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when food was scarce. Hansen (1986) also equated
instances of talon-to-body contact with relative scar-
city of food. He found 4.5% of the interactions included
contact during food scarcity, while only 0.6% included
contact when food was abundant. Hunger was likely
the driving factor causing the increased aggression ex-
hibited by eagles during food scarcity. In this study,
one male used contact in an interaction against a female
of the same age after the male had been away from the
hacking platform for 16 days; the male had been fol-
lowed closely by telemetry and was not known to have
fed during that period.

In this study, size appears to be the most important
factor in determining the outcome of an interaction.
While age (as displayed by plumage) may be used by
eagles to evaluate the potential fighting ability of op-
ponents, it may not be as important as size. Knight
and Skagen (1988) found that the probability of a small
eagle supplanting any other eagle was low unless a small
adult was attempting to pirate from a small immature.
Other factors, such as hunger level (Hansen 1986), may
act as modifiers which alter the risk/benefit associated
with challenging a potentially more dangerous (i.e.,
larger and/or older) opponent.

I would like to thank Gary Roemer, Richard Go-
lightly, David Kitchen, Debra Schlafmann, and two
anonymous reviewers for their comments on the
manuscript.
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DAvip A. WIGGINS

Behavioural Ecology Research Group, Department of Biological Sciences, Simon Fraser University,
Burnaby, British Columbia, V54 186 Canada

Key words: Tree Swallow; Tachycineta bicolor; clutch
size; adult survival; offspring size.

Many proximate factors, such as time of season, geo-
graphical location, and the age of the female are known
to affect clutch size in birds (Klomp 1970, Murphy and
Haukioja 1986). From an ultimate perspective, Lack’s
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(1947, 1966, 1968) viewpoint, that individuals set their
clutch size to the level that produces the maximal num-
ber of offspring contributed to the next generation, has
recently been modified to account for annual fluctua-
tions in environmental conditions (Van Noordwijk et
al. 1981, Boyce and Perrins 1987). While some authors
have argued that a cost of reproduction, via adult sur-
vival, has acted as the major constraint on clutch size
(Williams 1966, Charnov and Krebs 1974), several
recent studies have provided no evidence of such costs
(De Steven 1980, Smith 1981, Boyce and Perrins 1987,
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TABLE 1. Clutch size, day 16 brood size, nestling mass, and nestling tarsus length of expanded, control, and
reduced Tree Swallow broods. Sample sizes refer to the number of broods in each treatment group. Brood means

were used to compare nestling mass and tarsus length.

Clutch size Brood size Body mass Tarsus length
n x SD b4 SD X SD b4 SD
Expanded 8 5.92 0.3 7.3v 0.7 18.27¢ 1.54 10.3¢ 0.5
Control 13 5.7 0.5 5.3 0.7 21.164 1.33 10.5 0.4
Reduced 8 5.9 0.3 3.5 0.5 20.53 1.09 10.1 0.5

= Expanded = control = reduced, Kruskal-Wallis test = 0.69, P > 0.05.

® Expanded > control > reduced, Kruskal-Wallis test = 22.4, P < 0.0001.
< Expanded < control, Mann-Whitney U = 12, P < 0.01; Expanded < reduced, Mann-Whitney U= 7, P < 0.01.

4 Control = reduced, Mann-Whitney U = 35.5, P > 0.05.

¢ Expanded = control = reduced, Kruskal-Wallis test = 4.26, P > 0.05.

Gustafsson and Sutherland 1988, Pettifor et al. 1988,
Alatalo and Lundberg 1989).

Another potential constraint on clutch size involves
the trade-off between clutch size and offspring survival
and/or quality (Lack 1954, Perrins and Moss 1975,
Pettifor et al. 1988). Several studies have shown that
artificial increases in brood size result in lower fledgling
mass (Askenmo 1977; Nur 1984a; Gustafsson, unpubl.
data cited in Gustafsson and Sutherland 1988, Alatalo
and Lundberg 1989). As it is often correlated with
subsequent juvenile survival (Perrins 1965, Garnett
1981, Gustafsson and Sutherland 1988, but see Nur
1984a), fledgling mass may provide a reliable indica-
tion of the probability of recruitment to the breeding
population. In this study, I manipulated the brood size
of Tree Swallows (Tachycineta bicolor) and monitored
both the reproductive success and overwinter survival
of females raising enlarged, reduced, and control broods.

STUDY AREA AND METHODS

Data were collected from early May to early July 1987
at the Creston Valley Wildlife Management Area in
southeastern British Columbia. Details of the study site
and of measurements taken on nestlings are described
elsewhere (Wiggins 1989). Nests used for experi-
mental chick transfers were chosen opportunistically
due to limited breeding synchrony. Unmanipulated
nests were used as controls. Experimental nests were
paired according to clutch size and hatching date. Two
1- to 2-day-old young were removed from each “re-
duced” brood and placed in their paired “‘expanded”
brood. Nests were checked two or three times/day near
hatching to determine nestling age. All young trans-
ferred between broods were similar in age (to within
12-14 hr) to their foster broodmates.

Initially, 28 nests (22 six-egg clutches, six five-egg
clutches) were manipulated. However, predation of fe-
males and/or nestlings reduced the number of exper-
imental broods to 23. In addition, nests used in the
analysis were restricted to those in which a maximum
of one chick was lost during the nestling stage. Thus,
only those expanded nests in which brood size was at
least clutch size + 1 were included in the analyses. Four
expanded and three reduced broods were excluded due
to the loss of two or more nestlings.

Nestling mass and tarsus length in the three treat-
ment groups were measured 16 days after hatching and
were analyzed by comparison of brood means. While

this analysis neglected within-brood sources of varia-
tion, it was useful in this study as the three treatment
groups each contained a range of brood sizes (reduced:
three to four nestlings; control: five to six nestlings;
expanded: seven to eight nestlings).

All breeding females were captured on the nest dur-
ing incubation and banded with plastic color bands
and with U.S. Fish and Wildlife Service aluminum
bands. Survivorship estimates were derived from re-
captures and sightings of females in 1988. Survivorship
rates were minimum estimates as emigration to other
breeding sites may have occasionally occurred —four
of the approximately 170 breeding females banded in
1986 and 1987 skipped breeding in the study area and
returned to breed in subsequent years.

RESULTS AND DISCUSSION

The clutch size, day 16 brood size, nestling mass, and
tarsus length of the three groups are presented in Table
1. Clutch size did not differ significantly between the
three groups. However, there was a significant differ-
ence in brood size at day 16 with expanded broods >
control broods > reduced broods. The mean differ-
ences between the number of young at day 16 and the
initial clutch sizes were + 1.37 (expanded broods), —0.38
(control broods), and —2.38 (reduced broods). These
differences were due to unhatched eggs (n = 6) and
apparent nestling starvation (n = 6, including four in
expanded broods). The mean nestling mass in expand-
ed broods was significantly lower than that of nestlings
in both control and reduced broods. Tarsus length did
not differ between the three groups.

The return rate of breeding females was calculated
for each group. The return rates of females raising en-
larged broods (5/8, 63%) did not differ from that of
females raising either control (5/13, 38%) or reduced
(3/8, 38%) broods (G = 0.49, P > 0.05).

The experiment was successful in establishing sig-
nificant differences in brood size among the three treat-
ment groups at day 16. However, there was no signif-
icant difference between reduced and control broods
in the mass of nestlings. Conversely, expanded broods
showed significantly lower nestling masses at day 16
than either control or reduced broods. Alatalo and
Lundberg (1989) found that experimentally reduced
Pied Flycatcher (Ficedula hypoleuca) broods produced
significantly heavier nestlings than controls, whereas
enlarged broods produced significantly lighter nest-
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lings. However, in another study of Pied Flycatchers,
Askenmo (1977) found that brood size manipulations
had significant effects on nestling mass during only 1
of 2 years. Thus, environmental conditions at the time
of breeding appear to have an impact on fledgling mass.
In addition, De Steven (1980) showed that manipu-
lated brood size had no effect on the mass of nestling
Tree Swallows raised by old females, and only small
effects on the mass of nestlings raised by first-year fe-
males. As only six (three reduced, two expanded, one
control) of the 29 females in my study were first-year
birds, female age likely had negligible, if any, effects.

Nestling mass at fledging has been shown to affect
the subsequent probability of survival in a number of
passerine species (Great Tits Parus major, Perrins 1965,
Garnett 1981; Blue Tits P. caeruleus, Nur 1984a; Pied
Flycatcher and Collared Flycatcher Ficedula albicollis,
Alatalo and Lundberg 1989). De Steven (1978) found
no effects of brood-size manipulation on the subse-
quent return rates of juvenile Tree Swallows in south-
ern Ontario. However, this was not surprising as the
manipulations had no effect on the mass of nestlings,
relative to brood size (De Steven 1980). Low return
rates (1-2% annually) of juveniles precluded such anal-
yses in the Creston Tree Swallow population.

Alatalo and Lundberg (1989) used the survival prob-
abilities of fledgling Collared Flycatchers (Gustafsson,
unpubl. data) to estimate recruitment rate in their pop-
ulation of Pied Flycatchers. If Gustafsson’s estimates
of recruitment probabilities are applicable to other
small, hole-nesting, aerial insectivores, then Tree Swal-
low fledglings from my expanded broods likely realized
poor recruitment. Gustafsson found that fledgling in
the range of 87-93% of the mean fledgling mass for the
population returned to the breeding area at only 20%
of the frequency of heavier nestlings. In my study,
fledglings from expanded broods were 10% lower than
the mean mass of fledglings in the population. Con-
sequently, normal-sized broods likely produced the
greatest number of recruits to the breeding population
(cf. Hogstedt 1980).

The effects of a cost to reproduction on adult survival
may be small and, consequently, require large data sets
to detect (cf. Gustafsson and Sutherland 1988, Pettifor
et al. 1988, Alatalo and Lundberg 1989). Although the
sample sizes in my study were small, there was no
indication that females raising enlarged broods had
lower return rates the following spring. However, small
sample sizes severely restricted the statistical power in
such comparisons and the results should be viewed as
tentative at best.

While the results of this study represent only one
breeding season, they do indicate that offspring quality
mediated through brood size may constrain clutch size
in female Tree Swallows, at least in some years. Alatalo
and Lundberg (1989) found that expanded and control
Pied Flycatcher broods realized similar recruitment
rates, whereas Nur (1984b) found that artificially ex-
panded Blue Tit broods realized higher recruitment
rates. Although my single-year data set does not ad-
dress this point, van Noordwijk et al. (1981) and Boyce
and Perrins (1987) suggest that interyear variation in
the survival probabilities of both fledglings and adults
is likely to produce such varying results.
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study, and two anonymous reviewers for helpful com-
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study was provided by a Grant-in-Aid of Research
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THE CORRECT SPELLING OF HYPOLEUCUS REICHENBACH, 1852

DoucGLas SIEGEL-CAUSEY
Museum of Natural History and Department of Systematics and Ecology,
University of Kansas, Lawrence, KS 66045-2454

By typographic error, I (1988, Condor 90:885-905)
used Hypoleucos [sic] as a generic name for a clade of
mesocormorants, Although this spelling is validly used

! Received 15 January 1990. Final acceptance 22
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as a species epithet, the correct usage throughout should
be Hypoleucus Reichenbach, 1852. In addition, in Ap-
pendix 1, state (c) of character #107 should read “lat-
eral scar robust, more than one intervertebral foramen
in length.” A few minor character-related errors in the
figures can be reconciled easily using Appendix 2, which
is accurate.



