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Determinacy of clutch size in Horned and Pied-billed grebes. —Clutch size of altricial birds
generally is presumed to be limited by the ability of parents to provide adequate food for
nestlings (Lack 1947, Klomp 1970; but see Nur 1986). Factors determining clutch size in
precocial birds are more obscure (Winkler and Walters 1983), but the ability of females to
produce eggs is thought to be important for many species, especially those with self-feeding
young (e.g., Anseriformes; Lack 1967, Ankney and Afton 1988; but see Rohwer 1988). Many
researchers have suggested that egg-production costs might also be important for birds with
parentally fed young (e.g., Houston et al. 1983, Alisauskas and Ankney 1985, Hails and
Turner 1985). The egg-production hypothesis predicts that observed clutch size is smaller
than the most productive brood size due to the inability of females to produce additional
eggs. However, some species with parentally fed young produce larger than normal clutches
when eggs are removed from their nests during laying (reviewed in Klomp 1970; see also
Reid 1987, Beukeboom et al. 1988). Such examples of extended egg laying do not support
the egg-production hypothesis (Klomp 1970, Rohwer 1986).

Little research has focused on the factors influencing clutch size in grebes (Podicipedi-
formes). McAllister (1958) removed one freshly laid egg (second-, third-, or fourth-laid)
from each of 32 Eared Grebe (Podiceps nigricollis) nests. Grebes with removal nests produced
an average of 3.97 eggs, versus 3.40 for 106 control nests (z-test, P < 0.01). Fugle and
Rothstein (1977) removed all freshly laid eggs from two Pied-billed Grebe (Podilymbus
podiceps) nests that they visited daily, beginning with the second- or third-laid eggs. One
grebe produced a super-normal clutch of 13 eggs, and the other grebe laid a “normal” clutch
of seven. In the present study, I conducted egg-removal and egg-addition experiments with
Horned Grebes (Podiceps auritus) and a larger sample of Pied-billed Grebes.

Grebes were studied in 1987 and 1988 on small wetlands located near Minnedosa, Man-
itoba (50°10'N, 99°47'W). Egg-removal experiments involved the removal of eggs 3-6 (5
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TABLE 1
MEAN NUMBER OF EGGs LAID BY HORNED AND PiED-BILLED GREBES IN RESPONSE TO
EXPERIMENTAL REMOVAL AND ADDITION OF EGGs

Treatment
Species: Four egg removal Control Four egg addition
Horned Grebe 8.60 = 0.89 (5)° 6.45 = 1.63(11) 6.00 (¢))
Pied-billed Grebe 8.14 = 0.90 (7) 7.33 £ 1.28 (21) 7.50 = 0.71 (2)
Combined® 8.33 + 0.89 (12) 7.02 + 1.42(32) 7.00 = 1.00(3)

2%+ 1SD (N).
b Weighted means.

nests) or 4-7 (11 nests) on the day of laying (e.g., four total eggs were removed from each
nest over a 4-, or occasionally 5-, day period). Egg additions involved adding four fresh eggs
to nests on days 3 and 4 of egg laying (two eggs were added each day). Controls were nests
found during egg laying which were not manipulated. Clutch size represents the total number
of eggs laid by the attendant female (i.¢., it includes egg-removals but not egg-additions).
Clutch size was recorded after laying had ceased for two consecutive days, provided nests
were still being incubated. Clutch size data were analyzed using a two-way ANOVA with
species and clutch manipulation as main effects (Horned and Pied-billed grebe data were
analyzed together due to low sample sizes). Statistical significance was inferred based on
Type III Sums-of-Squares (SAS Institute Inc. 1985).

Mean clutch sizes for control nests were 6.5 for Horned Grebes and 7.3 for Pied-billed
Grebes (Table 1); this difference was not significant(Pypecics efiey = 0.17), although other
studies from this area indicate that Pied-billed Grebes lay slightly larger clutches than do
Homned Grebes (Sealy 1978, Ferguson and Sealy 1983). Egg removal had a significant
influence on total number of eggs laid (Pyeeqtment efiecy = 0.007), with removal birds laying, on
average, 1.3 more eggs than did controls. This effect did not differ statistically between
Horned Grebes and Pied-billed Grebes (Pgneraction eeey = 0-28), although inspection of the
data suggests that Horned Grebes may have been more responsive to removals. Few egg-
addition nests were obtained; the three nests which reached incubation stage contained
normal numbers of host eggs (Table 1).

Homed and Pied-billed grebes did not meet Cole’s (1917) definition of indeterminate
layers; they did not suspend laying in response to egg-additions and they did not completely
compensate for the four eggs removed during removal experiments. Neither did Horned
and Pied-billed grebes meet Cole’s definition of determinate layers; removal birds laid
significantly more eggs than did control birds. These results, like previous studies (McAllister
1958, Fugle and Rothstein 1977), provide ambiguous evidence for the egg-production hy-
pothesis. Some individuals were clearly capable of producing more eggs than normal, thus
egg-formation costs would not appear to be constraining clutch size in these individuals.
However, some individuals did not respond to removals by producing additional eggs. This
may indicate that they were unable to produce additional eggs, or it may indicate only that
birds did not receive the proper stimuli necesary to extend egg laying (Klomp 1970, Winkler
and Walters 1983, Rohwer 1986).
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