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Evolution, 50(5), 1996, pp. 2049-2065 

BODY SIZE AND HAREM SIZE IN MALE RED-WINGED BLACKBIRDS: 
MANIPULATING SELECTION WITH SEX-SPECIFIC FEEDERS 

SIEVERT ROHWER,1 NANCY LANGSTON,2 AND DAVE GORI3 
Burke Museum and Department of Zoology, P.O. Box 353010, University of Washington, Seattle, Washington 98195 

'E-mail: rohwer@ u. washington. edu 

Abstract.-We experimentally manipulated the strength of selection in the field on red-winged blackbirds (Agelaius 
phoeniceus) to test hypotheses about contrasting selective forces that favor either large or small males in sexually 
size dimorphic birds. Selander (1972) argued that sexual selection favors larger males, while survival selection 
eventually stabilizes male size because larger males do not survive as well as smaller males during harsh winters. 
Searcy (1979a) proposed instead that sexual selection may be self limiting: male size might be stabilized not by over- 
winter mortality, but by breeding-season sexual selection that favors smaller males. Under conditions of energetic 
stress, smaller males should be able to display more and thus achieve higher reproductive success. Using feeders that 
provisioned males or females but not both, we produced conditions that mimicked the extremes of natural conditions. 
We found experimental support for the hypothesis that when food is abundant, sexual selection favors larger males. 
But even under conditions of severe energetic stress, smaller males did not gain larger harems, as the self-limiting 
hypothesis predicted. Larger males were more energetically stressed than smaller males, but in ways that affected 
their future reproductive output rather than their current reproductive performance. Stressed males that returned had 
smaller wings and tails than those that did not return; among returning stressed males, relative harem sizes were 
inversely related to wing and tail length. Thus, male body size may be stabilized not by survival costs during the 
non-breeding season, nor by energetic costs during the breeding season, but by costs of future reproduction that larger 
males pay for their increased breeding-season effort. 

Key words.-Agelaius phoeniceus, experimental feeders, red-winged blackbirds, sexual size dimorphism, sexual se- 
lection. 
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The forces of selection on male body size in polygynous 
birds remain unresolved. Using single-sex feeders, we ma- 
nipulated the strength of selection in the field on red-winged 
blackbirds (Agelaius phoeniceus, hereafter redwings) to test 
hypotheses about opposing selective forces acting on male 
body size. In many families of birds, mammals, and other 
vertebrates, males are larger than females. The magnitude of 
this sexual size dimorphism varies enormously: in small pas- 
serines, males may be only 3-5% larger than females, where- 
as in various pinnipeds, grouse, and icterids, males may be 
twice the size of females (Selander 1972; Alexander et al. 
1979; Payne 1984). Redwing males weigh 55% more than 
females. Why are males so much bigger than females, and 
what eventually stabilizes male body size? 

Several selective forces have been proposed to account for 
the evolution of sexual size dimorphism. First, as Darwin 
(1871) argued, sexual selection might drive male size upward 
if larger males were favored over smaller males in direct 
competition for females or for resources that attract females. 
Second, fecundity selection might drive female size below 
the optimum for survival if smaller females, because of lower 
maintenance costs, could divert more resources into repro- 
duction than larger females (Downhower 1976; Langston et 
al. 1990). Third, selection might favor divergence in male 
and female sizes to reduce male-female competition for re- 
sources (Van Valen 1965; Selander 1972). 

Different as these hypotheses are, they all share a funda- 
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mental assumption: that survival selection eventually stabi- 
lizes directional selection for size changes in both sexes. 
Males can only get so much bigger before the increasing 
growth or maintenance costs associated with larger size coun- 
ters the reproductive advantages offered by larger size (Dar- 
win 1871; Fisher 1958; Lande 1980; West-Eberhard 1983; 
Kirkpatrick 1987). Assuming the nonbreeding season to be 
the period of resource shortage, Selander (1965, 1972) pro- 
posed that smaller males should survive better than larger 
males during winter. Similarly, females can only get so much 
smaller before they may suffer in their ability to store suf- 
ficient fat reserves to survive fasts or to compete aggressively 
with other females. 

Evaluations of the selective pressures favoring larger males 
and of the selective forces stabilizing male body size have 
been equivocal (Searcy and Yasukawa 1995; see below). De- 
spite over a century of interest in sexual size dimorphism, 
we lack a reasonable knowledge of the opposing selective 
forces that may stabilize male or female body size. The only 
exception is for some Darwin's finches (Boag and Grant 
1981; Price 1984a,b; Price and Grant 1984, 1985; Grant 
1986), and for female redwings (Langston et al. 1990). 

Selander's Hypothesis of Counter Selection 

Comparative studies on New World blackbirds (Icterinae) 
strongly suggested that sexual selection on males is the prin- 
cipal cause of size dimorphism in this family (Selander 1972; 
Searcy 1979a; Searcy and Yasukawa 1981; Yasukawa 1981, 
1987). Males range from being as little as 5% heavier than 
females in monogamous species, to over 100% heavier than 
females in highly polygynous species with clumping of nests 
(Selander 1972; Orians 1985). Reasoning that competition 
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for females drove males beyond the optimal size for survival, 
Selander (1972) argued that this source of directional selec- 
tion favoring larger males would eventually be stabilized by 
countering selection on survival favoring smaller males. 
Within species, the evidence that larger males obtain higher 
fitness is equivocal at best. Searcy andYasukawa (1995: table 
7.5) reviewed 17 tests evaluating the relationship between 
body size and harem size in redwings. Few are statistically 
significant and none achieves table-wide significance with 
Bonferroni corrections (Rice 1989). Thus, while harem size 
variation is large and creates considerable opportunity for 
sexual selection to be acting on male size, most of the evi- 
dence suggests that current selection on body size is weak. 

Even weaker patterns have emerged from studies searching 
for evidence of a survival cost to large males in sexually 
dimorphic birds. Interspecific studies have found that adult 
male mortality is often higher in dimorphic than monomor- 
phic species (Searcy and Yasukawa 1981, 1995; Promislow 
et al. 1992). These patterns provide weak support for the 
hypothesis that survival selection opposes sexual selection 
for increased male size because they are also consistent with 
other hypotheses; for example, male-male fights could in- 
crease male mortality without differentially affecting large 
males (Weatherhead and Clark 1994). Again, within-species 
tests have been equivocal. For redwings Searcy and Yasu- 
kawa (1995: table 7.7) summarized another 17 comparisons 
of the survival of large and small males. The overall trend 
in these contrasts is for larger males to survive less well: in 
12 comparisons survival selection favored smaller males, in 
four it favored larger males, and in one there was no differ- 
ence. Just two of the 17 comparisons are individually sig- 
nificant, however, and just one is significant at the table-wide 
level with Bonferroni corrections. Moreover, both of these 
significant contrasts showed, not smaller, but larger males 
surviving better. Results have been similarily equivocal for 
yellow-headed blackbirds (Xanthocephalus xanthocephalus; 
Searcy 1979b). 

Self-Limiting Selection Hypothesis 

The self-limiting hypothesis proposes that male body size 
may instead be stabilized by opposing forces of sexual se- 
lection (Searcy 1979a; Searcy and Yasukawa 1995). While 
increasing one aspect of mating success, larger sexually se- 
lected traits might also reduce mating success in other ways, 
and thereby become self-limiting. Opposing forms of sexual 
selection could therefore drive male size upward, while also 
eventually limiting body size increases (Searcy 1979a). Larg- 
er male redwings, for example, should have the advantage 
in direct male contests over mates or territories because they 
are better fighters (Searcy 1979c; Eckert and Weatherhead 
1987). Yet larger males require more food and this could 
leave larger males with less time for territory defense or 
display. If the early part of the breeding season is a period 
of resource shortage, small males could be better at main- 
taining high rates of energy-expensive displays, giving them 
an advantage in defending territories or attracting females 
(Searcy 1979a). 

This argument assumes that larger males cannot compen- 
sate by capturing food at higher rates than smaller males, an 

assumption we did not attempt to test. Although the sexes 
differ greatly in size both in redwings and in Brewer's black- 
birds (Euphagus cyanocephalus), Orians (1980: fig. 4.11) 
found no difference in their foraging efficency. Furthermore, 
the scatter in his data suggest that the assumption that large 
and small males capture food at the same rate would be almost 
impossible to test satisfactorily in the field. 

The appeal of the self-limiting selection hypothesis is that 
it can explain the general failure of large size to be strongly 
associated with larger harems within species. At some body 
size, the number of females gained through success in fighting 
is balanced by failures to attract females because of low 
display rates. Unlike stabilization schemes that trade-off sur- 
vival and harem size, this hypothesis can account for inter- 
annual variation in the relationship between harem size and 
body size. In years where resources are abundant, large males 
should obtain larger harems than small males because of 
dominance advantages. But when resources are limiting, 
smaller males should obtain larger harems because they can 
divert more energy into displays. 

An Experimental Approach to Measuring Selection on 
Body Size 

What has been greatly needed in the study of sexual size 
dimorphism are experimental tests-yet it is difficult, if not 
impossible, to manipulate the structural size of a bird. Thus 
selection on size has typically been evaluated by correlating 
opposing selective forces with natural variation in size. Un- 
fortunately, stabilizing selection may restrict variation in 
body size, potentially making it difficult to obtain correlations 
between measures of size and fitness. To overcome this dif- 
ficulty, we manipulated the strength of selection in the field, 
using feeders that provisioned either males or females-but 
not both-on their territories. By exaggerating the opposing 
effects of selection on body size in different treatment groups 
of males, we could measure the effects of early spring re- 
source shortage and abundance in the same year, without 
waiting for rare natural events to produce extreme environ- 
mental conditions. 

Our experiments were designed to test the following pre- 
dictions of the self-limiting hypothesis. If food resources are 
limiting in early spring, then feeding males should help larger 
males and hurt smaller ones. When males alone are fed, we 
predicted that larger males should obtain larger harems, be- 
cause larger males would be released from energetic con- 
straints. Thus, direct male-male aggression should result in 
larger males holding larger harems. 

In contrast, when females alone are fed, we predicted that 
smaller males should obtain larger harems. When females are 
fed on their breeding territories, the males on those territories 
experience conditions of extreme resource shortages (food- 
stressed males), because supplemental food can advance nest- 
ing by two to four weeks (Ewald and Rohwer 1982; Wim- 
berger 1988), forcing males to begin displaying before suf- 
ficient food is available. Large males have more grams of 
metabolizing tissue to maintain than small males. Thus, when 
females are fed, larger males should be forced to make larger 
reductions in displays than smaller males in order to maintain 
their territories and guard fertile females. Consequently, if 
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TABLE 1. Assumptions of the feeding experiments derived from the self-limiting hypothesis. 

Assumption Prediction 

Male harem sizes are energetically constrained; feeding males Fed males should have higher harem sizes than control males. 
alone allows them to increase harem size either because they 
can display more or gain bigger territories. 

Female laydates are energetically constrained; females lay as Fed females should lay earlier than unfed females. 
early as they can afford to energetically. 

Male display rates are energetically constrained. Fed males should have higher display rates than control males. 
Females chose males, at least in part, on the basis of display Males with higher display rates should have higher harem 

rates. sizes, even when feeding treatment and territory size are con- 
trolled for. 

Feeding females, but not males, places males under energetic When females only are fed, males should display more and 
stress. spend more time on their territory at midday than control 

males (placing them under stress). 
Large males are under more energetic stress than smaller males, When males are energetically stressed, male display rate and 

i.e., big birds face energetic costs that small birds do not. male size should be inversely correlated. When males are fed 
Display rates should therefore be inversely correlated with (released from energetic stress), body size and display rates 
male size during times of energetic limitation. should be uncorrelated. 

females choose males partly on the basis of high display rates, 
smaller males should obtain larger harems. 

These predictions are based on a series of assumptions that 
we test about the effects of supplemental food on harem size, 
male display, laying date, and mate choice by females. Table 
1 outlines these assumptions and the predictions we evaluated 
to test them. 
METHODS 

Natural history.-All field work was done along the Win- 
chester Wasteway in Grant County, Washington (47.1?N, 
119.5?W). The study site is on a wind-swept plateau in the 
Columbia River basin of eastern Washington. From previous 
studies done at the same site, we knew that the amount of 
food available on red-winged blackbird breeding territories 
in early spring profoundly affects the time males spend on 
their territories, the number of females attracted to the ter- 
ritory, and the timing of female nesting (Ewald and Rohwer 
1982; Wimberger 1988). 

When these males settle, the marshes are still frozen, and 
therefore the birds are completely dependent on the uplands 
for food. Until females have settled, they spend large portions 
of the midday period miles away from territories, foraging 
in distant agricultural fields. After females have settled, males 
spend some time foraging on territories, but most early season 
food still comes from uplands adjacent to territory. 

Male red-winged blackbirds in Washington typically have 
harems of 3-8 females and are 55% heavier than females 
(Orians 1980; Dunning 1993). Female mortality is 48% a 
year; male mortality is 47% a year (Orians and Beletsky 
1989). On average, males hold territories for 2.1 seasons after 
they acquire a territory; similar data are not available for 
females because of the frequency with which they change 
territories, both within and between breeding seasons (Orians 
and Beletsky 1989). 

Our measure of reproductive success was harem size. Al- 
though rates of cuckoldry are high in redwings, correlations 
between the total number of young that males actually sire 
and the number of young that are produced on their territories 
are usually high (Westneat 1993, Gray 1994, but see Gibbs 
et al. 1990). At a study site near ours, the correlation between 

apparent and true reproductive success was r = 0.91 (n = 
76 males); furthermore, the correlation between harem size 
and the number of young males sired on their own territories 
was r = 0.55, and this relationship did not change with harem 
size (Gray 1994). In sum, substantial genetic evidence sug- 
gests harem size is a satisfactory index of a male's annual 
reproductive success (Westneat 1993, Gray 1994). 

Marshes.-Nine marshes scattered over several square 
miles were included in this study. Marshes were sufficiently 
separated from each other to prevent birds from stealing food 
between marshes. We chose marshes that were similar in size, 
number of redwing territories, water depth, and dominant 
vegetation. We included only marshes without nesting yel- 
low-headed blackbirds, to eliminate problems of interspecific 
territoriality. All marshes were separated from the Winchester 
Wasteway, thus eliminating marshes with carp, which de- 
crease numbers of emergent insects (Orians 1980). This also 
removed effects of marsh wren predation. 

Although we chose marshes to be as similar as possible, 
there still was some variation in water depth, vegetation cov- 
er, nest success, predation rates, and harem sizes. Predation 
rates, success rates, starvation rates, and first egg dates also 
varied between years. We controlled for these marsh and year 
effects in several ways. First, treatments were rotated through 
the marshes from year to year, but because of the large num- 
ber of treatments involved, we could not replicate all treat- 
ments in each marsh. Therefore, we analyzed data by cal- 
culating deviations from the mean within each group, sep- 
arated by marsh, treatment, and year. For example, for a male 
that received a feeder in 1988 at the marsh "Dead Cow," we 
calculated the deviation of his harem size from the mean 
harem size for fed males at "Dead Cow" that year. With this 
technique, data from different years and marshes could be 
combined. But with differences in variances for harem size 
among marshes, deviations would be larger for marshes with 
larger variances, thus skewing results. Variances, however, 
were homogenous across all marshes (F max tests, P > 0.05). 
For some analyses, we also present data by individual years, 
not controlling for marsh effects, largely to show that the 
deviation method is reasonable. 

This content downloaded  on Wed, 16 Jan 2013 04:22:06 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


2052 SIEVERT ROHWER ET AL. 

Any interaction effects between marshes, years, and treat- 
ments would be hidden by this deviation method, but de- 
tecting possible interaction effects would require many more 
years of data. 

Capturing males and measuring size.-Males were trapped 
with decoy traps, rather than with food-baited traps, since 
we did not want to bias the result by providing difficult-to- 
trap males with extra food. All territory-holding males on 
the marshes were trapped and banded. Many, but not all, 
males were trapped several years in succession. Males were 
color-banded with unique combinations of anodized alumi- 
num bands. Wing chord (unflattened), tail (from base of tail 
to longest central feather), and tarsus (from the bent ankle 
to the toes) were measured to the nearest 0.5 mm with a 100 
mm wing-chord ruler. Mass was measured with a pesola scale. 
In 1986, 1987, and 1988, DG took all measurements; in 1989, 
Diane Steeck took all measurements, and DG took a subset 
of measurements on a subset of birds, so that Steeck's mea- 
surements could be corrected against his. 

Because weight varies seasonally with levels of fat stores 
and, in periods of resource limitation, with catabolism of 
proteins, we did not use mass as a measure of size. We do, 
however, use mass as an indirect measure of condition. To 
derive this indirect condition measure, we first corrected mass 
for date. We split each breeding season into three periods, 
and calculated the mean mass for each period. For example, 
in 1989, the mean mass for early birds equaled 72.3 gm; 
middle birds, 71.5 gms; and late birds, 69.7 gms. We then 
added a correction factor to each bird's mass, based on his 
group's average difference from the mean for early birds. For 
example, in 1989 middle period birds had 0.8 gm added, and 
late period birds had 2.6 gm added. For the condition mea- 
sure, we used the residuals from a regression of corrected 
mass on tarsus. 

In analyses of male size, we did not use principle com- 
ponent analyses to combine measures into a single measure 
of body size, even though such analyses often give better 
measures of structural size (Freeman and Jackson 1990). In 
this population, tarsus did not correlate significantly with tail, 
and barely correlated significantly with wing (see Discus- 
sion). We analyzed wing, tail, and tarsus separately, since 
studies on other species have.found that selection may operate 
independently on separate traits, and that females may chose 
different traits in different years (see Balmford and Read 
1991; Fiske et al. 1994; Gibson et al. 1991; M0ller 1994; 
Reid and Weatherhead 1990; Zuk et al. 1990, 1992). 

Mapping territories.-We mapped male territories by set- 
ting up a 10 m by 10 m grid system of flagged poles, and 
then mapping marsh vegetation with reference to this grid. 
Territories were mapped by locating song display sites and 
boundary dispute sites of males to within 1 m on the map. 
Each male's territory was mapped from three to five times 
during the breeding season, and more often if territory take- 
overs were observed. 

Time budgets.-For each male each year, we did from five 
to 15 early morning time budgets, which consisted of a con- 
tinuous 30 min record of male activity. Observers sat quietly 
at least 20 m from the territory in the uplands, and waited 
until the male had stopped alarm calling at their approach 
before beginning the time budget. Time budgets were taken 

only during the morning activity hours, when display rates 
were at their highest and all territorial males were present on 
the marsh. Since activity rates are highest after dawn, and 
then decrease, we controlled for time of day differences by 
rotating the time of each male's time budgets, so that all 
males had an equivalent set of 30 min intervals throughout 
the early morning hours. For each male, we averaged the 
separate time budgets to get one composite budget for use 
in the analyses. We stopped taking time budgets each year 
after the majority of females had settled on territories and 
male display rates had declined. 

Spot checks.-For subsets of males each year, we also did 
midday spot checks, to.compare presence and activity on the 
territory during the midday period, when most foraging in 
the uplands takes place. For 15-min intervals, observers 
watched 2-3 male territories simultaneously, recording three 
behaviors: time the territorial male spent on his territory, time 
spent perched vigilantly on the cattails, and number of song 
spreads. Not all males were observed, so we averaged spot 
check behaviors by treatment groups, to get a mean for each 
activity in each treatment group each year. 

Determining harem size.-Marshes were checked for nests 
every four days. First egg date was calculated by subtracting 
the number of eggs in the nest, less one, from the date on 
which the nest was found. After nests were found, we as- 
signed them to male territories by comparing nest location 
to the most recent male territory maps. When nests were near 
the boundary of two males' territories, we rechecked their 
ownership by mapping boundary disputes to see which male 
guarded the nest. We measured harem size as the maximum 
number of simultaneously nesting females on the territory 
(Searcy 1979a, Yasukawa 1981). 

Feeders.-Feeders provided sunflower seeds, and were de- 
signed to feed one or the other of the two sexes, but not both. 
Because this was challenging, we include information about 
unsuccessful designs, both to aid in other researchers' designs 
for future studies and to illustrate how important supple- 
mental food can be to male redwings in early spring. 

The feeders exploited the size differences of male and fe- 
male redwings. The initial design consisted of two sets of 
lever operated feeders. Male feeders were designed to open 
when a (heavier) male landed on the perch, but not to open 
when a (lighter) female landed on the perch (Fig. 1A). They 
worked from the outset. 

The original female-only feeder (not shown) was just the 
opposite of the male feeder. It closed when a heavier male 
landed on the perch but remained open when a female landed. 
This feeder worked well in captive trials, but failed under 
the natural food regimes of early spring. The rotational inertia 
of the closing mechanism made it close too slowly to prevent 
males from feeding. To our surprise, installation of solenoid 
powered closing mechanisms, triggered by sensitive tilt 
switches, also failed. After a few weeks of persistent attempts, 
males learned to make rolling jabs at the hopper. In about 
every third try, they succeeded in grabbing a sunflower seed 
before the tilt switch would close the solenoid's circuit. Males 
hit by the slamming door sometimes seemed dazed, but none 
could be deterred from stealing seeds. Increasing the sensi- 
tivity of the tilt switch failed because the jolt of a female 
landing would then sometimes close the circuit. Females in 
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FIG. 1. Male-only feeders (A) opened when the heavier male land- 
ed on the perch, but not when the lighter female landed. A plexiglass 
cover over the seed allowed birds to see the food. Counterbalancing 
fishing weights could be manipulated as bird weights changed. A 
top shield prevented females from jumping forcefully onto the 
perch, and a lower shield prevented them from prying open the lid. 
A funnel with screened reservoir (not shown) kept females from 
feeding on spilled seed. Female-only feeders (B) consisted of a tray 
enclosed in wire mesh with adjustable 38 x 38 mm. holes that 
allowed females but not males to pass through and gain access to 
the seed tray. Two, superimposed pieces of wire were clamped 
together, and thus could readily be adjusted to eliminate males that 
eventually learn to squeeze through. A bottom layer of 12 mm. 
mesh hardware cloth allowed rejected seeds to fall into a reservoir 
out of the reach of males. 

general were much less motivated to exploit feeders, and 
these accidental closures often were sufficient to discourage 
a female from using the feeder on her territory. 

Our successful female feeder consisted of a tray enclosed 
in a wire mesh with adjustable hole-sizes that enabled females 
but not males to pass through and gain access to the tray 

(Fig. 1B). Several females could feed simultaneously at the 
enclosed tray, facilitating learning by later females and elim- 
inating queuing for access to the feeder in large harems. 

Feeder checks (one person watching from three to five 
feeders for several hours, and recording when each bird used 
the feeders) were carried out several times each week to make 
certain that the proper birds were using the feeders assigned 
to them, and that others were not stealing food from the 
feeders. When females gained enough weight during egg- 
formation to become able to open the male feeders, additional 
counter weights had to be added to exclude them, with con- 
tinual checking to make certain that the territory male could 
still open the feeder. 

Feeder distribution on marshes.-Male feeders were dis- 
tributed in one of four patterns: all territory-holding males 
at a marsh could be fed (contiguous-fed); all males at a marsh 
could be unfed (controls); only alternate males at a marsh 
could be fed (discontiguous-fed); and alternate males at a 
marsh could be unfed (discontiguous-not-fed). When all 
males were fed (contiguous-fed), we expected that no ex- 
pansion of territories could occur, but display rates could 
increase. When every other male was fed (discontiguous-fed), 
we expected that the fed males could both increase their 
displays and also expand their territories at the expense of 
their neighboring control males, who would be placed at an 
energetic disadvantage. The discontiguous distribution pat- 
terns were arranged for another experiment concerned with 
territory expansion, but they also turned out to be useful for 
some aspects of this study. 

Female feeders were distributed so that all original terri- 
tory-holding males on the treatment marshes were given fe- 
male feeders. In no cases did we feed both males and females 
at a marsh or on a territory. 

For all analyses, fed males include only contiguously fed 
males (those with no territory expansion possible), unless 
otherwise noted. Control males include only those cases 
where all males at the marsh were not fed, and exclude the 
discontiguous-not-fed males which behave differently. 

Significance testing.-For the many statistical comparisons 
in this paper, we report actual P-values if they were easy to 
obtain. Because we often summarize results using several 
behavioral or morphological variables or several years of data 
to evaluate a single prediction, we corrected a-values to avoid 
finding significance by chance. "Tablewide" significance was 
evaluated using sequential Bonferroni tests, which assure that 
null hypotheses remain rejected at P < 0.05, after correcting 
for multiple tests (Rice 1989). We report tablewide signifi- 
cance values only when effects that are individually signif- 
icant are not significant at the tablewide level. We do not 
report both sets of P-values for conclusions unchanged by 
Bonferroni corrections because table-wide significance can 
be calculated from the information we present. 

RESULTS 

Testing the Assumptions 

Did feeders affect harem size?-One critical assumption of 
this experiment is that extra food should increase harem size, 
either because males can display more and attract more fe- 
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FIG. 2. Harem sizes for various feeding treatments, by year. In 
1986 and 1987, control males tend to have smaller harems than fed 
males (1986 Mann Whitney Z = -1.92, P = 0.055; 1987 Z = 
-1.78, P = 0.075). In 1988 (F290 = 15.40, P < 0.0001) control 
vs. male feeders and female feeders vs. male feeders are significant 
differences; in 1989 (F2,99 = 16.80, P < 0.0001) and for all years 
combined (F2,282 = 28.05, P < 0.0001), all differences are signif- 
icant. Sample sizes above standard error bars. 

males, or because fed males can defend larger territories than 
control males (Table 1). 

This assumption was met in all years: Males with feeders 
did get significantly bigger harems than males without feeders 
(Fig. 2). There was a great deal of harem size (HS) variation 
from year to year and from marsh to marsh, even within 
treatment types. In 1988, males with female feeders gained 
fewer females than control males. But in 1989, feeding fe- 

TABLE 3. Marsh qualities. Deviation from grand mean is the sum 
of the annual difference between the average harem size for each 
treatment at each marsh each year, and the mean harem size that 
year for that treatment. Years fed = years when supplemental food 
was present on the marsh (contiguous male feeders, discontiguous 
male feeders, or female feeders); years not fed = years when no 
supplemental food was present on the marsh. 

Deviation from 
Marsh grand mean Years fed Years not fed 

Mars -0.23 2 1 
Dead cow +0.32 2 2 
Rest area +0.70 2 1 
'1-10 -0.86 2 2 
'86 70.02 3 1 
Reprieve +0.80 2 2 
Peters -0.10 2 1 
Skeleton -0.06 2 2 
Beda sat +0.50 2 1 

males had the expected effect: males with female feeders had 
larger harems than control males. 

Harem size (HS) is not only affected by male behavior or 
territory size, but it is also affected by marsh quality (Table 
2). Certain marshes consistently had high harem sizes; other 
marshes consistently had lower harem sizes. Nevertheless, in 
all nine cases where some males received feeders on a marsh 
and other males did not, fed males had bigger harems (Table 
2; two-tailed binomial P = 0.004). 

To get an index of marsh quality, we calculated the dif- 
ference between the average harem size for each treatment 
at each marsh each year, and the mean harem size that year 
for that treatment. We then summed the average annual dif- 
ferences from the mean to get an average difference for the 
marsh-an index of marsh quality (Table 3). Some marshes 

TABLE 2. Average harem size, for a given treatment at a given marsh in a given year. Male fed: includes contiguous-fed males where 
that is the only value for a given marsh in a given year (i.e., all males were fed, for example, at Dead Cow in 1988). Where there are 
two harem size values for a given marsh in a given year, male fed means discontiguous-fed males (for example, Dead Cow in 1987). 
Neither fed means control males where that is the only value for a given marsh in a given year (i.e., no males were fed, for example, 
Mars in 1988). Where there are two harem size values for a given marsh in a given year, neither fed means discontiguous-not-fed males 
(for example, Mars in 1986). 

1986 1987 1988 1989 

Male Neither Male Neither Male Neither Female Male Neither Female 
Marsh fed fed fed fed fed fed fed fed fed fed 

Mars 5.0 3.7 3.1 4.6 
n (6) (3) (21) (17) 
Dead cow 2.9 4.5 3.7 5.5 4.3 

(10) (4) (4) (6) (6) 
Rest area 6.5 3.7 5.0 6.3 3.3 

(4) (6) (10) (4) (3) 
' 1 -10 3.9 3.7 1.5 2.0 3.1 

(8) (3) (4) (8) (7) 
'86 5.2 3.6 3.5 5.2 6.4 

(4) (4) (14) (15) (14) 
Reprieve 2.8 5.5 6.7 3.0 5.8 

(6) (6) (3) (4) (5) 
Peters 2.6 2.7 5.4 

(18) (18) (17) 
Skeleton 5.6 3.6 4 3.4 3.5 

(5) (5) (13) (16) (10) 
Beda sat 4.7 6.5 2.9 6.9 

(10) (4) (7) (8) 
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FIG. 3. Mean first egg dates in Julian days. Comparisons for 1986 
and 1987 are Mann Whitney tests; 1986, Z = -0.49, P = 0.6; 1987, 
Z = -0.41, P = 0.7. Comparisons for 1988 and 1989 are ANOVAs; 
1988, F290 = 12.2, P = 0.0001, control vs. male feeder and control 
vs. female feeder differences significant; 1989, F2,105 = 24.87, P 
= 0.0001, all differences significant. In 1988, feeding females ad- 
vanced first egg dates by 5.5 days over controls; in 1989, feeding 
females advanced first egg dates by 13.3 days. 

had consistently high harem sizes, no matter what the treat- 
ment (Dead Cow, Rest Area, and Reprieve; average HS dif- 
ference > 0.1). Other marshes had consistently low harem 
sizes (Mars and '1-10; average HS difference < 0.1), while 
other marshes were consistently average ('86, Peters, and 
Skeleton). 

The treatments of feeding (either males or females) and 
not feeding could not be equally balanced on each marsh. 
Nonetheless, differences between marshes in the number of 
years in which birds were fed or not fed are minimal, and 
the overall measure of marsh quality is unrelated to the rel- 
ative frequency of these treatments (rho = 0.08, Z = 0.24, 
P = 0.8; Table 3). 

Did feeders affect laydate?-The next critical assumption 
is that female laydates are energetically constrained (Table 
1). We predicted that females provided with supplemental 
food should therefore lay earlier than unfed females. Figure 
3 shows the mean first egg dates for territorial males at each 
treatment, by each year. These include only the first female 
to lay on a male's territory. In both 1988 and 1989, territories 
with female-only feeders had significantly earlier first egg 
dates than unfed territories (ANOVA 1988: F2,90 = 12.2, P 
= 0.0001; ANOVA 1989 F2,105 = 24.9, P = 0.0001). But in 
1988, male-fed territories were not significantly later than 
territories with female-only feeders (Fisher post hocs), while 
in 1989, all three treatments significantly differed in lay dates. 
In 1977-1981 at this same study site, nesting had been ad- 
vanced from 10-26 days using open trays that fed both sexes 
(Ewald and Rohwer 1982; Wimberger 1988). We suspect that 
female-only feeding did not advance laying as much as open 
tray feeding either because females more readily learn to use 
feeders if they can join the territorial male at an open feeder, 
or else because conditions were cooler from 1977-1981. 

By feeding females only, we were trying to produce the 
effects of an especially miserable year on males but not fe- 

males. Year to year differences in natural conditions, how- 
ever, could confound our experimental attempts to stress 
males if we ran the experiment in a particularly mild year. 
Note that 1987 and 1988 were relatively mild years; even 
without feeding, females bred relatively early (Fig. 3). First 
egg dates at control territories did not significantly differ 
between 1987 and 1988, but all other years did significantly 
differ (ANOVA F3139 = 5.96, P = 0.0008). 

Do male feeders increase display rates?-The next critical 
assumption is that male display rates are energetically con- 
strained. Therefore, we predicted that fed males should have 
higher display rates than control males. As Figure 4 shows, 
feeding males did produce significant changes in the time 
devoted to display. During early morning observations (5-7 
am) in the early part of the season, fed males spent more 
minutes vigilantly perched on the territory and more total 
time on the territory than control males did, and they per- 
formed display flights at higher rates. Because most displays 
varied significantly from year to year, we also report results 
for each year (Table 4). 

Do female feeders stress males? Early morning display.- 
The next assumption is that feeding females but not males 
places males under energetic stress, because extra female 
activity requires males with female feeders to display more 
and spend more time on their territory at midday than control 
males, without getting the extra energy from supplemental 
feeding. Males with female-only feeders on their territory 
perform display flights at higher rates than control males, 
while they sang at significantly lower rates. The two groups 
did not differ significantly in time spend vigilantly perched 
or total time spent on the territory (Fig. 4). 

Feeding females on a male's territory led to quite different 
results in the two years of the treatment, however (Table 4). 
In 1988, when feeding females had relatively little effect on 
harem size and relatively little effect on first egg date, males 
with fed females sang at significantly lower rates than control 
males, and spent less time perched and vigilant on the ter- 
ritory. They did not significantly differ in their rate of display 
flights over the territory, and they tended to spend less time 
on the territory itself. In other words, feeding females in 1988 
did not cause their males to display more; in fact, they dis- 
played a bit less. 

In 1989, when feeding females had strong effects on harem 
sizes, feeding females also affected male display rates. Males 
with female feeders at their territories flew at significantly 
higher rates than control males and spent significantly more 
time perched vigilantly. As in 1988, their song rates were 
less than control males, suggesting that they might be able 
to compensate for increased activity by singing less. 

Midday activity.-Although males with female feeders did 
not seem to be greatly stressed by increased early morning 
displays, they might be stressed by midday activities, if fe- 
male feeders required them to spend more time present at 
their territories and less time foraging far from their territories 
in the uplands. 

In all four years, midday spot checks (from 10 AM to 4 
PM) were done for 15-min periods on selected males. In the 
three years with checks on control and fed males, fed males 
spent significantly more time perched vigilantly and on the 
territory than controls, suggesting that midday territorial ac- 
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FIG. 4. Early morning behaviors of males, by treatment group, years combined. Sample sizes given for mean minutes perched vigilantly 
apply to all behaviors. Comparisons are ANOVAs; song rate F2,227 = 9.06, P = 0.0002, all differences significant except control vs. 
male feeders; flight rate F2,228 = 6.46, P = 0.002, controls versus male feeders significantly different; time vigilant F2.228 = 16.085, P 
= 0.0001, all differences significant except control vs. female feeders; time on territory F2,228 = 14.45, P = 0.0001, all differences 

significant4except control vs. ferriale feeder / 

significant ~ ~ ~ ~ ~ ~ ~ 7 Malep feeders fmaefedes 

tivity is energetically limited (Fig. 5, P < 0.0001 for each 
comparison). For example, in 1988 fed males spent 95% of 
their time on the territory, while control males spent only 
20% of their time on the territory because of their need to 
forage in the uplands, often far away from their territories. 

Males with female feeders spent more than three times as 
much time on the territory and perched more vigilantly than 
control males, which meant they had far less time to forage 
in the uplands, even though they did not have supplemental 
food available on their territories to make up the difference. 
In 1988 and 1989, males with female feeders spent signifi- 
cantly more time on the territory than control males (in 1988; 
males with female feeders spent 73% of their time on the 
territory versus 20% for controls, P < 0.0001; in 1989, 67% 
versus 23%, P = 0.0002; Fig. 5). Males with female feeders 
also spent significantly more time vigilantly perched than 

controls (in 1988; males with female feeders spent 31% of 
their time vigilantly perched versus 11% for controls, P < 
0.0001; in 1989, 41% versus 12%, P = 0.0003; Fig. 5). 

In 1988, spot checks were also done on discontiguously- 
not-fed males (n = 28). Discontiguous-not-fed males spent 
significantly more minutes on the territory (x = 9.66 + 1.17) 
than controls (x = 3.17 + 0.34; Mann Whitney Z = -5.03, 
P < 0.0001) and more minutes perched vigilantly (x = 5.06 
? 0.97) than controls (x = 1.42 + 0.02; Mann Whitney Z 
= -3.6, P = 0.003). Moreover, discontiguous-not-fed males 
spent as much time on the territory and perched vigilantly 
as males with female feeders, suggesting that discontiguous- 
not-fed males become energetically stressed by the midday 
territorial activities of neighboring fed males. 

Do greater display rates lead to greater harem sizes?-For 
the self-limiting hypothesis to hold, increased display by 
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TABLE 4. Mean early morning behavior of males, by feeder treatment and by year. Tests for 1986 and 1987 are Mann Whitney tests; 
tests for 1988 and 1989 are ANOVAs. Sample sizes in parentheses for songs apply to all variables. Mean time vigilant and mean time 
on territory are in seconds; song rate and flight rate are number of displays/time in seconds on the territory. 

Significant differences 

Control Male/ Control/ 
Control Male feeder Female feeder F or Z P male female female 

Song rate 1986 0.034 (13) 0.050 (6) -2.5 0.014 * 
1987 0.049 (35) 0.046 (18) -0.7 0.5 
1988 0.069 (34) 0.056 (21) 0.042 (20) 10.7 0.001 * * * 
1989 0.058 (30) 0.050 (76) 0.041 (27) 6.7 0.002 * 

Flight rate 1986 0.009 0.010 -1.4 0.3 
1987 0.014 0.016 -0.9 0.4 
1988 0.013 0.018 0.014 3.95 0.02 * * 
1989 0.011 0.016 0.015 5.00 0.009 * * 

Time vigilant 1986 921.82 1073.89 -0.79 0.4 
1987 881.2 976.78 -2.3 0.02 * 
1988 1018.1 1189.2 868.9 12.08 0.0001 * * * 
1989 749.5 1133.11 948.56 12.66 0.0001 * * * 

Time on territory 1986 1127.93 1332.02 -0.79 0.4 
1987 1205.94 1236.06 - 1.0 0.3 
1988 1208.9 1410.7 1165.1 8.04 0.0007 * * 
1989 1164.04 1543.36 1291.56 10.38 0.0001 * * 

males must result in larger harem sizes. We tested this as- 
sumption by comparing display rates and harem sizes; years 
and treatments were combined, since we wanted to know if 
absolute display rates affected harem size. Males with higher 
display rates had significantly larger harems (Table 5). Fe- 
males preferred males with more song spreads, more display 
flights over the territory, more time spent perched and vigilant 
on cattails, and more time spent on the territory. 

Many of these measures, of course, reflect the treatments 
males receive. But even when we control for treatments, 
marsh effects, and annual variation, harem sizes are still larg- 
er for males who spend more time perched vigilantly, and 
tend to be larger for males who fly around more. When all 
years and all birds are combined, harem sizes are larger for 
males that sing more, performed more display flights, spend 
more time perched vigilantly and more time on the territory. 
When marsh, year, and treatment effects are controlled using 
deviations, harem sizes are larger for males that spend more 
time perched vigilantly (P = 0.02), and they tend to be larger 
for males that performed more display flights (P = 0.06; 
Table 5). 

Does male body size affect display rates?-The last as- 
sumption is that large males are under more energetic stress 
than smaller males, i.e., big birds face energetic costs that 
small birds do not. Display rates should be inversely corre- 
lated with male size during times of energetic limitation. 
Therefore, we make two predictions: when males are unfed 
or when females only are fed (males stressed), male display 
rate and male size should be inversely correlated. But when 
males are fed (released from energetic stress), body size and 
display rates should be uncorrelated. Display rates vary sig- 
nificantly from year to year, so we show each year separately 
(Table 6). Design problems with feeders mean that we have 
no males whose females were fed for 1986 and 1987. 

Because of the great redundancy of tests in Table 6, we 
have pursued this analysis at two levels. First, we report a 
sequential Bonferroni analysis of the predictions: (1) that 

stressed males should show inverse relationships between 
display and body size; and (2) that fed males will show no 
relationship between display and body size. Second, we an- 
alyze the pattern in the overall set of correlations with sign 
tests. 

The prediction that stressed males (those that were not fed 
or that had female feeders) should show an inverse relation- 
ship between display rate and body size is not even close to 
significant at a tablewide alpha of 0.05. Seventy-two corre- 
lations were predicted to be negative; however, only four were 
individually significant at P < 0.05, and one of these was 
positive, rather than negative. For fed males 48 correlations 
were expected to be 0 because feeding should release males 
from energetic stress, thus eliminating size affects on the 
energy available for display. Just one of these was significant 
at the individual level, but none approaches significance at 
a tablewide level of P < 0.05. In summary, none of our tests 
supports the hypothesis that, among stressed males, larger 
individuals display less than smaller individuals. 

The preceding analysis fails to consider trends in the data 
which might be obscured because small samples and weak 
correlations make it difficult to find individual P-values that 
are highly significant and because the large number of com- 
parisons makes the likelihood of achieving table-wide sig- 
nificance with Bonferroni corrections very low. We had 72 
comparisons for stressed males, making P < 0.0007 the crit- 
ical value for rejecting the null hypothesis at a tablewide 
level of P < 0.05 (Rice 1989). Furthermore, when males 
were fed, we could only make the weaker inference that the 
relationship between body size and display rates should be 
of mixed sign and weak in strength. 

To look at patterns in the correlations between body size 
and display where males were and were not food stressed, 
we examined the ratios of negative and positive correlations 
using sign tests, arbitrarily considering just correlations that 
had a rho ?0.1 (since smaller correlations explain so little). 
Stressed males (controls and males with female feeders) had 
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FIG. 5. Spot checks on male midday activities. In 1986, 1987, and 
1988 fed males spent significantly more time perched vigilantly and 
on the territory than control males, suggesting that midday terri- 
torial activity is energetically limited (2-tailed Mann Whitney tests, 
all Ps < 0.0001). In 1989, spot checks were done only on males 
with female feeders and control males; males with female feeders 
spent significantly more time vigilantly perched (Z = -3.63, P = 
0.0003), and significantly more time on the territory (Z = -3,67, 
P= 0.0002). 

36 negative correlations (predicted direction), versus 13 pos- 
itive correlations (unpredicted direction). This is significantly 
more negative correlations than expected by chance (binomial 
test, Z = 4.43, P < 0.001). For fed males (released from 
stress) there were 11 negative and 18 positive correlations 
(not significantly different than expected by chance; two- 
tailed binomial test, Z = 1.12; P = 0.26). Although these 
tests do not support the hypothesis that larger males display 
less when they are energetically stressed at the table-wide 
level, the significant pattern in the trends suggest that rejec- 
tion of this assumption would be premature. 

The Central Experiment: Does Male Body Size Affect 
Harem Size? 

We predicted that when males only were fed and released 
from energetic constraints, bigger males should win bigger 
harems. But when females only were fed, smaller males 
should win bigger harems. Harem size varies by marsh and 
by year, so we controlled for this variation by analyzing not 
absolute harem sizes, but instead each male's variation from 

TABLE 5. Correlations between harem sizes and male displays, 
and between harem size deviations and behavior deviations. Two- 
tailed Spearman Rank correlations. 

Correlation between behavior and harem size 
rho P n 

Behaviors 
Song rate +0.004 ns 271 
Flight rate +0.266 0.0001 272 
Time vigilant +0.299 0.0001 272 
Time on territory +0.252 0.0001 272 

Correlations between behavior deviations and harem size deviations 
rho P n 

Behavior deviations 
Song rate +0.056 ns 267 
Flight rate +0.113 0.06 268 
Time vigilant +0.145 0.02 268 
Time on territory +0.048 ns 268 

the mean harem size within his treatment group. The results 
reported here are for all years combined, but year-to-year 
differences in harem size are controlled for by looking at 
deviations. 

When only males are fed, do larger males get larger har- 
ems?-When males alone were fed, males with longer tails 
did receive bigger harems than males with shorter tails, as 
predicted (Table 7). Males with longer wing chords tended 
to receive bigger harems, but the difference was not quite 
significant. Tarsus length, however, did not show any rela- 
tionship to harem size. 

When neither males or females were fed, did larger males 
get larger harems?-Control males showed trends in the 
same direction: males with longer tails and wings tended to 
get larger harems relative to other males in their marsh that 
year. But these trends were not significant (Table 7). 

When females alone were fed, did smaller males get larger 
harems, as predicted?-Smaller males with female feeders 
did not win larger harems, contrary to prediction (Table 7). 
Nor did the trends go in the expected direction. 

Further Tests 

Year effects.-The previous analysis controlled for annual 
and marsh differences, but since it is possible that selection 
varies from year to year, we also considered individual years. 
This analysis considers absolute harem sizes, and thus does 
not control for marsh differences. As Table 8 shows, for males 
with male feeders, males with larger wings and tails consis- 
tently won larger harems, with the exception of 1989, in 
which nothing worked. Wing and tail showed much stronger 
relationships than tarsi, which was surprising. Control males 
never showed a strong relationship between body size and 
harem size. To summarize, within each year except 1989, 
feeding males produced a stronger relationship between har- 
em size and body size, as predicted, which suggests that male 
harem sizes are under energetic constraints related to body 
size. 

Effects of prior experience.-Before we can be certain that 
bigger males won bigger harems at fed marshes because of 
their body size, we need to consider the effects of previous 
experience at the marsh. It might be possible that a bigger 
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TABLE 6. Correlations between male body size and display rates; by feeder treatment and by year (analysis remains the same since it 
is within-year. Neither includes controls and discontiguous-not-fed males. Male feeders includes contiguous-fed males and discontiguous- 
fed-males. 

Wing Tail Tarsus 

Neither Male Female Neither Male Female Neither Male Female 

1986 
Songs +0.07 -0.34 -0.07 -0.37 -0.09 +0.12 
Flights -0.19 -0.05 -0.19 -0.08 -0.01 +0.08 
Time vigilant -0.26 +0.09 -0.20 -0.16 -0.20 +0.17 
Time on territory -0.26 -0.03 -0.28 -0.50* -0.07 +0.13 
n 25 17 25 17 25 17 

1987 
Songs -0.03 +0.19 -0.31* -0.19 -0.01 +0.26 
Flights +0.01 +0.15 -0.21 +0.07 +0.17 +0.08 
Time vigilant -0.22 +0.32t -0.32* +0.12 +0.06 +0.35t 
Time on territory -0.1 +0.24 -0.02 +0.06 -0.02 +0.16 
n 50 28 50 28 50 28 

1988 
Songs +0.05 -0.27 -0.24 +0.09 +0.03 -0.29 -0.01 +0.09 +0.19 
Flights -0.07 +0.06 -0.38t +0.09 +0.05 -0.02 +0.17 +0.22 +0.15 
Time vigilant -0.21 -0.18 -0.23 -0.17 -0.07 -0.12 +0.06 +0.18 +0.24 
Time on territory -0.30* -0.28 -0.32 -0.13 -0.29 -0.18 -0.02 -0.07 +0.26 
n 45 27 20 45 27 20 45 28 20 

1989 
Songs -0.07 +0.03 -0.55* +0.09 +0.02 -0.31 -0.33t +0.12 -0.15 
Flights +0.39* -0.20 -0.04 +0.3t -0.12 -0.17 -0.22 +0.01 -0.004 
Time vigilant +0.18 +0.10 -0.28 +0.42* +0.13 -0.19 -0.41* +0.01 -0.14 
Time on territory +0.07 +0.02 -0.19 +0.14 +0.10 -0.10 -0.26t +0.16 +0.01 
n 30 26 17 30 26 17 30 26 17 

Spearman Rank Rho's. t = P 0.1; * = P ' 0.05. 

male won a bigger harem because he was older, or had had 
a bigger harem at the marsh the year before, so feeding was 
inconsequential. Therefore, to control for the effects of pre- 
vious experience and age, we looked at the harem sizes of 
brand new males only. These are males that showed up at 
the entire area (of 12 marshes) for the first time that year. 
This eliminates any effects of experience; and it probably 
corrects for age differences as well, since most new males 
are likely to be young. As shown in Table 9, new males show 
very similar trends to all males combined, supporting the 
hypothesis that size effects are independent of experience, 
age, or previous history at a marsh. 

Alternate Hypotheses: Future Trade-Offs 

Males with female feeders failed to show the relationship 
between body size and harem size predicted by the self-lim- 
iting hypothesis, for any body size measure in 1988 and 1989. 
This strongly indicates that the data do not support the hy- 
pothesis. It seems unlikely that this is a spurious result, and 

TABLE 7. Spearman rank correlations between male body size and 
harem size deviations. 

Male feeders Controls Female feeders 
(n) (74) (146) (52) 

rho P rho P rho P 

Wing +0.24 0.04 +0.16 0.06 +0.07 ns 
Tail +0.37 0.001 +0.14 0.1 +0.05 ns 
Tarsus +0.12 ns +0.03 ns +0.17 ns 

it is more likely that we need a new hypothesis. The weather 
was mild in 1988, and female feeding did not produce bigger 
harems, extremely early laying, or extremely high display 
rates among males. Thus, one could argue that, in 1988, we 
were not sufficiently stressing males. However, 1989 was 
very different: feeding females advanced laying by two 
weeks, increased male display rates, and increased harem 
sizes. But still we did not see the expected relationship be- 
tween male body size and harem size. Unfortunately some- 

TABLE 8. Spearman rank correlations between harem size and 
male body size, by year. 

1986 1987 1988 1989 
rho rho rho rho 

Male Feeders 
Wing +0.57 +0.22 +0.43* +0.08 
Tail +0.72t +0.60** +0.57** -0.01 
Tarsus +0.19 +0.21 +0.04 +0.05 

(8) (18) (21) (26) 

Female Feeders 
Wing +0.21 +0.12 
Tail +0.14 +0.1 
Tarsus -0.14 +0.3t 

(17) (34) 
Controls 

Wing +0.23 +0.16 +0.003 -0.03 
Tail +0.24 +0.15 +0.04 +0.08 
Tarsus -0.03 -0.04 -0.05 +0.14 

(20) (43) (55) (42) 

Sample sizes are in parentheses. t P c 0.1; * P c 0.05; ** P c 0.01. 
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TABLE 9. Spearman rank correlations between male body size 
measures and harem size deviations; new males only. Includes only 
birds that had never before been seen in the entire area of 12 marsh- 
es, in any of the preceding years; 1987, 1988, 1989 data. 

Controls Male feeders Female feeders 

rho P rho P rho P 

Wing +0.2 0.07 +0.5 0.02 +0.05 0.8 
Tail +0.17 0.12 +0.31 0.19 +0.19 0.4 
Tarsus -0.03 0.8 +0.09 0.7 +0.1 0.7 
n (87) (19) (20) 

thing was odd about 1989, since the previous three years of 
positive correlations between fed males and body size also 
broke down that year. If anything, we would expect such a 
result to make it more likely that the female feeders would 
have produced the anticipated negative relationship between 
harem size and body size. 

We asked whether males with different feeding treatments 
had different return rates than other males. If feeding reduces 
energetic stress during the breeding season, and the effects 
of that stress are felt over the winter, then we would expect 
fed males to return at higher rates than control males. Figure 
6 shows that control males and males with female feeders 
were significantly less likely to return in following years than 
fed males (X2[2] = 7.24, P = 0.03). Males with female feeders 
did not return at significantly different rates than control 
males. 

Did birds that failed to return differ in size from birds that 
did return? If larger males are more energetically stressed by 
the breeding season than smaller males, then for males with 
female feeders, we would expect larger males to be less likely 
to return, while for fed males, large and small males should 
equally likely to return. However, if return rates were just a 
matter of over-winter conditions and not breeding season 
stresses, then unstressed (fed) males should show the same 
relationship as stressed males: all males that are larger should 
be less likely to return than smaller males. Figure 7 shows 
that for males with female feeders, larger males were sig- 
nificantly less likely to return the following year (Z =-2.31, 
P = 0.02). For discontiguously-not-fed males, which midday 
activity analyses suggest may be nearly as energetically 
stressed as males with female feeders (Fig. 5 above), males 
with longer wings and longer tails were significantly less 
likely to return than smaller males (wings Z = -2.68, P = 
0.007; tails Z = -2.04, P = 0.04). At male-fed territories, 
larger males were actually slightly more likely to return the 
following year (difference not significant). Thus, where the 
breeding-season energetic costs of being a large male were 
removed by extra feeding, there was no relationship between 
size and return rates. 

The preceding analysis is based on important assumptions 
about the meaning of not returning. For redwing males, not 
returning largely translates into not breeding because males 
are very site faithful. At a nearby study site, only 12.4% of 
185 between-year chances to move resulted in territory shifts, 
and 73% of observed shifts were less than 200 m between 
territory centers (Beletsky and Orians 1987). Since most of 
our marshes were isolated from other marshes by more than 
200 m and since we monitored all males on a marsh, our 
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FIG. 6. Percentage of males in each treatment group that failed to 
return. Contingency table X2[2] = 7.24, P = 0.03. Female fed and 
not fed do not differ significantly in return rates; both have lower 
return rates than male fed. Neither fed includes controls and dis- 
contiguously-not-fed males; male fed includes contiguously-fed and 
discontiguous-fed males. 

nonreturning males almost certainly were not breeding else- 
where. 

Another assumption of the preceding analysis was that 
males at territories with male feeders were in better condition 
than control males; and males at territories with female feed- 
ers were in poorer condition than both control and fed males. 
We also assume that condition affects return rates. Unfor- 
tunately, we could not test these assumptions about condition 
with direct measures of reserves. Instead we regressed mass 
(corrected for date) on tarsus, to get a condition measure for 
each bird each year. Figure 8 shows that treatment does affect 
condition. Fed males are in the best condition, while males 
with female-only feeders are in the worst condition. Birds 
that failed to return were also in worse condition than birds 
that returned (mean condition of birds that returned the next 
year, 0.12 ? 0.08, n = 185; of birds that failed to return, 
-0.14 ? 0.09, n = 116; Mann Whitney Z = -2.48, P = 
0.01). Most males were weighed, on average, 12 d after the 
first egg was laid on their territory, meaning that males had 
already been exposed to several weeks of stress. The range 
was large (from 60 d after first egg date to 50 days before 
first egg date), but there was no correlation between corrected 
mass and the time between measurement and first egg date 
(Spearman Rank Rho = -0.001, n = 199, P = 0.97). 

In their first year with a female feeder, males often de- 
creased in harem size over their previous year. In their second 
year with a female feeder, most males gained in harem size, 
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FIG. 7. Average sizes of males that returned versus sizes of males 
that failed to return the following year; by treatment; includes all 
five treatments (discontiguous-fed not shown in figure; they do not 
differ from contiguous fed). Comparisons are 2-tailed Mann Whit- 
ney tests. No differences are significant for controls, contiguously- 
fed males, or dicontiguously-fed males. For males with female feed- 
ers, those with longer tails were significantly less likely to return 
(Z --2.31, P = 0.02). For discontiguously-not-fed males, those 
with longer wings and those with longer tails were significantly 
less likely to return (wings Z = -2.68, P = 0.007; tails Z = -2.04, 
P = 0.04). 

but how much their harem sizes increased depended on their 
own size. Increases were smaller for males with longer tails 
(rho = -0.66, P =0.03, n = 1 1), and for males with bigger 
wings (rho = -0.49, P 0.09, n = 11). Although these 
effects do not achieve tablewide significance (tarsus was also 
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E. males with female feeders 

FIG. 8. Mean condition by treatments; includes all five treatments 
(discontiguous-fed not shown in figure; they do not differ from 
contiguous fed). ANOVA F4,406 = 2.79; P = 0.03. Significant dif- 
ferences: males with feeders (contiguous) versus controls; males 
with feeders (contiguous) versus discontiguous-not-fed males; 
males with female feeders versus both sets of fed males. 

examined as a measure of body size, so k = 3 for Bonferroni 
corrections), the negative trends suggest that males with fe- 
males feeders in 1988 were getting energetically stressed, but 
that the effects of that stress were delayed until the following 
breeding season, when it resulted in smaller harem sizes for 
males that were larger. 

In other words, during the first year with a female feeder, 
males with longer tails tended to have larger harems. But in 
their second year with the stress of a female feeder, males 
with longer tails tended to have smaller harems than males 
with shorter tails. Clearly, future workers need to pay atten- 
tion to year-to-year changes, since the effects of stress may 
be delayed. 

DISCUSSION 

Testing the Assumptions 

Most, but not all, of the experimental assumptions listed 
in Table 1 were met. Male harem sizes were energetically 
constrained, and fed males had larger harems than control 
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males. Male display rates were also energetically constrained; 
males provided with supplemental food sang more, per- 
formed more display flights, spent more time vigilantly 
perched and singing, and spent less time off their territory 
than control males. 

Females provided with supplemental food advanced their 
lay date (Ewald and Rohwer 1982; Wimberger 1988; Lang- 
ston et al. 1990). Feeding females only at a territory (but not 
the male territory holder) placed male territory holders under 
energetic stress, because males with female feeders per- 
formed more display flights in the early morning hours, and 
spend three times as much time on their territory at midday 
than control males. 

A central aspect of the self-limiting hypothesis (Searcy 
1979a) is that energetic constraints on the ability of large 
males to display at high rates eventually limit selection fa- 
voring larger body size for winning fights. Fundamental to 
this argument is the assumption that sexual display is ener- 
getically costly, so that under certain conditions smaller 
males may be able to devote more energy to sexual activity 
than larger males. Is the assumption that display is costly 
reasonable? Santee and Bakken (1987) found that the terri- 
torial displays of redwings were so costly during cold weather 
that males were often forced to switch to shelter seeking and 
foraging, and abandon their displays. Like redwings, black 
grouse (Tetrao tetrix ) show energetic constraints that limit 
the time a male can compete for males, and these constraints 
can be an important factor in breeding success (Angelstam 
1984; Hoglund et al. 1992). 

Although we did not find overwhelming evidence in sup- 
port of the assumption that large males are under more en- 
ergetic stress than smaller males, we did find a significant 
contrast between stressed males (females fed) and males re- 
leased from early spring resource shortages (males fed). 
Stressed males showed more negative relationships between 
size variables and display rates than fed males. Searcy 
(1979a) also found support for the prediction that large males 
were more stressed for energy than small males during the 
spring. Other species may show similar patterns; for example, 
in the sage grouse Centrocercus urophasianus, small males 
displayed at higher rates than larger males (Gibson and Brad- 
bury 1985). 

The Central Experiment 

When Does Male Body Size Correlate with Harem Size? 

When males only were fed and released from energetic 
constraints, we predicted that bigger males should win bigger 
harems. But when females only were fed, smaller males 
should win bigger harems. Since-harem size varies by marsh 
and by year, we controlled for this variation by analyzing not 
absolute harem sizes, but instead each male's variation from 
the mean harem size within his treatment group. 

When males alone were fed, males with longer tails re- 
ceived bigger harems than males with shorter tails, as pre- 
dicted. Males with longer wing chords tended to have bigger 
harems, but the difference was not quite significant. Tarsus, 
however, was not correlated with harem size. 

Control males showed trends in the same direction: males 
with longer tails and wings tended to get larger harems rel- 

ative to other males in their marsh that year. These trends 
were not quite significant, nor does the self-limiting hypoth- 
esis predict that they would be. 

When females only were fed, the results did not support 
the self-limiting hypothesis. Smaller males with female feed- 
ers did not win larger harems, as predicted. Nor did the trends 
go in the expected direction. Males with female feeders never 
showed the expected inverse relationship between body size 
and harem size, for any body size measure. Because 1988 
was a mild year (female feeding did not produce bigger har- 
ems, hardly advanced laying, and failed to substantially in- 
crease display rates among males), one might argue that in 
1988, we were not stressing males. But 1989 was very dif- 
ferent: feeding females advanced laying, increased male dis- 
play rates, and increased harem sizes. However, we still did 
not see the expected relationship between male body size and 
harem size. Because of the consistency of the unpredicted 
results, it seems unlikely that they are spurious. 

Why Tail and Wing and Not Tarsus? 

One puzzle is why males with bigger tails and wings, but 
not males with bigger tarsi, are the ones that show the effects 
on harem size. Tarsus more closely reflects structural size 
(Freeman and Jackson 1990), but nevertheless, tarsus had 
little effect on any parameters of harem size in this study. 
One possible hypothesis is that there is simply little variation 
left in tarsus size, while more variation remains in wing and 
tail. We tested this by comparing the coefficients of variation 
(CV) of wing, tarsus, and tail, expecting to find that tarsus 
had significantly less variation within our population than 
wing and tail. While CVs were highest for tails, which most 
consistently correlated with harem size (x = 96.13 + 0.15; 
var = 9.4; CV = 3.19; n = 420), CVs for wing measures 
were less than CVs for tarsus (wing xT = 132.95 + 0.12; var 
= 5.88; CV = 1.82; n = 420; tarsus x = 34.5 + 0.05; var 
= 0.9; CV = 2.74; n = 420). All were quite small; there is 
very little variation in any of these measures, suggesting 
strong stabilizing selection. 

Alternately, perhaps tail and wing were simply highly cor- 
related with tarsus measures. If this were true, then wing and 
tail might just be a way of advertising true structural size to 
females-since wings and tails are much bigger and more 
obvious than tarsi. For this to be a workable hypothesis, tail 
and wing would need to be correlated with tarsus and with 
structural size. But for our birds, tails and tarsi were not 
correlated at all (r = -0.06), and wing was only weakly 
correlated with tarsus (r = 0.12). Wing and tail were cor- 
related with each other (r = 0.61, P < 0.001; n = 213 for 
all males in the first year measured). But with an r2 of only 
40%, wing and tail could be conveying different information 
to females, although we do not know what. 

The next possibility is that sexual selection might act 
strongly on certain characters, yet weakly on others. If sexual 
selection on wing and tail explains why they tended to cor- 
relate best with harem size, then wing and tail should show 
the most sexual dimorphism, and tarsus the least. Indeed, 
male-female differences in wing and tail are nearly twice that 
of tarsus differences. The mean differences between males 
and females (expressed as a percentage of female size for 
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that measure): male wings were 26.6% bigger than female 
wings (x = 132.95 males, n = 420; xT = 105.0 females, n = 
152); male tails were 25.5% bigger than female tails (x = 
96.13 males, n = 420; t = 76.7 females, n = 152); male 
tarsi were 13.5% bigger than female tarsi (x = 34.5 male n 
= 420; t = 30.4 female, n = 152; all measurements in mm). 
By isometry, wing, tail and tarsus should all scale as M0O33, 
where M is mass (Schmidt-Nielsen 1984; Norberg 1990). 
Tarsus does so, but wing and tail scale close to MA05. Un- 
fortunately, the allometric coefficients expected for flapping 
flight are difficult to predict. Thus sexual selection, as well 
as the demands of flight, may be responsible for sexual di- 
morphism in wing and tail exceeding isometry. 

For many birds, exaggerated tail ornaments have been 
shown to correlate with higher mating success (see Andersson 
1994). Male widowbirds with experimentally exaggerated 
tails had higher reproductive success (Andersson 1982). Fe- 
male swallows preferred males with longer tail streamers and 
longer wings, but only tail rankings were repeatable (M0ller 
1994). Female jungle fowl preferred males with longer tail 
feathers (Zuk et al. 1990). For several grackle species, tail 
but not tarsus appears to have been sexually selected: po- 
lygynous species have longer tails than monogamous species 
(Bjorklund 1991). 

Future Trade-Offs: Delayed Costs of Larger Size 

Why did we fail to see the expected negative correlation 
between male body size and harem size for males with female 
feeders? Three major possibilities suggest themselves: 

(1) The female-only feeders might not have advanced fe- 
male laying enough to stress males. But our results suggest 
that female-only feeders did advance female laying, did result 
in increased displays by males, and did energetically stress 
males, especially in 1989. 

(2) The second possibility is that female-only feeders did 
stress males but did not stress larger males more than smaller 
males. In other words, larger males may not face energetically 
higher costs than smaller males. For most measures of size, 
however, larger males were not able to display as much as 
smaller males with female feeders (Table 6). Fat extractions 
on female blackbirds at the same study site showed that larger 
females were under more energetic stress than smaller fe- 
males, and did pay selective costs (Langston et al. 1990), 
suggesting that redwing males might face similar costs. At 
another site in eastern Washington, Searcy (1979a) found 
larger males to be in poorer condition than smaller males. 

(3) Finally, feeding females may have stressed males, but 
not in the way we expected from the self-limiting hypothesis. 
Perhaps larger, energetically stressed males do not accept 
within-breeding season costs and suffer smaller harems as 
we expected them to do. Instead they may deplete their energy 
reserves more than smaller males in order to keep their harem 
sizes high, paying the cost in future seasons. Two lines of 
evidence support this alternative of the future payment of 
costs. 

First, for both control males and males with female feeders, 
larger males were less likely to return the following year 
(Fig. 7), whereas at male-fed territories, males of different 
sizes did not differ in their return rates. We assume that males 

that fail to return are not breeding elsewhere because Beletsky 
and Orians (1987) showed that most territory shifts by males 
occur within marshes. 

If return rates were dependent only on over-winter con- 
ditions and not on breeding season stresses, then fed males 
should have shown the same relationship as control males: 
larger males should return at lower rates than smaller males. 
Alternatively, if larger males were more energetically 
stressed by the breeding season than smaller males, we would 
expect larger males to return at lower rates under conditions 
of particular energetic stress (e.g., cold spells early in the 
breeding season, or experimental conditions such as males 
with female feeders, or discontiguously-fed males, that are 
forced into extra defense of their territory by their neigh- 
boring fed males). Yet for fed males, we would expect large 
males to return at the same rates as smaller males. Males at 
territories with male feeders were in better condition than 
control males or males with female feeders (Fig. 8); more- 
over, males in poorer condition during the breeding season 
were less likely to return the next year. These results support 
the hypothesis that during conditions of energetic constraints, 
larger males are more stressed than smaller males, but pay 
those costs not during the current breeding season, but in 
future seasons. 

Second, year to year changes in harem size for males whose 
females were fed two years running were also related to body 
size. In this situation harem sizes increased from year 1 to 
year 2, but males with bigger tails had significantly smaller 
increases than males with smaller tails (rho = -0.66); males 
with bigger wings showed the same trend (rho = -0.49). 
This suggests that the stresses of female feeders were not 
expressed in body size-related adjustments of harem size until 
the following breeding season. 

These results suggest that selection against larger males 
alone does not limit male body size, but rather that selection 
against large males is a combination of two situation-depen- 
dent future trade-offs. First, larger males in situations likely 
to produce a sizable reproductive payoff in the current breed- 
ing season should be expected to sacrifice condition and low- 
er their chances of surviving to breed again. If males make 
these trade-offs only when their current reproductive situation 
is particularly good (large harems or early females), then this 
effect may not be apparent when trends are examined across 
all males. Second, if large males survive the extra investment 
they make in good years and hold territories the following 
year, self-limiting effects should be expressed in that follow- 
ing year. For example, in this study, we found that smaller 
males with female-feeders showed a stronger year-to-year 
increase in harem sizes than larger males. 

Future trade-offs were also found by M0ller, who showed 
that male swallows (Hirundo rustica) with lengthened tail 
streamers had higher mating success in the first year their 
tails were lengthened, but their foraging ability was lessened. 
After molting, they grew shorter tails than they had before 
the experiment, and had reduced breeding success the year 
after the treatment, suggesting future costs that would limit 
sexual selection (M0ller 1988, 1989). 

CONCLUSION 

A great puzzle about red-winged blackbirds is that while 
they show strong evidence of the past forces of sexual se- 
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lection, efforts to measure this selection and to identify the 
forces countering it have met with limited success. Males are 
over 1.5x the mass of females (Dunning 1993), yet associ- 
ations between harem size and male size are only weakly 
positive and smaller males rarely survive better than larger 
males (Searcy and Yasukawa 1995). 

Searcy and Yasukawa (1995) suggest that this paradox can 
be explained by the fact that ownership of territories is de- 
termined not by size and fighting ability, but instead by 
chance (the lottery model). A good deal of evidence suggests 
that competition for territories in red-winged blackbirds does 
more closely resemble the lottery extreme, rather than a mer- 
itocracy, where larger males that should be better fighters 
consistently gain the best territories (Shulter and Weather- 
head 1991, Rohwer 1982). 

For species that best fit the lottery model, opposing forces 
of selection will still exist, but they may be difficult to mea- 
sure because success in male-male competition will be only 
weakly related to size. Rohwer (1982) suggests that the very 
dangerous narrow and sharp bill of redwings, which evolved 
to pierce cattails for foraging (Orians 1985), makes their 
contests more like gun fights than like contests of strength, 
because a single blow from a smaller male can be debilitating 
to a larger opponent. If this idea is correct, then size-related 
forces of sexual selection should be easier to measure in male 
yellow-headed blackbirds than in redwings. Since the bills 
of yellowheads are less dangerous and their skin is tougher, 
winning fights should be determined more by body size than 
by landing lucky blows. 

Even if redwings represent an extreme of the lottery model, 
it should still be possible to measure the opposing forces of 
selection acting on redwings body size if the right variables 
and the right subsets of males are measured. That this is 
possible is confirmed by the weak, but generally positive 
correlations we found between harem size and body size. 
Furthermore, when males alone are fed on their territory, the 
positive correlations between measures of body size and har- 
em size are stronger than they are for unfed controls, sup- 
porting the assumption that large males are energy con- 
strained. However, the critical prediction of the self limiting 
hypothesis failed: For two years, we successfully fed females 
but not males, and in one of these years we advanced nesting 
by two weeks, thus simulating cold spring conditions for 
males with female-only feeders. In neither year, however, did 
small males have larger harems. Attractive as it has been, 
the self-limiting hypothesis is not supported by our data. 

The clearest message from our data is that more attention 
should be paid to trade-offs involving future breeding. Even 
under conditions of severe energetic stress, smaller males did 
not gain larger harems, as predicted by the self-limiting hy- 
pothesis. But larger males did seem to become more ener- 
getically stressed than smaller males, and this stress affected 
their future reproductive output rather than their current re- 
productive performance. Thus male body size may be sta- 
bilized not by non-breeding-season survival costs or by with- 
in-breeding-season display costs, but by the costs of future 
reproduction that larger males pay for their increased breed- 
ing-season effort. 

These results are interesting to consider in the larger con- 
text of interspecific differences in demography. We suspect 

we have found evidence of future reproductive costs in Wash- 
ington redwings because of their high annual mortality (46% 
Searcy and Yasukawa 1995; 42% this study). Sixty-six per- 
cent of yearling males die before obtaining a territory (Searcy 
and Yasukawa 1995: Box 7.1). Thus, even in energetically 
stressful years, large males must invest heavily in reproduc- 
tion since survival of all males is poor and most males will 
die before they obtain territories. When survival is low and 
future breeding success is uncertain, larger males should 
make the most of immediate breeding opportunities, sacri- 
ficing survival by losing condition, rather than reducing their 
efforts to attract a large harem. In contrast, the self-limiting 
hypothesis should be more likely to apply within breeding 
seasons for longer lived species where future breeding is a 
larger component of life-time reproduction. 
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