
The Condor 93: 19-27 
0 The Cooper Omithologhl Society 1991 

INTRACLUTCH VARIATION IN EGG SIZE OF AMERICAN COOTS 

TODD W. ARNOLD~ 
Department of Zoology, University of Western Ontario, London, Ontario N6A 5B7, Canada 

Abstract. I measured within-clutch egg-size variability for 3,2 19 American Coot (Fulica 
americana) eggs from 357 completed clutches, and I determined relative egg volume for 
882 eggs of known laying sequence from 233 completed clutches ranging from five to 13 
eggs. Within-clutch variation was unrelated to mean egg size, clutch size, laying date, year, 
and nesting attempt, but was slightly affected by supplemental food. Relative egg size in- 
creased with laying sequence for the first two to five eggs, then declined for the remainder 
ofthe clutch. Variation in relative egg volume with laying sequence was essentially unaffected 
by year, laying date, and supplemental feeding, but differed among initial nests, renests, and 
continuation nests. Most previous work on within-clutch variation in egg size has focused 
on the last-laid egg, and patterns of variation in the size of this egg typically have been 
evaluated in the context of hatching asynchrony. However, no single adaptive hypothesis 
appears capable of explaining the pattern of intraclutch egg-size variation observed in Amer- 
ican Coots, and I conclude that this pattern may result from physiological constraints. 

Key words: American Coot; egg size; Fulica americana; hatching asynchrony; supple- 
mental feeding. 

INTRODUCTION 

Egg size varies with laying sequence in many 
species of birds (Parsons 1976, Clark and Wilson 
198 1, Leblanc 1987, Forbes and Ankney 1988). 
Intraclutch variation in egg size is usually inter- 
preted in the context of hatching asynchrony (e.g., 
Howe 1976, O’Connor 1978, Clark and Wilson 
198 1, Ojanen et al. 198 1, Slagsvold et al. 1984; 
but see Stokland and Amundsen 1988, Slagsvold 
and Lifield 1989). According to the brood-re- 
duction hypothesis (Schtiz in Lack 1947) last- 
laid egg(s) should be relatively small to accen- 
tuate size-hierarchies among nestlings, thereby 
facilitating efficient brood-reduction in the event 
of food shortages (Slagsvold et al. 1984). Similar 
reasoning applies to species with obligate sibli- 
tide, where the second-laid egg in two-egg clutch- 
es presumably serves as “insurance” against 
hatching failure or early nestling mortality of the 
first-laid egg (Edwards and Collopy 1983). In 
contrast, Clark and Wilson (198 1; see also Hus- 
sell 1972, Arnold et al. 1987) hypothesized that 
selection has favored early onset of incubation 
to minimize predation risks for first-laid eggs; 
hatching asynchrony is viewed as an inevitable 
(and possibly deleterious) byproduct of this be- 
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havior. According to this hypothesis, last-laid 
egg(s) should be relatively large to help overcome 
any disadvantages associated with asynchronous 
hatching (Clark and Wilson 198 1). 

These hypotheses may be overly simplistic. 
They focus on relative size of the last-laid egg 
(e.g., Slagsvold et al. 1984) but in several bird 
species the first-laid egg exhibits the most pro- 
nounced variation in relative size (e.g., Mead and 
Morton 1985, Greig-Smith et al. 1987, Leblanc 
1987, Forbes and Ankney 1988, Slagsvold and 
Lifjeld 1989). In addition, intraclutch variation 
in egg size occurs in several species with self- 
feeding precocial young (Vlisanen et al. 1972; 
Cooper 1978; Leblanc 1987; C. D. Ankney, pers. 
comm.), where hatching is highly synchronous 
and intra-brood competition is presumably low 
(e.g., Rohwer 1985, Lessells 1986). 

Most studies of intraclutch egg-size variation 
have focused on species with relatively small 
clutches (e.g., 2-5 eggs; Slagsvold et al. 1984: 
Appendix). American Coots (Fulica americana, 
hereafter “coots”) lay exceptionally large clutch- 
es (mean in this study, 9.4 eggs; range, 3-l 7; n = 
665) of fairly nutrient-rich eggs (Alisauskas 1986), 
which hatch over a period of several days (Ar- 
nold, unpubl. data). Newly-hatched young are 
almost completely dependent on parents for food 
for at least the first week after hatching, but soon 
gain proficiency at foraging for themselves (Des- 
rochers and Ankney 1986, Driver 1988; see also 
Horsfall 1984). The purpose of this paper is to 
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evaluate intraclutch egg-size variation in coots I calculated standardized volume for each known- 
with respect to laying sequence, clutch size, lay- sequence egg by subtracting the within-clutch 
ing date, and supplemental food availability, and mean and dividing by the within-clutch standard 
to review potential explanations for this varia- deviation (e.g., z scores). This measure was su- 
tion. perior to the previous one because it provided 

STUDY AREA AND METHODS 
information on egg-size variation with respect to 
laying sequence; however, sample sizes were quite 

Coots were studied during six years (1985-l 990) low for some analyses. Analyses based on the 
at Minnedosa (SO01 6’N, 99”5O’W), Manitoba. The within-clutch standard deviation had larger sam- 
Minnedosa study area consisted of up to 118 ple sizes for examining trends in egg-size varia- 
semipermanent and permanent wetlands ranging tion with respect to clutch size, laying date, and 
from about 0.1 to 3.0 ha in size. Supplemental supplemental feeding. 
food was provided on random subsamples of Intraspecific nest parasitism was fairly fre- 
wetlands during 1987-1989. Food supplements quent in this population (Arnold, unpubl. data). 
included one or more of the following: steam- It was easy to exclude parasitic eggs from the 
rolled corn, trout chow, rabbit chow, layer diet sample of known-sequence eggs because two eggs 
(for chickens), and oystershell (see Arnold 1990 would be added to a parasitized nest in a single 
for additional details). day, and the parasitic egg could usually be iden- 

Coot nests were found during systematic tified based on eggshell color and/or spotting pat- 
searches of emergent wetland vegetation con- tern (Arnold, unpubl. data). It was more difficult 
ducted every 4-6 days. Most nests were revisited to identify parasitic eggs from among the sample 
several times during egg-laying for various ob- of unsequenced eggs, and in some cases, within- 
jectives; at each visit newly-laid eggs were num- clutch means and standard deviations may have 
bered with a permanent black marking-pen. It been calculated from samples that included one 
was not logistically feasible to visit nests every or more parasitic eggs. 
day in this study, and such frequent disturbance For analyses based on within-clutch standard 
sometimes resulted in nest abandonment. Thus, deviations, I used regressions and ANOVA to 
for a given nest, I usually knew exact laying order analyze variation with respect to clutch size, lay- 
for some eggs, but only approximate laying order ing date, supplemental feeding, and year (PROC 
for the remainder of the clutch. I measured the GLM; SAS Institute Inc. 1985). I compared egg- 
length (L, -to.05 mm) and maximum breadth size variation of renests (defined by 22 d lapse 
(B, -to.05 mm) of eggs using dial calipers. Egg in egg laying) and continuation nests (0 or 1 d 
volume was estimated using Hoyt’s (1979) equa- lapse in laying) with egg-size variation in the 
tion: Volume (cm3) = 0.000507.LB2. Estimated original nests using Wilcoxon matched-pairs 
egg volume was relatively free of measurement signed-ranks tests; most data used in these anal- 
error (0.34% ME, n = 76 eggs measured twice yses were from 1990, as renesting was not well 
each; Model II ANOVA, PROC NESTED, SAS documented in previous years. For analyses based 
Institute Inc. [ 19851) and was an excellent pre- on known-sequence eggs, I pooled data from 5- 
dictor of fresh egg mass (r* = 0.96, P < 0.0001, and 6-egg clutches and deleted clutches of ~14 
n = 322). In the following analyses, I used two eggs because of low sample sizes. In preliminary 
different measures of intraclutch egg-size varia- analyses, I tested for effects of laying sequence 
tion. For clutches with 12 unmeasured eggs, I on relative egg volume using one-way ANOVA 
used the standard deviation of within-clutch egg and polynomial regressions (PROC GLM; SAS 
volume as a measure of within-clutch egg-size Institute Inc. 1985). I elected to use polynomial 
variation. The standard deviation of within- regressions because they adequately described the 
clutch egg volume was independent of the mean data, they explained nearly as much variation as 
(r* = 0.0005, y1 = 357 clutches), so no transfor- did ANOVA, and they were much less sensitive 
mation of data was necessary. The second data to low sample sizes than were ANOVA. Effects 
set included all eggs for which laying order was of year, laying date, nest type (initial, continua- 
known exactly, and for which there were 52 un- tion, or renest), and supplemental food (all con- 
measured eggs in the clutch. Because most vari- trols vs. all feeding treatments) on relative egg 
ation in egg volume occurs among, rather than size by laying sequence were analyzed by includ- 
within, clutches (Alisauskas 1986, Arnold 1990) ing appropriate interaction terms in the poly- 
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Egg Sequence 
FIGURE 1. Relative egg volume (X + 1 SD) of American Coots in relation to clutch size (CS) and laying 
sequence. Relative egg volumes are corrected for within-clutch means and variances (e.g., z scores). Numbers 
above error bars are sample sizes. Statistical analyses are in Table 1. 

nomial regression models (because clutch means 
were standardized to zero, main effects of these 
variables should not have been significant, ex- 
cept by chance). 

RESULTS 

WITHIN-CLUTCH STANDARD DEVIATIONS 

Within-clutch standard deviations were calcu- 
lated from 3,219 measured eggs in 357 clutches. 
The average within-clutch mean egg volume was 
28.05 cm3 and the average within-clutch stan- 
dard deviation was 1.33 cm3. Standard devia- 
tions did not vary among years (F,,,,, = 0.18, P 
= 0.97), with clutch size (F,,355 = 0.13, P = 0.72), 

or with laying date (F,,,,2 = 2.08, P = 0.15); how- 
ever, supplementally-fed coots produced slightly 
less variable clutches than did controls (F,,,,, = 
4.17, P = 0.04). This result was only marginally 
significant (F1,206 = 3.41, P = 0.07) when 1985, 
1986, and 1990 data were deleted (no supple- 
mental food was provided in those years), but 
the effect size was not reduced (within-clutch 
standard deviations averaged 1.39 k 0.08 [ 1 SE] 
cm3 for controls and 1.22 f 0.05 cm3 for fed 
clutches). Egg size was slightly more variable in 
renests and slightly less variable in continuation 
nests (SD’s averaged 0.26 larger and 0.11 smaller 
than in the original nests, respectively), but these 
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TABLE 1. Effects of laying sequence, laying date, and supplemental food on relative size of American Coot 
eggs.8 

sample size sequence effects Date effects Food effbcts 
Clutch size ctrl Fed seq sesz Date x seq Date x seq’ Food x seq Food x seq’ 

5-6 22 14 0.23 0.23 0.73 0.76 0.24 0.24 

: 22 82 22 
6: 

0.23 0.04 0.12 0.01 0.20 0.84 0.14 0.83 0.66 0.97 0.71 0.95 
9 116 0.0001 0.000 1 0.03 0.008 0.61 0.73 

10 142 49 0.000 1 0.0001 0.17 0.16 0.80 0.91 
11 67 94 0.000 1 0.0001 0.83 0.73 0.68 0.59 
12 70 34 0.000 1 0.000 1 0.97 0.79 0.13 0.14 
13 32 46 0.03 0.004 0.54 0.68 0.67 0.85 

a Results based on polynomial regressions; models testing for date and food effects included main effects of seq and seq’. 

differences were not significant (T+ = 272, n = 
38, P > 0.05; T- = 69.5, n = 19, P > 0.05; 
respectively). 

KNOWN-SEQUENCE EGGS 

I determined relative egg volume for 882 known- 
sequence coot eggs from 233 nests. The average 
within-clutch mean egg volume for these nests 
was 27.85 cm3 and the average within-clutch 
standard deviation was 1.20 cm3. Hence, an egg 
with a standardized volume of - 1.00 was, on 
average, 1.20 cm3 (4.3%) smaller than the av- 
erage egg in the clutch. Standardized egg volume 
ranged from -3.80 to 2.45, and was negatively 
skewed (SQRT[b,] = -0.24, P = 0.004). There 
was no annual variation in relative egg volume 
by laying sequence, except in 7-egg clutches 
(P[year X sequence] = 0.02, P[year x sequence*] 
= 0.01). Based on inspection of the plotted data, 
I dismissed this result as an artifact of low and 
unbalanced sample sizes (sequence effects were 
not significant by themselves in 7-egg clutches 
[see below], and annual variation was not ap- 
parent in the preceding analysis of within-clutch 
standard deviations). Data were therefore pooled 
by year for remaining analyses. 

Relative egg volume varied significantly with 
laying sequence in clutches of 8 to 13 eggs, but 
not in smaller clutches (Table 1). Volume tended 
to increase rapidly over the first two to four eggs, 
then decline slowly for the remainder of the clutch 
(Fig. 1). First, second, penultimate, and final eggs 
were smaller than average, and eggs three through 
six were larger than average, although this pat- 
tern was not always apparent within the smaller 
clutches (Fig. 1). Relatively small eggs were also 
relatively variable, as evidenced by negative cor- 
relations between the mean and the standard de- 

viation of relative egg size (these correlations were 
significant for clutches of 9, 10, and 11). The 
number of eggs for which relative volume showed 
an initial increase was somewhat related to clutch 
size, with larger clutches exhibiting longer se- 
quences of increase (Fig. 1). Patterns of intra- 
clutch variation in standardized egg length and 
standardized egg breadth were virtually identical 
to the patterns exhibited for volume (Arnold, 
unpubl. data). 

For 29 clutches that were completely or near- 
completely sequenced (at most, data from one 
egg were missing), 27 (93%) had initial increases 
in egg volume and 22 (76%) had terminal de- 
clines (1986 and 1987 data only; two clutches of 
6, one of 7, three of 8, six of 9, five of 10, five 
of 11, three of 12, and four of 13). First-laid eggs 
were > 1 SD smaller than the mean in 18 (62%) 
clutches, second-laid eggs in 1 clutch (3%), penul- 
timate eggs in 9 (32%) clutches, and ultimate eggs 
in 15 clutches (52%); 12 (41%) clutches had one 
or more middle sequence eggs that were > 1 SD 
smaller than the mean. Clutches that failed to 
show the “typical” pattern of an initial increase 
and a terminal decline in egg size had fairly con- 
stant egg volumes over the initial and final se- 
quences, and/or the pattern was obscured by large 
fluctuations in the volume of middle sequence 
eggs. The number of eggs over which egg volume 
showed an initial increase was positively corre- 
lated with clutch size (rs = 0.46, P = O.Ol), but 
no such relationship existed between clutch size 
and the length of the terminal decline (rs = 0.25, 
P = 0.18). 

Relative egg volume did not vary with laying 
date except in 9-egg clutches (Table 1). Corre- 
lations of relative volume with laying date for 
each laying sequence revealed that only 9th~laid 
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FIGURE 2. Relative egg volume of American Coots 
in relation to nest type and laying sequence. Curves 
aresecond-orderpolynomialregressions. Statisticaldif- 
ferences among nest types are described in the text. 
Sample sizes are: initial nests, 182 eggs; renests, 36 
eggs; and continuation nests, 33 eggs. 

eggs varied with date (r = 0.48, P = 0.004, n = 
33). Examination of the scatterplot for 9th-laid 
eggs revealed that this correlation was driven by 
three late-season eggs; the relationship was not 
significant with these eggs deleted (Y = 0.3 1, P = 
0.10). Moreover, for other clutch sizes the cor- 
relations between laying date and relative egg 
volume of the last laid egg was both positive and 
negative, and never significant (P > 0.19). I 
therefore dismissed this result as spurious. 

Continuation nests and renests exhibited dif- 
ferent patterns of egg-size variation than did ini- 
tial nests (Fig. 2; P[nest x sequence] = 0.0008, 
P[nest X sequence21 = 0.0002). Continuation 
nests did not exhibit an initial increase in relative 
egg size, and neither continuation nests nor re- 
nests exhibited as precipitous a decline in late- 
sequence egg size as did initial nests (Fig. 2). 
These results should be considered tentative in 
view of the small sample sizes for renest and 
continuation nest eggs. 

Supplemental feeding did not affect patterns 
of relative egg volume by laying sequence for any 
clutch size (Table 1). Because Horsfall(1984) has 
shown that supplemental food affected relative 
egg size of European Coots (Fulica atra), I con- 
ducted an additional analysis similar to his 
(Horsfall 1984: Fig. 5) using only the first five 
eggs of each clutch (clutches of five and six eggs 
were excluded, remaining clutches were pooled 
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FIGURE 3. Effects of supplemental food and laying 
sequence on relative egg size (ST- + 1 SD) of American 
Coots for the first (A) and last five eggs (B; T = terminal 
egg, etc.) in the clutch (CS 2 7 only). Numbers above 
error bars are sample sizes. Supplemental feeding ef- 
fects were not significant (see text). 

for analysis). Relative egg size increased in a cur- 
vilinear pattern, with the largest increases oc- 
curring over the first three sequence positions 
(Fig. 3A, sequence effect: F,,,,,,, = 38.97, P = 
0.0001; sequence2 effect: FC,,3,3, = 20.75, P = 
0.000 1); this was similar to the pattern observed 
in European Coots (Horsfall 1984: Fig. 5). Unlike 
European Coots, however, there was no effect of 
supplemental food on relative egg volume of the 
first five eggs (Fig. 3A; food x sequence effect: 
F C,,3,3j = 0.15, P = 0.70; food x sequence2 effect: 
F C,,3,3j = 0.02, P = 0.90). I conducted a similar 
analysis using the last five eggs from each clutch. 
American Coots exhibited a decline in relative 
egg size at the end of the clutch (Fig. 3B; sequence 
effect: Pc1,5171 = 23.63, P = 0.0001; sequence2 
effect: &,,517) = 3.92, P = 0.05) (Horsfall did not 
present any data on last-laid eggs of European 
Coots, but stated that last-laid eggs declined in 
size, p. 94). As in the preceding analysis, sup- 
plemental food did not proximately affect this 
pattern (Fig. 3B; food x sequence effect: FC1,5,7j 
= 1.46, P = 0.23; food x sequence2 effect: FC,,5,7j 
= 1.00, P = 1.00). 
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DISCUSSION 

Relative egg size in this population of American 
Coots increased rapidly over the first two to four 
eggs, then declined slowly for the remainder of 
the clutch. The first-, penultimate-, and last-laid 
eggs (and sometimes the second-laid) were rel- 
atively small, and the third- through fifth-laid 
eggs were usually relatively large; this pattern was 
consistent and statistically significant for clutch- 
es of 8-l 3 eggs (sample sizes were generally small 
for clutches of <8 eggs). I am not aware of any 
hypothesis that predicts such a pattern, although 
several other studies have noted a pattern of rel- 
atively small first- and last-laid eggs (e.g., Parsons 
1976; Cooper 1978; Greig-Smith et al. 1987; 
Leblanc 1987; C. D. Ankney, pers. comm.). 

Supplemental feeding appeared to reduce the 
amount of within-clutch egg-size variation in 
coots, but effects of supplemental food on rela- 
tive egg volume could not be detected for any 
specific laying sequence, or for first- and last-laid 
eggs in general. Supplemental feeding affected 
other variables such as clutch size, adult body 
condition, and fledgling mass (Arnold 1990, un- 
publ. data), suggesting that food supplements 
provided coots with high-quality nutrition. I 
therefore conclude that sequence-specific pat- 
terns of intraclutch egg-size variation in Amer- 
ican Coots are not proximately affected by food 
supply. I attribute the slight reduction in within- 
clutch egg-size variation of supplementally-fed 
coots to a proximate food effect; e.g., coots oc- 
casionally lay relatively small eggs due to prox- 
imate energetic constraints, but these constraints 
occur randomly (and rarely) throughout the lay- 
ing sequence, and they do not cause the pattern 
of initial increase and terminal decline. Consis- 
tent with this view, supplemental feeding did not 
affect mean egg size per se, but laying skips were 
less frequent among fed coots (laying skips were 
rare in any case, i.e., food limitation appeared 
to be an infrequent constraint during egg laying) 
(Arnold 1990). 

Leblanc (1987) compared relative egg sizes of 
captive Canada Geese (Branta canadensis) on ad 
libitum diets with those of wild geese on natural 
diets and likewise concluded that food had little 
proximate effect on patterns of intraclutch egg- 
size variation. Karlsson (in Slagsvold et al. 1984) 
was able to affect laying date and egg size (among 
females) of European Starlings (Sturnus vulgaris) 

by providing supplemental food, but relative egg 
size of the last-laid egg was unaffected by food 
availability. Reid (1987), however, was able to 
affect the relative size of the third-laid (terminal) 
egg in Glaucous-winged Gulls (Lams glauces- 
tens) by providing females with supplemental 
food. Female Glaucous-winged Gulls appeared 
to be food-limited during late egg-laying due to 
reductions in courtship feeding by their mates, 
and relative size of the third-laid egg was posi- 
tively correlated with courtship feeding rate (Sal- 
zer and Larkin 1990). 

Horsfall(1984) showed that supplemental food 
resulted in greater relative masses of first- and 
second-laid eggs in European Coots. Horsfall in- 
terpreted this as an adaptation to minimize size- 
disparities among broodmates, and hence min- 
imize the likelihood of brood-reduction, given 
the availability of predictable, superabundant 
food. This interpretation was likely incorrect, 
however, because first-laid eggs of supplemen- 
tally-fed European Coots were relatively larger 
(Horsfall 1984: Fig. 5) and therefore produced 
relatively larger chicks (Horsfall 1984: Fig. 6) 
which also hatched earlier (Horsfall 1984: Fig. 
3) and therefore attained even greater body size 
than did chicks from later-laid eggs; these factors 
would all serve to exacerbate brood hierarchies 
and increase the likelihood of brood reduction 
among supplementally-fed European Coot broods 
(e.g., Stokland and Amundsen 1988). To have 
reduced size disparities among broodmates, sup- 
plementally-fed European Coots would either 
have had to delay the onset of incubation and/ 
or have produced relatively smaller first eggs; 
they appeared to do neither. Although the func- 
tional explanation for Horsfall’s results remain 
obscure, the different responses by European and 
American coots to supplemental food are nev- 
ertheless intriguing. 

American Coots use both endogenous nutrient 
reserves and exogenous food resources during 
egg formation (Alisauskas and Ankney 1985; but 
see Arnold 1990). Although my supplemental 
feeding experiments suggested that patterns of 
relative egg size were not proximately affected 
by food availability, these patterns might still 
correspond to ultimately predictable patterns of 
nutrient availability during egg formation. 

Alisauskas and Ankney (1985) noted that egg 
size of American Coots declined with laying se- 
quence (they did not detect an initial increase), 
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and they interpreted this result in terms of nu- 
trient reserve “savings” for the laying female. But 
endogenous reserves represent a fixed amount of 
nutrients that are available for egg formation, 
and there is no reason why egg size need decline 
with sequence to “save” reserves; coots need only 
lay consistent-sized eggs of the same average size 
and composition. Coots might, however, be rate- 
limited in their ability to mobilize body reserves 
for egg synthesis.This should not affect albumen 
synthesis, because the albumen of a given egg is 
produced in a single day and therefore represents 
a constant daily investment provided that eggs 
are of similar size and composition (e.g., Ali- 
sauskas and Ankney 1985: Fig. 5). Yolks, on the 
other hand, overlap in development and the larg- 
est daily nutrient costs for yolk synthesis are in- 
curred during the formation of middle-sequence 
eggs (Alisauskas and Ankney 1985: Fig. 5). Coots, 
however, obtained their highest “estimated sav- 
ings” on the last day of laying, when their costs 
were lowest, and many of these birds possessed 
substantial remaining lipid reserves at clutch 

-completion (Alisauskas and Ankney 1985: Fig. 
3). Because “estimated savings” do not overlap 
with “estimated costs,” it suggests that intra- 
clutch variation in egg size is not the result of 
ultimate constraints imposed by endogenous nu- 
trient reserves. Furthermore, given that late-se- 
quence egg size declined less rapidly among con- 
tinuation nests and renests (Fig. 2) where coots 
had presumably already utilized much of their 
endogenous reserves to produce an initial clutch, 
it seems even less likely that declining late-se- 
quence egg size is a function of proximate nu- 
trient reserve constraints. 

Coots apparently meet most of their protein 
and maintenance energy requirements through 
daily foraging (Alisauskas and Ankney 1985, Ar- 
nold 1990). Any factor(s) which consistently af- 
fected the availability of dietary food resources 
during egg laying could ultimately affect patterns 
of egg-size variation. In most temperate wetland 
systems, availabilities of aquatic invertebrates 
and submerged vascular plants are increasing 
during the period when coots are producing eggs 
(Arnold 1990; see also Daan et al. 1989) sug- 
gesting that egg size should increase with laying 
sequence due to more abundant food. However, 
egg-size variation was unaffected by laying date; 
moreover, mean size and nutrient content of eggs 
declined seasonally, contrary to food availability 

(Arnold 1990; Arnold et al., unpubl. MS). Al- 
though food abundance is likely increasing dur- 
ing the laying period, the amount of time avail- 
able for foraging is probably declining due to 
increasing incubation constancy (Arnold, un- 
publ. data). However, digestive tract contents (g) 
of laying female coots did not vary with number 
of eggs laid (r = -0.03, P = 0.89, n = 25; Arnold, 
unpubl. data), suggesting that food consumption 
was fairly constant throughout laying. Hence, ul- 
timately predictable patterns of endogenous and 
exogenous nutrient availability are not consis- 
tent with observed patterns of intraclutch egg- 
size variation. 

Alternatively, coots may invest differentially 
in eggs based on their probability of producing 
surviving chicks. This hypothesis requires that 
reproductive value of eggs should vary with lay- 
ing or hatching order and with relative egg size 
(e.g., Parsons 1970, Schifferli 1973, Ankney 1980, 
Horsfall 1984). This hypothesis predicts two very 
different patterns of egg-size variation depending 
on whether brood reduction is the adaptive goal, 
or a maladaptive consequence, of hatching asyn- 
chrony (e.g., Clark and Wilson 1981, Slagsvold 
et al. 1984): (1) in species for which food resources 
frequently limit brood size, late-sequence eggs 
might be smaller to facilitate brood-reduction, 
and (2) in species where brood-reduction is a 
maladaptive consequence of selection for early 
incubation onset (e.g., Clark and Wilson 1981, 
Arnold et al. 1987), late-sequence eggs might be 
larger to offset the competitive disadvantage of 
late-hatched young. Prediction 1 is weakened by 
three general observations: (1) egg size is un- 
important, relative to hatching order, in deter- 
mining nestling size hierarchies (Stokland and 
Amundsen 1988) (2) many birds appear capable 
of rearing larger than normal broods (reviewed 
in Lessells 1986, Ydenberg and Bertram 1989), 
and, most importantly, (3) in almost all cases 
where nestling size hierarchies have been exper- 
imentally reduced, synchronous broods have 
fledged more young than asynchronous broods 
(reviewed in Amundsen and Stokland 1988). If 
brood-reduction is a deleterious and inevitable 
by-product of selection for early onset of incu- 
bation, then egg size might also be smaller in 
late-sequence eggs if increased egg size did little 
to offset survival disadvantages of late-hatched 
chicks (e.g., Bancroft 1984, Arcese and Smith 
1988) and if nutrients could be invested more 
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profitably elsewhere (e.g., towards additional eggs, 
incubation, or renesting; De Laet and Dhondt 
1989, Moreno 1989, Rohwer and Eisenhauer 
1989). By combining this “egg value hypothesis” 
with the nutrient limitation hypothesis, Alisaus- 
kas and Ankney’s (1985) hypothesis of nutrient 
“savings” might become a tenable explanation 
of declining egg mass among late-sequence coot 
eggs, although it still cannot explain the relatively 
small size of first-laid eggs. The combined effects 
of incubation onset, brood reduction, nest loss, 
and hatching failure might conceivably produce 
a pattern of sequence-specific egg values that was 
consistent with observed patterns of egg-size 
variation, but I lack the quality of empirical data 
necessary to attempt this. 

Leblanc (1987) suggested that the smaller size 
of first-laid and last-laid eggs in Canada Geese 
might be physiological responses to changing 
hormonal levels associated with onset of egg- 
laying and onset of incubation, respectively (see 
also Mead and Morton 1985). Although this does 
not represent an adaptive hypothesis, it can be 
formulated as such by supposing that the costs 
of a more refined physiological control system 
outweigh any benefits of uniform egg size. In 
coots, onset of incubation typically occurred be- 
tween the third and sixth eggs, with onset oc- 
curring earlier among late-season and small 
clutches (Arnold, unpubl. data). Although vari- 
ation in incubation onset with respect to clutch 
size was somewhat consistent with patterns of 
egg-size variation (e.g., Fig. 1; duration of initial 
increase is positively correlated with clutch size), 
the lack of laying date effects on relative egg size 
was not consistent with this hypothesis. The small 
size of first- and second-laid eggs might be at- 
tributable to “gearing up” physiologically for egg 
production (Parsons 1976), and the lack of early 
egg effects in continuation nests is certainly con- 
sistent with this hypothesis (this is based on only 
three eggs, however). Finally, I note that the length 
of the terminal decline among larger clutches is 
five to seven eggs (Fig. l), which is coincidentally 
similar to the number of simultaneously-devel- 
oping follicles in laying coots (17, Alisauskas 
and Ankney 198 5; typically 4-6, Arnold, unpubl. 

to explain the full range of intraclutch egg-size 
variation in coots and other birds, these physi- 
ological explanations may warrant additional 
consideration. 
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