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Comments on the Sample Sizes Used to Test the Effect of Experimental Brood
Enlargement on Adult Survival

JEFF GRAVES
Department of Biology and Preclinical Medicine, University of St. Andrews,
St. Andrews, Fife KY16 9TS, United Kingdom

Demonstrating that an experimental manipulation
does not have an effect on adult survival can fre-
quently be difficult. In particular, a small sample size
may be inadequate to have a reasonable chance of
finding a real difference between experimental and
control groups (type II error). In recent reviews of
the literature on experimental studies of the cost of
reproduction, Linden and Meller (1989), Dijkstra et
al. (1990), and Nur (1990) cited studies of increased
reproductive effort on adult mortality in 11 species
that was caused by experimental enlargement of brood
size. They reported that in only four of these species
(Askenmo 1979; Nur 1984, 1988a; Reid 1987; Dijkstra
et al. 1990) was there a significant increase in adult
mortality for at least one sex subsequent to experi-
mental brood enlargement. Because more experimen-
tal brood enlargement manipulations reduced adult
fecundity in the next breeding attempt rather than
increased adult mortality, it is tempting to conclude
that the trade-offs that reduce adult fecundity are more
likely than those that reduce adult survival (Linden
and Meller 1989). Unfortunately, many of the studies
that found no significant effect on adult mortality
have sample sizes below that required to have even
areasonable probability of detecting a significant dif-
ference between the experimentals and the controls
(i.e. inadequate statistical power).

Although several authors commented that small
sample size results in a low probability of rejecting
the null hypothesis (Nur 1988b, 1990; DeSteven 1980;
Linden and Mpgller 1989), none of the studies that
reported failure to find any significant increase in
adult mortality after experimental brood mortality also
calculated the statistical power of their results. There
exist discussions of the problem of determining the
sample size required to detect a significant difference
between two populations (Fleiss 1981, Cohen 1988).
Fleiss (1981) provided a simple formula that gives an
approximation of the sample sizes required, and he
also provided an appendix that lists the sample sizes
necessary to achieve different levels of power with
different significance levels and different pairs of pro-
portions for the experimental and control groups. Co-

hen (1988) has the most extensive treatment, with
tables for sample sizes and for calculating the power
of any particular test.

Significance levels are now rigidly set by conven-
tion at 0.05 or less, but there is as yet no general
agreement on the critical level of power. Toft and
Shea (1983) recommend that 8, the probability of type
IT error, be set at 0.05, so that the poweris 1 — g8 (i.e.
0.95 or greater). This would require very large sample
sizes; far in excess of what is usually possible in field
studies, unless the difference between the two groups
was very marked indeed. Fleiss (1981) and Cohen
(1988) suggest as a reasonable compromise the crite-
rion that type II error should be set at four times the
level set for type I error. Thus, when the significance
level is 0.05 the criterion for type II error would be
set at 1 — 0.20 (i.e. 0.80). The acceptance of such a
criterion for the statistical power of a test would pre-
suppose that type I errors are in general four times
as serious as type II errors (Cohen 1988).

In the case of changes in adult mortality when brood
size has been experimentally enlarged or reduced,
there is usually some information beforehand on the
expected mortality of the controls. Setting the sig-
nificance level at the usual 0.05 and the type Il at 0.80,
a curve for the sample sizes required can be generated
for any level of mortality for the experimental sub-
jects. There is a very rapid increase in sample size
required as the mortality of the experimentals ap-
proaches that of the controls (Fig. 1). If the control
mortality is 40% and the experimental is 45%, then to
have an 80% chance of detecting it at the 0.05 level
of significance, 1,573 birds in both the groups will be
required.

These results greatly affect the interpretation of most
of the studies on brood enlargement and its effect on
adult mortality. Of the eight studies that found no
effect on adult mortality, six used sample sizes for
experimental or control groups of 30 or fewer nests
(DeSteven 1980, Harris 1970, Hegner and Wingfield
1987, Korpimiki 1988, Orell and Koivula 1988, Ras-
kaft 1985). With sample sizes as small as this, the
experimental birds would have to suffer a massive
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Fig. 1. Estimates of the sample sizes of birds re-

quired in each group to test the difference between
percentage mortality of each group when «, the prob-
ability of type I error, is set at 0.05 and 8, the prob-
ability of type II error, is set at 0.20. The percentage
of mortality of the experimental group is given at the
top of the curve.

increase in mortality before there would be an 80%
chance of detection at the 0.05 level. If we assume
that the observed differences in the proportions of
mortality in the adults with normal and enlarged
broods represents the true difference, it is possible to
calculate the statistical power for these experiments
from the tables in Cohen (1988) or the formula in
Fleiss (1981). In all six cases the probability of a type
II error is 0.9 or more, the statistical power is 0.1.
Although several of the studies also provided data on
reduced broods as well, I have treated only the two
classes of control and enlarged. Finding sample sizes
for more than two classes is difficult because of the
great variety of possible deviations away from the
expected (Sokal and Rohlf 1981).

Two of the studies that reported no effect of in-
creased brood size on adult mortality used sample
sizes in the hundreds, large enough to have an 80%
chance of detecting a significant difference provided
that the difference in the mortality of the two groups
had been ca. 0.15 or greater (Gustafsson and Suth-
erland 1988, Pettifor et al. 1988). Because neither of
these papers list the levels of mortality observed for
any groups, it is not possible to calculate the power
of the test. However, even these studies have sample
sizes inadequate for detecting a difference of 0.10 or
less at the 0.05 significance level with a probability
of 0.8 or more. Both of these studies also collected
data over several years, which lessens the possibility
that any selection pressure against large broods might
be relaxed in any one year (Nur 1988b). However,
lumping data over different years might obscure a
cost of reproduction that was present in some years
but not in others.

Two of the three studies that found evidence of an
effect on parental survival had very high levels of
mortality in at least one sex. Askenmo (1979), in a
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4-yr study, found that mortality in male Pied Fly-
catchers (Ficedula hypoleuca) increased from 62% for
controls to 82% for males with enlarged broods. Nur
(1984, 1988a) found in a 3-yr study that female Blue
Tits (Parus caeruleus) had a significant increase in mor-
tality with increasing brood size. Mortality was ap-
proximately 70% for very small clutches and 85% for
large clutches. In both studies the clutch size was
increased within the range of normal clutches. In the
third study, Reid (1987) found that male and female
Glaucous-winged Gull (Larus glaucescens) showed re-
duced survival if given supernormal broods. He com-
bined the adult survival of all the supernormal-sized
broods (4-7 chicks), and compared this with the adult
survival rate of adults with normal-sized broods (1-
3 chicks). This gave an adequate sample size of 319
adults with broods enlarged to supernormal size. It
would also be of interest for life history studies to
measure the effect the normal maximum brood size
of three has on adult survival (Linden and Maeller
1989). Reid found that mortality increased from 16.6%
for adults with broods of one or two chicks to 21%
for adults with broods of three chicks, but this dif-
ference was not significant. With a sample size of 105
adults with 3-chick broods, the probability of finding
a significant difference at the 0.05 level for this dif-
ference in mortality of the two groups is only 20%.
If this 4.4% increase was the true difference in mor-
tality between adults with broods of one or two and
those with three, then to have an 80% chance of find-
ing it at the 0.05 level would require a sample size of
>1,200 birds in both the experimental and control
groups. There is also a sharp decrease in adult survival
between parents with broods of 3 and those with
broods of 4. Nur (pers. comm.) used linear logistic
regression to reanalyze Reid’s (1987) published data
and found that there is a significant effect of brood
size for broods of 1-4 chicks, excluding the super-
normal broods of 5-7 chicks.

Because relatively small increases in mortality with
increased brood size can be important in the analysis
of life history traits, especially in long-lived species
with a low level of annual mortality, it is important
to try to use a sample size large enough to give a
reasonably high probability of actually finding this
difference if it exists. Because adequate sample sizes
can run very high, this is obviously not possible in
many field experiments. The alternative is to publish
the power of the test that was possible as well as the
exact probability value. Certainly reporting power
when positive assertions are made from negative ev-
idence is essential.
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comments. I also thank N. Nur for the very extensive
comments and suggestions as a referee, and for bring-
ing both his then unpublished chapter and Fleiss’s
book to my attention. This work was supported by
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Courtship of Ducklings by Adult Male Chiloe Wigeon (Anas sibilatrix)

GWEN BREWER!
James Ford Bell Museum of Natural History, University of Minnesota, 10 Church Street SE,
Minneapolis, Minnesota 55455 USA

Unlike most birds with seasonal pair bonds, many
waterfowl pair much in advance of the next breeding
season (Rohwer and Anderson 1988). For example, in
Holarctic dabbling ducks (Anatini), courtship and pair
formation occur up to 8 months before breeding be-
gins (Hepp and Hair 1983). During the early period
of bond formation, males court females and try to

! Present address: Department of Biology, Frost-
burg State University, Frostburg, Maryland 21532 USA.

lead them away from other birds. When females show
their preference for one male and rejection of others
by giving Inciting displays, temporary associations
between males and females are formed. As bonds
strengthen, the members of a pair maintain close
proximity, synchronize their activities, repel rivals,
and perform displays that reinforce the bond (Mc-
Kinney in press). Pair bonds continue to be tested
during spring migration and after arrival on the
breeding grounds, although most birds are paired by
this time.



