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Introduction

Opportunities for sperm competition arise whenever

fertile females mate with multiple males. Males may

attempt to minimize the risk of sperm competition,

and increase their assurance of paternity, by increas-

ing sperm delivery to females and/or preventing

potential rivals from copulating (Birkhead & Møller

1998). Mate guarding, where a male closely attends

a female over her fertile period to deter rival copula-

tion attempts, is a common paternity guard in a vari-

ety of taxa (e.g. Birkhead 1979; Cothran 2004;

Pelletier 2005; Saeki et al. 2005; Setchell & Wickings

2006).

Among cetaceans, males generally appear to rove

in search of receptive females, spending little time

with them other than to mate (reviewed in Connor

et al. 2000a; Schaeff, in press). In contrast to terrest-

rial mammals, neither resource defense, nor the def-

ense of multiple females, is known to occur among

cetaceans, and the defense of individual females

appears to be uncommon. The wide dispersal and

high mobility of female cetaceans and their prey

may limit opportunities for, or relative benefits of,
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Abstract

Mate guarding, whereby a male closely attends and defends a fertile

female from extra-pair matings, is one mating tactic males of many spe-

cies use to protect their paternity. Although female defense occurs in

many species of terrestrial mammal, comparable examples among ceta-

ceans are largely absent, potentially as a result of the wide dispersion

and mobility of females and their prey. Here, we investigate whether

the close association of individual male Dall’s porpoises with individual

females during the breeding season is consistent with mate guarding.

As mate guarding is predicted to be costly, and in other taxa is often

associated with a reduction in foraging efficiency, we also examine whe-

ther males trade-off this activity with time at depth. Males maintained

longer associations and closer distances with female partners than with

male ones. They also surfaced in greater synchrony with, and more

often approached, their female partners than male ones. In contrast to

males with male partners, males paired with females engaged in agonis-

tic interactions with other adult males, and infrequently affiliated with

extra-pair individuals. These data suggest males are actively attempting

to maintain their associations with females, while also acting to reduce

female extra-pair copulations and increase their own paternity. Guard-

ing males also undertook shorter dives than non-guarding males, sug-

gesting that they trade-off time at depth with guarding. Such a trade-off

is likely to involve a reduction in foraging opportunities, due to a

decrease in time spent at foraging depth. Mate guarding in this species

may be facilitated by the relatively smaller size and decreased mobility

of newly calved, estrous females, particularly if females also benefit from

guarding.
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mate guarding (Connor et al. 2000a; Schaeff, in

press). However, in a few taxa, males escort or form

consortships with individual females during the

breeding season (Tyack & Whitehead 1983; Wells

et al. 1987; Connor et al. 1992). Such males appear

to be increasing their sexual access to females, and

defending or deterring them from extra-pair matings

(Clapham 1996; Connor et al. 2000a,b; Watson

2005). Interestingly, male bottlenose dolphins pri-

marily do so in alliance with other males (Connor

et al. 1996; Moors 1997), perhaps because defending

individually is ineffective or unprofitable (Connor

et al. 1996).

Male Dall’s porpoises also form associations with

individual females during the breeding season, as we

describe below. Although the close association of a

male with a fertile female is often interpreted as

mate guarding, it may serve a variety of functions,

such as increasing sexual access (e.g. through court-

ship displays or coercion), deterring predation, or

strengthening the pair bond (reviewed in Gowaty &

Plissner 1987; Birkhead & Møller 1992). The mate

guarding hypothesis predicts the close attendance of

individual females during fertile periods, along with

the exclusive prediction that males will attempt to

reduce female encounters with other males. Here we

investigate whether male Dall’s porpoises behave

towards females and males in ways consistent with

mate guarding.

Mate guarding necessitates monitoring female

movements, maintaining proximity, and monitoring

and challenging potential rivals. In addition to being

energetically costly, these behaviors compete tem-

porally with other activities important to survival

and/or reproduction (Alberts et al. 1996; Sparkes

et al. 1996; Low 2005; Saeki et al. 2005). Males

trade-off mate guarding with behaviors such as for-

aging (Westneat 1994; Alberts et al. 1996), pursuit

of alternate mating opportunities (Chuang-Dobbs

et al. 2001), and predator avoidance (Cothran 2004).

As attending to females may require changes in male

diving behavior, we investigated whether male Dall’s

porpoises trade-off mate guarding with time spent at

depth, thereby reducing opportunities for foraging.

Methods

Study Population

We studied Dall’s porpoises from Jun. 5 to Sep. 9,

1998, in Haro Strait (48�35¢N, 123�16¢W), which lies

between southern Vancouver Island, BC, and the

San Juan Islands, WA. This waterway is approx.

20 km long, 2.5–8 km wide, and up to 360 m deep.

Dall’s porpoises are common in this region, occur-

ring typically in groups of one to seven individuals,

with a median group size of two (Willis & Miller

1998). Little is known about their social structure,

however, groups are generally small and fluid in

composition (Jefferson 1987, 1991; Miller 1990).

As with most cetaceans (Schaeff, in press), many

aspects of the mating system are unknown; how-

ever, the life history and reproductive biology of

these cetaceans offer some insight. Most females pro-

duce a single dependent offspring each summer, and

enter estrus within a month of parturition (Newby

1982; Kasuya & Jones 1984; Ferrero & Walker

1999). Calving peaks in the summer, lasting approx.

6 wk (Jefferson 1989; Ferrero & Walker 1999).

In our study region, male–female pairs form follow-

ing the onset of calving in mid-July, with almost all

newly calved females found in association with an

adult male (P. M. Willis, pers. obs.). Males appear to

enter a stage of ‘rut’ when females are beginning es-

trus, increasing in body mass, testes weight, and

sperm production (Newby 1982). Males are larger

than females, have several prominent secondary sex-

ual characteristics, and have small testes relative to

their body size (Newby 1982; Kasuya & Jones 1984;

Jefferson 1990; Ferrero & Walker 1999). These fea-

tures suggest a male mating strategy characterized

by contest competition and a low copulatory fre-

quency (Ralls 1977; Newby 1982; Kenagy & Trom-

bulak 1986; Jefferson 1990). As in other cetaceans

(Schaeff, in press), there is no evidence of male par-

ental care.

Observation and Categorization of Study Animals

We collected data between 08:00 and 20:00 hours

from a 4.7-m Zodiac inflatable boat. Opportunities

for underwater observation are limited due to the

small size and mobility of these species, and the low

clarity of local waters. Therefore, we collected data

when animals surfaced to breathe. Sexually mature

males are distinguishable from other age/sex classes

in the field due to their larger size and prominent

secondary sexual characteristics (Jefferson 1990).

Because sexually mature females are difficult to dis-

tinguish at sea from sub-adults of either sex (Jeffer-

son 1990), we relied on the presence of a newborn

calf to identify them. This criterion restricted data

sampling of male–female pairs to the postpartum

breeding season. As calves first appeared in the study

region during the third week of July in 1997 and

1998 (P. M. Willis, unpubl. data), we chose Jul. 15
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to represent the onset of the breeding season in our

analyses.

We observed individual adult males in association

with either another adult male (hereafter referred to

as ‘male–male pair’), or a newly calved female

(male–female pair). Pairs were defined operationally

as two individuals separated by over 30 body

lengths, or within 30 body lengths of additional indi-

viduals, for no more than one surfacing run (a rapid

succession of breaths). We restricted observations to

pairs, both to control for the effect of group size on

male behavior, and to optimize data collection, as

sampling feasibility declines substantially with group

size.

Predictions

As mate guarding necessitates monitoring female

movements, maintaining proximity to her, and

defending against extra-pair copulation attempts, we

predicted that

1. male–female pairs will be more stable over time

than male–male pairs,

2. members of male–female pairs will maintain clo-

ser inter-animal distances than those of male–male

pairs,

3. males will surface in greater synchrony with

females than with males,

4. males paired with females will approach their

partner more often than leave her,

5. males paired with females will approach their

partner more often than will males paired with other

males,

6. males paired with females will respond aggres-

sively to other adult males, and

7. male–female pairs will affiliate with (join) other

individuals less often than will male–male pairs.

We assume here a total evidence approach. While

not all predictions necessarily exclude alternate

hypotheses, considered together they may permit us

to interpret our findings as more or less parsimoni-

ous with mate guarding.

Surfacing to breath is costly to a deep-diving ani-

mal because it competes temporally with foraging,

and other important behaviors, at depth. Therefore,

dive duration should be optimized (Kramer 1988;

Schreer & Kovacs 1997; Thompson & Fedak 2001).

Larger diving animals, including cetaceans, have

greater diving capabilities and undertake longer

dives than do smaller ones, both among and across

species (Westgate et al. 1995; Schreer & Kovacs

1997; Martin & Smith 1999; Noren & Williams 2000;

Baird et al. 2005). Adult male Dall’s porpoises are

5–10% longer and 20% heavier than adult females

(Kasuya 1978; Newby 1982; Ferrero & Walker 1999;

Ohizumi et al. 2003), and appear to pursue longer

periods at depth (P. M. Willis, unpubl. data). To test

the hypothesis that males trade-off guarding with

time at depth, we predicted that guarding males

would undertake shorter duration dives than would

males paired with other males.

Focal Animal Sampling and Event Recording

As individuals vary in the shape and pigmentation

of the dorsal fin (Jefferson 1990), as well as in other

morphological features, we were able to track focal

individuals over successive dives. Focal individuals

were not identified across sampling sessions, allow-

ing for the possibility that an individual was fol-

lowed more than once. However, we believe

resampling was unlikely due to the abundance of

animals and the diversity of animals observed. Upon

encountering a pair, one/the adult male was

assigned focal status, and a focal sampling session

(‘follow’) initiated.

During a follow, we recorded every surfacing

event, to the nearest second, of each member of the

pair onto microcassette. When they surfaced within

5 s of each other (minimizing estimate error), we

recorded inter-animal distance (in focal body

lengths), and the position and orientation of the

focal animal relative to its partner. We categorized

positions as: ‘ahead’ – surfacing anterior to the mid-

line of the long axis of the partner, ‘behind’ – surfa-

cing posterior to the midline, and ‘flanking’ –

surfacing intersecting the midline. Orientations were

categorized as: ‘toward’ – a surfacing with a bearing

convergent with the long axis of the partner, ‘away’

– a surfacing with a non-parallel, non-convergent

bearing, and ‘parallel’ – a surfacing with a bearing

not noticeably deviating from either 0� or 180� relat-

ive to the long axis of the associate. Ambiguous or

missed observations were recorded as ‘unknown.’

Sampling continued for as long as possible; i.e. until

the pair separated, joined other individuals, were

lost (i.e. not seen for over 10 min), or until extenu-

ating circumstances (e.g. nightfall, sea conditions)

precluded data collection. The age/sex class of join-

ing individuals could not always be ascertained;

however, the presence or absence of adult males

was noted where possible.

We also recorded the occurrence of ‘agonistic

events,’ characterized by pair encounters with other

individuals involving sudden, very active behavior

occurring at or just below the water surface. Events
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were defined by (1) erratic, non-directional move-

ments, (2) predominantly ‘rooster-tailing’ (a high-

speed surfacing accompanied by a characteristic

splash; see Houck & Jefferson 1999) and ‘fast surfa-

cing’ (Jefferson 1987) surfacing behavior, (3) subsur-

face splashing and upwelling, (4) close-proximity

chases, and (5) aerial behaviors (the protrusion of

the tail flukes, head, or body out of the water); very

atypical behavior for Dall’s porpoises (Jefferson

1987, 1990; P. M. Willis, pers. obs.). Events were

considered terminated upon the resumption of typ-

ical, ‘slow rolling’ (Jefferson 1987) surfacing behav-

ior. Focal data collection was interrupted during

these events due to our inability to consistently track

the focal animal; however, we recorded event dur-

ation, the number of extra-pair individuals, the pres-

ence or absence of extra-pair adult males, the

persistence or dissolution of the original pair follow-

ing the event, and opportunistic data as to the

sequence of events.

Statistical Analyses and Variable Definition

All analyses were carried out using SAS statistical

software (version 8.2; SAS Institute, 2001). Analyses

of focal follow data were restricted to sessions yield-

ing at least 10 min of continuous data. Session dur-

ation, inter-animal distance, and dive duration data

were log10-transformed to approximate normal dis-

tributions. All p-values are one-tailed except where

noted.

We used general linear model procedures, with pair

type as the main effect, to test whether males paired

with females yielded longer sessions, maintained clo-

ser distances, and undertook shorter dives than those

paired with other males. Inter-animal distance and

dive analyses included focal identity as the subject to

accommodate repeated measures. As distance values

within a surfacing run are not independent, inter-

animal distances were averaged across observations

within individual runs, and the averages analyzed as

the dependent variable. A dive was defined as two

consecutive breaths more than 30 s apart, whereas

lesser intervals (usually in series) constituted a surfa-

cing run. (Cetaceans typically take several breaths in

short succession at the surface between long dives; cf.

Watson & Gaskin 1983.) The 30-s delimiter was

adopted based on inter-breath interval data obtained

previously from porpoises in the same region, and

which had a bimodal distribution approaching zero at

30 s (P.M. Willis, unpubl. data).

As an additional investigation of pair stability

across pair types, we classified sessions by duration

(either < or ‡10 min), and also by outcome (pair

separated or not), and used the Fisher’s exact test to

test whether male-female pairs persisted longer, and

separated less, than male-male pairs.

To further characterize male dive behavior, we

also calculated focal male dive rate (dives/h), exclu-

ding periods of agonistic behavior or missing obser-

vations, and examined whether dive rate differed

across pair types, using the two-sample t-test for

unequal variances. As follows were initiated inde-

pendent of the stage of focal dive cycle, we added

0.5 dives per follow to correct for the bias in rate

underestimation with follow duration (without this

correction, underestimate bias is greater in shorter

follows; however, the same analysis without correc-

tion yields qualitatively similar results).

To test whether males were more synchronous

with, and more often approached, female than male

partners; and whether they more often approached

females than left them, we used logistic regression

models for binary outcomes with the Williams scale

option to adjust for overdispersed data. Focal surfac-

ings occurring within 5 s of a partner’s were categor-

ized as ‘synchronous,’ otherwise they were

categorized as ‘asynchronous’; and the per-session

frequency of surfacings of each type compared across

pair types. For approach analyses, we created a new

variable, ‘posor,’ from tandem position and orienta-

tion measures, with categories of ‘approach,’ ‘leave,’

and ‘neutral.’ An ‘approach’ was defined by joint

position and orientation measures of behind-parallel,

behind-towards, flanking-towards, or ahead-towards;

whereas a ‘leave’ corresponded to ahead-parallel,

ahead-away, flanking-away, or behind-away; and

flanking-parallel defined ‘neutral.’ Pairwise compari-

sons were carried out via contrast tests.

Analysis of male–male aggression was carried out

by classifying follows by the presence or absence of

agonistic events, and testing for an association with

pair type, using the Fisher’s exact test. Similarly, we

tested for lower extra-pair affiliation among male–

female pairs by classifying sessions by whether join-

ing occurred or not, and using the Fisher’s exact

test.

Results

We followed a total of 87 pairs, of which 24 male–

male, and 18 male–female, yielded at least 10 min of

continuous focal data. Although approximately equal

numbers of male–male and male–female follows

were initiated during the breeding season (n ¼ 18

male–male vs. n ¼ 24 male–female, v2 ¼ 0.857,
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df ¼ 1, p ¼ 0.355), of these, significantly fewer

male–male (n ¼ 3) than male–female (n ¼ 18) fol-

lows exceeded 10 min (Fisher’s exact test, p < 0.001;

see also ‘Seasonal effect,’ below).

Pair Stability

Male–female pairs yielded significantly longer-dur-

ation follows than did male–male pairs (Table 1,

Fig. 1a). Similarly, male–female pairs also yielded

significantly more sessions of at least 10 min dur-

ation (18 of 24) than did male–male pairs (24 of 63;

Fisher’s exact test, p ¼ 0.002). Only one male–

female pair was observed to separate compared with

eight observed separations of male–male pairs, how-

ever, this difference was not significant (Fisher’s

exact test, p ¼ 0.227; Fig. 2a).

Inter-animal Distance and Male Synchrony

Males paired with females both maintained signifi-

cantly closer distances, and surfaced in synchrony

significantly more often, than did males paired with

other males (Table 1, Fig. 1b,c).

Male Approaches

Focal males approached female partners significantly

more often than male ones (Table 1, Fig. 2d). Within

male–female pairs, the proportion of male approach,

leave, and neutral surfacings differed significantly

(v2 ¼ 28.90, df ¼ 2, p < 0.001), with males

approaching more often than leaving, although this

difference was marginally non-significant (v2 ¼ 2.41,

df ¼ 1, p ¼ 0.060).

Agonistic Events

Six agonistic events occurred during follows of

male–female pairs, whereas none occurred during

male–male pair follows (Fisher’s exact test,

p < 0.001; Fig. 2b). Extra-pair individuals numbered

between one and three, and always included at least

one adult male. Although the identity, age, and sex

of individuals were often indiscernible upon surfa-

cing due to heavy water spray, males were often

observed interacting directly, chasing each other and

Table 1: Results of generalized linear and logistic regression models

testing the effect of pair type on male Dall’s porpoise behavior, for

focal sessions ‡10 min

Variable Test-statistic p

Follow duration F1,40 ¼ 13.06 <0.001

Inter-animal distance F1,40 ¼ 95.32 <0.001

Synchrony v2
1 ¼ 26.49 <0.001

Approaches v2
1 ¼ 4.50 0.018

Dive duration F1,39 ¼ 11.15 0.001
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Fig. 1: The effect of partner sex on (a) follow duration, (b) mean

inter-animal distance, (c) proportion of surfacings synchronous with

partner, (d) proportion of surfacings approaching partner, and

(e) mean dive duration; for follows ‡10 min. For informative purposes,

untransformed and unadjusted data (�x � SE) are displayed, averaged

across follows (n ¼ 24 male partner, n ¼ 18 female partner; except in

(e), where male partner n ¼ 23). Inter-animal distance and dive dur-

ation values represent �x � SE of averaged follow values. For statistical

analyses, see text. BL ¼ body lengths
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surfacing in close proximity. The female and calf also

engaged in high-energy surfacings. The calf was

sometimes observed in what appeared to be distress,

wriggling forcefully at the surface, and on one occa-

sion was flung out of the water, apparently hit from

below. During momentary respites and following

termination of the event, the focal male was com-

monly positioned medially relative to the female and

the extra-pair male(s). Events lasted between 1 and

12 min. In five instances the original pair remained

intact following the event; in the sixth case the focal

animal was lost, and the pair status undetermined.

Joining Events

Male–female pairs joined other individuals only once

(a sub-adult), significantly less often than did male–

male pairs, which joined one to four individuals in a

third of follows (Fisher’s exact test, p ¼ 0.003;

Fig. 2c). The age/sex class of joining individuals was

not consistently determined; however, male–male

pairs joined one or more adult males on five occa-

sions.

Male Dive Behavior

Males undertook significantly shorter dives when

paired with females than when paired with other

males (Table 1, Fig. 1e). They also had a significantly

higher dive rate when paired with females (26.1

dives/h) than when paired with other males (18.3

dives/h; two-tailed t-test, t ¼ 2.04, p ¼ 0.011).

Seasonal Effect

As males largely ceased associating for more than

fleeting periods upon the onset of breeding, only 3

of 18 sessions initiated during this time exceeded the

10 min duration criterion of some of the analyses,

thus confounding sex with season. For example, if

individuals became more synchronous in their div-

ing as the summer progressed, independent of sex,

then the observed differences between pair types

may reflect the bias toward male–male pair data

early in the study, and male–female data late. To

address the possible influence of an unmeasured sea-

sonal effect, we conducted a posteriori comparisons

of male–male behavior across season, as well as male

behavior across pair type, using analyses not limited

by the 10 min criterion. If some unmeasured sea-

sonal influence were driving the observed patterns,

then male–male pairs should exhibit concordant

changes as the season progresses. We examined

whether male–male pairs sampled during the breed-

ing season yielded more longer-duration (‡10 min)

sessions, separated less, and affiliated with others

less, than those sampled prior to breeding, using the

Fisher’s exact test.

None of the seasonal predictions were supported.

Male–male pairs yielded significantly fewer long dur-

ation (‡10 min) follows during the breeding season

than they did pre-breeding (3/18 vs. 21/45; Fisher’s

exact test, p ¼ 0.024). They also separated more

during breeding, although this difference was not

significant (4/18 vs. 4/45; Fisher’s exact test, p ¼
0.154). Neither did they join other individuals signi-

ficantly less often during breeding, as predicted by

the seasonal hypothesis (4/18 vs. 17/45; Fisher’s

exact test, p ¼ 0.188).

Discussion

This study provides strong behavioral evidence of

mate guarding by male Dall’s porpoises during the

breeding season. Male–female pairs were very

stable, in contrast to the ephemeral nature of male–

male associations. The close proximity, surfacing

0

0.05

0.1

0.15

P
ro

po
rt

io
n

of
pa

ir
se

pa
ra

tio
ns

0

0.1

0.2

0.3

0.4

N
o.

ag
on

is
tic

ev
en

ts
pe

r
fo

llo
w

male                 female
0

0.1

0.2

0.3

0.4

Partner sex

p = 0.227

p < 0.001

p = 0.003
63

  24

(a)

(b)

(c)

P
ro

po
rt

io
n

of
pa

ir
jo

in
in

gs

Fig. 2: The effect of partner sex on (a) proportion of pair separations,

(b) number of agonistic events/follow, and (c) proportion of pair joi-

nings with other individuals. Numbers over bars are number of follows

(same for a, b, and c)
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synchrony, and approach behavior of males part-

nered with females all suggest that they are actively

attempting to maintain their association with

females, while their participation in agonistic events,

and low affiliation, with other adult males suggest

they are acting to reduce female extra-pair copula-

tions and increase their own assurance of paternity.

Mate guarding appears to be an uncommon male

mating tactic in cetaceans, potentially because the

dispersal and mobility of females make this tactic rel-

atively uneconomical (Connor et al. 2000a; Schaeff,

in press). This may explain why bottlenose dolphin

females are predominantly accompanied by pairs or

larger alliances of males, rather than individuals

(Wells et al. 1987; Connor et al. 1992; Moors 1997)

– attempts to increase paternity assurance may typic-

ally be economical only in the context of an alliance

(Connor et al. 2000b). The factors facilitating Dall’s

porpoise mate guarding, which likely exceeds several

hours, and possibly days, are unknown. In mam-

mals, the timing of copulation with respect to ovula-

tion affects fertilization success (Gomendio et al.

1998). Therefore, the length and synchrony of es-

trus, and the predictability of ovulation, should

influence the occurrence and intensity of mate

guarding (Gomendio et al. 1998; Brotherton &

Komers 2003). These reproductive parameters are

largely unknown for Dall’s porpoises, however, like

other odontocetes (Whitehead & Mann 2000),

females appear to be spontaneous multiovulators,

capable of ovulating multiple times during the

breeding season until conception (Newby 1982).

If females are receptive for long periods relative to

the duration of the breeding season, or males are

unable to predict the timing of ovulation, extended

mate guarding may be favored (Gomendio et al.

1998; Brotherton & Komers 2003). One or both of

these conditions may partially explain the rarity of

unguarded, newly calved females in the present

study.

It has been suggested that male physical size may

be important in sequestering female bottlenose dol-

phins (Connor et al. 2000b). In Dall’s porpoises, the

larger body, thoracic hump, and caudal peduncles of

males may confer strength and maneuverability con-

ducive to female coercion or defense. We were

unable to observe whether males behave aggres-

sively toward their female partners. However, male–

female pairs were typically isolated from other

individuals, and guarding by male Dall’s porpoises,

as in male bottlenose dolphins (Connor et al. 2000b;

Watson 2005), may involve both sequestering (the

use of force directed at females to deter extra-pair

matings) as well as aggression directed towards com-

peting males. Perhaps importantly, females are con-

strained by their calves, likely affording males easier

access and defense. Unlike most other cetaceans,

female Dall’s porpoises give birth yearly, and are

attending to the limited movements and suckling

demands of their vulnerable calves during estrus.

It would be interesting to determine whether non-

parous, receptive females are less often or less inten-

sely guarded, although such differences could reflect

females’ freedom from the burden of calves, or

males’ preference for older females, or other factors.

Although few data on Dall’s porpoise group compo-

sition are available, interestingly, newly calved

females elsewhere are usually identified either alone,

with other female–calf pairs, or in larger groups

(Kasuya & Jones 1984; Jefferson 1987; Miller 1989).

This suggests that there may be some ecological

component(s) unique to the study region favoring

mate guarding.

Males largely ceased associating extensively, at

least as pairs, upon the onset of the breeding season,

possibly in response to competition for mates. Con-

sequently, some of our analyses suffered from the

partial confounding of sex with season, allowing for

the possibility that an alternative, seasonal influence

underlay the observed differences in male behavior.

However, the decrease in male–male affiliation at

the onset of breeding reflects a departure from,

rather than a convergence upon, the behavior pat-

terns of guarding males. Were a seasonal effect

responsible, male–male pairs should have exhibited

greater stability, lower extra-pair affiliation, and

fewer separations during the breeding season than

before; rather, they exhibited the opposite, or com-

parable, patterns. It is not possible to fully discount

the role of a seasonal variable unrelated to guarding

in contributing to some of the observed differences

in male behavior. However, given the full battery of

predictions, and the absence of any a-priori potential

seasonal factor(s) predicted to influence male behav-

ior in the manners observed, we interpret our find-

ings as most parsimoniously consistent with mate

guarding.

The close association of a male with a fertile

female may serve a variety of other, non-exclusive

functions (reviewed for avian species in Gowaty &

Plissner 1987; Birkhead & Møller 1992). Close atten-

dance may serve to increase male sexual access

(Gowaty & Plissner 1987). Some bottlenose dolphin

consortships, where males neither appear to seques-

ter females, nor contest nearby males (Moors 1997),

may represent male attempts to respond to
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copulation opportunities. In addition to protecting

their paternity through guarding, male Dall’s por-

poises may also be seeking to increase their sexual

access (e.g. displaying towards females). The small

testes of male Dall’s are indicative of a low copula-

tory frequency (Jefferson 1990), suggesting that,

while associations may concomitantly increase male

sexual access, paternity assurance is likely sought

primarily through guarding rather than through fre-

quent copulation. The mutual pursuit of copulation

opportunities and female defense may also occur in

escorting or consorting males of other cetacean taxa

(Connor et al. 1992, 1996; Clapham 1996; Watson

2005). In some taxa, close attendance to a female

may reflect parental investment (Birkhead & Møller

1992); however, male parental care appears absent

in cetaceans (Connor et al. 2000a; Schaeff, in press).

Moreover, investment in parental care does not pre-

dict male avoidance or aggression toward other

males, and thus is unlikely to be responsible for the

patterns observed here.

Our focus is on male behavior; however, as guard-

ing may be expected to influence female fitness,

females should significantly affect the occurrence

and intensity of guarding (Jormalainen 1998; Harari

et al. 2003). While male Dall’s porpoises are acting

to maintain their associations with females, females

may also benefit from, and facilitate, guarding. Male

harassment in other species can be very costly for

unguarded females (e.g. Lovell-Mansbridge & Birk-

head 1998; Davis 2002; Endo & Doi 2002) and

expensive to resist (e.g. Watson et al. 1998; Jormala-

inen et al. 2001). Guarding may offer female Dall’s

porpoises refuge from harassment, possibly increas-

ing foraging efficiency, reducing risk of injury, and/

or increasing suckling and protection of their calves.

Females may also benefit from guarding if contest

competition results in high quality mates, relaxing

selection on females for mate choice. However,

guarding is unlikely to confer only benefits to

females. Guarded females and their calves appear to

risk injury from the aggressive interactions of con-

testing males in close proximity, suffering from at

least occasional blows. Depending on the extent of

female control over guarding, guarding may also sig-

nificantly constrain female mate choice. Female bot-

tlenose dolphins and humpback whales sometimes

resist consorting attempts (Tyack & Whitehead 1983;

Connor et al. 2000b); whether female Dall’s similarly

resist is unknown. However, prior to the present

study, one of us (P. M. Willis) observed a female

and calf apparently fleeing an agonistic event, trave-

ling at high speed for several minutes. Future studies

will benefit from incorporating the study of female

behavior, as the occurrence and intensity of guard-

ing likely reflects the balance of sexual conflict, with

each sex trading off the benefits of guarding with

the costs.

Male Dall’s porpoises guard individual females for

several hours, and possibly days. Mate guarding may

therefore comprise a large amount of a male’s time

during the breeding season, competing with other

activities important to survival and reproduction.

Guarding in other animals, including other large

mammals, is often associated with a reduction in for-

aging effort, although empirical evidence of a trade-

off is limited (Cuthill & Macdonald 1990; Westneat

1994; Alberts et al. 1996; Sparkes et al. 1996; Kom-

deur 2001). The shorter dive times of guarding males

relative to non-guarders suggests a trade-off between

time spent at foraging depth and guarding. The cost

of undertaking shorter dives may be partially offset

by their higher dive rate. However, guarding males

are nonetheless likely suffering reduced foraging effi-

ciencies, due to the decrease in the ratio of time

spent at foraging depth, to time spent in the ascent

and descent phases of a dive. It is possible that males

are able to compensate for shorter periods at depth

by increasing their feeding rate, or expending less

energy. However, if monitoring of the female and

potential rivals competes temporally with the detec-

tion and capture of prey, which seems likely, for-

aging efficiency at depth may be compromised.

In addition, guarding males appear to incur energetic

costs through increased expenditure in chasing and

repelling challengers; in other taxa, such costs can

be substantial (e.g. Low 2005).

Guarding in other large mammals is often associ-

ated with substantial decreases in male weight and

condition (Poole 1989; Komers et al. 1994; Alberts

et al. 1996; Setchell & Dixson 2001; Pelletier 2005).

The increase in male Dall’s porpoise body mass at

the onset of female estrus may support guarding

effort by buffering any energetic deficit and conse-

quent decline in condition over the breeding period.

If males vary in phenotypic quality, it is possible that

only superior condition males can afford the loss of

condition associated with guarding (e.g. McElligott

et al. 2003; Pelletier 2005), perhaps other males pur-

sue other reproductive tactics. Future studies of

Dall’s porpoises may be able to document changes in

individual male condition over the course of the

breeding season through photogrammetric analysis

of the convexity of the dorsal hump, formed from

the underlying thoracic epaxial muscle mass (Jeffer-

son 1990), which appears greatest at the onset of
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breeding (Newby 1982). With such efforts, combined

with observations over longer periods and including

both sexes, and with the addition of genetic analyses

of paternity, future studies will be able to shed con-

siderable light on this unusual cetacean mating sys-

tem, and further identify the costs and trade-offs

affecting the occurrence and intensity of mate guard-

ing.
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