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Abstract.—

 

Several hypotheses predict that nest defense should increase as the nesting cycle progresses, but the
predicted pattern of increase differs. Previous studies of nest defense in gulls and terns have given conflicting re-
sults. Most of these have treated colonies as a unit, thus breeding asynchrony may have obscured temporal patterns.
Common Tern (

 

Sterna hirundo

 

) nest defense against Great Black-backed Gulls (

 

Larus marinus

 

) was observed during
two years, and responses of individuals or pairs of known nesting stage were recorded. Responses of terns to observ-
ers were also recorded. Mobbing of gulls did not increase as incubation progressed, contradicting parental invest-
ment models, but did increase as chicks aged. Chicks were defended more strongly by parents than were eggs.
Responses to Great Black-backed Gulls were more frequent during the second wave of nesting, when the potential
for re-nesting would be very low. There was no association between clutch size and nest defense. Aggression by terns
to observers was rare during incubation, but became common immediately after hatching and remained frequent
until the chicks fledged. The temporal pattern of mobbing in the semi-precocial Common Tern most closely resem-
bles that predicted for species with altricial young. However, interpretation is complicated by the fact that gulls prey
more frequently on chicks than eggs. 
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Birds are highly flexible in their responses
to predators, as interactions with predators in-
volve not only predator recognition but also as-
sessment of risk (McLean and Rhodes 1991).
Because mobbing is a potentially costly activity,
nest defense should vary with the threat that
particular species represent (Patterson 

 

et al

 

.
1980; Buitron 1983; Curio 

 

et al

 

. 1983; Clode 

 

et
al

 

. 2000). Even within a single species of nest
predator, antipredator responses should vary
with the context of the encounter (McLean
and Rhodes 1991; Curio 1993). In the present
study, the responses of the Common Tern
(

 

Sterna hirundo

 

) to the Great Black-backed
Gull (

 

Larus marinus

 

) are compared across stag-
es of the tern nesting cycle.

Avian nest defense often increases in in-
tensity as the breeding season progresses
(reviews in Knight and Temple 1986b;
Montgomerie and Weatherhead 1988; Re-
dondo 1989; Brunton 1990; McLean and
Rhodes 1991), and several hypotheses have
been proposed to explain and predict tem-
poral variation in nest defense. Models
based on optimal parental investment and
offspring reproductive value predict an in-
crease in defense throughout incubation,
because the value of offspring increases and
the ability to re-nest decreases as offspring
age (Barash 1975; Andersson 

 

et al

 

. 1980;

Montgomerie and Weatherhead 1988). Hy-
potheses based on either offspring conspicu-
ousness and value to predators (Harvey and
Greenwood 1978) or feedback between par-
ents and offspring (McLean and Rhodes
1991) predict a constant level of defense dur-
ing incubation, because eggs do not become
more conspicuous with age (until pipping).
All three categories of hypotheses predict
that, at least in altricial species, parents
should defend chicks more strongly than
eggs, because chicks are more valuable and
more conspicuous than eggs. Most authors
have predicted that parental defense of
chicks in altricial species should increase as
chicks age and then decline at fledging
(Barash 1975; Andersson 

 

et al

 

. 1980; Mont-
gomerie and Weatherhead 1988) or shortly
thereafter (McLean and Rhodes 1991). Nest
defense in precocial species, on the other
hand, should peak shortly after hatching
(Barash 1975; Andersson 

 

et al

 

. 1980; Mont-
gomerie and Weatherhead 1988). These de-
clines in parental nest defense are expected
because fledglings can escape predation via
flight and precocial chicks can hide from
predators, and because predators are less
likely to remove an entire brood at once if
chicks have dispersed from the nest site. All
of these models predict that large clutches or
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broods should be defended more strongly
than smaller clutches or broods, although
very few empirical studies have supported
this prediction (Rytkönen 2002).

In the semi-precocial gulls and terns (Lar-
idae), seasonal patterns should be intermedi-
ate to those predicted for altricial and
precocial species, since their young are mo-
bile but typically remain near the nest site
(see Nisbet 2002 for Common Tern). The re-
sults of previous studies of larid nest defense
have often contradicted one another (see
Discussion), and thus no clear pattern has
emerged. One weakness of most previous
studies of nest defense in larids and other co-
lonial birds (including my own work; Palestis
2000) is that researchers did not examine the
responses of individuals or breeding pairs,
but instead treated the entire colony as one
unit (for a recent exception see Meehan and
Nisbet 2002). Because the behavior of many
individuals was combined, reproductive asyn-
chrony may have obscured seasonal patterns
of nest defense, as not every pair in a colony
would be at the same stage of the nesting cy-
cle at a given point in time. Although mob-
bing may spread among neighbors in a tern
colony (Burger and Gochfeld 1991), not all
members of a colony or subcolony will re-
spond to the same encounter with a nest
predator. For example, Burger and Gochfeld
(1991) report that in colonies with 100 to 250
Common Terns, the average number of terns
flying up in response to a predator was only
23.4 and was highly variable (SD ± 22.0). Dif-
ferences in nesting stage may explain some of
this variation. This study was conducted to ex-
amine temporal changes in nest defense by
Common Terns of known nesting stage.

 

M

 

ETHODS

 

Observations of the responses of Common Terns to
nest predators were performed at Pettit Island
(39°40’N, 74°11’W), a 0.3 ha salt marsh island in Mana-
hawkin Bay in Ocean County, New Jersey. Observations
took place from 23 May to 15 August in 2001 and 20 May
to 8 August in 2002. The Common Tern colony consist-
ed of approximately 150 breeding pairs in 2001 and 200
in 2002. Laying occurred mainly in two waves, probably
due to re-nesting after flooding. In 2001, the first wave
lasted 23 May-9 June, and the second lasted 24 June-6 Ju-
ly. In 2002, the two major waves were from 20 May-7
June and 23-27 June.

This study was observational, involving natural en-
counters with nest predators. Field observations were
made from a small boat anchored approximately 20 to
30 m from the island. Most observations were made
alone, but occasionally with the help of an assistant. Ex-
cluding terns in the center of the island, which were dif-
ficult to see from the boat, terns tended to nest along
three edges of the island on wrack (mainly dead eel-
grass, 

 

Zostera

 

). A typical observation session consisted of
3 h of observation, one at each of these edges, and typi-
cally four such sessions were performed per week at var-
ious times of day. Observations totaled 124 h in 2001
and 163 h in 2002.

Whenever a nest predator approached or entered
the colony, the responses of the visible individuals were
recorded. The variable analyzed was the proportion of
encounters that elicited a response, called a “tern fly-
ing up”. Only encounters with predators that flew di-
rectly over or within approximately 20m of the island
were included, thus excluding encounters with preda-
tors landing or attempting to land on the island, which
were rare and more likely to elicit a response from
terns (Hatch 1970; Becker 1984; Cavanagh and Griffin
1993). Although the responses of terns to several spe-
cies of nest predator were recorded, only responses to
Great Black-backed Gulls (hereafter, “gulls”) are ana-
lyzed here, for three reasons: 1) This species was ob-
served frequently (relative to other predators) and
consistently throughout the study: on average, approx-
imately 3-4 encounters per hour in both years, with no
trend across nesting stages. 2) At Pettit Island, terns
mob this species more frequently than other species
(Palestis and Burger 1997). 3) This was the only spe-
cies observed preying on tern young, although such
events were very rare (only one in the two years of the
present study).

Occasionally, terns nesting close to the edge of the
island flew toward the observers in the boat. This aggres-
sion usually occurred immediately after arrival, when I
was preparing to enter the colony, or soon after I left the
colony. In addition to responses to gulls, the frequency
of aggression by terns toward the observers in the boat
is also quantified. Mobbing while observers were on the
island was not quantified.

All nest sites that were potentially visible from the
boat were marked with numbered tongue depressors.
Typically four censuses were performed per week, which
included tracking the contents of marked nests and
searching for and marking new nests. In 2001, 15 incu-
bating adults were captured in nest traps and uniquely
marked in combinations of blue, red and green on their
breasts and under their wings using non-toxic markers.
Adults were not trapped until they had been incubating
for ten days, to prevent nest desertion. No nests were
abandoned after trapping, and 89% of eggs hatched at
nests where adults were trapped. Most data comes not
from marked individuals, but from the behavior of un-
marked terns at nest sites that were readily visible from
the boat. No color marking was done in 2002.

Statistical Analysis

Comparison of mobbing by terns throughout the
nesting cycle was performed by dividing each pair’s
breeding stages into weeks (first, second, and third week
of incubation, first, second, and third week of chick-
rearing, with some data extending into a fourth week).
The variable analyzed was the proportion of encounters
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with gulls that elicited a response. To allow calculation
of meaningful proportions, breeding pairs with fewer
than five recorded encounters with gulls in a given week
were excluded. Mobbing by parents with fledglings is
presented, but is not included in statistical analysis, be-
cause the natal nest site and age of fledglings were often
unknown and data were only available for fledglings
from the first wave of nesting. To avoid pseudoreplica-
tion by repeatedly counting the same breeding pairs,
each pair was used as only one data point in compari-
sons across weeks of the nesting cycle, by randomly se-
lecting one week of nesting for each pair (see Fig. 1 for
sample sizes). A separate comparison used a within-sub-
jects design, comparing the average values for pairs dur-
ing incubation to the averages of the same pairs during
chick-rearing. Only pairs with a complete sequence (i.e.
no missing weeks) were used in this comparison (see Ta-
ble 1 for sample sizes).

To test for effects of clutch size on nest defense, I ran-
domly selected pairs of nest sites differing in clutch size

by one egg, after matching for location in the colony
(same subcolony) and laying date (same day) (N = 6 in
2001, 14 in 2002). For each of these matched pairs, one
week of nesting was randomly selected for comparison,
with the prediction that terns with larger clutches would
respond more frequently to encounters with gulls.

Statistical analysis was performed using Statview
(SAS Institute 1999). Data on responses to gulls were
transformed by an arcsine-square root transformation,
as is standard for proportions (Sokal and Rohlf 1995).
Effects of nesting week and nesting wave were analyzed
simultaneously using a 2-Way ANOVA. Multiple com-
parisons among nesting weeks were performed using
Fisher’s PLSD test (SAS Institute 1999; see “least signifi-
cant difference”, Sokal and Rohlf 1995). The within-
subjects and clutch size comparisons were performed
using the paired t-test. Means are given ± one SE.

Responses to humans were recorded as the number
of times a member of a breeding pair flew towards the
observers in the boat per hour. Data are only included
from terns that flew toward the observers at least once
to avoid an overwhelming number of zero values, since
most terns never flew at the observers. Even with this re-
striction, the distribution could not be transformed to
meet the requirements of parametric tests, so only non-
parametric tests are used. These data were analyzed us-
ing the Kruskal-Wallis test, followed by multiple compar-
isons using Dunn’s procedure (Hochberg and Tamhane
1987; see Fig. 2 for sample sizes). The within-subject
comparison was performed using the Wilcoxon signed
rank test (see Table 1 for sample sizes).

 

R

 

ESULTS

 

Responses to Great Black-backed Gulls

Responses of terns to gulls were more fre-
quent during chick-rearing than during in-
cubation. This difference was numerically
large in both years (Table 1) and highly sig-
nificant in 2002, but not significant in 2001
(Table 1). To examine temporal patterns of
nest defense in more detail, the nesting cycle
of focal pairs of terns was broken up into
weeks (first week of incubation, second week
of incubation, . . .). There was significant
variation among the week-long nesting “stag-
es” in both years (2001: F

 

5,27

 

 = 2.76, P < 0.05;
2002: F

 

6,100

 

 = 3.44, P < 0.005; see Fig. 1).
These analyses were controlled for differenc-
es between nesting waves (see below) with a
2-Way ANOVA. In both years the frequency
of mobbing was low during all three weeks of
incubation, was significantly higher by the
second week of chick-rearing, and remained
high as chicks approached fledging (Fig. 1). 

Nest defense was significantly more fre-
quent during the second wave of nesting in
both years. The mean difference between

Figure 1. The mean responsiveness of focal terns to
gulls is compared across weeks of the nesting cycle (E =
eggs, C = chicks, F = fledglings) for 2001 (A) and 2002
(B). There was sufficient data to include parents in their
fourth week of chick-rearing in 2002 only. Error bars are
±SE. Numbers across the top indicate sample size (num-
ber of breeding pairs). Letters above bars indicate sta-
tistical significance (Fisher’s PLSD): bars that do not
share a letter are significantly different. These compar-
isons are controlled for nesting wave. Parents with fledg-
lings are excluded from statistical comparisons.
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nesting waves in the proportion of gull en-
counters eliciting a response was 0.16 ± 0.05
in 2001 (F

 

1,27

 

 = 8.37, P < 0.01) and 0.07 ± 0.03
in 2002 (F

 

1,100

 

 = 18.6, P < 0.0001). There were
no significant interactions between nesting
stage and nesting wave (2001: F

 

5,27

 

 = 0.57,
n.s.; 2002: F

 

6,100

 

 = 1.11, n.s.), as responses to
gulls were numerically more frequent in the

second wave across nearly every stage of the
breeding cycle in both years.

There was no evidence that terns with
larger clutches were more likely to respond
to gulls. Combining both years, four compar-
isons were in the predicted direction and six
were in the opposite direction, with ten ties.
Overall, pairs with larger clutches responded
to approximately the same proportion of en-
counters with gulls as those with smaller
clutches (mean difference = 0.01 ± 0.03;
paired t

 

19

 

 = 0.58, n.s.).

Responses to Observers

Responses of terns to observers in the
boat were much more frequent during
chick-rearing than during incubation. This
difference was statistically significant in both
years, with responses to observers almost
completely absent during incubation (Table
1). The averages presented in Table 1 are
higher than for the typical tern, since they
only include data from terns that flew at the
observers at least once, while the majority of
terns never did so. Only the frequency of ag-
gression when observers were in the boat was
analyzed quantitatively, but anecdotal evi-
dence also suggests that the intensity of ag-
gression within the colony increased with
hatching. For example, although I always

 

Table 1. Comparisons of mobbing during incubation and during chick-rearing, directed toward gulls or toward the
observers. The same breeding pairs are compared before and after hatching (within-subjects design).

 

Target Year Nesting stage  Mean

 

a

 

N

 

b

 

SE Statistic

 

c

 

P

Gulls 2001 Incubation  0.08 (8%)  9 0.04  
t = 2.11 n.s.

Chick-rearing  0.19 0.05

Gulls 2002 Incubation  0.04 34 0.01
t = 8.24 <0.001

Chick-rearing  0.12 0.01

Obs. 2001 Incubation  0.02 per h  5 0.02  
Z = 2.02 <0.05

Chick-rearing  1.33 0.68

Obs. 2002 Incubation  0.04 35 0.01  
Z = 5.16 <0.001

Chick-rearing  0.80 0.19

 

a

 

Mean proportion of encounters with gulls eliciting a response, or mean number of responses to observers per h.

 

b

 

Number of breeding pairs.

 

c

 

Paired t-test or Wilcoxon signed rank test (Z) comparing incubation to chick-rearing

Figure 2. The mean frequency of responses of focal
terns to observers is compared across weeks of the nest-
ing cycle (E = eggs, C = chicks, F = fledglings) for both
years combined. Data is excluded for terns that never
flew at the observers. Error bars are ±SE. Numbers
across the top indicate sample size (number of breeding
pairs). Letters above bars indicate statistical signifi-
cance (nonparametric Dunn’s procedure): bars that do
not share a letter are significantly different. Parents with
fledglings are excluded from statistical comparisons.
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wore a hard hat when in the colony, I usually
did not need it until chicks were present.

The temporal pattern of aggression to-
ward observers was similar across years. Be-
cause of small sample sizes in 2001, data from
the two years are pooled. Responses to observ-
ers were rare during the three weeks of incu-
bation, but became more frequent
immediately after chicks hatched and re-
mained at a similar level throughout most of
chick rearing, then appeared to decrease
near fledging (Fig. 2). The variation among
nesting stages was highly significant (Kruskal-
Wallis Test, H

 

6

 

 = 25.5, P < 0.0005). Paired com-
parisons between the first week of chick-rear-
ing and each of the three weeks of incubation
were all statistically significant, but no other
paired comparisons were significant (Fig. 2).

D

 

ISCUSSION

 

Nest defense by Common Terns against
Great Black-backed Gulls was most intense
during chick-rearing, as predicted. That nest
defense remained at a relatively constant level
throughout incubation, rather than steadily
increasing, contradicts the parental invest-
ment models (Barash 1975; Andersson 

 

et al

 

.
1980; Montgomerie and Weatherhead 1988)
but fits with the conspicuousness (Harvey and
Greenwood 1978) and feedback (McLean
and Rhodes 1991) hypotheses. However, the
increased levels of nest defense in the second
nesting wave may support parental invest-
ment theory (see below), and would not be
predicted by offspring conspicuousness or
feedback between parents and offspring.

Nest defense of altricial young should
peak at or shortly after fledging, while defense
of precocial young should peak shortly after
hatching (see Introduction). Common Terns
are semi-precocial, and therefore would be
predicted to show an intermediate temporal
pattern of nest defense. However, the results
of the present study closely resemble the pre-
dicted pattern for altricial young: nest defense
of chicks increased from the first to the sec-
ond week of chick-rearing and did not drop
off at least until fledging. This is perhaps not
surprising, because Common Tern chicks re-
main completely dependent on their parents

after developing mobility, and are even fed by
their parents after fledging (Burger 1980; Nis-
bet 2002). Importantly, the patterns observed
were similar in both years of the study.

Previous studies of seasonal patterns of
nest defense in gulls and terns have often giv-
en conflicting results. The only generally con-
sistent result is that, as in the present study,
responses to nest predators or human investi-
gators are more frequent and intense during
chick-rearing than during incubation (Lem-
metyinen 1971, 1972; Veen 1977; Burger
1981; Becker 1984; Kilpi 1987; Burger and
Gochfeld 1991; Shealer and Burger 1992;
Malickiene and Budrys 1998; Whittam and
Leonard 2000), except for responses to spe-
cies that prey only on eggs (Burger and Goch-
feld 1991). Evidence is mixed for other
patterns. In some studies, nest defense re-
mained high (Lemmetyinen 1971; Malick-
iene and Budrys 1998) or increased (Becker
1984) throughout the entire chick-rearing
period until fledging, similar to the present
study. In others, nest defense peaked at or
shortly after hatching (Kruuk 1964; Fuchs
1977; Burger 1981; Kilpi 1987; Burger and
Gochfeld 1991; Shealer and Burger 1992; Nis-
bet 2002) or increased through the first week
of chick-rearing and then declined (Whittam
and Leonard 2000). There are also discrep-
ancies between studies in whether nest de-
fense during incubation increases rapidly just
prior to hatching (Burger and Gochfeld
1991) or increases steadily throughout the
entire incubation period (Kruuk 1964; Lem-
metyinen 1971; Burger 1981; Kilpi 1987).
Others have found no effect of nesting stage
on larid nest defense (Montevecchi 1979) or
have found different patterns of temporal
variation in nest defense between species at a
single colony (Fuchs 1977), between colonies
of a single species (Erwin 1988), or between
years at a single colony (Palestis 2000).

Why do these studies give such inconsis-
tent results? One possible reason is that mob-
bing was examined at the level of the colony,
thus combining responses of many individu-
als that may not have bred synchronously.
For example, in both years of the present
study, chicks from the first nesting wave were
present at the same time as eggs from the sec-
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ond wave. To lessen this problem, breeding
pairs of known nesting stage were analyzed.
Another complication is that predators vary
in the timing of their predation. The Great
Black-backed Gull preys more frequently on
chicks than eggs (Whittam and Leonard
2000; Nisbet 2002), so perhaps the results of
the present study reflect terns adjusting de-
fense to the timing of predation rather than
to value or conspicuousness of offspring.
However, in the two years of this study, preda-
tion by gulls was observed only once in nearly
300 hours of observation, the frequency of
encounters with gulls did not vary across
nesting stages, and no obvious changes in
gull behavior occurred, except that gulls
were actually more likely to land on the is-
land when terns were just beginning to nest.

Recently, Meehan and Nisbet (2002)
studied individual Common Terns rather
than colony responses, but their methodolo-
gy differed from the present study. They
found a positive correlation between off-
spring age and parents staying at the nest
rather than fleeing, at least through early
chick-rearing, when presented with a model
Peregrine (

 

Falco peregrinus

 

), a species that
preys on adult terns rather than on young.
However, offspring age was confounded with
parental laying date and parental quality, be-
cause high-quality parents lay early and thus
have older young than low-quality parents.
Offspring age is not confounded with paren-
tal laying date in the present study, because
nest defense of pairs was tracked longitudi-
nally as chicks aged, rather than by compar-
ing individuals at one point in time.

In the present study, nest defense was
most intense during the second wave of nest-
ing, while Meehan and Nisbet (2002) found
nest tenacity to be most intense among terns
that nest early in the breeding season. Howev-
er, their study took place within one nesting
wave, and thus did not compare differences
between nesting waves. An increase in nest de-
fense from the first to second nesting wave
may be expected under parental investment
theory, due to differences in re-nesting poten-
tial (Barash 1975; Montgomerie and Weather-
head 1988). Second wave parents would
probably be less likely to successfully re-lay fol-

lowing the loss of their young than first wave
parents. However, fledging success declines as
the breeding season progresses (Wendeln 

 

et
al

 

. 2000; Nisbet 

 

et al

 

. 2002), so it could also be
argued that early nests are more valuable and
thus should be defended strongly. It is likely
that most nests in the second wave at Pettit Is-
land were re-nesting attempts by parents that
lost their first nests due to flooding. Since re-
nesting birds tend to be high-quality individu-
als (Wendeln 

 

et al

 

. 2000), then perhaps the re-
sults of Meehan and Nisbet’s study and the
present study are compatible.

Responses of terns to a natural nest pred-
ator, the Great Black-backed Gull, are empha-
sized here, but responses to human observers
were also analyzed. Although responses to
gulls and to the observers do not perfectly
overlap, the same general conclusions hold:
nest defense is most frequent during chick-
rearing, and nest defense remains at a low lev-
el throughout incubation. It is unlikely that
responses to the investigators simply in-
creased over time as terns learned the identi-
ty of repeatedly encountered individuals
(Knight and Temple 1986a,b). Instead these
responses seemed to closely follow changes in
the nesting stage of the terns involved. In
both years, aggression did not increase signif-
icantly as incubation proceeded, then sud-
denly increased in frequency as chicks
hatched. This pattern held even though sec-
ond wave terns, which may already have been
familiar with the observers when laying, were
included in the analysis. Why aggression to
observers seemed to increase sooner after
hatching than did aggression to gulls is un-
clear. Again interpretation is complicated by
temporal differences in the “predator”, since
the time spent in the colony for censuses in-
creased during the peaks in hatching, though
not as dramatically as did mobbing.

In some ways the current study improves
upon the methodology of previous studies, but
because this was an observational study, many
variables could not be controlled. At least four
caveats arise that future studies may be able to
address. 1) Although encounters with gulls
landing or attempting to land on the island
were excluded, variation in the behavior of the
gulls can influence the responses of terns
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(Hatch 1970; Becker 1984; Burger and Goch-
feld 1991; Cavanagh and Griffin 1993; Whit-
tam and Leonard 2000) and could not be
completely controlled for. The frequency of
encounters was consistent throughout the
breeding season, but biases due to subtle vari-
ation in gull behavior cannot be ruled out. 2)
A response by one individual to a predator
may cause neighbors to respond (Burger and
Gochfeld 1991), and thus neighboring indi-
viduals are not independent. However, since
nesting was asynchronous, such social facilita-
tion would make it less likely that effects of
nesting stage would be found. 3) Only terns
nesting along the edges of the colony were ob-
served, and these terns may be poorer quality
individuals (Coulson 1968). Whether mob-
bing behavior differs with location in the colo-
ny is unknown. 4) Although the entire colony
was not treated as a unit, individual breeding
pairs were analyzed as a unit and the sex of the
individuals observed was not known. However,
Meehan and Nisbet (2002) found no evidence
for a sex difference in Common Tern nest te-
nacity. Interestingly, in studies of sex differenc-
es in other aspects of larid parental care, the
total parental investment by males appears to
be equal to or greater than investment by fe-
males (reviewed in Fasola and Saino 1995),
contradicting the predictions of parental in-
vestment theory for monogamous species
(Trivers 1972). Whether this pattern holds
true for mobbing of nest predators is un-
known and warrants further study.
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