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Do sex and habitat differences in antipredator behavior
of Western Sandpipers Calidris mauri reflect cumulative
or compensatory processes?
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Abstract Individuals manage their risk of predation in

different ways in different situations. We studied the use of

anti-predator behavior by Western Sandpipers (Calidris

mauri) at Bahı́a Santa Marı́a, northwestern Mexico, for-

aging in three habitats that differed in presumed predation

danger. Brackish flats are completely open, making them

theoretically less dangerous for feeding sandpipers than

mangroves and cattail marshes, which have closer visual

horizons. Western Sandpipers are sexually dimorphic, with

females about 15% longer-billed and 10% heavier than

males. We previously showed that male and female sand-

pipers differed in their habitat choice and relative body

mass in ways consistent with differential responses to

predation danger (Fernández and Lank in Condor 108:547–

557, 2006). Contrary to expectations, however, females

were overrepresented in more dangerous habitats. Here, we

examine differential usage across habitats and between the

sexes of three anti-predator tactics—flock size, density

within flocks, and vigilance rate—that may be used

cumulatively to reinforce safety, or as trade-offs that

compensate for levels of usage of each. We hypothesized,

and found, that ordered differences occur among habitats,

and that controlling for other factors, females were more

cautious than males. For the most part, the use of these

three tactics appeared to be cumulative, rather than com-

pensatory. However, with respect to habitat use, birds

appeared to compensate for the higher probability of

mortality intrinsic to the use of higher-danger habitats by

increasing the use of vigilance, foraging in tighter flocks,

and maintaining lighter body weights (females only). Thus,

both cumulative and compensatory processes operate

among anti-predator tactics to determine the net level of

safety and trade-off against other factors.
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Introduction

Antipredator behaviors can have substantial effects on

patterns of habitat use and population dynamics (Cresswell

1994a; Ydenberg et al. 2002, 2004; Whitfield 2003a;

Taylor et al. 2007). General tactics for responding to pre-

dation danger include: choosing safer habitat, adopting a

particular level of vigilance by adjusting the vigilance rate

and (or) group size or density, and changes in body con-

dition (Lima and Dill 1990; Lima 1998). Individuals that

vary differ in their vulnerability to predation (‘‘escape

performance’’, sensu Lank and Ydenberg 2003), e.g., as

functions of sex, age, or size, may use different tactics to

adjust their predation risk (Magurran and Nowak 1991;

Burns and Ydenberg 2002; Childress and Lung 2003;

Cresswell 2008). Different antipredator tactics may be used

cumulatively to reinforce each other, or as trade-offs that

compensate for each other (Lind and Cresswell 2006).

A simple example of a trade-off is that individual vigilance

rates typically decrease as flock sizes increase, implying
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that a lower level of safety derived from individual vigi-

lance is compensated for by some property of the flock.

Whether this trade-off is worth making also depends on the

effect of flock size, or nearest neighbor distance, has on



use of these tactics, due to their greater vulnerability.

Flock size in shorebirds (Cresswell 1994b; Barbosa

1997; Whitfield 2003b) and vigilance rate (Cresswell

1994b; Barbosa 1997; Pomeroy 2006; Sansom et al.

2008) increase as distance to vegetation cover decreases,

presumably reflecting differences in predation danger.

Individual vigilance decreases as a function of flock size

(Cresswell 1994b; Barbosa 1997) and changes with for-

aging mode (Barbosa 1995). We therefore examined

flock size and vigilance rate with respect to presumed

differences in intrinsic vulnerability and habitat-specific

levels of predation danger. We made the following pre-

dictions, which assume cumulative use of these tactics:

(1) controlling for sex, wintering Western Sandpipers

should form larger and/or tighter flocks, and have higher

vigilance rates in more dangerous habitats, and (2)

within habitats, females should form larger and/or tighter

flocks, and exhibit higher vigilance rates, than males.

Alternatively, some of these behavior patterns might

trade-off and compensate for each other, rather than all

covarying in the same direction. We tested these pre-

dictions by analyzing flock size, nearest neighbor dis-

tance, and vigilance behavior of Western Sandpipers

using brackish flats, mangroves, and cattail marsh during

the non-breeding season in Santa Marı́a.

Methods

Study area

This research was conducted at Bahı́a Santa Marı́a

(25�020N, 108�180W), which includes 1,350 km2 of a

diverse wetland habitat mosaic, about 90 km northwest of

Culiacán, Sinaloa, in northwestern Mexico. Fernández and

Lank (2006) describe the three habitat types recognized in

this study: brackish flats, mangrove–salt marsh flats, and

cattail marshes, and the rationales for ranking them as

safest, intermediate, and most dangerous with respect to

avian predation (see above).

Data collection

Fieldwork was carried out, from November to February of

1999–2000, and from December to February of 2000–2001

and 2001–2002. We trapped 1,818 Western Sandpipers

during morning sessions (e.g., 0700–1100 hours) using

mist nets accompanied by broadcasts of alarm calls, and

1,686 were individually color-banded. We measured body

mass (±0.5 g) and bill length (exposed culmen, ±0.1 mm),

and assigned birds’ sex following Page and Fearis (1971).

Fifty-seven birds of unknown sex were excluded from

analyses.

Vigilance behavior was recorded during individual focal

observations (Altmann 1974) using a 15–609 spotting

scope. In each habitat, focal observations were carried out

throughout the day (e.g., 0700–1500 hours). Behavioral

data were dictated into a tape recorder, timed with a

stopwatch, and later transcribed. We preferentially

observed individually color-banded birds. If there were no

banded birds in the area, focal birds were selected ran-

domly by directing the spotting scope at a flock and



analyses because of small sample sizes; of 223 observa-

tions of banded birds, only 11 and 9% were made on

immature females and immature males, respectively.

Controlling for sex, habitat, and year, flock size and vigi-

lance behaviors were not significantly different between

banded and non-banded birds (P [ 0.20). To increase the

power of our analysis, we pooled all observations between

banded and non-banded birds. Sex and habitat differences

in flock size were investigated with an ANOVA, control-

ling for seasonal and annual variation. The effects of sex

and habitat on nearest neighbor distance and vigilance

behavior, with flock size as covariate, were analyzed using

an ANCOVA, controlling for seasonal and annual varia-

tion. Flock size, nearest neighbor distances, and vigilance

rate were log-transformed prior to analysis to permit

parametric analyses.

We considered statistical test results to be significant at

P \ 0.05, except for interaction terms, which we consid-

ered significant at P \ 0.10 since significance test for

interaction terms have lower power than those for main

effects (Littell et al. 1991). If interaction terms were not

significant, models were reduced to their most parsimoni-

ous form using Type III SS, and we report least-squares

means taking other factors and seasonal and annual varia-

tion into account. We made pair-wise post-hoc compari-

sons using the Tukey–Kramer test. Least-square

means ± SE are presented unless otherwise stated. All

statistical tests were performed using SAS� 8.2 (SAS

Institute 2001).

Results

Sex composition and body mass among habitats

Male Western Sandpipers predominated at Bahı́a Santa

Marı́a, with a sex ratio of 0.72 among all birds captured. As

expected from previous analyses, males were overrepre-

sented in brackish flats, and sex ratios were most even in

cattail marshes (F2,109 = 11.27, P \ 0.0001) (Table 1),

showing that females were biased towards using putatively

more dangerous habitat. Females were significantly heavier

in brackish flats and mangroves than in cattail marshes,

with a range of mass difference among habitats of 0.44–

0.51 ± 0.19 g (F2,512 = 3.62, P = 0.02). The body masses

of males did not differ among habitats (F2,1237 = 1.06,

P = 0.34).

Behavioral observations

Flock size differed significantly by sex and habitat type

(sex 9 habitat: F2,754 = 3.48, P = 0.03; Table 1). Birds in

brackish flats and mangroves were in smaller groups than

those in cattail marshes. However, females were in smaller





can now interpret females’ disproportionate usage of a

putatively more dangerous habitat in the context of a richer

trade-off among antipredator tactics. In apparent compen-

sation, females had higher vigilance rates than males for a

given flock size, formed more cohesive flocks in cattails,

and maintained lower relative masses, particularly in the

most dangerous habitat, patterns which did not occur in

males.

What approach might we use to predict which tactics

may be used by individuals cumulatively or as compen-

sation in different states or situations? Identifying the

specific functional significance of different behaviors with

respect to predation danger and other factors may help

focus thinking about when tactics will be used additively to

reinforce, or as compensatory trade-offs to adjust, the level

of safety. Table 2 presents the specific assumed functions



none were strong enough to produce negative relationships

between components that we would have clearly recog-

nized as compensatory. The strongest candidate for com-

pensation came from a trade-off with respect to habitat

choice, particularly for fema0au81s.395.255S0S0y controlling variables

related to vigilance, flock size, nearest neighbor distance,
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