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Have Winter Spacing Patterns of Harlequin Ducks
Been Partially Shaped by Sexual Selection?
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sexually-selected changes in grouping behav-
ior during the non-reproductive period.

Predictions were made about three as-
pects of Harlequin Duck winter behavior:
(1) that unpaired birds will aggregate at mo-
bile courting arenas (Johnsgard 1994) or at
specific locations that would serve as “lek-
king” sites (Petrie 1989) to facilitate mate
sampling; (2) that immature males will par-
ticipate in courtship and show similar chang-
es in grouping behavior as adult courting
birds; and (3) that unpaired birds will be
more likely than paired birds to move to lo-
cations where herring spawn because, in ad-
dition to nutritional benefits, unpaired birds
will benefit from aggregations of conspecif-
ics that will reduce costs of mate sampling,
and from changes in time budgets that will
allow them to allocate more time to court-
ship and mate sampling.
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The study was conducted during October through
April 1998-2001 at 22 wintering locations of Harlequin
Ducks in the Strait of Georgia, British Columbia (details
in Rodway 

 

et al.

 

 2003a, b). Data were categorized into
two location categories, areas where spawning by her-
ring occurred and areas where herring spawning did
not occur during the study, and seven date categories,
October, November, December, January, February
through to the beginning of herring spawning in early
March each year (February), the 3-week period in
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3-5 (all P < 0.05). Mean group sizes did not
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courting males that often left a group to pur-
sue other females.

 

“Lekking sites”

 

.—Courtship occurred
throughout the study area and throughout
the day, but there was evidence of spatial and
temporal differences in courtship rates.
There were 20 sites for which there were at
least 50 observation sessions per site. Birds
spent more time courting at some sites than
others (F

 

19,2379

 

 = 4.5, P < 0.001) and during
the morning prior to 1000 h PST than later
in the day (F

 

4,2379

 

 = 4.5, P = 0.001; Tukey 

 

post
hoc

 

: all P < 0.05), although the interaction of
time*site was also significant (F

 

69,2379

 

 = 2.0,
P < 0.001) and some sites had higher rates of
courtship at midday or later in the after-
noon. Adjusted mean percent of time that
birds spent courting at the different sites
ranged from 0.6 ± 1.6 to 9.0 ± 0.9%. Four
sites had significantly higher rates of court-
ship than other sites (all P < 0.05). One site
in particular, Grassy Point on Hornby Island
(49°33’N, 124°40’W), had significantly high-
er rates of courtship than more than 50% of
the other sites. This site was used for feeding
by groups of Harlequin Ducks throughout
the day, including the morning time that ag-
gregating, unpaired birds were courting,
and had little to distinguish it from contigu-
ous inter-tidal habitat except that it was a
conspicuous point of land (though not the
only one) in view of the offshore, nocturnal
roosting grounds of most Harlequin Ducks
in that area (Rodway and Cooke 2001).

High rates of courtship at Grassy Point
were first noticed in fall 1999 and the site was
visited 16 times after that to determine how
birds used the site. Unpaired birds appeared
to use Grassy Point as a rendezvous point in
the morning, and unpaired females seemed
to visit the site to attract a party of courting
males, which they then led off in flight to
other locations. Observations of 7 December
were typical. The first birds to arrive were
males, beginning at 0730 h, and by 0751 h
there were 13 males, including two 1Y males,
and 1 female roosting together on the point.
By 0810 h, 25 males and 8 females had ar-
rived, including three pairs which tended to
remain separate from the large group of un-
paired birds. The unpaired birds separated

into courtship groups and by 0823 h the five
unpaired females had flown off in separate
courtship flights with four or five males each
in tow, leaving only paired birds behind. Un-
paired birds did not feed while they were at
Grassy Point. This pattern of behavior was
witnessed on 10 visits to Grassy Point at day-
break, during October-February. Sex ratio at
Grassy Point in these early-morning flocks
(3.1 ± 0.3, N = 8) was higher than expected
(based on a population sex-ratio of 1.51;
combined probability, 

 

χ

 

2
16

 

 = 33.6, P = 0.006),
and higher than later in the day (1.5 ± 0.1, N
= 8); number of birds present was higher in
the morning before 0800 h (36 ± 9) than at
other times of day after 1000 h (12 ± 3; t

 

14

 

 =
3.5, P = 0.004).

This type of phenomenon was not ob-
served at 15 other sites visited at daybreak.
Concurrent observations, with the help of an
assistant, at Grassy Point and a nearby site
called “Squeaker” on 29 October highlight-
ed the differences in behavior at these sites.
By 0830 h, 32 males and 9 females, one of
which was paired, had congregated at Grassy
Point, and seven males and five females
(four paired) had gathered at Squeaker. Ex-
cept for the one paired female, all the fe-
males at Grassy Point left in separate court-
ship flights, each with 3-7 males in tow. First
feeding at Grassy point began at 0919 h after
the initial courting groups had left and six
new birds were present, while all the birds at
Squeaker were feeding by 0835 h and, with
the addition of one male, were still present at
1000 h.

 

Behavior of 1Y males.

 

—1Y males were ob-
served courting throughout winter, although
the overall proportion of time spent in court-
ship was less for 1Y males (0.6 ± 0.3%; N =
68) than older, unpaired males (10.2 ± 0.8%;
N = 246; F

 

3,305

 

 = 13.5, P < 0.001). First-year
males did not appear to be excluded from
courtship or other groups, and in fact may
have been more tolerated than older males.
Based on the proportion of 1Y males in the
population (Rodway 

 

et al.

 

 2003a) and the to-
tal number of displays directed at males (Ta-
ble 2), 1Y males were the target of aggressive
displays less frequently than would be ex-
pected from paired (G

 

1

 

 = 96.0, P < 0.001)
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and unpaired (G

 

1

 

 = 12.6, P < 0.001) males,
and not different from that expected from
paired (G

 

1

 

 = 0.1, P = 0.7) and unpaired (G

 

1

 

 =
0.9, P = 0.3) females. 1Y males with different
plumage scores that were observed in court-
ship (2 each with plumage scores 2, 3 and 4)
suggested that plumage did not affect wheth-
er a 1Y male participated in courtship.

Herring Spawn

 

Time budgets.—

 

Time spent feeding was
lower (F

 

7,872

 

 = 14.1, P < 0.001; Tukey 

 

post hoc

 

:
all P < 0.05) and time spent courting was
higher (F

 

7,872

 

 = 8.8, P < 0.001; Tukey 

 

post hoc

 

:
all P < 0.05) in March at spawning sites than
during all other date-location categories for
unpaired, A1Y birds (Fig. 2). Those birds al-
so allocated more time to resting and mov-
ing, but not to preening, during March at
spawning sites in comparison with birds at
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bury 1981; Lank and Smith 1992), leading to
the observed aggregations of unpaired birds
at mobile courting arenas (Johnsgard 1994)
and at specific locations that served as “lek-
king” sites (Petrie 1989).

Unpaired birds occurred in larger
groups than paired birds during October-
February. Results suggested that there was an
optimal group size for courting birds, in the
order of 6-20 birds, and a greater proportion
of females were unpaired in those sizes of
groups in all months that it was measured,
even during March and April when mean
group sizes were much larger. Birds gathered
in larger groups for courtship and roosting
than for other behaviors. However, the rea-
sons for larger group sizes likely differed for
courtship and roosting behavior because the
proportion of females that were unpaired
and the male bias in the sex ratio were great-
er in larger groups when a focal bird was
courting but not when it was roosting, indi-
cating that unpaired birds were aggregating
specifically for courtship. Operational sex ra-
tio did not vary among group sizes, even for
courtship, suggesting that unpaired males
were distributed in an ideal-free fashion
(Fretwell and Lucas 1970) with respect to un-
paired females. This is what we would pre-
dict unless unpaired females are assorted ac-
cording to their attractiveness to males.

Spacing patterns could not be explained
by exclusion of unpaired birds by more dom-
inant pairs, as has been observed in other
non-territorial, mobile groups of wintering
waterfowl (e.g., Black and Owen 1989), be-
cause recipients of aggressive displays were
not displaced from their immediate group.
Further, there is no reason to expect that un-
paired birds would occur in larger groups
even if they were being displaced by despotic
behavior of paired birds. Possible greater ben-
efits to unpaired birds of predator defense
(Wittenberger and Hunt 1985) or informa-
tion transfer (Ward and Zahavi 1973), per-
haps because they are in poorer shape than
paired birds, could lead to aggregation of un-
paired birds. However, such benefits would be
unlikely to result in segregation based on
paired status only for courtship and not when
birds are roosting or feeding. The only hy-

pothesis consistent with the observed aggre-
gation of unpaired birds specifically for court-
ship is that these spacing patterns have been
sexually selected to facilitate mate sampling.

Lekking-like behavior was observed early
in the morning at one location. Males gath-
ered at this site at daybreak, unpaired fe-
males visited the site each apparently to at-
tract a group of courting males, and females
came for no other obvious purpose because
these courting groups left the site without
feeding. The behavior was observed at this
site during two winters, indicating that there
was something unique about the site and
that the behavior was not just a temporary
habit of a few birds. Such behavior may be
more widespread and additional sites will
need to be discovered before we can deter-
mine what location features serve to attract
courting birds and whether such aggrega-
tions can be explained by hotspot or female
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ence in courtship (Lyon and Montgomerie
1986). Male-biased sex ratios in many duck
species may result in directional selection on
males to begin courtship as early as possible
if participating in courtship increases the
probability that a young male will pair suc-
cessfully later in life.

Individuals of many species often time
their life history events to coincide with pre-
dictable but ephemeral food abundance
(e.g., Botton et al. 1994), but little attention
has been paid to possible indirect benefits of
exploiting such resources. Aggregating at
herring spawning sites in March provided
birds with both direct nutritional benefits
(Rodway et al. 2003b; Rodway and Cooke
2002) and indirect benefits related to chang-
es in time budgets and spacing behavior.
Time required for feeding was dramatically
reduced for all birds feeding on spawn and
unpaired birds allocated much of their spare
time to courtship and moving, likely in search
of potential mates. Data indicated that un-
paired birds were more likely to come to her-
ring spawning sites than paired birds; propor-
tion of females that were unpaired was higher
at herring spawning sites than elsewhere dur-
ing the first but not the second two-week in-
terval that spawn was available, and male bias
in the sex ratio was higher at spawning sites
throughout the time spawn was available.
These patterns would be expected if un-
paired birds were preferentially moving to
spawning sites at the start of the spawning pe-
riod and then forming pair bonds while they
were there. Rodway et al. (2003b) found that
the proportion of Harlequin Ducks moving
to herring spawning sites was strongly related
to the distance that birds had to travel, sug-
gesting that there were trade-offs between the
costs of moving and the benefits of exploiting
herring spawn. If so, then greater propor-
tions of unpaired than paired birds moving to
spawn suggests that unpaired birds were will-
ing to incur higher movement costs to gain
indirect benefits associated with pairing activ-
ities. One telling observation is that the far-
thest known travel distance of 150 km by a
Harlequin Duck moving to a spawning site
(Rodway et al. 2003b) was performed by a di-
vorcing, >6-year-old female, that had been

paired for at least two years prior to moving,
and that left her previous mate behind in a
small wintering population of <100 birds
where there would have been few alternate
mate choices (Rodway 2004).

Higher proportions of unpaired females
and greater male-biased sex ratio at spawn-
ing sites than elsewhere during the first two
weeks of spawn would also result if all birds
were equally likely to come to spawning sites
but unpaired birds stayed longer than paired
birds. Several lines of evidence rule against
this possibility and support the conclusion
that unpaired birds were more likely to move
to herring spawning sites than paired birds.
First, tracking of marked birds and counts of
wintering populations showed that most
paired birds returned to their wintering ar-
eas after visiting spawning sites and were not
departing early for breeding grounds (Rod-
way et al. 2003b). Second, male age ratio did
not increase during the spawning period. Fi-
nally, proportions of unpaired females dur-
ing the second two-week spawn period and
male age ratios throughout the spawning pe-
riod were similar at spawning and non-
spawning sites.

Alternative explanations for why un-
paired birds were more likely to visit spawn
areas than paired birds may be that paired
birds are generally more attached to their
traditional wintering grounds and are less li-
able to move (Robertson et al. 1999, 2000;
Cooke et al. 2000), or that unpaired birds are
in poorer condition and gain greater benefit
from feeding on spawn than paired birds.
The former explanation seems least plausi-
ble because most of the wintering popula-
tion moves to herring spawning sites (Rod-
way et al. 2003b) and the vast majority of
birds moving are paired (Rodway 2004). The
latter explanation gains some support from
the fact that, although all birds spent very lit-
tle time foraging at spawning sites, unpaired
birds did spend more time feeding than
paired birds (Rodway 2004). However, there
is no evidence that unpaired birds were in
poorer condition than paired birds through
the winter (Rodway 2004; Torres et al. 2002),
and higher feeding rates by unpaired birds
at spawning sites can most parsimoniously be
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explained by their need to offset the require-
ments of allocating more time to the ener-
getically expensive activities of courtship and
mate sampling at that time. Given that the
operational sex ratio did not vary among
sites during herring spawn, it seems reason-
able to conclude that the difference in pro-
portions of unpaired females and males be-
tween areas with and without spawn was driv-
en by the sexually-selected, preferential
movement of unpaired females followed by
unpaired males to spawning sites.

Contrary to expectations, unpaired birds
were not more aggregated during herring
spawn than paired birds, and courtship
groups were similar in size during March at
spawning sites as elsewhere at that time and
as during October through December. How-
ever, the proximity of large numbers of birds
at spawning sites (Rodway et al. 2003b) would
have decreased sampling costs for birds
searching for mates, and may have func-
tioned analogously to the “lekking” site that
unpaired birds used through the winter as a
rendezvous point from which they departed
in social courtship groups. Decreased costs
were most apparent for unpaired males that
had higher rates of mate sampling during
March at spawning sites than during any oth-
er date-location category. Although numbers
of males courting a female at any particular
time was not exceptional during herring
spawning, females likely also had higher
rates of mate sampling at herring spawning
sites due to a greater turnover of males in
courting groups.

Most of the females courted by males at
herring spawn were paired, but unpaired
males spent only brief intervals courting
paired females and focused most of their
courtship on unpaired females. This sug-
gests that males required a brief assessment
period to determine that a female was
paired. Support for this possibility comes
from frequent observations throughout the
winter of flying, unpaired males alighting
and briefly courting a paired female that was
diving a small distance away from her mate.
Such unpaired males generally ceased court-
ing the female and often flew off again when
the paired male intervened, although it was

not uncommon for an unpaired male to stay
and feed with a pair for a while. On several
occasions, flying, unpaired males performed
similar behavior with single female Surf Sco-
ters (Melanitta perspicillata), flying away again
after a brief assessment, as if realizing their
mistake. This behavior was more costly away
from spawning sites because of the greater
travel distance between females.

More time for mate sampling and coinci-
dental access to large numbers of potential
partners that could be readily compared at
herring spawning sites likely increased the
quality and compatibility of mates obtained
by pairing birds (Real 1990; Sullivan 1994;
Mazalov et al. 1996; Jennions and Petrie
1997; Johnstone 1997), although it is possi-
ble that herring spawn is a poor time for
mate assessment because differences in male
quality will be less apparent when time and
energy budgets are relatively unconstrained.
Although most females were paired before
March, 50% of second-year females forming
their first pair bonds and a small proportion
of older, re-pairing females formed pair
bonds during or after the herring spawning
period (Rodway 2004). Because pair bonds
are long-term, herring spawn may thus pro-
vide important indirect benefits that in-
crease the fitness of over 50% of the breed-
ing population through its effects on individ-
ual mate choice opportunities and decisions. 

In waterfowl, female choice is likely the
primary mechanism of sexual selection be-
cause male dominance rank is most com-
monly unrelated to pairing success (re-
viewed in Rodway 2004). The process of
mate choice is an important determinant of
pairing chronology in waterfowl and winter
pairing may be partially an adaptation to re-
duce time constraints on female mate choice
that has been selected because of the bene-
fits of accurately assessing variation in male
behavioral characteristics (Rodway 2004).
Effects of sexual selection are obvious in
Harlequin Ducks; adult males regain their
nuptial plumage early in the fall after a brief
eclipse plumage (Cooke et al. 1997), and
males bear costs of search, advertisement,
and competition for mates throughout the
winter and for several years (Rodway 2004).
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Females also bear costs of mate sampling
and assessment over a protracted courtship
and trial liaison period lasting months or
even years (Rodway 2004). Less obvious ef-
fects were demonstrated in this study show-
ing that grouping and movement of un-
paired and immature birds are behaviors at
least partially shaped by sexual selection.

Adaptive changes in grouping behavior
related to pairing had not previously been
investigated in waterfowl. However, addition-
al support for the idea comes from studies of
Wood Ducks (Aix sponsa), that are typically
dispersed in small groups, showing that
group size and male bias in the sex ratio dur-
ing autumn were greater for courting than
other groups (Armbruster 1982). Northern
Pintails (Anas acuta) also exhibited greater
courtship in larger groups, but at a much
larger scale, with most courtship occurring
in groups >5,000 birds (Miller 1985; Migoya
et al. 1994). Data suggest that sexually-select-
ed behaviors that affect the process of mate
choice and the timing of pairing are impor-
tant to consider if we are trying to explain
winter spacing patterns of waterfowl. Indi-
vidual decisions about habitat use and pair-



426 WATERBIRDS

Lank, D. B. and C. M. Smith. 1992. Females prefer larg-
er leks: field experiments with ruffs (Philomachus
pugnax). Behavioral Ecology and Sociobiology 30:
323-329.

Lyon, B. E. and R. D. Montgomerie. 1986. Delayed
plumage maturation in passerine birds: reliable sig-
naling by subordinate males? Evolution 40: 605-615.

Mazalov, V., N. Perrin and Y. Dombrovsky. 1996. Adap-
tive search and information updating in sequential
mate choice. American Naturalist 148: 123-137.

McKinney, F. 1986. Ecological factors influencing the
social systems of migratory dabbling ducks. Pages
153-171 in Ecological Aspects of Social Evolution
(D. I. Rubenstein and R. W. Wrangham, Eds.). Prin-
ceton University Press, Princeton.

Migoya, R. M., G. A. Baldassarre and M. P. Losito. 1994.
Diurnal activity budgets and habitat functions of
Northern Pintail Anas acuta wintering in Sinaloa,
Mexico. Wildfowl 45: 134-146.

Miller, M. R. 1985. Time budgets of Northern Pintails
wintering in the Sacremento Valley, California. Wild-
fowl 36: 53-64.

Møller, A. P. 1994. Sexual Selection and the Barn Swal-
low. Oxford University Press, Oxford.

Petrie, M. 1989. Mating decisions by female Common
Moorhens (Gallinula chloropus). Proceedings of the
International Ornithological Congress 19: 947-955.

Real, L. 1990. Search theory and mate choice I. Models
of single-sex discrimination. American Naturalist
136: 376-404.

Robertson, G. J. and R. I. Goudie. 1999. Harlequin Duck
(Histrionicus histrionicus). In The Birds of North
America, no. 466 (A. Poole and F. Gill, Eds.). Birds
of North America, Philadelphia.

Robertson, G. J., F. Cooke, R. I. Goudie and W. S. Boyd.
1998. The timing of pair formation in Harlequin
Ducks. Condor 100: 551-555.

Robertson, G. J., F. Cooke, R. I. Goudie and W. S. Boyd.
1999. Within-year fidelity of Harlequin Ducks to a
moulting and wintering area. Pages 45-51 in Behav-
ior and Ecology of Sea Ducks (R. I. Goudie, M. R. Pe-
tersen, and G. J. Robertson, Eds.). Occasional Paper
No. 100. Canadian Wildlife Service, Ottawa.

Robertson, G. J., F. Cooke, R. I. Goudie and W. S. Boyd.
2000. Spacing patterns, mating systems, and winter
philopatry in Harlequin Ducks. Auk 117: 299-307.

Rodway, M. S. 2004. Timing of pairing in Harlequin
Ducks: interaction of spacing behaviour, time bud-
gets, and the influx of herring spawn. Ph.D. disserta-
tion, Simon Fraser University, Burnaby, British
Columbia.

Rodway, M. S. and F. Cooke. 2001. Effect of food avail-
ability on arrival and departure decisions of Harle-
quin Ducks at diurnal feeding grounds. Condor 103:
870-874.

Rodway, M. S. and F. Cooke. 2002. Use of fecal analysis
to determine seasonal changes in the diet of winter-
ing Harlequin Ducks at a herring spawning site.
Journal of Field Ornithology 73: 363-371.

Rodway, M. S., H. M. Regehr and F. Cooke. 2003a. Sex
and age differences in distribution, abundance, and
habitat preferences of wintering Harlequin Ducks:
implications for conservation and estimating re-
cruitment rates. Canadian Journal of Zoology 81:
492-503.

Rodway, M. S., H. M. Regehr, J. Ashley, P. V. Clarkson, R.
I. Goudie, D. E. Hay, C. M. Smith and K. G. Wright.
2003b. Aggregative response of Harlequin Ducks to
herring spawning in the Strait of Georgia, British
Columbia. Canadian Journal of Zoology 81: 504-514.

Smith, C., F. Cooke and R. I. Goudie. 1998. Ageing Har-
lequin Ducks Histrionicus histrionicus drakes using
plumage characteristics. Wildfowl 49: 245-248.

Smith, C. M., F. Cooke and G. J. Robertson. 2000. Long-
term pair bonds in Harlequin Ducks. Condor 102:
201-205.

Sullivan, M. S. 1994. Mate choice as an information
gathering process under time constraint: implica-
tions for behavior and signal design. Animal Behav-
ior 47: 141-151.

Torres, R., F. Cooke, G. J. Robertson and W. S. Boyd.
2002. Pairing decisions in the Harlequin Duck: costs
and benefits. Waterbirds 25: 340-347.

U.S. Navy. 2000. Website: http//riemann.usno.navy.
mil/AA/data/ [accessed 15 September 2000].

Ward, P. and A. Zahavi. 1973. The importance of certain
assemblages of birds as “information-centres” for
food finding. Ibis 115: 517-534.

Wittenberger, J. F. and G. L. Hunt, Jr. 1985. The adap-
tive significance of coloniality in birds. Avian Biology
8: 1-78.

Associate Editor: Jean-Pierre Savard.


