f 38 131 +z 31 261 *6 61 +6 
1150 f 25 160 + 14 265 * 5 65 + 3 
1099 + 34 145 + 23 249 ? 20 64 + 4 
1105 + 17 100 * 8 266 + 6 54 ? 2 
1021 -c 27 116 z!z 43 226 + 19 56 & 10 

= Site- WG = western grassland, WP = western parkland, EG = eastern grassland, EP = eastern parkland, Stage-non-RFG = non-rapid follicle 
growth, RFG = rapid follicle growth, LAY = laying; AGE-A = adult > I year old, Y = yearling C 1 year old, Body mass-fresh body ma?.s minus 
ingesta and reproductive tissue; Fat = total carcass fat; Protein = total carcass ash free lean dry mass; Ash = total carcas mineral. 

TABLE 3. Analysis of variance of fat, protein and ash 
of all (n = 241) female Mallards collected in Saskatch- 
ewan. 

r2 

R-TISSUE (R) 

Region (RE) 

Habitat (H) 

Age (A) 

R*H 

R.RE*H*A 

Fat Protein Ash 

0.35 0.12 0.31 

24.32b 1.73 9.51 
**** ns ** 

1.01 0.34 3.93 
ns ns * 

6.28 0.54 6.10 
* ns ** 

9.82 0.10 6.31 
*** ns ** 

3.78 -c 6.38 
* * 

3.12 - - 
* 

* R-TISSUE the predictor variable used corresponded to the Y variable 
body nutrient, that is R-FAT with body fat, R-PROTEIN with body 
protein, and R-ASH with body ash. 

bF value (top) probability (bottom) associated with type III sums 
of squares, ns = P > 0.05, *P < 0.05, **p < 0.01, ***p < 0.001, 
****p < 0.0001. 

r Non-significant interaction terms (P > 0.05) were removed from the 
model. 

An obvious trend was a reduction in body mass 
and fat of female Mallards with increasing com- 
mitment to reproduction (see below). Post-arriv- 
al body fat content (g) of non-RFG Mallards col- 
lected within the first 6 days after arrival averaged 
WG 129 f 16, (WG, 12 = 10, 5-8 April), 191 f 
32 (WP, IZ = 5, 9 April), 147 + 3 (EG, n = 8, 
7-8 April), 201 & 18 (EP, n = 5, 10 April). 

BREEDERS 

Regression analyses indicated that WG females 
used body fat at a slower rate than did females 
from other sites (ANCOVA P = 0.043). Body fat 
of WG females declined only 0.6 g per gram 
invested in R-FAT, whereas females from other 
sites expended 1.5 g body fat per gram of R-FAT 
(Table 4; Fig. 2). Using these slope estimates, 
and that an average ten egg clutch contains an 
estimated 65.4 g of R-FAT, WG females would 
expend 39.2 g and other females 98.1 g of body 
fat during egg formation. Assuming 1 g of fat 
yields 37.7 kJ of energy (Ricklefs 1974), and a 
1,000 g female expends 17,835 kJ laying a 10 
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TABLE 4. Least squares regression models relating body nutrients (Y) of breeding female Mallards (early RFG 
and laying) to their corresponding reproductive tissue (X). 

Nutrient 

Fat 

Protein 

Ash 

Sample 

WG 
WP, EG, EP 

ALL 

WG 
WP, EG 
EP 

n ri Intercept -t SE Slope ? SE P 

36 0.25 131 k 6 -0.6b f 0.2 0.0181 
121 0.38 175 +6 -1.5 ? 0.2 0.0001 

158 -0.02 266 + 2 0.1 f 0.1 0.2110 

36 -0.01 56 -c 1 0.02 f 0.03 0.4870 
80 0.23 58d + 1 -0.11 + 0.03 0.0009 
40 0.17 64 +2 -0.13 + 0.04 0.0011 

1 WG = western grassland, WP = western parkland, EG = eastern 
g 

assland, EP = eastern parkland, samples from these areas were pooled by 
habitat, then region if slopes (interaction term) and intercepts (main e ect) were not significantly different (P > O.OS), see text for further details. 

o ANCOVA test Habitat-R-FAT (slopes) of samples WG and WP, EG, EP, P = 0.043. 
L ANCOVA test Habitat*R-ASH (slopes) of samples WG and WP, EG, WP, P = 0.01. 
d ANCOVA test Habitat (intercepts) of samples WG and WP, EG, P = 0.003. 

egg clutch (Arnold and Rohwer 1991) body fat 
contributed only 8.2% to the total energy needs 
of laying WG females and 20.7% to clutch needs 
of females from all other sites. On average, WG 
females laying a ten egg clutch initiated incu- 
bation with 92.3 g of body fat and other females 
started with 77.0 g of body fat. 

Body protein of female Mallards did not change 
with respect to R-PROTEIN invested in a clutch 
(Table 4). Ash levels of WG females did not 
change during egg formation (Table 4) but ash 

declined significantly in samples of female Mal- 
lards from other sites (Fig. 3). WP and EG fe- 
males initiated RFG with less ash (58.1 k 1.3) 
than did EP females (63.8 f 1.7) and females 
from both groups used ash at a similar rate during 
egg formation (Table 4). 

Adult females had more body fat than year- 
lings (Tables 2, 3). Regression and ANCOVA 
analyses indicate this was especially true for adult 
females breeding in WP habitat that initiated 
RFG with substantially (P = 0.023) more fat 

i, a m 40 so 00 loo 

R-FAT (9) 

FIGURE 2. Body fat (Y) on R-FAT (X) scatter plot of breeding female Mallards collected in grassland and 
parkland habitats from western and eastern Saskatchewan regions. See Table 4 for regression model intercepts 
and slopes. 
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FIGURE 3. Body ash (Y) on R-ASH (X) scatter plot of breeding female Mallards collected from western 
grassland (WG), western parkland (WP) and eastern grassland (EG), and eastern parkland (EP) in Saskatchewan. 
See Table 4 for regression model intercepts and slopes. 
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FIGURE 4. Body fat (Y) on R-FAT (X) of yearling (open circles) and adult (closed circles) female Mallards 
from western Saskatchewan parkland habitat.. 

(intercept = 16 1.3 g f 12.1; n = 34) than year- 
lings (125.6 g + 8.8; n = 23). Both groups used 
fat at the same rate (P > 0.05; Fig. 4). There was 
no difference detected in the fat use slope or in- 
tercepts of breeding adult and yearling WG fe- 
males (P < 0.05) using ANCOVA. A small sam- 
ple ofyearlings (18.9% of females; 5.5% of males) 
at the eastern sites, compared with 40.6% year- 
lings at the western sites, resulted in little power 
to detect potential age differences. 

DISCUSSION 

The magnitude of intraspecific variation in the 
use of fat reserves by Mallards breeding in ad- 
jacent areas exceeds most interspecific compar- 
isons offat use (Alisauskas and Ankney, in press). 
The rate of body fat use by WG females (-0.6) 
was more similar to that of egg-laying Lesser 
Scaup (Aythyu u&is), Ring-necked Ducks (A. 
collaris) and Blue-winged Teal than it was to 
Mallard females from other sites (- 1.5). The use 
of body fat by Mallards breeding in WP, and 
both eastern sites is similar to fat use by egg 
laying Canvasbacks (Aythya valisineria; Barzen 
and Serie 1990). The rate of fat loss by breeding 
Mallards in North Dakota (- 1.04) was inter- 
mediate between the two estimates produced in 
this study (see Alisauskas and Ankney, in press). 
Besides body fat, intraspecific differences have 
been noted in protein reserve dynamics of egg 

laying Ring-necked Ducks (Hohman 1986, Ali- 
sauskas et al. 1990) and ash dynamics of Mal- 
lards. Given the variation in reliance on nutrient 
reserves within one species, especially samples 
collected in relative proximity, it is not valid to 
generalize about species-specific patterns of nu- 
trient reserve use based on data from one study 
site or year. 

Intraspecific variation in the use of body fat 
was not attributable to differences in age struc- 
ture between sites. Yearling female Mallards ini- 
tiate egg formation with less fat than do adults 
(Krapu and Doty 1979; this study), and could 
potentially account for the low rate of fat use by 
WG females. However, this was not the case in 
this study for two reasons. First, WG and WP 
sites had a similar percentage of yearlings, yet 
WP females used fat at a much faster rate than 
did WG females. Secondly, potential age effects 
were accounted for in statistical models, in which 
site differences were still apparent. 

There was also substantial among-site varia- 
tion in body ash dynamics during egg formation. 
For example, WG females did not use stored 
mineral reserves. WP and EG females did use 
stored minerals but did not initiate RFG with as 
large a reserve as EP females. Published data on 
the use of mineral stores by breeding waterfowl 
suggests that arctic nesting geese (Alisauskas and 
Ankney, in press), Ruddy Ducks (Oxyura ja- 
maicensis; Tome 198 1) and Lesser Scaup (Afton 
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and Ankney 199 1) use mineral stores during egg Dzubin and Gollop (1972) found that Mallards 
laying, while most other ducks do not (Alisauskas breeding in grassland habitat (Kindersley, SK) 
and Ankney, in press). Colmar and Driggers bred earlier, laid larger clutches and contained a 
(1979) estimated that 25-40% of the calcium re- greater proportion of adults than did Mallards 
quired for egg shell formation in domestic chick- breeding in parkland habitat (Roseneath, MB). I 
ens (Gallus domesticus) comes from medullary found no difference in breeding chronology, pre- 
bone. Krapu (1979) suggested that calcium is dieted clutch size or in the proportion ofyearlings 
probably not a limiting food item for prairie ducks between habitats. There were proportionately 
because of the abundance of snail shells available more yearlings at western than at eastern collec- 
in semi-permanent and permanent wetlands. tion sites. Breeding chronology was delayed at 
Crustaceans also are rich in calcium (Krapu 1979). the WC site and was similar among other sites. 
Use of body calcium in this study would con- Dzubin and Gollop (1972) may have collected 
tribute enough calcium for about one egg in an data during a much wetter period, which may 
average 10 egg clutch. Use of calcium stores dur- have resulted in substantially different findings. 
ing egg formation may suggest that conversion Grassland habitats during wet years are likely 
of dietary calcium to egg shells is rate limited, very productive, and an abundant food source 
and females must rely on labile calcium available may result in earlier nesting and larger clutches. 
in medullary bone. I suggest that little of the fat used for breeding 

There has been much debate recently over the is obtained on the wintering grounds, but rather 
role of nutrient reserves during clutch formation that most is acquired at staging areas. Pre-de- 
in prairie ducks (e.g., Ankney et al. 199 1, Arnold parture fat levels of adult female Mallards win- 
and Rohwer 1991). WC females laid similar- tering on the southern high plains of Texas are 
sized clutches to those from other sites, despite 180 g and in the Mingo Basin (MO) are 190-220 
using much less stored body fat during egg for- g (Whyte et al. 1986, Heitmeyer 1988). Upon 
mation. This does not support food limitation arrival in Saskatchewan, Mallards have 130-200 
hypotheses which predict that egg production is g of body fat. Female Mallards are expected to 
constrained by the amount of stored body fat expend 72-84 g of fat during a 1,000 km flight 
females can attain prior to laying (Krapu 198 1, (Whyte and Bolen 1988). Mallards wintering in 
Ankney and Afton 1988). Mallards derive from the United States fly from 950 km (central Wash- 
8-20% of their energy needs from stored re- ington) to 2,500 km (southern Alabama and Mis- 
serves, a contribution which does not appear large sissippi). Therefore, Mallards wintering in cen- 
enough to limit clutch size (Arnold and Rohwer tral Washington should expend at least 72 g of 
1991). In addition, variation in body fat of fe- fat for migration and those from southern Ala- 
males near or at the end of laying was high but bama and Mississippi should expend at least 180 
should be low if all excess fat is devoted to egg g. Female Mallards arrive in Saskatchewan with 
production. Also, Mallards spend 15% of their 130, 190, 150 and 200 g of fat at the WC, WP, 
time on wetlands resting (Titman 198 l), time EC and EP sites, respectively. The only birds 
that could be devoted to foraging if food is lim- that may not have to replenish fat stores during 
iting. Data presented here support the conclusion migration and still have enough left over for 
that food is not a factor limiting clutch size in breeding would be those departing from the clos- 
Mallards (Arnold and Rohwer 199 1). est wintering areas (e.g., Washington) with a 

Apparently, WC females relied to a much maximum of 220 g of body fat. Fat reserves of 
greater extent upon dietary sources of food to females from all other wintering areas would have 
form clutches. According to this reasoning, WC to be at least partially, if not totally, renewed 
females should have larger digestive organ sizes during migration. This emphasizes the impor- 
than those of females from other sites reflecting tance of spring staging areas as sources of energy 
greater food consumption. This was not the case for migration and to store fat for breeding. 
(Young 199 l), perhaps because estimates of food 
consumption using digestive organ size are too 
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