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Abstract. The timing of pair formation varies within and among species of ducks. In this study we documented the chronology of pair formation in a population of wintering Harlequin Ducks (Histrionicus histrionicus) in southwestern British Columbia. Harlequin
Ducks began forming pair bonds in October and over
half of the females were paired by December. This
timing is much earlier than other ducks of similar size.
A segment of this population was individually marked,
and we documented the reunion of mates in subsequent years. In all cases where both members of the
pair returned to their wintering grounds they reunited
in the fall. New pair bonds, involving young males and
females, were formed in the spring. We suggest that
pair reunion in this species reduces the costs of courtship and pair bond maintenance and allows males to
pair early in the nonbreeding season, compared to other species.
Key words: Harlequin Duck, Histrionicus histrionicus, pair formation, pair reunion.
In many migratory bird species pair bonds are formed
just before the breeding season (Oring 1982). Females
arrive at the breeding grounds and select males based
upon their individual quality or on the quality of the
territory they hold (Hixon 1987). Waterfowl do not
follow this pattern. In geese and swans the pair bond
is maintained throughout the entire year and across
years. In ducks, pair bonds usually are formed during
the preceding fall, winter, or spring, depending upon
the species (Rohwer and Anderson 1988). Intense selection for mates has led to the evolution of early pairing, sometimes up to seven months before breeding.
Males benefit by obtaining a mate, females benefit by
being protected by a mate which allows her to optimize her foraging rates during the prebreeding season
(Ashcroft 1976, Scott 1980).
The timing of pairing varies considerably within and
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among species (Rohwer and Anderson 1988). Explanations for these differences among species include the
timing of breeding, food quality, and sex ratio of the
species (McKinney 1992). Among species, early pairing tends to be correlated with body size (Rohwer and
Anderson 1988). Larger species have several energetic
advantages that allow them extra time for other activities (Goudie and Ankney 1986), including pairing. AIthough larger species require absolutely more food,
they have lower metabolic rates and are more efficient
with the same amount of food (Calder 1974). Additionally, larger species have thermodynamic advantages that slows the rate of body heat loss and lowers
their thermoneutral temperature zone (Calder 1974).
Therefore, larger species are able to court and to maintain pair bonds throughout inclement weather conditions in winter. Smaller males may not be able to devote the extra energy to courtship and mate guarding
until favorable weather during spring (Rohwer and Anderson 1988). This led Rohwer and Anderson (1988)
to formulate the male costs-female
benefits hypothesis for the timing of pair formation. Pairing is predicted to occur when the female benefits from being
paired, which is assumed to be early in the nonbreeding season because paired females enjoy a higher dominance status and access to preferred food resources
(Ashcroft 1976, Paulus 1983). Males may also be selected to form pair bonds early, if they can form a pair
bond with high quality females or elevate their own
social status by doing so (Wishart 1983, Heitmeyer
1995). The timing of pair formation is modified by the
energetic costs to males of maintaining the pair bond.
Therefore, the timing of pair formation depends on the
relative costs and benefits to males and females in
maintaining the pair bond. Within species, older males
and males in prime condition tend to successfully obtain a mate sooner than young males and males in poor
condition (Brodsky and Weatherhead 1985, Hepp
1986).
The pairing chronology of sea ducks (Mergini) is
not well known. They represent a monophyletic clade
that exhibits wide variation in life history characters
and body size (Livezey 1995). Pairing begins as early
as September in Common Eiders (Somateria mollissima) (Spurr and Milne 1976) and as late as March (possibly even during spring migration) in mergansers and
Buffleheads (Bucephala albeola) (Erskine 1972, Hohman et al. 1992). In some species of sea ducks, after
a period of separation during brood rearing, individuals
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are known to reunite with the same mate, in some
cases for a number of consecutive years (Bengtson
1972, Spurr and Milne 1976, Savard 1985).
Harlequin Ducks (Histrionicus histrionicus) represent an interesting case as they are a relatively small
sea duck that begins to form pair bonds in October
(Gowans et al. 1997). Harlequin Ducks also are known
to reunite with the same mate in subsequentyears
(Bengtson 1972, Gowans et al. 1997). In this studywe
identify factors that influence the timing of pair formation among individual Harlequin Ducks. Specifically, the objectives of this study were to (1) document
the pairing chronology of Harlequin Ducks over the
entire nonbreedingseasonand (2) determine whether
variation in the timing of pair formation is related to
an individual’s age and/or the presenceof a prior mate
at the nonbreedinggrounds.
METHODS
STUDY AREA
This study was conductedfrom August 1994 to May
1997 on a 5.5 km stretch of rocky shoreline near the
town of White Rock, in coastal southwesternBritish
Columbia. The study area is boundedby mud flats on
either side which are not usedby Harlequin Ducks. Up
to 150 Harlequin Ducks molt and winter at this site
(Robertsonet al. 1997). Access to the site is provided
by a railway line on a dike that runs 2 to 4 m above
the intertidal zone along the entire shoreline.
FIELD METHODS
Harlequin Ducks were captured annually during the
wing molt in July (males) and September (females)
from 1994 to 1996. Researchersin sea kayaks corralled flightless individuals into a drive trau placed on
an intertidal bench. All individuals capmred were
sexed and aged by cloaca1examinationusing the depth
of the Bursa of Fabricius (Petersonand Ellarson 1978)
and plumage charactersto identify juveniles. Age was
classified as either juvenile (hatchedin the same summer as the banding), yearling (bursadepth < 10 mm),
subadult(bursadepth > 10 mm), and adults(no bursa)
(Goudie, unpubl. data). Each individual was marked
with a unique colored tarsal leg band engravedwith a
two-digit alphanumericcode and a stand&d U.S. Fish
and Wildlife Service aluminum band. Birds were released in small groups after processing.
Surveys of birds on the study site were conducted
regularly (about once per week) throughoutthe year.
During each survey, observersnoted the location and
group composition of all Harlequin Ducks. Unlike
most other sea ducks, Harlequin Ducks prefer to remain within about 50 m of the shoreline,and accurate
population counts are feasible. Harlequin Ducks rest
and preen on rocks, and at this time the tarsal band
can be read. Pairs were identified by the methods described in Gowans et al. (1997). Briefly, individuals
were consideredpaired if they behavedsynchronously,
remained close together, and the male was seen to
guard the female from other males. A particulareffort
was made to identify pairs in which one, or both, of
the members of the pair carried tarsal bands. The first
time a pair was observed representsa biased estimate
of when the pair bond formed; birds could have been

paired for months before they were identified, so our
estimate of the timing of pair formation representsthe
latest possible time a pair bond could have formed.
The pairing status (including birds definitely not
paired) of an individual was consideredconfirmed if
they were observed as noted above at least three different times.
The nonbreedingseasonwas broadly classifiedinto
molt (June through September), fall (October to midDecember), winter (mid-December to February), and
spring (March to mid-May).
RESULTS
TIMING OF PAIRING
The chronology of pair formation was very similar
over the three seasons(Fig. 1). The first pairs were
seen in early October, and-by mid-December approximatelv 60 to 80% of females were oaired. Through
March and April the proportion of females paired aiproached 100% in all three years.
PAIR REUNION
In 1994, six pairs were identified where both the male
and female were banded. Four (67%) of these pairs
reunited in 1995, and in all four casesthe birds were
observed paired for the first time in the fall. In the
other two casesthe male returned and the female was
never seen. One of these males remained in the study
area for the 1995-1996 nonbreedingseasonand was
observed courting other females but was never successful in obtaining a mate. He also returned to the
study area to molt in the summer and fall of 1996, but
left the study area after the molt. The other male was
seen intermittently over the next two nonbreedingseasons. He was observed once, possibly paired, in the
spring of 1996 and once, apparently unpaired, in the
spring of 1997. Only one possiblecase of pair divorce
occurred, where a male was seen with an unmarked
female in 1994-1995 and was seen with a banded female (from the 1994-1995 marked cohort) in the following year.
In 1995, 11 pairs were identified where both the
male and female were banded (including the 4 pairs
that were identified in 1994-1995). Eight of thesepairs
reunited in 19961997. All but two (75%) of these
pairs were seen for the first time in the fall. Of the
remaining three pairs, the males returned and the females did not. One of these males left the study area
after the molt, anothermale remainedin the studyarea
and was seen unpaired in the spring of 1997, and the
last male was observed paired with a different female
(a subadult)in the spring.
AGE AND TIMING OF PAIRING
In general, females paired at a younger age and with
a higher frequency than males (Table 1). All females
were paired by the time they were subadults,whereas
33% of adult males remained unpaired.
DISCUSSION
Harlequin Ducks began to form pair bonds in the fall,
with well over half of the females paired by December,
and all females paired by April. If both members of a
pair returned to the wintering grounds, they reunited
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FIGURE 1. Pairing chronology of female Harlequin Ducks at White Rock, British Columbia. Sample sizes
range from 5 to 67 females, low samplessizes (< 10) occur at end of the nonbreedingseason(May) when most
females have left for the breeding grounds.
in the fall. Young females (yearlings and subadults)
pairing for the first time did so in the spring.One yearling male was able to establisha pair bond, yet a third
of the male Harlequin Duck population remained unpaired.
Paired Harlequin Ducks are seen much earlier than
pairs of other waterfowl species of a similar size.
Among dabbling ducks,pair bondsare first seenin fall
in larger speciesand in spring in smaller species(Rohwer and Anderson 1988). Males of smaller dabbling
duck species may be unable to expend extra energy
maintaining a pair bond and maintain a balanced energy budget during the cold weather and short days of
the mid-winter months.Therefore, they must wait until
spring before courting females. All of the pochards

form pair bonds in spring, even the large bodied Canvasback(Aythyn valisineria) (Weller 1965). Pochards,
in contrastto dabblers,dive for food. In divers, males
may not be able to efficiently defend a female from
harassmentor economicallydefend a food resource,so
there are no benefits to pairing before spring for either
sex. Smew (Mergus albellus) (Nilsson 1974), Oldsquaw(Clang& hyemalis) (Alison 1975), and Bufflehead (Erskine 1972) are sea ducks similar or smaller
in size to Harlequin Ducks, and all of thesespeciesare
first seen paired in the spring. Given that Harlequin
Ducks are both small and dive for food, they would
be expected to pair in the spring, yet this is not the
case. Two related factors may explain why Harlequin
Ducks pair earlier than other species of similar size.
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TABLE 1. Timing of pairing in different age and sex
classes of Harlequin Ducks at White Rock, BC.

Sex and age

Pared in falla
(I OctoberDecember)

15

Paired in springa
(1 March15 May)

Never paired

Females
juveniles
vearlings
&bad&s
adults

I (0%)

0 (0%)

0 (0%)
1 (20%)
16 (52%)

4 (80%)
4 (SO%j
15 (48%)

0 (0%)
0 (0%)
11 (27%)

1 (50%)
0 (0%)
16 (40%)

1
1
0
0

(100%)
(20%)
(0%)
(0%)

Males
yearlings
subadults
adults

1 (50%)
2 (100%)
13 (33%)

a Some mdividuals that paired in the fall were not seen as paired until
the spring. Therefore, the number of indivtduals that pared m fall is underestimated and the number that paired in spring is overestimated.

One is that they prefer to forage in relatively shallow
waters along the intertidal zone, a relatively inexpensive foraging method for a diving duck (Goudie-and
Anknev 1988). The other is that established nairs reunite every fall.
Male sea ducks abandon their mates while they are
incubating and depart to a molting location which may
be a substantial distance from the breeding locations
(Salomonsen 1968). Females may join in these migrations at a later date or molt on the breeding grounds.
Males and females are separated for at least some period of time. Therefore, individuals must be site faithful to the location where they first formed their pair
bond in order for pair reunion to occur. Since pairs are
formed sometime between fall and spring in Harlequin
Ducks, they should exhibit fidelity to their nonbreeding grounds. Site fidelity also is expected to be favored
in species that use stable habitats. Harlequin Ducks use
a relatively predictable habitat in the winter and are
faithful to their wintering grounds (Robertson, unpubl.
data), allowing pairs to reunite every fall. A potential
benefit for early pair reunion is the ability for an individual to determine if their mate has survived the
breeding and molting season. Individuals that lose their
mate can begin courting another mate as soon as possible.
Pairs that reunite do so in the fall, whereas new pair
bonds (including young females) are apparently established in spring. If only new pairs are considered and
not pairs that reunite, Harlequin Ducks do follow the
predicted pattern for a small diving species; that is they
pair in spring. During the winter months, it may not
be possible for males to attract and effectively defend
a new female while still maintaining a balanced energy
budget, even if the males would gain the benefits of
an increased social status from being paired. Males
may have to forage at such a high rate that they cannot
budget extra time for courtship activities. Indeed, foraging rates during December and January are high,
over 70% of the days’ activity is spent feeding (Goudie
and Ankney 1986, Robertson, unpubl. data, Torres, unpubl. data). Other sea ducks show increased foraging
rates during the mid-winter period as well (Nilsson
1970). Furthermore, even established pairs tend not to

be close to each other during mid-winter, and in some
cases it is not clear that the pair bond is intact (Boyd,
pers. observ.; Torres, unpubl. data); thus males are investing little energy in mate guarding.
If the winter period is stressful for Harlequin Ducks
why do pairs reunite in the fall? Savard (1985, adapted
from Rowley 1983) discussed potential reasons for
why pairs reunite, which included (1) obtaining a mate
of known abilities, (2) maintaining the same territory,
and (3) reducing the time and energy spent in courtship. Gowans et al. (1997) showed that courtship behavior increased dramatically in the fall, however they
concluded that most of the behavior was mate guarding by repaired males and courtship by unpaired males.
Mate guarding is probably not as energetically expensive as active courtship because courting males fly
around to find females. Very little courtship was seen
between pairs that reunite (Gowans et al. 1997). On
the other hand, unpaired males courting females in the
spring are very active (Robertson, pers. observ.). By
saving time and energy in courtship, males and females are able to reunite in the fall and not have to
wait until spring. Even if the costs are reduced for
established pairs, they could still reunite in spring and
not expend energy in any courtship activity and mate
guarding. However, there may be costs to waiting until
spring. Males in pair bonds gain social status and may
have access to better quality foraging areas (Paulus
1983). Another important cost of waiting until the
spring is that the other member of the pair may have
found a new mate.
In systems where pairs reunite, the pool of available
females is very small. If there is a sex ratio bias for
males, as seen in virtually all duck populations (Bellrose et al. 1961, Sargeant and Raveling 1992) including Harlequin Ducks (Bengtson 1972), then the sex
bias in the pool of unpaired birds is even higher. Only
young females and females that have lost a mate are
available for pairing. This situation has been taken to
the extreme in the Chiloe Wigeon (Anus sibilatrix), a
sedentary species that exhibits long-term pair bonds.
Available females are sufficiently rare that unpaired
adult males will court iuvenile females so as to copulate with them when they are reproductively mature
(Brewer 1991). This lack of available females mav explain why maie Harlequin Ducks reunite with the same
mate as soon as possible and do not wait until spring.
Females gain by obtaining a mate of known abilities
(Savard 1985), and are protected from harassment
while foraging (Ashcroft 1976). Therefore, early pairing seen in Harlequin Ducks may result from the increased sexual selection for available females. Other
sea ducks that pair early reunite with the same mate.
Common Eiders begin pairing in September (Spurr and
Milne 1976) and Barrow’s Goldeneye (Buc~&zla islandica) (Savard 1985) in November. However, there
are documented cases of pairs reuniting in Oldsquaw
(Alison 1975) and Bufflehead (Gauthier 1987), yet the
first pairs are not seen until spring in these species.
Therefore, pair reunion in a species is not a sufficient
condition for early pair formation and other factors
may constrain these species to wait until the spring to
re-pair. Clearly, more information on the timing of pair
formation and the frequency of pair reunion in other
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