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ABSTRACT.--In polygynous Northern Harriers (Circus cyaneus) aerial displays reflect male 
body condition, and displays are therefore difficult to fake. The most vigorously displaying 
males attract the largest harems, and such displays are an accurate measure of a male's potential 
to provision their mates (the single most important influence on female fecundity). Whether 
females preferentially pick intensely displaying males because they are in better condition 
or because vigorous displays are associated with higher provisioning rates is unknown, but 
evidence suggests that both condition and provisioning are important mate-choice cues. I 
conclude that sexually selected behavior in harriers is largely consistent with the honest- 
advertising hypothesis. Received 17 August 1987, accepted 21 December 1987. 

FISHER'S (1930) model of "runaway" sexual 
selection has been challenged because models 
based on female choice do not take account of 

problems associated with the low heritability 
of characters chosen by females (e.g. Gustafsson 
1986). This led Kodric-Brown and Brown (1984) 
to suggest that selection has favored the evo- 
lution of costly phenotypic traits, which reflect 
genotypic quality. Thus, rather than abstract 
epigamic traits alone influencing female choice 
(e.g. Darwin 1871, Andersson 1982), females 
may use cues such as tail length as "truthful" 
markers of genetic quality. Similarly, Anders- 
son (1986) suggested that if secondary sexual 
traits mirror an organism's nutritional status, 
and nutritional status reflects genotypi• quality, 
then no initial mating advantage is necessary 
for FisherJan sexual selection to evolve. There 

is essentially no difference between these hy- 
potheses other than the emphasis that Kodric- 
Brown and Brown (1984) put on exaggerated 
physical traits such as antlers and nuptial col- 
oration and Andersson's (1986) emphasis on 
body condition and nutritional status as a re- 
flection of genotypic quality. 

In lek species that defend no resources, via- 
bility differences may be advertised through 
body condition, vigorous displays, or even tail 
length (Andersson 1986). For resource-defend- 
ing species, sexually selected behavior may be 
an advertisement of resource quality (Searcy 
1979) and possibly body condition. Thus, fe- 
males may prefer intensely singing or display- 
ing males because of the direct resource benefits 
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that will enhance their lifetlme fitness (Searcy 
and Andersson 1986). 

Assessing the Kodric-Brown and Brown/An- 
dersson model for resource-defending species 
is possible by establishing correlations between 
display vigor and body condition, assessing the 
relative quality of controlled resources or male 
investment and correlating them with display 
vigor, and determining whether close associa- 
tions exist between display vigor and harem 
size (polygynous species) or temporal differ- 
ences in mate attraction (monogamous species). 
Although sexual displays such as song intensity 
or song rate are closely correlated with paternal 
feeding, superior territories, and paternal nest 
defense in Red-winged Blackbirds (Agelaius 
phoeniceus) and Stonechats (Torquata saxicola) 
(Greig-Smith 1982, Searcy and Yasukawa 1983), 
no such data exist for birds that lack acoustical 

displays. I present evidence that the most ac- 
tively displaying male Northern Harriers (Cir- 
cus cyaneus) attract the largest harems, that such 
intersexual displays cannot be faked because 
they appear body-condition dependent, and that 
they accurately advertise at least a male's po- 
tential to provision his mates. 

STUDY AREA AND METHODS 

I studied a large population of breeding Northern 
Harriers in New Brunswick, Canada, from 1980 to 

1982. All nests were monitored, and variables such 
as the quality of female foraging areas, nest sites, and 
male provisioning and male nest defense were re- 
corded concurrently (details are given by Simmons 
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and Smith 1985, Simmons et al. 1986b). In addition, 
all aerial courtship displays by adult and young (<3 
yr) males were recorded throughout three breeding 
seasons, based on approximately 900, 700, and 900 h 
observation. I am confident that almost all displays 
were recorded because the spectacular nature and 
flashing gray-white effect of the males involved made 
the displays highly visible. Furthermore, several males 
were monitored simultaneously during 562 h of ob- 
servation at specified nests. Each display comprised 
a sequence of deep U-shaped undulations covering a 
distance of up to 1 km at a height of 10-300 m (see 
Watson 1977:114 for descriptions). In New Brunswick 
the sequences comprised 2-74 continuous Us and were 
directed, in all but a few instances, at flying or perched 
females. Most displays were recorded in early May, 
the egg-laying/incubation phase of harrier breeding 
(see Simmons et al. 1987). I scored displays on the 
basis of both total number of Us and the number of 

sequences per male. Males were not marked because 
trapping caused temporary nest desertion. I assumed 
each male controlled the territory over which he dis- 
played and in which he invariably landed. Intruding 
males invading known territories were quickly es- 
corted out, and neighbors rarely infringed territorial 
boundaries. 

Food-abundance indices.--Populations of Meadow 
Voles (Microtus pennsylvanicus) were monitored on the 
marsh as an index of annual food abundance. As the 

harriers' principal prey (Barnard et al. 1987), voles 
influence almost every aspect of harrier reproduction, 
from breeding numbers (Hamerstrom 1979) and clutch 
size to behavior (Simmons et al. 1986a) and polygyny 
(Hamerstrom et al. 1985, Simmons et al. 1986a). I ex- 
amined Andersson's (1986) condition-dependent fe- 
male preference hypothesis under the premise that 
males should be in better condition in vole-high years 
and therefore should display more vigorously. 

Resource quality and male investment.--To determine 
if males were "truthfully" advertising the quality of 
resources such as paternal assistance, nest sites, and 
foraging areas, I compared each resource with repro- 
ductive success for an index of quality and then cor- 
related quality with harem size. Safe nesting areas 
and high provisioning rates are important to nesting 
harriers (Simmons and Smith 1985, Simmons et al. 
1986b), but neither the extent of male nest defense 
nor the quality of female foraging areas (Simmons in 
press) significantly influence reproduction. Thus, re- 
source quality is based on nest sites and male pro- 
visioning alone. Provisioning of females by males, 
which begins before egg laying and continues 
throughout the nestling period (Simmons et al. 1987) 
was documented for 9 males each year, based on 562 
h of nest observations. Rates are expressed as items 
per day, not biomass, because no discernible differ- 
ences in prey sizes were evident within years. 

Nest-site quality scores (Simmons and Smith 1985) 
were based on the probability of nest success in three 

substrates: Dry, Wet, and Very Wet areas. Harrier 
ground nests were less susceptible to terrestrial pred- 
ators in the wettest areas. Annual reproductive suc- 
cess, the number of young reared to first flight, was 
used as an index of lifetime success because the two 

are closely correlated in at least one other raptor 
(Newton 1985). 

RESULTS 

Food abundance and display frequency.--Vole 
population indices decreased by a factor of 13 
during the study, from a high in May 1980 to 
a low in May 1982. The frequency of two im- 
portant male behaviors paralleled this decline. 
Nest defense decreased by a factor of 3 (Sim- 
mons et al. 1986a), and male courtship displays 
decreased from 43 display sequences (compris- 
ing 573 Us) to 6 sequences (comprising 37 Us). 
Average display frequencies per male, a better 
measure of the decline in displays, decreased 
from 2 sequences (27.3 Us) per breeding male 
in 1980 to 0.5 (3.1 Us) in 1982. Moreover, year- 
ling males did not display at all in the food- 
poor years but were present and temporarily 
territorial in all years (Simmons et al. 1987). 

Display frequency and harem size.--Males that 
displayed most often and vigorously attracted, 
and bred with, significantly more females than 
weakly displaying males (Fig. !). Both the num- 
ber of sequences (r = 0.741, P < 0.0!, n = !4) 
and the number of individual Us executed by 
each displaying male (r = 0.55!, P < 0.05, n = 
14) were correlated with harem size. This is a 
conservative measure of the influence of dis- 

plays on mate attraction because monogamous 
males that never displayed were not included. 

A direct test of the idea that display rate is 
an accurate advertisement of provisioning rate 
is impossible because of the small number of 
males for which both displays and provisioning 
were recorded (n = 6). I assumed that most males 
with large harems displayed vigorously and in- 
vestigated the correlation between harem size 
and resource quality. 

Harem size, nest-site quality, and provisioning 
performance.--The eggs and nestlings of har- 
riers are vulnerable to terrestrial predators, and 
nest-site quality plays a significant role in nest 
success (Simmons and Smith !985). Although 
nest-site quality scores were generally higher 
for polygynous males (Table 1), the trend was 
not consistent. Bigamous males controlled the 
highest-quality areas, and the quality scores did 
not differ significantly among males (Table !). 
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Fig. 1. Mated status of male Northern Harriers in 
relation to courtship displays. Courtship displays are 
graphed as the number of sequences (bouts), and as 
the total number of U-shaped undulations. Both mea- 
sures were related significantly to harem size. 

Thus, males did not appear to be advertising 
high-quality nest sites, and females were un- 
likely to be using display vigor as a cue for nest- 
site quality. 

Polygynous males, however, had significant- 
ly higher provisioning rates per day (12.98 + 
4.7, n = 4) than monogamous males (8.58 + 3.1, 
n = 16; t = 2.3, 18 df, P < 0.05), matching pre- 
vious findings for male European Marsh Har- 
riers (C. aeruginosus; Altenburg et al. 1982). This 
supports the idea that males that attracted the 
largest harems were also able to sustain higher 
overall provisioning rates. The possibility that 
polygynous males provisioned at higher rates 
simply because there were more females to feed 
is unlikely because no decrease in rate was ob- 
served when secondary females failed (unpubl. 
data), or when males abandoned these birds in 
favor of alpha females (Simmons et al. 1986b). 

Harem size and male reproductive success.--A 
prerequisite for sexual selection on males, and 
in particular male behavior, is that variance in 
male success should be relatively high (Payne 
1979). I found that males reared 0-10 young, 
while females reared 0-5 young (Simmons et 
al. 1986b). More importantly, males that attract- 
ed more than one female reared significantly 
more young (4.00 + 3.0, n = 7) than monoga- 
mous males (2.47 + 1.6, n = 38; t = 2.00, 43 df, 
P < 0.05). Intense sexual selection is thus ex- 
pected to act on male harriers. 

TABLE 1. Average nest-site quality scores for males 
with different-size harems, 1980-1982. No signifi- 
cant differences were found (ANOVA F3,60 = 0.60, 
not significant). 

Number of Number of 

mates cases QS a ñ I SD 

1 45 60.9 _+ 11 
2 11 65.2 _+ 9 
3 3 62.8 _+ 13 
4 5 64.9 _+ 9.7 

• QS = quality score; see Simmons and Smith (1985) for sample cal- 
culations. 

DISCUSSION 

I found that males in food-rich years dis- 
played more vigorously than in food-poor years, 
and males that displayed most vigorously at- 
tracted the largest harems. Males that attracted 
more than one mate also had higher provision- 
ing rates than monogamous males, and hence 
may have advertised this potential through their 
displays. 

Honest advertising.--To verify that males were 
"honestly" advertising their condition, one must 
show that only males in good condition dis- 
played vigorously. Three lines of evidence sup- 
port this idea. First, male courtship displays de- 
creased as food abundance decreased. Second, 
second-year males, which are expected to be in 
poorer condition because they forage less suc- 
cessfully than adults (Bildstein 1978: 215), did 
not display at all in poor vole years. Finally, the 
vigor with which males defended their nests 
also decreased in parallel with food abundance 
(Simmons et al. 1986a). Each of these male fac- 
tors, in conjunction with the fact that females 
produced significantly smaller clutches in food- 
poor years (Simmons et al. 1986a), supports a 
condition-dependent basis for the declines in 
behavioral displays. Possible alternatives, such 
as that males displayed more often because more 
females were present in vole-high years ("fe- 
male-stimulation effect") or that males simply 
had more time in which to display in food-rich 
years, are unlikely for two reasons. First, cen- 
suses in Wisconsin indicate that similar num- 

bers of harriers pass through in all years but 
that more females stay to breed in vole-rich 
years (Hamerstrom 1969). Hence, if similar 
numbers of females occur at the season's start, 
the female-stimulation effect predicts similar 
number of male displays between years. This 
was not so; displays increased as voles in- 
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creased. Furthermore, the female-stimulation ef- 
fect cannot account for the increase in male 

defense scores in food-rich years (Simmons et 
al. 1986a). Second, if breeding males had more 
time to display in food-rich years, one would 
expect no annual difference in display rates for 
nonbreeding males with no provisioning du- 
ties. This was not so. Nonbreeding, second-year 
males displayed in only 1 of the 3 years. This 
idea presupposes that displays are not energet- 
ically expensive, an unlikely assumption in light 
of the length and vigor of some displays. In 
sum, vigorously displaying males appear to be 
in the best physical condition, and females could 
use displays as a faithful guide to male condi- 
tion. That they did so is suggested by the cor- 
relations between harem size and display vigor. 

My results support the contention that males 
are advertising their provisioning potential and 
not high-quality nest sites, but it remains un- 
clear whether females choose males on the basis 

of body condition or provisioning potential. The 
simplest explanation is that females use both 
cues. Displays may act as a first index to a phe- 
notypically high-quality male, while provision- 
ing performance could be used as a more im- 
mediate cue to the future performance of each 
male. These possibilities are supported by find- 
ings that females desert poorly provisioning 
males (Simmons et al. 1987) and that significant 
correlations exist between male provisioning 
rate and female settling order (Simmons in 
press). 

If male body condition is reflected in display 
rate and female harriers use male display as an 
accurate guide to provisioning potential, then 
a consequence of the truth-in-advertising hy- 
pothesis is that older males would tend to attract 
the largest harems; they are more successful for- 
agers (Bildstein 1978, Toland 1986) and should 
have higher provisioning rates than young- 
sters. This was verified for male harriers in Ork- 

ney, which attract larger harems as they age 
(Picozzi 1984). Therefore, harriers satisfy at least 
two components of the honest-advertising hy- 
pothesis: displays appear to reflect body con- 
dition truthfully and may in turn be a first in- 
dication of a male's provisioning potential. 
Despite these conclusions, the subsequent per- 
formance of later-settling harem females indi- 
cates that male harriers appear to deceive them 
about future provisioning ability (Simmons in 
press). Males may switch their full attention 
back to the alpha female, which increases the 

likelihood of both nestling starvation and nest 
predation for polygynous females (Simmons et 
al. 1986b). At first glance, these results appear 
incompatible as males truthfully advertise their 
condition and resources, yet later desert some 
of their mates. This is explicable if we remember 
that for all species with a temporal lag between 
choice and realized reproduction, choices are 
based on potential resource quality and not 
known resource quality (cf. Wittenberger 1981). 
Even if poor- and good-condition birds display 
vigorously, only good provisioners can fake high 
courtship rates to several females. Honesty is 
therefore conditional. 
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