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Abstract. We analyzed food habits, digestive organs, and nutrient reserves (lipid, protein, 
and mineral) of male and female Northern Shovelers (Anas clypeata) nesting in southern 
Manitoba. We studied shovelers because, on an annual basis, they consume more animal 
matter than do other Anas spp. Thus, they are ideal subjects for testing the hypothesis that 
the inability of female ducks to obtain animal protein during egg laying limits clutch size. 
Predictably, we found that, during prelaying and laying, males and females primarily ate 
aquatic invertebrates. Despite this, the intestine lengths of breeding shovelers, particularly 
of females, are longer than those of many other waterfowl, which may be a response to an 
energy-deficient diet. Nutrient reserves of males changed little during prelaying and laying. 
Lipid reserves of females, on average, declined by 0.72 g for every 1 g of lipid that they 
deposited in eggs. Furthermore, in females that had laid 2 five eggs, there was a positive 
correlation (+0.60) between number of developing ovarian follicles and size of lipid reserves. 
Remarkably, however, the protein reserves of females increased by 0.1 g for every 1 g of 
protein committed to reproductive tissue. Mineral reserves were unrelated to eggshell pro- 
duction. The decline in lipid and protein reserves of incubating females could account for 
26% of their energy requirements during that period. 

The protein : lipid ratio in shoveler diets was about 14: 1, whereas that in the reproductive 
tissue (eggs and oviduct) was near unity. Thus, we argue that lipid reserves, not protein 
acquisition, limit clutch size of shovelers and also that the importance of protein to tem- 
perate-nesting waterfowl has been overemphasized. We conclude that most intraspecific 
variation in clutch size of waterfowl is proximately caused and, thus, that few females lay 
the optimum clutch size, i.e., the average clutch size is not directly a product of natural 
selection, and probably reflects nutrients available to the average female. 

Key words: Northern Shoveler; diet; digestive organs; nutrient reserves; clutch-size limi- 
tation; incubation. 

INTRODUCTION 

Recently, much research has been done to eval- 
uate the relative importance of exogenous and 
endogenous nutrients to breeding waterfowl. 
These studies have revealed two major patterns 
by which females meet nutrient costs of repro- 
duction: (1) Arctic- and temperate-nesting geese, 
and eiders, utilize large amounts of nutrient re- 
serves (herein meaning lipid, protein, and min- 
eral) during egg production and further rely 
heavily on lipid and protein reserves during in- 
cubation (Hanson 1962, Korschgen 1977, Ank- 
ney and MacInnes 1978, Raveling 1979, Mc- 
Landress and Raveling 198 1, Ankney 1984, 
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Mainguy and Thomas 1985) and (2) temperate- 
nesting ducks utilize lipid reserves during egg 
laying, obtain all or nearly all of their protein 
and mineral requirements exogenously, and then 
utilize most of any remaining lipid reserves dur- 
ing incubation (Drobney 1980, 1982; Krapu 
1981; Reinecke et al. 1982; Tome 1984; Noyes 
and Jarvis 1985; Hohman 1986). Drobney (1980) 
and Krapu (198 1) argued that female Wood 
Ducks (Aix sponsa) and Mallards (Anus pluty- 
rhynchos), respectively, were able to meet the 
protein requirement of egg production by feeding 
heavily on aquatic invertebrates. They further 
hypothesized that these normally granivorous/ 
herbivorous species forage inefficiently for in- 
vertebrates and thus require lipid reserves (for 
egg production and/or maintenance) to ensure 
that they have sufficient time to forage for pro- 
tein-rich invertebrates (we hereafter call this the 
“protein limitation hypothesis”). Drobney and 
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Frederickson (1985) proposed that protein lim- 
itation may influence clutch size of prairie-nest- 
ing ducks, generally. 

We tested the protein limitation hypothesis by 
determining the importance of endogenous nu- 
trients to breeding Northern Shovelers (Anus 
clypeuta, hereafter called shovelers). We chose 
shovelers because, on an annual basis, they con- 
sume far more animal matter than do other North 
American species of Anus (see Palmer 1976: 5 14- 
SlS).Thus, they could be considered the inver- 
tebrate specialist of the genus, and therefore, 
based on the hypothesis, we predicted that fe- 
males would require relatively little lipid re- 
serves during egg laying. Breeding shovelers are 
the most territorial of prairie-nesting Anus, pre- 
sumably to secure high-quality feeding sites for 
reproduction (McKinney 1973, Seymour 1974, 
Nudds and Ankney 1982). We therefore pre- 
dicted that (1) prelaying females would have rel- 
atively small lipid reserves, (2) females would 
rely heavily on exogenous nutrients for egg pro- 
duction, and (3) males, because they are respon- 
sible for territory defense and show a marked 
decrease in time spent feeding during the egg- 
laying period (Afton 1979), would use endoge- 
nous lipids to meet maintenance costs then. This 
paper reports results of that research as well as 
previously unpublished data (see Afton 1979) 
concerning changes in body weight and carcass 
composition of incubating female shovelers. 

METHODS 

All data are from shovelers that were breeding 
in southern Manitoba. Data from incubating fe- 
males were gathered in 1974 (body weights of 
nest-trapped and released females) and 1975 (fe- 
males trapped and killed for carcass analysis); all 
data were from females whose stage of incuba- 
tion was estimated, to the nearest day, by can- 
dling their eggs. Prelaying and laying birds were 
shot during 3 to 19 May 1985. This period cor- 
responded to the peak of shoveler nest initiation 
and preceded the renesting period. Whenever 
possible, we shot the male of a pair immediately 
after we shot the female. Birds were weighed (? 5 
g) immediately after they were trapped or col- 
lected. Females, collected in 1985, were cate- 
gorized as preluyers (no postovulatory follicles) 
or as layers (one or more postovulatory follicles); 
males were categorized according to the category 
of their mate. For some analyses, we further sub- 
divided prelaying females as pre-Rapid Follicle 

Growth (pre-RFG; largest ovarian follicle with 
a dry weight ~0.1 g) or as Rapid Follicle Growth 
(largest follicle >O. 1 g). 

FOOD-HABITS ANALYSIS 

In 1985, 70% ethanol was injected into the 
esophagus of each bird after it was collected. Lat- 
er that day, esophageal contents were removed 
from specimens and stored in 70% ethanol. Food 
items from each bird were sorted by family (an- 
imals) or genus (plants) and dried (65°C) to con- 
stant weight. Diet composition of each bird was 
determined by calculating percentages of its total 
food weight that were accounted for by each taxa. 
We then calculated mean percentages of each 
taxa (aggregate percentage, Swanson et al. 1974) 
found in males and females during prelaying and 
laying periods. 

CARCASS ANALYSIS 

Birds collected in 1975 were analyzed differently 
than those collected in 1985 and procedures were 
as follows: 

1975 shovelers (incubation). Birds were re- 
weighed in the laboratory after contents of the 
digestive tract were removed and the following 
structural measurements were made: body length 
(1 .O mm), wing length (1 .O mm), keel length (0.1 
mm), length of middle tail feather (1 .O mm), cul- 
men (0.1 mm), bill length (from rictus to nail 
edge) (0.1 mm), and maximum bill width (0.1 
mm). All feathers were plucked from each bird 
and the liver, heart, gizzard, and right breast 
muscles were removed, cleaned of adhering fat, 
and weighed (0.1 g; gizzard was weighed minus 
contents). The entire carcass, including the above 
parts, was homogenized and a sample (ca. 3 g) 
was analyzed (Warf Institute, Madison, Wiscon- 
sin) for lipid proportion. We calculated total lipid 
content (FAT) for each duck by multiplying 
weight of the total homogenate by proportion of 
lipid in its sample. 

1985 shovelers (prelaying and laying). On the 
day of collection, the ovary and oviduct were 
removed from each female and stored in 10% 
formalin; the carcass was frozen in double plastic 
bags. Thawed carcasses were plucked, and the 
following structural measurements were taken: 
culmen (0.1 mm), bill height at the base (0.1 
mm), bill width at the nares (0.1 mm), keel length 
(1 .O mm), and plucked-wing length (1 .O cm). The 
right breast and leg muscles (defined in Ankney 
and MacInnes 1978), gizzard, liver, intestine, 
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TABLE 1. Composition (g) and energy content of 
Northern Shoveler eggs (n = 32). 

Variable x(1 SE) 

Egg weight 37.8 (0.61) 
Yolk: dry 7.92 (0.15) 

lipid 4.90 (0.12) 
nonlipid dry 3.02 (0.06) 

Albumen: dry 2.75 (0.09) 
Shell: dry 2.76 (0.04) 
Energy content (Kcal) 79.2 (1.1) 

ceca, heart, and pancreas were removed; lengths 
of ceca (combined) and intestine were measured 
(1 cm) and the other parts were weighed wet (0.0 1 
g). All organs, except the liver and breast and leg 
muscles, were combined with the rest of the car- 
cass and this was ground twice in a Hobart meat 
grinder. A 100-g sample of this homogenate, the 
liver, and the breast and leg muscles from the 
right side were dried separately to constant weight 
at 90°C (Kerr et al. 1982). The dried carcass ho- 
mogenate, liver, and breast and leg muscles were 
homogenized separately in an electric coffee- 
grinder. Proximate analysis of carcass homoge- 
nate, liver, and breast and leg muscle was done 
as detailed by Alisauskas and Ankney (1985). 
For each bird this involved: (a) removing lipids 
from a subsample (ca. 10 g) of each constituent 
using petroleum either as a solvent (Dobush et 
al. 1985) in a modified Soxhlet apparatus, (b) 
multiplying dry weight of each constituent by 
proportion of lipid that it contained (derived from 
step a) to determine its total lipid weight, and (c) 
subtracting total lipid weight from dry weight of 
each constituent to determine its lean dry weight 
(LDW). The lean dry samples of carcass homog- 
enate (ca. 6 to 9 g) were ashed in a muffle furnace 
at 550°C for 6 hr. The proportion of ash in each 
sample was used to calculate total ash (ASH) in 
the carcass of each bird. ASH was subtracted 
from LDW ofeach carcass to obtain ash-free lean 
dry weight (AFLDW), an index of protein. Thus, 
for each bird: 

PROTEIN = AFLDW,,,,,, + LDW,,, 
+ LDW,,,,, + LDW,,,,, 

and 

FAT = fat__ + fat,,, 
+ fatbreast + fatliver 

ASH, PROTEIN, and FAT are herein referred 
to as nutrient reserves as defined by Alisauskas 

and Ankney (1985): “. . . the measure of a frac- 
tion (fat, protein, or mineral) of the whole bird 
(excluding feathers, ovary, oviduct, and testes) 
that may respond to nutritional demands of egg 
synthesis, or other changes in energy balance.” 

REPRODUCTIVE-TISSUE ANALYSIS 

Testes were dried to constant weight, and dis- 
carded. For each female, we determined: (a) ovi- 
duct dry weight, (b) lipid content and LDW of 
each yolky ovarian follicle, (c) lipid content and 
LDW of the remainder of the ovary, and (d) 
number of eggs that had been laid by counting 
postovulatory follicles (POF) in the ovary. We 
collected 32 unincubated eggs from 16 shoveler 
nests and determined yolk lipid, yolk protein, 
dry albumen, and dry shell weight, following ex- 
actly the procedure in Alisauskas and Ankney 
(1985). We then calculated K egg yolk lipid, K egg 
protein (= K yolk LDW + K dry albumen) and 
K dry shell, for shoveler eggs (see Table 1). These 
data, along with those for ovaries and oviducts, 
were used to calculate reproductive nutrients for 
each female: 

Reproductive lipid (R-FAT) 
= follicular lipid + ovarian lipid 

+ (K egg yolk lipid x no. of POFs) 

Reproductive protein (R-PROTEIN) 
= follicular LDW + ovarian LDW 

+ oviduct dry weight 
+ (.z egg protein x no. of POFs) 

Reproductive ash (R-ASH) 
= K dry shell x no. of POFs 

STATISTICAL ANALYSES 

Mean sizes of organs and of reserves, of prelaying 
males and females, were compared to those of 
laying males and females, using t-tests. To more 
precisely determine if, and how much, males and 
females utilized reserves during the egg-laying 
period, we used a regression model as outlined 
by Alisauskas and Ankney (1985). The general 
form of the equation was: 

Nutrient reserve = a + b(reproductive nutrient). 

For males, we used size of his mate’s reproduc- 
tive nutrients, i.e., how much R-PROTEIN, 
R-FAT, R-ASH she had committed to repro- 
duction, in the equation; our rationale was that 
if a male used reserves during the egg-laying pe- 
riod, then this use should be a function of the 
female’s stage in the cycle. 
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TABLE 2. Aggregate percent dry weight of foods con- 
sumed by breeding Northern Shovelers collected in 
southern Manitoba during May 1985. 

FeIIXIleS M&S 

PR- PIZ- 
laying Laying lay1Ilg Laying 

Food item’ (l4Y (23) (9) (10) 

Insects 14 10 3 19 
Crustaceans 13 21 24 14 
Gastropods 59 55 41 32 
Unidentified animal trd 4 11 tr 
Nonsnail shell 4 4 11 2 

Total animal 91 93 90 67 
Seeds 6 2 6 11 
Vegetation 5 23 

Total plant ; 7 1: 34 

a The taxonom~c composition of these foods (ammals to family, plants 
to genus) is available from the senmr author. 

b Sample size. 
r Primanly zooplankton. 
d Less than 0.5%. 

Structural size can be an important source of 
variation in the size of a bird’s nutrient reserves, 
particularly of protein (e.g., Alisauskas and Ank- 
ney 1987). Thus, before analyzing use of reserves 
by breeding shovelers, we attempted to account 
for variation in reserves that was due to variation 
in structural size. First, we did a Principal Com- 
ponents Analysis (PCA; PROC PRINCOMP, 
SAS 1982) of the correlation matrix for the five 
morphometric variables for males and females 
combined. (Three females and one male could 
not be included in the PCA because, due to dam- 
age, they were each missing a structural mea- 
surement; data from them, uncorrected for body 
size, were used in subsequent analyses.) The first 
principal component (PC,) described positive 

correlation in the five variables, with loadings 
ranging from 0.33 to 0.51. We interpreted this 
covariation as variation in body size. The cor- 
responding eigenvalue was 2.41, and PC, ac- 
counted for 48% of the total original variation. 
We used the PC, score for each bird as a measure 
of its body size and regressed PROTEIN, FAT, 
and ASH on PC,, for males and females sepa- 
rately. The significant regressions were: 

Females- 
PROTEIN = 103.95 + 3.91PC,, 

df = 54, r2 = 0.35, P < 0.001 
ASH = 20.36 + 0.93PC,, 

df = 54, rZ = 0.18, P < 0.01 
Males- 

PROTEIN = 95.37 + 3.2OPC,, 
df = 35, r2 = 0.21, P -C 0.01 
ASH = 18.34 + 0.84 PC,, 

df = 35, r2 = 0.13, P < 0.05. 

FAT was not related to body size in either sex. 
Residuals from these regressions were used to 
calculate a new value (J,), corrected for body size, 
for PROTEIN and for ASH of males and fe- 
males: 

YZ = Y”, - [a + ww + Yobs. 

These corrected values were used in subsequent 
regression analyses. We used the same procedure 
to attempt to account for variation due to body 
size in the data for incubating females, but found 
that no variable (body weight, gizzard weight, 
heart weight, breast muscle, and FAT) was sig- 
nificantly related to PC, for these birds. 

TABLE 3. Changes in digestive organs of breeding Northern Shovelers collected in southern Manitoba during 
May 1985.” 

Vanable 

Females MaI& 

Prelaying (22)’ pd Laymg (37) Prelaying (I I) P Laying (27) 

Gizzard weight’ 10.2 f 0.3 ** 9.0 k 0.2 9.0 + 0.43 ns 
Pancreas weight 2.08 f 0.24 ns 2.46 t 0.18 1.83 k 0.22 ns 
Liver weight 17.3 i 0.5 *** 19.7 i 0.4 14.3 k 0.9 ns 
Liver DW 4.17 i 0.13 *** 5.37 f 0.11 3.90 f 0.23 ns 
Liver lipid 0.62 f 0.05 * 0.75 +- 0.04 0.33 f 0.04 ns 
Liver LDW 4.15 * 0.14 * 4.62 i 0.11 3.57 i 0.20 ns 
Intestine length’ 292 i- 7 ns 294 + 5 276 -t 6 ns 
Intestine weight 23.9 i 1.1 ns 22.4 f 0.7 20.1 5 i.4 ns 
Ceca length 20.3 f 0.7 ns 21.1 + 0.5 19.8 + 0.9 ns 
Ceca weight 1.40 + 0.11 * 1.09 * 0.05 1.17 k 0.16 ns 

8.9 + 0.32 
1.88 +- 0.12 
12.8 k 0.4 
3.49 t 0.10 
0.32 + 0.02 
3.17 + 0.10 
271 k 7 
17.5 k 0.6 
20.0 f 0.6 
1.05 + 0.08 

B Weights are in g, lengths are in cm; values expressed as X t I SE. 
b Males categorized on the basis of reproductive stage of their mate. 
E Sample size. 
d P is the probability that adjacent means differ by chance; * = P < 0.05, ** = P -c 0.01, *** = P < 0.001, ns = P > 0.05 
r Wet weights unless otherwise specified. 
‘Combined length of large and small intestine. 
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TABLE 4. Body composition and reproductive characteristics of breeding Northern Shovelers collected in 
southern Manitoba during May 1985. 

Variable Prelaying (22)b 
Females Males* 

P Laying (37) Prelaying (I I) P Laying (27) 

Body composition* 
Body weight (fresh) 630 + 8 * 
Body weight (cor- 

rected) 536 i 7 * 
FAT 63.3 * 4.5 *** 
ASH 18.5 f 0.5 * 
PROTEIN 96.9 * 1.5 * 

Breast LDW 15.1 i 0.2 ns 
Leg LDW 3.81 * 0.06 ** 

Heart weight (wet) 5.26 + 0.09 ns 

Reproductive characteristics’ 
Testes DW 
Developing follicles 2: (O-5) 
Ovulated follicles 0 
Oviduct DW 2.00 (0.3-4.7) 
R-FAT 3.05 (0.2-9.52) 
R-ASH 
R-Protein t.16 (0.48-11.16) 

1 

653 -I I 585kll ns 584 ? 8 

516 i 6 511?10 ns 509 * 7 
41.9 & 2.0 53.5 * 1.2 ns 43.6 t 3.8 
19.9 f 0.3 18.5 ? 0.5 * 19.9 -c 0.4 
00.9 f 1.1 96.2 & 1.8 * 100.7 + 1.1 
15.6 i 0.2 15.3 f 0.3 ns 15.5 * 0.2 
4.10 -c 0.08 3.65 f 0.10 ** 4.03 + 0.09 
5.15 f 0.08 5.83 * 0.22 ns 5.19 & 0.09 

4.4 (O-5) 
4.0 (l-10) 
3.50 (2.34.9) 

25.2 (10.2-52.2) 
11.1 (2.8-27.6) 
32.8 (13.5-69.4) 

0.53 f 0.05 ns 0.57 * 0.03 
- - 
- - 
- - 
- - 
- - 
- - 

*J.~ As in Table 3. 
d Weights m grams: values expressed as K ? 1 SE. 
c Corrected body weight is the weight of the bird minus feathers, ingesta, and reproductive tissue. 
‘Testes data are combined dry waghts (X k 1 SE); data for females are + (range). 

RESULTS 

PRELAYING AND LAYING 

We collected 60 female and 38 male shovelers, 
none of which was renesting. The reproductive 
organs of one female were undeveloped, so data 
from her were excluded from analysis. 

Food habits anddigestive organs. Most females 
(63%) and half the males contained food in their 
esophagi (Table 2). The proportion of females 
that contained food did not differ between pre- 
laying and laying (14/22 vs. 23/31, P > 0.5), 
whereas that of males did (9/l 1 vs. 10/27, P < 
0.05). 

Diets of prelaying males and females con- 
tained about 90% animal matter, but females had 
consumed proportionally more snails than had 
males (Table 2). This difference was even more 
pronounced in laying birds, and also noteworthy 
was the increased consumption of plant material 
(34%) by laying males. 

There were no significant changes in sizes of 
male digestive organs between prelaying and lay- 
ing (Table 3). In females, gizzard and ceca weights 
declined, but liver weight increased, primarily 
due to an increase in water and in nonlipid ma- 
terial. Digestive organs of females were, on av- 
erage, as large or larger than those of males; the 

average intestine of females was about 7% longer 
than that of males. 

Size of nutrient reserves and reproductive nu- 
trients. Body weight of males did not change from 
prelaying to laying (Table 4); an average 10-g 
decline in FAT (nonsignificant) was balanced by 
a 4-g increase in PROTEIN (P < 0.05; note that 
a 4-g change in PROTEIN equals a 16-g change 
in body weight as muscle is ca. 75% water). ASH 
of males increased (P < 0.05) from prelaying to 
laying (Table 4). 

The increase in fresh body weight of laying 
females (P < 0.05; Table 4) was due to increased 
size of their reproductive organs. The corrected 
body weight of laying females was lower (P < 
0.05) than that of prelayers and most of this loss 
was FAT. PROTEIN and ASH of laying females 
was higher (P < 0.05) than that of prelaying fe- 
males. 

Leg muscle weight of males and females in- 
creased from prelaying to laying (P < 0.01) but 
weights ofbreast muscle and heart did not change 
(P > 0.05; Table 4). 

No laying female had more than five rapidly 
developing follicles (Table 4) indicating that 
shovelers take 6 days to produce an egg, given 
that they lay one egg/day (Afton 1977). The av- 
erage laying female in our sample had laid four 
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TABLE 5. Equations, from least squares regression, relating size of female nutrient reserves vs. her nutrient 
commitment to reproduction, and size of male nutrient reserves vs. the nutrient commitment to reproduction 
by his mate.= 

Y 

Females 
FAT 
ASHd 
PROTEINd 

Males 
FAT 
ASH“ 
PROTEINd 

X n Intercept Slope 

R-FAT 55 63.0 (3.7) -0.72 (0.16) 0.27 0.00 1 
R-ASH 55 18.95 (0.36) +0.07 (0.03) 0.06 0.064 
R-PROTEIN 55 97.8 (1.1) +0.10 (0.04) 0.11 0.014 

R-FAT 37 54.9 (6.3) -0.37 (0.26) 0.06 0.16 
R-ASH 37 19.15 (0.46) +0.04 (0.04) 0.03 0.34 
R-PROTEIN 37 99.2 (1.6) +0.01 (0.05) 0 0.84 

P P 

a These analyses do not include four pre-RFG females and one male that was mated to one of those females 
b Probabibty that I = 0. 
r I SE. 
d Corrected for variatmn due to body size-see Methods. 

eggs and had invested 25.2 g of FAT, 11.1 g of 
ASH, and 32.8 g of PROTEIN in reproduction. 
These values are 40 to 50% of the investment 
required for a IO-egg clutch (based on data in 
Table l), the average clutch size of shovelers 
(Bellrose 1976). 

Use of reserves during eggproduction. Nutrient 
reserves of male shovelers did not change rela- 
tive to the nutrient commitment to reproduction 
by their females (Table 5), i.e., although PRO- 
TEIN and ASH were higher in laying males than 
in prelayers (Table 4), these increases were in- 
dependent of nutrient commitment by the paired 
female. 

FAT of females was negatively related to 
amount of lipid that they had deposited in ova 
(P < 0.001; Fig. 1). For every gram of R-FAT 
produced, FAT declined by 0.72 g (Table 5). 
PROTEIN, however, was positively related to 
R-PROTEIN (P < 0.05; Fig. 1) and for every 
gram of protein committed to reproduction, pro- 
tein reserves increased by 0.1 g (Table 5). Fe- 
males showed no net loss of body minerals, over 
the course of laying, to produce eggshells (P > 
0.05; Fig. I), and the trend was toward an in- 
crease in ASH with increased R-ASH (P < 0.1; 
Table 5). 

To further investigate the importance of lipid 
reserves to egg-laying females, we determined if, 
in females collected late in the laying cycle (here- 
after called late-layers), there was a relation be- 
tween number of developing follicles and FAT; 
we defined late-layers as those females which had 
five or more POFs. Such analysis is appropriate 
only for late-layers because (1) average clutch 
size of shovelers is 10 eggs, and (2) shovelers 

never have more than five developing follicles. 
Thus, early-layers showed no variation in num- 
ber of developing follicles, i.e., all had five. We 
found a positive correlation (+0.60, P < 0.05) 
between number of developing follicles and 
amount of FAT in late-laying females (Fig. 2). 
There is an important limitation to this analysis, 
i.e., actual clutch size of the shovelers, depicted 
in Figure 2, can only be known for certain for 
those birds with zero developing follicles. For 
birds with two, three, or four developing follicles, 
the sum of the number developing plus number 
of POFs equals their maximum potential clutch 
size because it is impossible to know if some (or 
all) developing follicles would have undergone 
atresia; the female with six POFs and zero de- 
veloping follicles, in Figure 2, had four large 
atretics, but the other female with zero deve- 
loping follicles had none (both of these females 
had an oviducal egg). Alternatively, it is impos- 
sible to determine the ultimate clutch of those 
females with five developing follicles- their 
clutch sizes could be less than (atresia), equal to, 
or greater than (more follicles develop) the sum 
of number of POFs plus number of developing 
follicles. Regardless, in those females with less 
than five, the number of developing follicles was 
clearly related to FAT. 

It is remarkable that the absolute size of PRO- 
TEIN was the same in males and females (Table 
4), given that male shovelers are structurally larg- 
er, on average, than females. So, we did an anal- 
ysis of covariance (ANCOVA, Proc GLM, SAS 
1982), using PC, as a measure of body size (see 
Methods), and found that females had relatively 
more PROTEIN than did males (P < 0.001; Ta- 
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FIGURE 1. Relation between FAT, PROTEIN, and 
ASH reserves of female Northern Shovelers (Y-axes) 
and their corresponding commitment of those nu- 
trients to egg production (X-axes). Equations describ- 
ing these relationships are in Table 5; the relation be- 
tween ASH and R-ASH was ns. 
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FIGURE 2. The correlation (Y = +0.60) between 
number of developing ovarian follicles and FAT re- 
serves of female Northern Shovelers late in the laying 
cycle (No. POF 2 5). Numbers represent individual 
females and depict the number of postovulatory fol- 
licles (POFs) in the ovary of each, e.g., of the three 
females with two developing follicles, two had seven 
POFs and one had six POFs. Both birds with zero 
developing follicles had an oviducal egg. 

ble 6); slopes describing the relations of PRO- 
TEIN to body size did not differ by sex (P > 0.2 
for the body size x sex interaction; Table 6). 

INCUBATION 

In 1974, 17 incubating females were trapped, 
weighed, and released. The stages of these birds 
ranged from 1 to 23 days (incubation averages 
23 days in shovelers, Afton 1977). Additionally, 
two of these females, initially trapped on days 1 
and 2, respectively, were retrapped and weighed 
on days 22 and 23 (initial weights of these two 
birds were used in regression analysis of weight 
loss per day). In 1975, 16 females that had in- 
cubated from 1 to 23 days were trapped and 
killed for carcass analysis. 

Using ANCOVA, we found that neither inter- 
cepts nor slopes of equations relating body weight 
to day of incubation differed between years (P > 
0.05). Thus, we computed a single regression on 
the combined data (Table 7). Incubating females, 
on average, lost 4.46 g/day (P < 0.001) i.e., 
about 103 g or 18% of initial body weight. Two 
females, each weighed at the start and end of 
incubation, lost, on average, 4.02 and 5.26 g/day, 
respectively. Their average loss, 4.67 g/day 
(weighted by number of days incubated), was 
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TABLE 6. Linear regressions relating PROTEIN (Y) 
to body size (X, indexed by PC,) in female and male 
Northern Shovelers, and an analysis of covariance in 
the PROTEIN of males and females with body size as 
the covariate. 

n IntemPt’ SlWX P 

Linear regression 
Female 55 104.0 3.91 0.35 
Male 31 95.4 3.20 0.21 

Analysis of covariance 

SOUFX df Fb P 9 

Sex 1 15.3 <O.OOl 0.13 
Body size 1 27.4 <O.OOl 0.22 
Body size x sex 1 1.6 >0.2 0.01 

* Note that most female scores were negative, and male wxes were 
positive; intercepts are at PC, = 0. 

b From partial sums of squares. 
c Partial sums of squares/total sums of squares. 

close to the loss calculated by regression; their 
average body-weight loss was 24%. 

FAT declined 1.68 g/day during incubation 
(P < 0.001, Table 7) i.e., about 39 g, which was 
38% of total loss in body weight. Breast-muscle 
decline, 0.66 g/day (P < 0.001, Table 7) ac- 
counted for 30 g (29%) of the loss in body weight 
(0.66 x 23 = 15.2 which is doubled to account 
for the other breast muscle); 30 g ofbreast muscle 
are equivalent to 7.5 g of PROTEIN as they av- 
erage 25% LDW (Ankney, unpubl. data). Liver 
weight declined, on average, by 32% (P < 0.05) 
but gizzard weight did not change during incu- 
bation (P > 0.05, Table 7). Heart weight of fe- 
males declined, on average, by 30% during in- 
cubation (P < 0.001, Table 7). In total, weight 
loss in variables that we measured accounted for 
75% of loss in body weight of incubating females; 
we think it likely that the remainder was loss 

from unanalyzed proteinaceous tissues, e.g., leg 
muscle and intestine. 

DISCUSSION 

FOOD HABITS AND DIGESTIVE ORGANS 

Prelaying and laying female shovelers ate about 
90% animal matter (dry weight basis) which 
agrees closely with data of Swanson et al. (1979) 
who reported that laying female shovelers in 
North Dakota consumed 99% animal matter 
(volumetric basis). Major types of animal foods 
eaten by females in their sample were gastropods 
(40%) crustaceans (54%) and insects (5%). These 
groups were also most important in our sample 
(55%, 2 l%, and 1 O%, respectively). Apparent dif- 
ferences in these percentages between the two 
samples likely are due to our use of dry weights, 
which emphasized the value for gastropods, and 
thus de-emphasized values for soft-bodied ani- 
mals. 

Male shovelers also consumed primarily ani- 
mal foods, but they consumed a lower proportion 
of such foods during laying than did females. 
Differences in consumption of gastropods and 
“non-snail shell” by females (59%) vs. males 
(34%) during the laying period emphasizes the 
importance of calcareous foods to prairie-nesting 
ducks (see Krapu 1979) and further suggests there 
is a calcium appetite in egg-laying wild birds 
(Simkiss 1975, Ankney and Scott 1980). Paired 
shovelers feed close together (Afton, unpubl. data) 
and thus, diet difference must reflect choice. Du- 
bowy (1985a) reported that postbreeding male 
shovelers ate 78% animal matter (aggregate per- 
cent wet weight), of which 90% was zooplankton. 
The latter percentage is far higher than that in 
diets of prelaying and laying shovelers. Thus, our 
data are inconsistent with Dubowy’s (1985b) ar- 
gument that shovelers time their arrival to breed- 

TABLE 7. Linear regressions relating indices of body condition (Y) to day of incubation (X) for female Northern 
Shovelers. Data were obtained in southern Manitoba in 1974 (body weights only, n = 17) and 1975. 

Vanable n Intercept Slope P P 

Body weight 
FAT 
Breast musclec 
Gizzard 
Liverc 
Heartc 

*Probability that r = 0. 
b I SE. 
r Wet weights. 

33 569 (1.8)” -4.46 (0.11) 0.61 <O.OOl 
16 44.8 (1.2) - 1.68 (0.08) 0.66 <O.OOl 
16 63.9 (1.6) -0.66 (0.10) 0.75 <O.OOl 
16 9.62 (0.72) -0.03 (0.05) 0.02 ns 
16 18.6 (1.5) -0.26 (0.10) 0.34 co.05 
16 4.87 (0.19) -0.063 (0.013) 0.64 <O.OOl 
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ing areas so they can feed almost exclusively on 
zooplankton. 

The decline in proportion of males with food 
in their gullets, from prelaying to laying, agrees 
with Afton’s (1979) data showing that percentage 
of time spent feeding during daylight declined 
from 54% to 35% in prelaying and laying males, 
respectively. The proportion of females with food 
in their gullets did not change between prelaying 
and laying (64% vs. 62%) which agrees with val- 
ues that Afton (1979) reported for percent time 
feeding by females in those two groups (58% vs. 
57%, respectively). Note that Afton’s (1979) time 
budgets and our diet analyses were only for males 
that were attending their female. 

Nutrient reserves of males did not decline dur- 
ing laying (see below) which implies that males 
spend relatively more time feeding when their 
mates are on nests laying eggs. Indeed, obser- 
vations (n = 6 hr) of paired males (Afton, un- 
publ.) indicate that males spent significantly (t- 
test, P < 0.05) more time feeding when alone 
(46.8%) than when with their mates (34.9%) dur- 
ing the laying period. Assuming a lo-egg clutch 
and adjusting for time that the average female 
spent on (25.2%) and off (74.8%) the nest (Afton 
1979) the average male spent 37.9% of the total 
time feeding during laying, i.e., % total time = 
t(O.468 x 0.252) + (0.349 x 0.748)] x 100. Ad- 
justing for time spent on the nest, the average 
female spent 42.7% of the time feeding (% time = 
(0.571 x 0.748) x loo), or 1.2 hr more than her 
mate during daylight. 

Both sexes spend less total time feeding during 
daylight hours during laying than during prelay- 
ing (males: 37.9 - 54.2 = - 16.3%, females: 
42.7 - 58.4 = - 15.7%). Afton (1979) suggested 
that males reduced foraging time because of in- 
creasing food resources (Dwyer 1975), and/or by 
relying on stored nutrient reserves. Our results 
are inconsistent with the latter alternative. 

Digestive organs of prelaying and laying males 
did not differ in size (Table 3) which further 
suggests that food consumption by males was not 
greatly reduced during the laying period. De- 
creased feeding is correlated with reduced size of 
digestive organs in some other waterfowl (Ank- 
ney 1977, Korschgen 1977, Drobney 1984). 

The increase in liver weight (14%) of laying 
females, over that of prelayers, was much less 
than the increase (5 1%) that Drobney (1984) re- 
ported for Wood Ducks. Drobney argued that 

sumption and to the role of the liver in lipid 
metabolism during laying. Those factors prob- 
ably explain some of the increase in Wood Ducks 
and perhaps all of it in shovelers. But, whereas 
there were no differences in diets of prelaying 
and laying shovelers, consumption of animal 
matter by laying Wood Ducks was 50% greater 
than that of prelayers (Drobney and Frederick- 
son 1979). Kehoe et al. (unpubl.) found that liver 
weights of captive Mallards increased when their 
diet was changed from duck chow to either a 
high fiber, high animal protein, or high carbo- 
hydrate diet. Consequently, some of the in- 
creased liver weight of laying Wood Ducks may 
have been due to diet change. 

Declines in gizzard weight of laying females 
have been attributed to reduced food consump- 
tion (Ankney 1977), use of gizzard protein for 
egg production (Korschgen 1977), and decreased 
dietary fiber (Drobney 1984). However, only the 
latter may explain the decline in gizzard weight 
of laying female shovelers; laying female shov- 
elers do not show reduced food consumption (see 
above) and, overall, they show positive protein 
balance (see below). We speculate that, before 
RFG begins, female shovelers eat more fiber and 
thus, the decline in gizzard weight between pre- 
laying and laying females reflected their continu- 
ing adjustment to foods that are easily macer- 
ated. Mean gizzard weight of the four pre-RFG 
females in our sample was 12.5 g, which is con- 
sistent with this speculation (see Table 3). 

Intestine size of females did not change during 
prelaying and laying, but they were, on average, 
longer and heavier than those of males. This may 
be related to greater food consumption by fe- 
males, which is thought to cause changes in gut 
size (Ankney 1977, Drobney 1984). Intestine 
lengths ofbreeding shovelers are longer than those 
reported for other waterfowl, e.g., Aythya spp. 
(Kehoe and Ankney 1985) Mallards (Miller 
1975), Gadwalls, Anus strepera (Paulus 1982), 
White-winged Scoters, Melanitta jiisca (Dobush 
1986) and Snow Geese, Chen caerulescens (Ank- 
ney 1977). This is remarkable, given that (1) 
shovelers are smaller than the aforementioned 
species, and thus their guts are relatively far long- 
er, and (2) shovelers are carnivores, which re- 
portedly have shorter guts than do noncarnivo- 
rous birds (Sturkie 1976: 187). Lipid digestion 
and absorption occurs in the small intestine of 
birds (Griminger 1976:253) and we hypothesize 

this increase was due to increased food con- that the long intestine of a breeding shoveler is 
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an adaptation to a relatively energy-poor diet (see 
below). 

IMPORTANCE OF RESERVES TO 
BREEDING SHOVELERS 

Shoveler territories are aggressively defended by 
males, particularly during the laying period 
(McKinney 1973). Despite this, our prediction 
(and see Afton 1979:47) that breeding males 
would utilize endogenous lipids was not sup- 
ported (Tables 4, 5). The territorial system of 
shovelers may put greater demands on time bud- 
gets of the males, compared to males of other 
Anus species. But, if these territories function 
primarily to secure a high-quality food supply 
for the female (McKinney 1973, Seymour 1974), 
benefits to the male (access to food) apparently 
balance the costs. 

Protein reserves of laying males were heavier 
than those of prelaying males (Table 4), but this 
increase was unrelated to egg-laying schedules of 
their mates; this was also true for higher ash 
content of laying males. We cannot explain the 
apparent protein (and ash) storage of breeding 
males. Male shovelers, unlike males of most oth- 
er Anas spp., remain paired with the female 
throughout incubation (Afton 1979) but their 
food habits and behavior during this period are 
unknown. However, as females spend ~4 hr/day 
offthe nest during incubation (Afton 1979), males 
should have sufficient time for foraging. Thus, 
we doubt that males, unlike females (see below), 
store protein to use as an energy source while 
females are incubating. 

Lipid reserves of prelaying female shovelers 
(10% of fresh body weight, Table 4) were pro- 
portional to those of prelaying female Mallards 
(lo%, Krapu 198 1:table 3), but proportionally 
smaller than those of female Wood Ducks (20%, 
Drobney 1982:303). Thus, our prediction that 
female shovelers would have relatively small lip- 
id reserves was not supported. Similarly, our pre- 
diction that female shovelers would rely exclu- 
sively on exogenous nutrients for egg production 
was not supported. Although these birds ob- 
tained sufficient exogenous minerals and protein 
to form eggs (Table 5, Fig. l), they relied heavily 
on lipid reserves during egg laying. If conversion 
efficiency of lipid reserves to egg lipids ap- 
proaches 100% (see Alisauskas and Ankney 1985) 
then about 70% of lipids required for egg for- 
mation in shovelers comes from reserves. 

The protein limitation hypothesis does not ap- 

ply to shovelers. Despite the ability of female 
shovelers to obtain more protein than needed for 
egg formation, they utilized lipid reserves, i.e., 
their utilization of lipid reserves must have in- 
volved factors other than difficulty obtaining 
aquatic invertebrates. Rather, our data on shov- 
elers are consistent with those of Hails and Turn- 
er (1985) that showed that a diet of invertebrates 
is deficient in lipids for an egg-laying bird. Hails 
and Turner found that breeding White-bellied 
Swiftlets (Collocalia esculenta) fed solely on flying 
insects that contained, on average, 9% lipid and 
64% protein by dry weight. Thus, Hails and 
Turner concluded that use of lipid reserves by 
egg-laying females was directly related to the in- 
ability to obtain sufficient lipids exogenously. 

Diets of prelaying and laying shovelers were 
similarly deficient in lipids. Based on data sum- 
marized by Krapu (1979:table 2) major foods 
ofbreeding shovelers (i.e., Diptera, zooplankton, 
and snails) averaged 6%, 2%, and 1% lipid by 
dry weight, respectively; corresponding values 
for protein were 66%, 32%, and 17%. Based on 
those data, and the liberal assumption that all 
vegetation in diets of breeding females (Table 1) 
was seeds of aquatic vegetation, which average 
10% protein and 3% lipid (Krapu 1979), we cal- 
culated that the ratio of protein : lipid in diets of 
these females was 14: 1, approximately. To lay a 
1 O-egg clutch, a female shoveler, on average, must 
produce 3.5 g of oviduct (Table 4), and 58 g of 
egg protein plus 49 g of egg lipids (Table l), i.e., 
a protein : lipid ratio of 1.3: 1, approximately. 
Thus, the diet of breeding shovelers contains 
about 10 times too much protein relative to lipid. 
Diets of Mallards (Krapu 198 1) and Wood Ducks 
(Drobney and Frederickson 1979) contained 
more plant material, primarily seeds, than did 
that of shovelers, but they still had a protein: 
lipid ratio far higher than that of eggs. We con- 
clude that the protein limitation hypothesis over- 
emphasized the importance of protein to egg- 
laying ducks. 

Our data strongly suggest that lipid reserves, 
not protein availability, limit clutch size in shov- 
elers (Fig. 1, and particularly, Fig. 2). Further- 
more, we think that data for Wood Ducks and 
Mallards support a similar conclusion for those 
species. Drobney and Frederickson (1985) hy- 
pothesized that protein acquisition limits clutch 
size of Wood Ducks, but that hypothesis was 
based on an unlikely assumption. Drobney and 
Frederickson (1985: 124) stated “. . . our studies 
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indicate that fat depletion is more likely to ter- 
minate laying in Wood Ducks because females 
do not use significant amounts of endogenous 
protein during laying.” They further stated that 
“females with depleted fat reserves cease laying 
prematurely (after 3 to 4 eggs)” (we suggest that 
any female which lays fewer than the optimum 
number of eggs, surely far more than three or 
four, has ceased laying prematurely, e.g., those 
females in our Fig. 2, which have, or would have, 
laid 6 to 9 eggs). They then argued, however, that 
protein requirements during egg formation limit 
the number of eggs produced because females 
vary in their ability to obtain invertebrates (due 
to variability in foraging experience or inverte- 
brate availability) which thus influences their rate 
of utilization of fat reserves. But, given that de- 
pletion of fat reserves causes termination of lay- 
ing, this variability could only determine clutch 
size if those females with the greatest fat reserves 
at the start of egg formation had the most trouble 
finding invertebrates and vice versa. We think 
that this is unlikely to be valid. Instead, we sug- 
gest that the fat reserve with which a female be- 
gins RFG is much more important in affecting 
her clutch size than is her rate of protein acqui- 
sition. 

Krapu (198 1) suggested that the seasonal de- 
cline in clutch size of Mallards was related to 
exhaustion of lipid reserves. He argued, however, 
that this effect was indirect, i.e., that lower lipid 
levels reduced the capacity of females to secure 
protein. This argument does not consider that 
the female needs nearly as much lipid as protein 
for egg formation. Given that invertebrate pop- 
ulations will generally be higher later in spring, 
when females are renesting, lower lipid levels 
may directly limit clutch size in Mallards also. 

Finally, the pattern of nutrient storage and ac- 
quisition by female shovelers, Wood Ducks, and 
Mallards indicates that lipids, not protein, di- 
rectly limit clutch size in these species. Females 
store lipid reserves before egg formation and use 
them to form eggs. Data for all three species 
suggest that exhaustion of lipid reserves termi- 
nates laying, but there is no evidence that females 
of these species are ever short of exogenous pro- 
tein; indeed, shovelers store protein during egg 
formation. We suggest that if female Wood Ducks 
or Mallards encountered protein shortages dur- 
ing laying, they would store and then use protein 
reserves during breeding. This phenomenon oc- 
curs in other waterfowl, e.g., Ring-necked Ducks, 

Aythyu collaris (Hohman 1986), several goose 
species (Ankney and MacInnes 1978, Raveling 
1979, Ankney 1984, MainguyandThomas 1985) 
and Common Eiders, Somateria mollissima 
(Korschgen 1977). We do not imply that sources 
of protein are unimportant to prairie-nesting wa- 
terfowl and Wood Ducks. Rather, we think that 
during spring, in the highly productive wetlands 
used by these birds, protein is easier to obtain 
than lipid. We note that ingested protein could 
be converted to ovarian lipids, but the process 
is energetically inefficient and perhaps rate-lim- 
iting. This tactic apparently is used by female 
White-winged Scoters which use neither lipid nor 
protein reserves during egg formation (Dobush 
1986) and feed exclusively on invertebrates then 
(Brown 198 1). Scoters, however, have a laying 
rate of only 0.7 egg/day (Brown 1981) which is 
unlikely due to insufficient protein. In that con- 
text, we predict that laying rates of renesting 
shovelers (and other ducks that use stored lipids 
for first clutches) are lower than those of first 
nesters. Nothing is known about interfemale 
variation in laying rates even among first nesters, 
but laying rates could vary inversely with size of 
a female’s lipid reserves. 

If fat reserves limit clutch size of shovelers, 
then it is important to ask why these birds, on 
average, do not begin laying with larger reserves. 
Although food habits of shovelers during spring 
migration and immediately after arrival to 
breeding areas are unknown, we speculate that 
their diet contains relatively little carbohydrate 
and lipid then. Seeds of aquatic plants are at low 
levels in early spring and shovelers are not known 
to feed on waste grain. Protein reserves of pre- 
laying females were relatively larger than those 
ofmales, suggesting that their previous diets were 
high in protein. That female shovelers continue 
to store protein during egg formation indicates 
a tactic to make the best of an energy-poor diet; 
these protein reserves are used extensively dur- 
ing incubation (see below). 

Incubating female shovelers meet metabolic 
requirements through periodic foraging and by 
utilizing lipid and protein reserves. The average 
female lost 103 g during incubation, of which 39 
g was fat. We did not measure changes in total 
protein reserves, but declines in certain organs 
(breast muscle, heart) suggest that the remainder 
was loss of proteinaceous tissues, as occurs in 
some geese (see Ankney 1984). Consequently, of 
the 64 g of nonlipid loss, we estimate that 25%, 
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or 16 g, was protein and that the remainder (75%, 
48 g) was water. 

Afton and Paulus (unpubl.) estimated that the 
total energy requirement for incubating shovel- 
ers was 1,613 Kcal. Catabolism of lipids and 
protein yields 9.0 Kcal/g and 4.3 Kcal/g (Ricklefs 
1974), respectively. Thus endogenous reserves 
provide, on average, 26% of the total kilocalories 
required during incubation. These calculations 
support Afton’s (1979) argument that food re- 
sources in the territory are critical to successful 
incubation in shovelers. By hatch, females were 
virtually devoid offat reserves (Table 7; equation 
for FAT). 

Afton and Paulus (unpubl.) estimated that the 
percent of total energy requirements during in- 
cubation that was met from catabolism of en- 
dogenous reserves ranged from 4 to 79% (X = 
29%, SE = 5.5) in 17 studies of 14 waterfowl 
species. This percentage was related to female 
body weight at start of incubation (% from re- 
serves = 2.42 + 0.023 1 (body weight); rz = 0.6 1, 
P < 0.001, n = 17). The estimated percentage 
from our results (26%) is 1.63 times higher than 
that predicted from female body weight (16%) 
i.e., use of endogenous reserves by incubating 
female shovelers is relatively higher than by oth- 
er waterfowl of similar size. They accomplish 
this, in part, by using protein stores. 

Average female body weight at start of incu- 
bation did not differ between 1974 and 1975. 
Furthermore, our estimate (569 g, Table 7), for 
both years combined, is similar to that from a 
more recent sample (198 1 to 1983) of shovelers 
collected during early (days 1 to 3) incubation in 
southern Manitoba: .? = 563 g, n = 53 (Rohwer, 
pers. comm.). This similarity supports our ar- 
guments (see above) that clutch size in shovelers 
is dependent on lipid reserves, i.e., females ter- 
minate laying when they reach a minimum 
threshold level. Thus, our results are very similar 
to those reported for Snow Geese (Ankney and 
MacInnes 1978). 

CONCLUSIONS 

Lack (1967) hypothesized that average clutch sizes 
of waterfowl have evolved in relation to average 
availability of food for the laying female, mod- 
ified by relative egg size. For clutch size to evolve, 
it must be genetically controlled; Lack assumed 
that interspecific differences in clutch size were 
hereditary but did not comment on intraspecific 
differences. Ankney and MacInnes (1978) thought 

that most clutch-size variation in Snow Geese 
was due to a proximate cause (variation in nu- 
trient reserves of females). Findlay and Cooke 
(1987) have now concluded that 80% of the vari- 
ation in clutch size of Snow Geese is not genet- 
ically determined. Unfortunately, there are no 
such data for other waterfowl species in the wild 
(data from captive birds provide inflated herita- 
bility estimates because most environmental 
variation has been removed [Duncan 19871). We 
predict that future studies ofwaterfowl will show 
that most intraspecific variation in clutch size is 
not genetically determined. 

We doubt that average clutch size in waterfowl 
is an evolved trait. There is no evidence of se- 
lection against females laying clutches larger than 
average. Further, Rohwer (1985) showed that fe- 
male Blue-winged Teal (Anus &mm) success- 
fully incubated experimentally-enlarged clutches 
of 16 and that those females fledged significantly 
more young than did those with (average) clutch- 
es of 10. Apparently, the optimum, i.e., the most 
productive, clutch size at least in Blue-winged 
Teal, is considerably larger than the average. This 
should not be so if the average was the product 
of natural selection. Possibly, the average clutch 
simply reflects inability of the average female to 
lay as many eggs as the most productive clutch 
size would dictate (see Murphy and Haukioja 
[ 19861 for a similar argument applied to clutch 
size of nidicolous birds). In that case, intraspe- 
cific variability in clutch size is more interesting 
than the mean. 

Arnold et al. (1987) concluded that, for prairie- 
nesting ducks, there is no net gain to females 
laying more than about 13 eggs because of loss 
of viability and extended risk of predation to 
first-laid eggs. This, in conjunction with Roh- 
wer’s (1985) results, suggests that the maximum 
clutch size, set by selection, is also the most pro- 
ductive. Interestingly, about 13 eggs is the max- 
imum number of eggs laid by prairie-nesting wa- 
terfowl (Bellrose 1976). 

So, why do most female ducks lay fewer than 
the optimum clutch size? We think that Lack’s 
(1967) hypothesis, that clutch size is related to 
food availability for the female, has great ex- 
planatory power when applied to intraspecific 
variation in clutch size, i.e., clutch size of indi- 
vidual females reflects the amount of nutrients 
available to them. In that context, Lack’s hy- 
pothesis has not been adequately tested. Our data 
for shovelers suggest that lipid reserves of fe- 
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males are an important component of the nu- 
trients available to females that may limit clutch 
size, but that provides only limited support for 
the hypothesis. Clearly, to more fully test Lack’s 
ideas, simultaneous monitoring of nutrient re- 
serves, food resources, and egg production of in- 
dividual females must be done. That is presently 
logistically and technologically impossible, but 
until it has been done, any claims that food does 
not limit clutch size of ducks (e.g., Duncan 1986) 
are premature at best. 
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