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Ai•S?RAC?.--In a color-marked population of Smith's Longspurs (Calcarius pictus) near Chur- 
chill, Manitoba, I recorded the timing and frequency of copulatory and mate-guarding be- 
havior in relation to breeding season and time of day. Longspurs formed mating associations 
best described as female-defense polygynandry. Females copulated with two (rarely three) 
males (designated alpha, beta and gamma according to mating order), and each male with 
one to three females for an estimated average of 365 (range 214-629) copulations per clutch. 
This is one of the highest copulation rates reported in birds. More than 99% of all copulations 
were preceded by female solicitation but only about one-third of all solicitations were fol- 
lowed by mounting. Copulations began three to five days before clutch initiation and ceased 
just before or shortly after the penultimate egg was laid. Female copulations with alpha males 
peaked at clutch initiation at a rate of 5.3 copulations per hour. The copulation rate of beta 
and gamma males peaked two days after laying was initiated at 2.6 copulations per hour. All 
copulations probably occurred within the female's fertilization period and, thus, potentially 
could have resulted in fertilization of eggs. Copulations were most frequent during morning 
and late evening; they were rare during the afternoon. This diurnal pattern also corresponds 
to the period when inseminations were most likely to fertilize eggs. During the copulation 
period, males guarded their mates by closely following females and chasing away intruding 
males. Guarding and chasing by alpha males were most intense just before the first egg was 
laid, while guarding by beta and gamma males peaked on the day the third egg was laid. As 
with copulations, mate guarding and chasing were most intense in the morning and evening. 
The occurrence of multiple mating by females and the lack of territorial behavior in males 
suggests that frequent copulations in this species evolved as an adaptation to sperm com- 
petition. Received 24 April 1991, accepted 13 January 1992. 

THE RECOGNITION that in many species a fe- 
male may mate with more than one male led 
Parker (1970) to develop the idea of sperm com- 
petition (i.e. competition between the ejaculates 
of two or more males to fertilize the eggs of a 
single female). Sperm from more than one male 
can co-occur within the reproductive tract of a 
female during the span of one breeding attempt 
either as a result of mate replacements, extrapair 
matings or the formation of polyandrous asso- 
ciations (Birkhead 1988). Cuckoldry or extrapair 
paternity can be the proximate result of sperm 
competition, but over evolutionary time the ad- 
vantages of avoiding sperm competition by 
males are thought to have favored a variety of 
elaborate anticuckoldry tactics such as mate 
guarding (e.g. Montgomerie 1988), copulatory 
plugs (e.g. Devine 1975), sperm removal (e.g. 
Davies 1983) and high copulation frequency 
(Birkhead et al. 1987). For example, guarding 
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by males can reduce the number of extrapair 
copulations or copulation attempts made on 
their mate (Moller 1987a), whereas high cop- 
ulation rates may function to dilute or displace 
any other male's sperm already present (Birk- 
head et al. 1987). Moreover, by timing mate- 
guarding behavior, copulations and other an- 
ticuckoldry tactics to coincide with periods of 
peak female fertility, it may be possible for males 
to maximize their confidence of paternity while 
minimizing costs in terms of energy or lost mat- 
ing opportunities. How successfully males avoid 
cuckoldry will in turn depend upon female 
willingness to accept and even seek out extra- 
pair matings. 

In birds, female fertility varies both with the 
time of day and over the season. A diurnal pat- 
tern of fertility arises because eggs must be fer- 
tilized within 30 min of ovulation; otherwise, 
the deposition of albumin effectively prevents 
sperm from reaching the egg (Howarth 1974). 
In most passerine birds, eggs are ovulated and 
fertilized in the early morning, approximately 
24 h before they are laid, and it is during this 
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"fertilization window" that copulations should 
be most successful in fertilizing eggs (Cheng et 
al. 1983). The benefit of timing copulations to 
coincide with the morning increase in female 
fertility should hold for nonmate males as well; 
thus, both extrapair copulation attempts direct- 
ed toward females and mate guarding by males 
to thwart such attempts are also expected to 
peak at this time. 

On the other hand, a seasonal pattern of fer- 
tilizability arises because eggs are ovulated only 
during a brief period of the breeding cycle. 
However, as most female birds can store sperm 
in specialized tubules located at the junction of 
the uterus and vagina (Hatch 1983, Shugart 1988, 
Birkhead and Hunter 1990), copulations that 
occur several days or even weeks before ovu- 
lation can potentially fertilize eggs. The period 
over which sperm remain viable in storage is 
known for only a few species but varies from 
only six days in the Ringed Turtle-Dove (Strep- 
topelia risoria; Zenone et al. 1979) up to a max- 
imum of 72 days in the domestic turkey (Mele- 
agris gallopavo; Lorenz 1950). The only passerine 
for which the duration of sperm storage has 
been determined is the Zebra Finch (Taeniopygia 
guttata; Birkhead et al. 1989). Using captive birds, 
Birkhead et al. (1989) found that female finches 
were able to store sperm for up to 13 days but 
that after 10 days only 50% of eggs laid were 
fertile. 

In most birds with multi-egg clutches, eggs 
are laid one a day for several days. Since eggs 
are fertilized 24 h before they are laid, all in- 
seminations that occur up to a day before the 
last egg is laid could lead to successful fertil- 
ization. Thus, the total period over which sperm 
introduced into a female bird's reproductive 
tract has the potential to fertilize at least one 
egg comprises about 24 h less than the egg- 
laying period plus the duration of sperm stor- 
age before the first egg is laid. This time interval 
is termed the "fertilization period" (Birkhead 
1988). For example, a female Zebra Finch ca- 
pable of storing sperm for 10 days and laying 
an egg every 24 h until the clutch of four eggs 
is complete would have a fertilization period 
that is the sum of these two periods less 24 h 
(i.e. about 13 days). Copulations before this pe- 
riod would have little chance of fertilizing eggs 
and are expected to be selected against, because, 
for males, they entail costs in wasted mate- 
searching, courtship and ejaculates without any 
possible benefit via increased paternity. For 

males attempting to avoid cuckoldry, it is also 
advantageous both to time copulations to co- 
incide with this fertilization period and at the 
same time to prevent other males from copu- 
lating with their mates. In the Zebra Finch, all 
of these expected behaviors have been recorded 
(Birkhead et al. 1989). 

Although sperm competition is thought to 
play an important role in the evolution of mat- 
ing behavior in socially monogamous birds like 
Zebra Finches (Birkhead 1988), it is among poly- 
androus species that sperm competition is con- 
sidered most intense (Davies 1983, 1985, Oring 
1986, Birkhead et al. 1987). In polyandrous birds, 
two or more males share the single breeding 
effort of one female and conflicts may arise over 
each male's contribution to paternity. How such 
conflicts are resolved is not clear since presum- 
ably it is advantageous for each male to try to 
father the entire brood. In these circumstances, 

knowing how the timing and frequency of cop- 
ulations by each male varies in relation to the 
fertilizability of the female may be particularly 
important to our understanding the outcome of 
this competition. 

In 1987, I discovered a high level of poly- 
andry and polygyny in Smith's Longspurs (Cal- 
carius pictus), a small bunting of the Canadian 
subarctic. My observations revealed that most 
females associated and copulated with two or 
more males, and males with one to several fe- 

males, during a single breeding attempt. In the 
short summers of this region, only one brood 
can be raised per year. This suggested that com- 
petition between males for paternity could be 
particularly intense as males later provided al- 
most one-half of the food to the nestlings and, 
because of cuckoldry, might end up devoting 
effort to the raising of another male's offspring. 
To determine how copulatory behavior varied 
in relation to the fertilization period of the fe- 
male and how these behaviors varied between 

mates of polyandrous females, I recorded the 
frequency and timing of mating behavior in a 
small, color-marked population of Smith's 
Longspurs during three breeding seasons. My 
main objective was to test the predictions from 
sperm-competition theory that the timing of 
copulations (both pair and extrapair) and other 
anticuckoldry tactics should coincide with sea- 
sonal and diurnal changes in female fertilizabil- 
ity. I also provide the first detailed description 
of the unusual mating system of this species 
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and speculate on how such a system may have 
evolved. 

STUDY AREA AND METHODS 

Smith's Longspurs breed along the northern edge 
of the tree line in western and central North America. 

I studied the mating behavior of this species near 
Churchill, Manitoba in June 1988, 1989 and 1990. In 
northern Manitoba, longspurs are restricted to a nar- 
row band of tundra that follows the southwestern 

coast of Hudson Bay. This habitat is dominated by 
wet sedge (Carex spp.) meadows and the terrain is 
relatively flat. A few scattered clumps of stunted white 
spruce (Picea glauca) dot the area and are used fre- 
quently as song perches by male longspurs. The 
breeding biology of this species in Churchill was in- 
vestigated previously by Jehl (1968), but he did not 
report any observations of their mating system or 
behavior. A general description of the vegetation and 
climate of the area is provided by Johnson (1987). 

Smith's Longspurs arrived in the Churchill area in 
early June in each year of this study. Breeding den- 
sities were relatively low with only six to nine birds 
of either sex on my l-by-0.5-km study site. Nests were 
built in mid-June to late June in a shallow depression 
on the ground, usually beside a small shrub or tuft 
of grass. Clutch initiation began shortly thereafter 
and clutch size ranged from three to six eggs; clutches 
of four were the most common (66.7% of 21 clutches 
from 1988-1990). Nesting was highly synchronous on 
the study area with only six days between the first 
and last clutch initiation attempts in 1988 (n = 7), five 
days in 1989 (n = 6) and eight days in 1990 (n = 8). 
Eggs hatched after 11.5 days incubation (range II to 
13, n = 8 nests) and young fledged after 8.1 days in 
the nest (range 7 to 9, n = 27 nests). By late July, all 
nestlings had fledged and adults were feeding free- 
ranging juveniles. Smith's Longspurs are single 
brooded and renesting was observed only once out 
of seven nest failures. 

To determine whether copulatory behavior coin- 
cided with the periods of peak female fertilizability, 
information on both the length of the fertilization 
period and the timing of the fertilization window are 
required. Although numerous sperm-storage tubules 
occur in the uterovaginal junction of Smith's Long- 
spurs (Briskie 1990), the duration of sperm storage is 
not known. The closest related species for which the 
period of sperm storage is known is the Zebra Finch 
(10 days; Birkhead et al. 1989); therefore, I assumed 
for the purposes of this study that female longspurs 
also were capable of storing sperm for at least as long 
before clutch initiation. As with most other passerines 
(see Skutch 1952, Schifferli 1979), Smith's Longspurs 
laid eggs between 0600 and 0900 CDT (pers. observ.) 
even though the sun rose around 0430 during the 
egg-laying period. A female longspur collected in late 
morning (ca. 1 I00 CDT) contained a recently ovulated 

egg in the upper magnum of the oviduct and supports 
the hypothesis that the fertilization window occurs 
in the morning. 

I trapped and color banded most longspurs on the 
study site shortly after their arrival. In addition to a 
numbered aluminum band, all birds received three 

color bands. Six males and seven females were present 
on the study site in 1988, eight males and seven fe- 
males in 1989, and nine males and eight females in 
1990. All observations reported here involved only 
banded birds. 

I monitored the mating behavior of Smith's Long- 
spurs by making intensive observations on six dif- 
ferent females: two in 1988, three in 1989, and one 

in 1990. I recorded the activities of each bird by close- 
ly following individuals as they foraged and inter- 
acted with other individuals on the study area. Ob- 
servations began as soon as birds arrived back in the 
spring or were first banded but systematic observa- 
tions were not made daily until six or seven days 
before egg laying began--earlier than this, females 
associated only rarely with males and no copulations 
were seen. I stopped systematic observations after the 
laying of the last egg, as females devoted themselves 
entirely to incubation and all mating behavior ceased. 
I defined the day of clutch initiation as day 0; days 
prior to this are indicated by minus signs while those 
following clutch initiation by plus signs. Observation 
periods lasted for I h of data collection, although in 
absolute time this period may have exceeded an hour 
by up to 30 min if I temporarily lost track of an in- 
dividual. The flat and open nature of the tundra en- 
vironment allowed me to follow birds continuously 
for extended periods even when they flew several 
hundred meters. Although I was in full view of the 
birds at all times, Smith's Longspurs were relatively 
tame and allowed me to approach to within 10 to 15 
m before giving alarm "rattles" (see Jehl 1968). Be- 
cause birds continued to forage, sing, and copulate 
without apparent regard for my presence at distances 
greater than 15 m, I assumed that their mating be- 
havior was not significantly affected by my obser- 
vations. 

I made observations over all daylight hours. At this 
high latitude, days are very long in June and birds 
were active from sunrise (about 0430 CDT) to sunset 

(2300). To determine mating patterns over the day I 
divided observation bouts into four periods: early 
morning (0600-0900), late morning (0900-1200), af- 
ternoon (1300-1600) and evening (1900-2200). Ob- 
servations were made daily for each female in the 
early morning period but females were not observed 
as regularly during the late morning, afternoon and 
evening. In total, 73 h of observations were made on 
focal birds. In 1990, I also made a daily survey of the 
study area to determine the mating status of all focal 
and nonfocal birds. 

During each observation period, I recorded the fol- 
lowing behaviors: (I) number of solicitations and cop- 
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Fig. 1. Copulation patterns in six focal female 
Smith's Longspurs relative to dutch initiation. (O = 
day egg laid). Days on which an alpha male (solid 
bars), beta male (open bars) and gamma male (diag- 
onal bars) were observed copulating with each female 
are given above her laying schedule. Days on which 
solicitations but not copulations were observed are 
indicated by stippled bar. Each male given only one 
subscript; thus, male I was an alpha male with female 
I and a beta male with female 2. Males 3, 6, 7, 8, and 

9 were also paired as either alpha or beta males with 
other nonfocal females on the study site. Beta male 6 
was taken by a predator on 17 June. Data for females 
1 and 2 from 1988, females 3 to 5 from 1989, female 
6 from 1990. 

ulations; (2) time spent mate guarding; (3) time spent 
by each male chasing away intruders; and (4) fre- 
quency of leaving and/or following by either sex 
during mate guarding. I could not distinguish mount- 
ings that resulted in cloacal contact from those where 
contact was not made; thus, I scored all mountings as 
copulations. Unforced copulations were defined as 
those copulations actively solicited by the female or 
those initiated by the male but accepted by the female. 
Forced copulations were not solicited, and females 
tried to resist the male's advances. I considered a male 

to be mate guarding when he was less than 5 m from 
a female. Although this may seem an arbitrary num- 
ber, it is unlikely that a male would be able to monitor 
the activities of a female from the ground at any great- 
er distance because of obscuring vegetation (also see 
Alatalo et al. 1987). Indeed, when males were not 
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within 5 m of the female, they were at distances of 
several hundred meters away or completely out of 
sight (i.e. males were either very close to a female or 
very far away). Descriptions of observations were tape 
recorded and later transcribed. 

Solicitation and copulation rates were not normally 
distributed, so I log-transformed data before analyses. 
Note that the SEs reported for back-transformed means 
are asymmetrical. I also calculated mean values for 
individual birds for all analyses of diurnal patterns, 
rather than use the raw data, to avoid problems with 
pseudoreplication. Data expressed as percentages were 
arcsine transformed before analyses (Sokal and Rohlf 
1981). 

RESULTS 

Mating associations.--Smith's Longspurs 
formed pair bonds or mating associations that 
resulted in a mating system best described as a 
form of female-defense polygynandry (Fig. 1). 
Four of the six females studied were observed 

copulating repeatedly with two different males 
before and during the laying of their single 
clutch of eggs. Another female copulated with 
three different males over the same period, 
whereas the final study female copulated with 
only a single male, although she was later ob- 
served soliciting to a second male. During my 
more general survey in 1990, I observed seven 
additional females; six were observed copulat- 
ing with at least two males and one with only 
a single male (Fig. 2). Thus, of the 13 females 
whose social mating status was known, 10 (77%) 
were biandrous, 1 (8%) was triandrous, and 2 
(15%) were monogamous. 

The extent of polygyny in males was less eas- 
ily assessed because focal-animal sampling was 
limited to females. Nonetheless, within a breed- 

ing season, 10 males (62.5%) were observed mat- 
ing with at least two females, two males (12.5%) 
with three females, and four males (25%) with 
one female. As some of these males may have 
had additional mates off the study area (e.g. 
male 10; Figs. 1 and 2), these observations may 
underestimate the actual level of polygyny. 

I called this mating system polygynandry be- 
cause females associated and copulated with two 
or three males for a single nesting attempt dur- 
ing which those same males associated and cop- 
ulated with one to three females. Polygynandry 
in Smith's Longspurs differs from that found in 
other birds (e.g. Dunnocks, Prunella modularis 
[Davies 1985]; Alpine Accentors, P. collaris [Na- 
kamura 1990]) in that longspurs did not form 
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Females Males 

Fig. 2. Mating relationships between all birds 
present on study site in 1990. Lines connect birds 
observed copulating on at least one day. All birds 
were color-marked residents. Numbers identifying 
individual males and females match those in Figure 1. 

discrete mating units in which two or more 
females shared the same two or more males or 

males the same two or more females. Thus, al- 

though a male longspur might share a female 
with another male, he also may have had one 
or more such arrangements with different fe- 
males and males. Likewise, females typically 
had two mates for a given clutch but shared at 
least one of these males with another (usually 
neighboring) female. Smith's Longspurs also 
differ from Dunnocks and other polygynan- 
drous birds in that neither sex was territorial 

in the sense that no individuals or mating units 
tried to defend particular areas. Only when cop- 
ulating with a female were males aggressive 
toward other males. Thus, this behavior is more 

appropriately considered female defense or mate 

Fig. 3. Solicitation posture of female Smith's 
Longspur. 

guarding because it was a female rather than 
an area that was being defended (see below). 

I called the first male to pair and copulate 
with a female the alpha male, the second was 
designated as the beta male, and so on. Al- 
though this terminology is used to denote the 
order in which males gained access to a partic- 
ular female, it was not necessarily indicative of 
dominance or status in the population as a 
whole, since an alpha male with one female 
may have been the beta male of another female 
(e.g. male 1 in Fig. 1). Due to low natal philo- 
patry, it also is very unlikely that alpha and 
beta males were members of the same family-- 
I banded 83 offspring from 1987 to 1989 but 
only one male was recovered breeding in a later 
year and this individual had dispersed over 3 
km from his natal site. 

Pair solicitations and copulations.--All unforced 
copulations that I observed (n = 245) were pre- 
ceded by female solicitation (n = 692), but only 
about one-third of all solicitations were fol- 

lowed by mounting. Female Smith's Longspurs 
solicited by tilting forward, cocking their tail 
until almost vertical, and throwing their head 
back toward the male (Fig. 3). The wings also 
were lowered and vibrated and the bill opened 
slightly but no vocalizations were audible from 
15 m distant. All solicitations by the female were 
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Day in nesting cycle 
Timing and rate (+SE) of solicitations (open 

circles) and copulations (solid circles) by female 
Smith's Longspurs with alpha and beta males in re- 
lation to stage of nesting cycle. Day 0 is day that first 
egg in clutch was laid. All observations from 0600- 
0900 CDT. Sample size of six females on each day. 

made on the ground and with the cloaca di- 
rected toward the nearby male. Males mounted 
soliciting females from the rear and without 
any precopulatory displays or courtship feed- 
ing. Mounting lasted only 1 to 3 s and males 
flapped their wings rapidly during mounting, 
presumably to maintain balance. Copulations 
appeared to involve only a single cloacal con- 
tact. No postcopulatory displays were observed. 

Females began soliciting and copulating from 
three to five days (mean 3.7 days, n = 6 females) 
before the first egg was laid and ceased upon 
the laying of the first (one female), penultimate 
(four females) or final egg (one female; mean 
= day 1.8; see Fig. 1). The total number of days 
over which copulation occurred ranged from 
five to eight (mean = 6.5 days, n = 6). This 
period falls well within the 13-day fertilization 
period assumed for this species. 

Because of the diurnal variation in mating 
behavior (see below), I used only observations 
from the early morning period to examine sea- 
sonal patterns in copulation patterns. I also 
combined my observations of the single gamma 

male (female 6, Fig. 1) with those of the beta 
males since this male was the only gamma male 
during the study and behaved similarly to the 
other beta males. 

Solicitations to and copulations with the al- 
pha male peaked at 5.3 copulations/h, on the 
day the first egg was laid and with the beta male 
at 2.6 copulations/h, two days after the first egg 
was laid (Fig. 4). This difference in copulation 
rates was not quite significant (t = 1.56, df = 
10, P = 0.07), although the period of days over 
which copulations occurred was significantly 
different between the two males (Mann-Whit- 
ney test, U = 105.5, z = 2.32, P = 0.01). Although 
females typically copulated with only one male 
on a given day, female 4 copulated with two 
different males concurrently (see Fig. 1), but the 
beta male was subsequently killed and this fe- 
male associated only with the alpha male for 
the remainder of the breeding attempt. 

Despite the difference in the timing of cop- 
ulations, alpha males copulated at roughly the 
same rate overall as beta males when only days 
on which males were associating with females 
are considered (figures are means [SE in brack- 
ets]; alpha male = 5.2 copulations/h [4.0, 6.6], 
beta male = 3.4 copulations/h [2.5, 4.5], t = 1.09, 
df = 10, P = 0.30). This pattern held even when 
females were actually ovulating (i.e. days - 1 to 
+2; alpha males = 4.0 copulations/h [3.3, 4.9], 
beta males = 4.0 copulations/h [2.8, 5.9], t = 
-0.02, df = 9, P = 0.98). Females also solicited 
to alpha and beta males at similar rates over 
both the entire copulation period (alpha males 
= 14.2 solicitations/h [11.0, 18.3], beta males = 
11.6 solictations/h [8.9, 15.1], t = 0.54, df = 9, 
P = 0.60) or only when females were ovulating 
(alpha males = 9.7 solicitations/h [5.7, 16.6], beta 
males = 11.6 solicitations/h [9.6, 14.0], t = -0.28, 
df = 9, P = 0.78). 

Copulation frequency might be expected to 
increase immediately after a switch in mates if 
males attempt to dilute or displace rival ejacu- 
lates. I compared solicitation and copulation 
rates on the day before and the day after a mate 
switch took place (n = 7). Females solicited more 
frequently to a new male on the day after a 
mate switch (13.3 solicitations/h [10.9, 16.3]) 
than to the previous male on the day before a 
switch (5.6 solicitations/h [4.0, 7.9]; t = 2.55, df 
= 6, P = 0.044). However, copulation rates be- 
fore a switch (3.2 copulations/h [2.5, 4.1]) did 
not differ significantly from that after a switch 
(4.1 copulations/h [3.0, 5.8]; t = 0.59, df = 6, P 



July 1992] Longspur Copulation Behavior 569 

= 0.58). Thus, males did not increase their cop- 
ulation rate after obtaining a new mate despite 
the higher rate of solicitation by females. 

I did not have sufficient data to analyze di- 
urnal patterns for alpha and beta males sepa- 
rately, so I combined observations from all 
males. Solicitation and copulation rates varied 
significantly over the day (Fig. 5; one-way re- 
peated-measures ANOVA: F = 12.8, df = 3 and 
13, P = 0.0003 and F = 13.9, P = 0.0002 for 

solicitations and copulations, respectively). So- 
licitations and copulations were most frequent 
over the two morning observation periods and 
during the evening period; birds normally were 
not active in the afternoon or foraged solitarily. 
Copulation and solicitation rates did not differ 
between the two morning and evening obser- 
vation periods (Scheffe's multiple-comparison 
test; P > 0.20 for all comparisons) but all were 
significantly greater than that in the afternoon 
(P < 0.02 for all comparisons). No observations 
were made at night but it is unlikely that much 
activity occurs since birds began to roost (sleep) 
just prior to sunset (pers. observ.). 

If males copulate mainly during the expected 
fertilization window, inseminations are ex- 

pected to be most successful around ovulation 
and males should time copulations to coincide 
with this period. In Smith's Longspurs, the fer- 
tilization window encompasses the morning 
periods from one day before the first egg is laid 
to the morning the third egg is laid (assuming 
a clutch of four eggs), since eggs are ovulated 
and fertilized 24 h before laying. To determine 
whether copulation rate increased during the 
fertilization window, ! compared copulation rate 
(by both males combined) during the early 
morning period (0600-0900) when females were 
ovulating with that of the pre-ovulatory period. 
However, copulation rate in the ovulatory pe- 
riod (4.9 copulations/h [4.1, 5.8]) was not higher 
than that during the pre-ovulatory period (5.6 
copulations/h [4.6, 6.8]; t = 0.53, df = 9, P > 
0.61). Likewise, there was no significant differ- 
ence between solicitation rates during the pre- 
ovulatory period (12.5 solitations/h [10.3, 15.0]) 
and during the ovulatory period (15.7 solicita- 
tions/h [11.7, 21.0]; t = -0.63, df = 9, P = 0.54). 

Averaged over all time periods, female long- 
spurs solicited 7.0 times/h and males mounted 
soliciting females 3.1 times / h. Since birds were 
active for about 18 h/day during the 6.5 day 
copulation period, this equals approximately 819 
solicitations and 365 copulations per female per 
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Fig. 5. Rate (+SE) of solicitations (open boxes) and 

copulations (solid boxes) by female Smith's Long- 
spurs in relation to time of day (CDT). Sample size 
of six females. Observations in first morning period 
calculated using mean values for each female to avoid 
pseudoreplication. 

clutch. On an individual basis, copulation fre- 
quency varied from an estimated low of 511 
solicitations and 214 copulations per clutch by 
female 1 to a high of 2,163 solicitations and 629 
copulations per clutch by female 3. 

Mate guarding.--Males guarded females by 
following them closely as they foraged on the 
ground. Mate guarding by alpha males was 
greatest on the day before and the day of clutch 
initiation (76.2 + 16.0% of their time was spent 
guarding; Fig. 6A). This corresponds to the pe- 
riod when the first and second eggs were avail- 
able for fertilization. Guarding by beta males 
was greatest after the third egg was laid (43.0 
+ 19.9% of time spent guarding), a time when 
the fourth egg could be fertilized (Fig. 6A). This 
difference in guarding intensity by alpha and 
beta males was not significant (t = 1.07, df = 
11, P = 0.31). 

Averaged over all days on which males were 
copulating with females, the percent time spent 
guarding by alpha (72.8 + 14.5%, n = 6) and 
beta males (61.2 + 21.3%, n = 6) was not sig- 
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nificantly different (t = 0.60, df = 10, P = 0.56). 
Similarly, the time spent guarding during the 
ovulation period by alpha males (86.8 _+ 9.2%, 
n = 6) and beta males (72.7 _+ 18.3%, n = 5) was 
not significantly different (t = 0.85, df = 9, P = 
0.42). Time spent guarding was also not signif- 
icantly different (t = -1.04, df = 9, P = 0.33) 
between the pre-ovulation (67.0 _+ 22.7%, n = 5) 
and ovulation (83.4 _+ 11.4%, n = 6) periods 
when observations from all males were com- 

bined. 

Mate guarding varied significantly over the 
day (one-day repeated-measures ANOVA; F = 
8.7, df = 3 and 13, P = 0.002). As with copulation 
behavior, it was most evident in the two morn- 

ing and the evening periods, but largely non- 
existent during the afternoon (Fig. 6B). Guard- 
ing did not differ significantly between the 
morning and evening observation periods 
(Scheffe's multiple-comparison test; P > 0.36 for 
all comparisons), but it was significantly greater 
in all these periods than in the afternoon (P < 
0.003 in each case). 

Females were more likely to fly away from a 
guarding male (58/87 = 66.7%) than vice versa 
(29/87 = 33.3%; G = 19.7, df = 1, P < 0.001) and 
males were more likely to follow when a female 
left (55/58 = 94.8%) than females follow when 
their mate left (5/29 = 17.2%; G = 57.5, df = 1, 

P < 0.001). That males were in fact guarding 
rather than simply following the female to wait 
for copulations is also evidenced by their efforts 
to prevent other males from approaching the 
female. When an intruding male was detected, 
the guarding male flew up and chased the in- 
truder for up to 100 m. 

Intruders were particularly persistent just be- 
fore the female initiated her clutch (Fig. 7A). 
At that time, mate-guarding alpha males spent 
about 4 min out of every hour chasing away 
intruders. Beta males chased most on the third 

day after clutch initiation (Fig. 7A). There was 
a trend for intrusions against guarding males 
to be most frequent during the early morning 
observation period (Fig. 7B), but this difference 
was not significant (one-way repeated-mea- 
sures ANOVA; F = 0.6, df = 3 and 13, P = 0.66). 
All intruders observed were color-banded males 

resident on the study area. 
Forced copulations and copulation attempts.- 

Forced copulation attempts (FCA) were not pre- 
ceded by female solicitation. During a FCA, the 
female gave an alarm call and tried to escape 
or dislodge the male from her back. FCAs were 
attempted either by the guarding alpha or beta 
male (FPCA), or by an extrapair male (FEPCA). 

Nine FPCAs were recorded during 73 h of 
observations of which two were judged as suc- 
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cessful in achieving cloacal contact. Thus, FPCs 
comprised less than 1% of all within-pair cop- 
ulations observed. Guarding males may have 
used FCAs to insure paternity when the risk of 
EPCs on their mate was greatest. There was a 
nonsignificant difference (t = 1.83, df = 26, P 
= 0.08) for guarding males to have spent more 
time chasing intruders (i.e. out of sight of their 
mates) during observation bouts with FPCAs 
(5.4 + 2.8 min) than without FPCAs (1.5 + 0.6 
min). The percent of time spent guarding did 
not differ significantly between bouts where 
FPCAs occurred (63.7 + 13.7%) than where no 
FPCAs were witnessed (74.4 + 13.5%; t = -0.67, 
df = 26, P = 0.51). Five FPCAs (including the 
two successful FPCs) occurred during the early 
morning and four in the late morning and from 
four days before laying until the third egg was 
laid. Thus, all could have potentially fertilized 
eggs. 

Three FEPCAs were observed, of which two 

were regarded as successful. All three FEPCAs 
were by neighboring males, one of which later 
became a beta male of the female. Females were 

not being guarded when FEPCAs occurred al- 
though in one case the alpha male had been 
guarding just prior to chasing an intruding male 
when a second intruding male attempted to 

copulate with his female. Two FEPCAs took 
place during the early morning while the third 
FEPCA occurred during the late morning. All 
occurred during the female's fertile period (from 
three days before clutch initiation to the day 
the second egg was laid) and, thus, could have 
fertilized eggs. No unforced EPCs were ob- 
served. 

DISCUSSION 

Copulation patterns.--All mating behavior in 
Smith's Longspurs occurred within a five- to 
eight-day period which centered on clutch ini- 
tiation and usually ceased by the laying of the 
penultimate egg. This period is only about one- 
half of the 13-day fertilization period assumed 
for Smith's Longspurs and could arise for sev- 
eral reasons. First, it is possible that longspurs 
simply cannot store sperm as long as Zebra 
Finches (i.e. 10 days). Unfortunately, the exact 
period of sperm storage for Smith's Longspurs 
is not known and this hypothesis cannot be 
ruled out at the present time. Second, even if 
sperm could be stored for up to 10 days, time 
constraints from the time of arrival to pairing 
and clutch initiation may select against such an 
extended copulation period. At this latitude, 
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summers are very short and selection has prob- 
ably favored rapid nesting rather than a long 
period of courtship. Smith's Longspurs return 
to their breeding grounds in Churchill in early 
June; thus, only about 10 to 12 days are available 
for pairing and mating before clutch initiation. 
Although occasional renesting by some long- 
spurs suggests clutches could be initiated later, 
late clutches in other species are less successful 
(e.g. Perrins 1965) and it may pay longspurs to 
breed earlier even if it cuts short the time re- 

quired for mating. Finally, males may be un- 
willing to copulate any earlier in the season so 
that they can allocate ejaculates to those times 
when they are most likely to fertilize eggs. Be- 
cause of the frequency of copulations in this 
species, inseminations more than five days be- 
fore ovulation are probably highly devalued by 
the more than 350 copulations that follow, and 
it may pay to save sperm and energy for insem- 
inations with better odds of fertilization. 

Solicitations, copulations and mate guarding 
were most frequent in the morning as would 
be expected if inseminations are timed to co- 
incide with the fertilization window. A morn- 

ing peak in copulations has been found in many 
species, including Goshawks (Accipiter gentilis; 
Moller 1987b), Ospreys (Pandion haliaetus; Birk- 
head and Lessells 1988) and Zebra Finches 
(Birkhead et al. 1989; see review in Birkhead et 
al. 1987), but in none of these birds or Smith's 
Longspurs did morning copulations increase 
during the morning on days when eggs were 
ovulated as would be expected if males take 
advantage of the fertilization window. Birk- 
head and Lessells (1988) suggested that copu- 
lation frequency did not increase during ovu- 
lation because males were unable to tell when 

their mate would initiate laying; however, this 
cannot explain the cessation of copulations in 
species such as Zebra Finches, which stop cop- 
ulating once laying begins (Birkhead et al. 1989). 
One possible explanation for the decrease in 
copulation activity during laying--that females 
must spend some time incubating eggs already 
laid--is not applicable because Smith's Long- 
spurs do not begin incubating eggs until the 
last or penultimate egg is laid. Another possi- 
bility is that females already have sufficient 
sperm stored to fertilize the remainder of their 
clutch and thus stop soliciting. However, this 
hypothesis seems unlikely because a single in- 
semination is sufficient to fertilize an entire 

clutch in other species (Birkhead et al. 1987, 

1989), yet Smith's Longspurs continue to cop- 
ulate until most or all eggs are fertilized. Fi- 
nally, inseminations also may be less efficient 
during the egg-laying period because previ- 
ously fertilized eggs block the oviduct while 
the deposition of albumin and shell occurs. Thus, 
copulation frequency may decline over laying 
simply because the effectiveness of insemina- 
tions declines. 

Apart from frequent morning copulations, 
Smith's Longspurs displayed a pronounced in- 
crease in mating behavior just prior to sunset. 
A similar increase was also found in about 25% 

of the genera surveyed by Birkhead et al. (1987), 
who suggested that this might be advantageous 
if ovulation and fertilization occur very early 
in the morning. Since laying in Smith's Long- 
spurs occurs in the morning, copulations just 
prior to dark could increase the probability of 
paternity should ovulation occur shortly before 
sunrise and before copulations begin in the 
morning. The absence of an evening peak in 
copulations in most other species, however, 
suggests the probability of missing ovulation 
may be small. On the other hand, the high level 
of competition between male Smith's Long- 
spurs created by polyandry may favor evening 
copulations and mate guarding as paternity in- 
surance. Indeed, in one case a female switched 

mates between the morning and evening of the 
same day (female 3, Fig. 1). For the beta male 
of this female, copulations in the evening could 
have increased the probability that his sperm 
were present during the next ovulation. Be- 
cause sperm precedence patterns in birds ap- 
pear to provide an advantage to the last male 
to copulate (Birkhead et al. 1988), it may pay a 
male to copulate in the evening to ensure that 
his sperm is the last to enter the female even if 
the probability is high that he will be around 
to copulate the following morning. 

Copulation frequency.--Smith' s Longspurs have 
one of the highest copulation rates in birds re- 
ported to date--for a single clutch each female 
on average copulates about 350 times. In a cross- 
species comparison, Birkhead et al. (1987) found 
that copulation frequency ranged from only one 
copulation per clutch in the Skylark (Alauda 
arvensis) to more than 500 in the Goshawk. They 
attributed this variation to differences in the 

probability of extrapair copulations. When the 
risk of EPCs was high, such as in colonial birds 
or species in which males cannot guard their 
mates, copulation frequencies were greater than 
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in solitary, guarding species (Birkhead et al. 
1987). Frequent pair copulations are favored be- 
cause they allow males to displace or devalue 
sperm of possible competitors. Smith's Long- 
spurs do not defend territories (Jehl 1968), but 
they guard females during the copulation pe- 
riod. Nevertheless, sperm competition still is 
expected to be intense because females are reg- 
ularly polyandrous. Thus, the best strategy for 
a male may be to mate as often as possible (Birk- 
head et al. 1987, Ginsberg and Huck 1989). As 
selection will favor a similar strategy by other 
males, the net result may be an arms race 
(Dawkins and Krebs 1979) between males for 
increasingly higher copulation rates. Indeed, the 
only two other known polygynandrous passer- 
ine species both copulate very frequently (Dun- 
nock, 90 to 200 copulations/clutch, Davies 1985; 
Alpine Accentor, 123 copulations / clutch, Naka- 
mura 1990). 

Frequent copulation may also allow females 
to assess male quality (Birkhead et al. 1987). 
When it is costly for males to engage frequently 
in copulations (e.g. Dewsbury 1982), female 
choice could lead to the evolution of high cop- 
ulation frequency in much the same manner as 
it has led to the development of other male 
secondary sexual characters such as plumage 
ornaments or vocalizations (e.g. Andersson 
1982). One prediction of the female-choice hy- 
pothesis is that females rather than males will 
solicit most copulations. In Smith's Longspurs, 
female-solicited copulations comprised more 
than 99% of all mountings. Such repeated oo- 
liciting could be used to test a male's sperm 
production or sexual endurance as only about 
35% of all female solicitations were followed by 
mounting. This pattern contrasts sharply with 
that of many other species in which most mat- 
ing behavior was initiated by the male and few 
female solicitations were not followed by 
mounting (Moller 1987b, Birkhead et al. 1987, 
1989). It also might be expected that copulations 
should be greatest during pair formation or that 
females assess male quality by copulating with 
several males during the initial stages of pair 
formation. In fact, copulation did not peak until 
two to three days after copulation activity first 
began and no female was observed copulating 
willingly with more than her two or three mates. 
Thus, this hypothesis is not supported. None- 
theless, by enticing males to copulate frequent- 
ly, females effectively force their mates' sperm 
to co-occur with and compete within the ovi- 

duct. If sperm from different males differ in 
their competitive ability (e.g. success at reach- 
ing the sperm storage tubules), then females 
may use polyandry to ensure their eggs are fer- 
tilized by the highest-quality sperm. 

Frequent copulations might also function to 
"disguise" the fertile period and thereby reduce 
the number of extrapair male intrusions (Birk- 
head et al. 1987). If copulations do function in 
such a context, mating behavior would be ex- 
pected to occur without any systematic pattern 
that might reveal the true fertility status of the 
female. In fact, copulation behavior in Smith's 
Longspurs showed a pronounced increase and 
peak just as clutch initiation began and females 
were most fertile. It seems more likely that fre- 
quent copulation behavior in this species draws 
attention to females and to the detriment of 

guarding males. Frequent copulations might 
even be a way that females could incite male- 
male competition and thereby test a male's qual- 
ity by his ability to prevent extrapair intrusions 
(e.g. Montgomerie and Thornhill 1989). 

Finally, frequent copulations might function 
as some sort of "pair-bonding" behavior that 
presumably coordinates and synchronizes the 
members of a breeding unit. Such a function 
has been suggested for some species of water- 
fowl, which often copulate during the winter 
when their reproductive organs are regressed 
and insemination is impossible (Birkhead et al. 
1987). Although a similar function in Smith's 
Longspurs cannot be ruled out, it seems im- 
probable because frequent copulations did not 
occur in the afternoon or after the last egg was 
fertilized. Instead, both the seasonal and diur- 
nal patterns suggest that high copulation fre- 
quency in this species evolved as a consequence 
of sperm competition. 

Evolution of polygynandry.--Despite the ap- 
parent correlation between female fertilizabil- 
ity and copulation behavior, the desertion of a 
female by an alpha male presents a paradox-- 
why should an alpha male desert his mate be- 
fore laying is complete and eggs can still be 
fertilized? Instead, a second and even third male 

may arrive and begin copulating and mate 
guarding until all eggs are fertilized or laid. Part 
of the answer may lie in the identity of the beta 
males. In most cases, beta males were alpha males 
that had deserted at another neighboring nest. 
Thus, the former alphas might lose one or two 
eggs to the beta male at their first female's nest, 
but they also may gain one or more fertiliza- 
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tions at their second female's nest. Some males 

even obtained copulations with a third female. 
Although the benefits of fathering offspring in 
secondary nests appears to lessen the costs of 
sharing paternity at a primary nest, that gained 
at a secondary nest would seem an even trade, 
and it is difficult to understand how and why 
such a system could have evolved. 

Polygynandry in Dunnocks is thought to re- 
suit from the inability of males to defend a ter- 
ritory that encompasses the exclusive range of 
at least a single female (Davies and Lundberg 
1985). In this species, various mating combi- 
nations from polyandry through to polygyny 
arise and reflect, to varying degrees, a male's 
ability to monopolize females. Thus, polyandry 
results when males cannot defend the home 

range of a single female and must share her 
with another neighboring male, while polyg- 
yny occurs when males succeed at gaining sole 
access to several females. The ability of males 
to defend a female's entire range seems to de- 
pend in part on the distribution of food. When 
food is densely distributed, female ranges were 
small and males could monopolize one or more 
females. In contrast, when food was patchy, fe- 
males' ranges were large and difficult to defend, 
either alone or with a second male (Davies and 
Lundberg 1985). Unlike Dunnocks, male Smith's 
Longspurs did not attempt to defend exclusive 
areas that encompassed the range(s) of one or 
more females. Instead, they defended only a 
small area around the female as she wandered 

over the study area, and even this was restricted 
to the few days before and during egg laying. 
Smith's Longspurs feed mostly on seeds during 
the early part of the breeding season but the 
distribution of their food in the environment 

is not known. It is possible that food availability 
is low when females arrive and begin egg lay- 
ing since each female was observed feeding over 
a large portion of the study area (i.e. overlap- 
ping the ranges of several males). If males are 
unable to defend such large areas economically, 
then it may pay them to abandon territorial 
behavior altogether and pursue fertilizations by 
other mechanisms such as frequent copulations 
with several different females. 

Although the inability of males to monopo- 
lize females might provide some insight into 
the evolution of polygynandry in Smith's Long- 
spurs, it is important to consider female strat- 
egies as well. As with males, females also may 
gain several benefits from mating with several 
males. For example, if males provide females 

with some nutrient benefit, either through ejac- 
ulates or courtship feedings, then it may pay 
females to copulate with two males to increase 
this contribution. Since male longspurs do not 
courtship feed and it is unlikely that the small 
ejaculate volumes characteristic of birds (Wolf- 
son 1960) could provide much nutrition, direct 
material benefits do not appear to provide an 
incentive for multiple matings. By mating with 
two or more males, females might increase the 
genetic diversity of their offspring, although 
Williams (1975) has argued that the amount of 
meiosis and recombination involved in a single 
mating produces considerable genetic diversity 
and additional matings are unlikely to increase 
diversity greatly. 

Perhaps the greatest potential benefit females 
might obtain from copulating with several males 
is the subsequent assistance of those males in 
caring for the offspring. On my study area, al- 
pha, beta and gamma males were observed feed- 
ing nestlings (unpubl. data); thus, females ap- 
pear successful in recruiting male help through 
copulating with several partners at least some- 
times. Burke et al. (1989) reported that alpha 
and beta males in polyandrous trios of Dun- 
nocks also contributed parental care but only if 
they had mating access to the female during the 
fertile period. Female Dunnocks that had ex- 
tramale assistance raised more and better fed 

nestlings than when unassisted or assisted by 
only a single male (Davies 1985). By providing 
unlimited copulation opportunities, a female 
Smith's Longspur may use frequent soliciting 
and copulations as a mechanism to enlist pa- 
ternal help from two or more males and thereby 
reduce her own costs of raising offspring. 
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