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ABSTRACT

supervisor: Dr. Edward H. Miller

An understanding of patterns of evolution and adaptive
radiation of parental behaviour within a group such as
shorebirds (sandpipers, plovers and their kin) requires
adequate documentation of the characteristics and existing
patterns of variation in parental behaviour, both within
and among species. To this end, monogamously breeding
Black Oystercatchers Haematopus bachmani were studied on
Cleland Island, British Columbia from April-September, 1982
and 1983. The emphasis of the study was a comparison of
the behaviour of males and females during six stages of the
breeding season. Data were collected during day-long
(16-h) sampling periods on thirteen pairs, simultaneously

recording the behaviour of both pair members.

Prior to egg-laying, females spent approximately 6 per
cent more time foraging than did males. During this
period, males were more aggressive, spending almost twice
as much time in piping behaviours with conspecifics. Males
were also more alert than females, as 1indicated by
comparison of the amount of time they spent in alert
standing behaviours (females 23%, males 30%), and by the
shorter bouts of foraging, preening, and sitting, which
were considered to be non-vigilant behaviours. Both sexes
were more aggressive toward conspecifics during this

period.
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Males did almost all the egg-covering during egg-laying.
During the first half of incubation, females incubated
twice as much as males did, but the sexes shared incubation
duties about equally in the latter half. There was no diel
sharing of incubation between the sexes. Females incubated
in longer bouts (average 58 min) than did males (39 min).
During incubation, oystercatchers rarely sat when off the
nest and most other behaviours showed a corresponding
decrease in the percentage they comprised of the total
time-budget during these stages. Males continued to
respond to intruding oystercatchers even if it meant
leaving the nest. This was in contrast to females, which
responded to fewer of these intruders and usually did so

only after their mates had responded.

Chicks were brooded almost continuously for about the
first three days after hatching and intermittently until
they were 15 days old. Females did almost 70 per cent of
the brooding. During the brooding period, males took a
dominant role in feeding and foraging for the chick, but
the sexes participated equally in this after the chicks
ceased to be brooded. After hatching, both sexes showed a
sharp increase in interspecific aggression, particularly
toward gulls. Both sexes were more alert during chick
rearing stages than during previous ones, as indicated by
their shorter foraging, preening and sitting bouts and the
increase in the amount of time spent in alert standing

behaviours. Chicks continued to be fed even after they



fledged, at approximately 40 days of age.

Behind the general trends in role differentiation there
was considerable inter-pair variability. This was
exemplified by the arrangement of 1individuals 1in two-
dimensional space by Multidimensional Scaling. These
analyses showed that, prior to egg-laying and during chick-
rearing stages when chicks were brooded, pair members were
more similar to each other than to birds of the same sex in
other pairs. In contrast, during incubation and early
chick-rearing stages the sexes tended to be grouped

together.

It appears that, even though males and females adopt
different parental roles, parental investment is equalized
between sexes over a given breeding season. When compared
with other shorebirds, the pattern of the parental
behaviour exhibited by oystercatchers appears to be related
to their relatively large size, long-term mate fidelity,

longevity, and sedentary life style.

Examiners:

E. H. Miller

P./ Gregory
/ ) 4

J. N. M. Smith
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I INTRODUCTION

Parental roles vary within and across avian mating
systems: male and female may share responsibilities for a
single clutch; either sex may take sole responsibility or
each parent may care for a single clutch. In considering
aspects of the evolution of mating systems, recent authors
have emphasized the importance of documenting the existing
patterns of variation in parental behaviour, both within
and among species (van Rhijn 1984, Walters 1984, Miller

1985).

In this respect, shorebirds (in the order
Charadriiformes) provide a useful group for study.
Shorebirds exhibit great diversity in parental behaviour
and mating systems and, as a result, have provided
significant insights into the evolution of these 1life-
history traits (reviews by Pitelka et al. 1974, Lenington
1984, Oring and Lank 1984, Walters 1984). Miller's (1985)
review of the characteristics of parental behaviour and
role of the sexes of many breeding shorebirds suggests that
these traits are conservative within this group. However,
these findings are inconclusive, mainly due to the lack of
detailed information on these characteristics in many
species (Miller 1985). Only recently have studies of
shorebirds appeared that provide the necessary quantitative

information to assess adequately the wvariability and



2
characteristics of their parental behaviour (Mundahl 1977,
1982, Bergstrom 1982, Erckmann 1983, Nol 1984). I have
undertaken such a study on the Black Oystercatcher
Haematopus bachmani, a monogamous shorebird in the family

Haematopodidae.

Benefits and costs of parental behaviour

What options are available to parent birds to accomplish

parental care, and what are the associated costs?

Prior to egg-laying, the territory and mate require
protection from conspecifics. This can be achieved by
active defence against conspecifics and by increased
vigilance for early detection of the approach of a

conspecific.

Vigilance can be defined operationally as a measure of
the probability of detecting a given stimulus at a given
instant in time (Dimond and Lazarus 1974), and may be
considered a passive form of anti-predator behaviour (Cramp
1983). Measurement of vigilance includes several
components. Birds are usually considered to be most alert
when they are standing with their head and bill up, since
birds in this posture can easily monitor the surrounding
environment (e.g. Lazarus and Inglis 1978, Metcalfe 1984a,
b). Birds are considered to be less alert when they are

participating in behaviours that require attention in a
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specific or limited direction, such as foraging, preening,
sitting, incubating, etc. Relative amounts of time and
duration spent 1in these behaviours are taken as an
indication of vigilance (Lazarus and Inglis 1978, Metcalfe

1984a, b, Metcalfe and Furness 1984, Walters 1984).

The costs to parent birds of an attack are obvious in
terms of energy, but there is also the additional cost of
risk of bodily injury. Costs associated with vigilance
include a reduction in the amount of time devoted to the
maintenance activities of preening, sleeping and foraging
(e.g. Lazarus and Inglis 1978). In addition, the rapid
alternation between foraging and scanning the surroundings
(resulting 1in short foraging bouts) could result in
inefficient foraging, which in turn could lead to energetic
stress (Abramson 1979, Walters 1984, Metcalfe 1984 a, b;

cf. Fleischer 1983).

After egg-laying, parents incubate eggs and brood chicks
to protect them from adverse climatic conditions. It seems
that many species do not have an added metabolic cost
during 1incubation (review by Grant 1984). However,
incubation and brooding probably limit the amount of time
available for foraging (Norton 1972, Walsburg and King

1978, Maxson and Oring 1980).

Eggs and chicks also require protection from predators.

This may be achieved through active defence and increased
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vigilance with costs similar to those outlined above for
protection against conspecifics. Protection against
predators may be enhanced by staying close to eggs and
chicks with the associated cost of reduction in time
available for foraging. Proximity to <chicks may be
maintained by signalling to induce following (Miller 1985)
or monitoring their position and actively maintaining
proximity (Walters 1982). These are essentially vigilant

activities, with the associated costs.

Chicks also require food. Oystercatchers are among the
few species of shorebird that feed their young. Food items
are carried to young chicks at the nest and parents lead
older chicks to foraging grounds where they continue to
feed them. Items fed to chicks are often different from
items eaten by adults (Hartwick 1973). These
considerations suggest 1limits on adult foraging for
themselves. In addition, scanning for profitable food
patches or items for the young may result in inefficient

foraging with the associated energetic costs.

Role differentiation

What roles do males and females take in monogamously

breeding birds?

The amount of investment made by an individual is

expected to be a balance between the cost associated with
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physiological stress and personal hazard, and the
probability of reproductive success (Williams 1966). An
evolutionary interpretation, based on a distribution of
investment that maximizes the number of offspring produced,
generates two predictions: (1) investment should increase
as the egg or chick becomes older (increases 1in value)
(Barash 1975, Curio 1975, Gottfried 1979, Andersson et al.
1980); and (2) behaviour should vary between sexes if the
sexes have different options for achieving reproductive

success (Trivers 1972).

Trivers' (1972) notion of "parental investment",
although criticized (e.g. Dawkins and Carlisle 1976,
Maynard Smith 1977, Knapton 1985), provided clarification
and summary of the 1ideas fundamental to predicting
differences 1in the behaviour of males and females.
Parental investment is anything done for the offspring that
increases the offspring's chance of survival at the cost of
the parent's ability to invest in future offspring (Trivers

1972).

Differences in the behaviour of the sexes are predicted
on the basis of disparity in investment, which ultimately
affects the options each sex has by which to produce the
maximum number of offspring in a lifetime. The parent with
the greater investment per offspring will be selected to

cease reproduction sooner, because the maximum number of
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offspring produced in a lifetime will be achieved with the
production of fewer offspring. As a consequence, the sex
investing less, generally the male, will adopt the strategy
of seeking access to the sex investing more, generally the
female. Females are usually considered to invest more per
offspring than males do since they produce larger gametes
and the consequences of fertilization reduces their ability
to invest in future offspring to a greater extent than for
males. To summarize, males have two options to maximize
reproductive success: inseminate as many females as
possible; and(or) provide parental care for eggs and
offspring. Females can maximize reproductive success by
the latter option and by obtaining the sole rights to the
male's assistance. Thus, the form of investment should

differ intersexually.

Parental investment theory predicts that the quantity of
investment at any one time should vary according to
cumulative past investment (Trivers 1972). Thus, for
example, just after egg-laying, females with their greater
investment (through gamete production) should theoretically
be willing to invest more than their mates. This premise
has been criticized on theoretical grounds. Dawkins and
Carlisle (1976) proposed that further investment at any one
time depends on future expectations rather than on past
investment. Maynard Smith (1977) suggested that the

existence of alternative options for maximizing
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reproductive success influences investment. These theories
have been tested with differing conclusions (e.g.

Weatherhead 1979, Robertson and Biermann 1979, Howe 1979).

In addition to these criticisms, there is the major
practical problem of measuring investment (Pierotti 1981,
Burger 1981, Mundahl 1982, Knapton 1985). Investment,
which can take the forms outlined in the previous section
on costs and benefits of parental behaviour, is measured
currently in terms of energy investment, time investment,
and(or) a risk factor (e.qg. Wittenberger 1982). The
problem comes in determining the relative costs of the
different forms of investment. For example, which has the
higher cost: the energetic and constraining influence of
incubation, or the risk associated with an attack on a
conspecific or potential predator, and associated cost of

vigilance?

There are admittedly numerous problems with parental
investment and related theories. However, I believe that
they offer heuristic wvalue in the examination of the
parental behaviour of males and females. In this study I
do not propose to test the predictions of parental
investment and related theories, but rather use them as a
guide in the study of role differentiation 1in breeding
oystercatchers. I will compare the findings of this study

with the findings of related species in an attempt to



interpret the significance of the observed behaviour.

The objectives of my study are:

1)

2)

3)

To describe and quantify the behaviour of breeding Black
Oystercatchers from the prenesting stage through chick
rearing, in such a way that an estimate of individual

variability may be obtained.

To compare and contrast the behaviour of male and female
Black Oystercatchers during the different stages of the

breeding season.

To interpret the differences and changes in the
behaviour in terms of factors applying to each sex and
their relationship with behaviour exhibited by related

species.



IT METHODS

During 1982 and 1983 I studied Black Oystercatchers on
Cleland Island, British Columbia (49° 10' N 126° 505'W)
(Fig. 1). Data from 1982 were preliminary; those from 1983

were analyzed in detail.

Cleland Island, locally called Bare Island, is a low
basalt island (average height above sea level is 10 m)
about 7.7 ha in area, located 15 km off the west coast of
Vancouver Island. The periphery consists of bare rock
outcroppings with two small beaches composed of shell
fragments. Vegetation is 1limited to grasses, herbs and
bushes which grow on the top of the island and in rock
fissures containing soil (Fig. 1). The tides are semi-
diurnal and range in amplitude between extremes of 0.1 and

3.9 m. The tidal cycle advances about one hour each day.

Thirteen pairs of oystercatchers were studied in 1983.
Pairs were chosen for observation if their territory could
be seen from a particular vantage point. Different pairs
were observed at different times in the study, because

pairs that lost eggs or chicks were replaced in the sample.

Sexes were distinguished using external morphological
features (Table 1) and verified by positions observed
during copulation. Bands placed on some birds during

previous studies, and unique body markings, served as
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Figure 1: Map of Cleland Island, British Columbia.
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Table 1: Criteria used to distinguish the sexes of Black

Oystercatchers.

Characteristic Species and reference

Female larger H. ostralegus : Heppleston
and Kerridge 1970, Hockey

1981

Female's bill longer H. ostralegus : Heppleston

and Kerridge 1970

H. finschi, H. unicolor, H.

chathamensis : Baker 1974

Female's bill paler orange H. leucopodus : Miller and

Baker 1980

Female's forehead is sloping; this study

male's is more angular

Female is browner; this study

male is blacker
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additional aids in recognizing individuals.

Observations were made from blinds using 8X40 binoculars
or a 15X spotting scope. Most territories were divided

into 1l0-m-square sequentially numbered blocks.

Data were collected for the behavioural categories
illustrated in Figure 2. Observations were made during
four 4-h watches per day, commencing at 0500 h. The
behaviour of each pair member was recorded simultaneously
during a watch. Birds were watched continuously and an
entry was made each time a bird changed its behaviour or
location (block); time was recorded to the nearest second.
The format of data collection is shown in Appendix 1.
Night observations, using a 6X image-intensifying night
scope, were attempted on two occasions with 1limited
success. These were conducted during incubation, and only

the activity of the incubating oystercatcher was monitored.
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Figure 2: TIllustrations of behaviours.
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(i) forage (FOR)

<"

(ii) stand - bill up (STBU)

(111) stand - bill on back (STBOB)

(iv) sit - bill up (S1BU)

4

(v) sit-bill on back (SI1BOB)

E

(vi) preen (PR)

~

(vii) ground - pipe (GP) \ =

&

(viii) aerial - pipe (AP)

+

(ix) pipe-attack (PA) NM—\
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(x) hunch -glare

(HUG)

(x1)

hunch - attack (HUA)

(x11)

backward - throw (BT)

(NP)

nest - press

(x1i1)

(xi1v)

incubate (INC)

(xv) brood (BRO)

. B

(xvi)

chick (FFC)

forage for

feed chick

(xvii) (FC)
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The breeding season was divided into six stages:

I (prenesting) - before egg laying began:

IT (early incubation) - days 2-13 of incubation;

III (late incubation) - after 13 days of incubation;

IV (early chick-rearing) - days 1-10 post-hatching;

V (mid chick-rearing) - days 11-30 post-hatching;

VI (late chick-rearing) - after 30 days post-hatching.
Data were also collected on the day eggs were laid (IIa -

egg laying) and on the day chicks hatched (IVa - hatching).

To estimate how much time was required to sample
behaviour adequately, the cumulative percentage of time
spent in a behaviour was plotted at 1-h intervals. Figure
3 1indicates that observations beyond 16 hours provided
little additional information for frequently observed
behaviours. For this reason, a sampling unit consisted of
observations made on one pair of oystercatchers during four
watches. At least one sample was obtained for each pair
during a stage. If more than one sample was collected for
a pair during a stage, the average of the samples was used
as the estimate of the behaviour for the pair for that

stage.

The four watches were usually conducted over the course

of one day or on consecutive days. The day-long sampling
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unit was chosen because the height of the tide was expected
to influence the birds' behaviour. For example, the
behaviour of an oystercatcher observed at low tide would be
different from the behaviour exhibited six days later
conducted at the same time of day when the tide was high,
simply because of the difference in the physical
environments. It was hoped that this day-long sampling
unit, including both high and low tides, would reduce the
variability in the oystercatcher's behaviour due to tidal
influence, and allow comparison of their daily activity

among days with different high- and low-tide times.

Attempts were made to watch each member of a pair for
the same length of time but this was not always possible.
Situations arose when birds briefly went out of sight
behind rocks and obstructions while on the territory, or
left the island entirely. Analyses were conducted on data
recorded while the bird was in sight. Table 2 summarizes
the amount of time oystercatchers were observed, and

details are provided in Appendix 2.
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Figure 3:

Cumulative percentage of time spent in three

behaviours. Numbers used as symbols indicate

different individuals.
(a) Incubating by females during Stage II
(b) Foraging by males during Stage III

(c) Standing-bill up by females during Stage III
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Statistical analyses

To detect differences between the sexes, I considered
the number of individual oystercatchers of each sex as the
sample size in most analyses. While these sample sizes are
usually large enough to suggest where differences lie, they
are small for statistical testing for significant
differences (e.g. Sokal and Rohlf 1981). For this reason I
use statistical analyses to investigate trends in the data

rather than strictly testing for significance.

Behaviours were considered to be variables. For each
bird, estimates were obtained for the amount of time spent
in each behaviour (percentage of time), the frequency with
which it was recorded and the duration of the behavioural
bouts. The amount of time spent in various behaviours was
expressed as a percentage of the time the bird was
observed. The frequency estimates were calculated on the
basis of the frequency with which a behaviour was recorded
per sample. Adjustments were made to compensate for the
differences in the 1length of time each individual was
observed, by calculating the frequency of occurrence per
700 minutes. This figure was chosen because it was the
mean number of minutes that individuals were in sight
during each sample of four 4-h watches. Bout duration is
defined as the length of time (in minutes) spent in one

behavioural act. Data were manipulated to obtain each of
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these measures using the Statistical Analysis System (SAS)

(Ray 1982).

Parametric tests were wused where applicable and
variances were checked for homogeneity using the F-max test
(Sokal and Rohlf 1981). Data that were significantly non-
homogeneous were either transformed or analyzed wusing
comparable non-parametric tests. Differences were rejected
as not differing significantly if there was greater than a

5% probability that the difference occurred by chance.

Values given in the text are expressed as the mean * one

standard error unless otherwise noted.

Members of a pair were compared using paired t-tests
(Sokal and Rohlf 1981) in analyses of the differences
between the sexes for each of the measures outlined above.
Paired comparisons were made because the preliminary study
showed that features such as territory size and quality
could introduce between-pair variability that might obscure

differences between the sexes.

The frequency distributions of the bout durations were
also examined. Bout durations by males and females were
compared within and among stages using survival analysis
with the SPSSX program SURVIVAL (Hull and Nie 1979). 1In
this analysis, bouts by each sex in a given stage were

considered to be a "population". Comparisons were made



Table 2: Number
observation period and number
observation for each stage of the
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of pairs of oystercatchers observed,

of hours of
breeding season

in 1983.

Stage Number Observation Total hours
of pairs period of observation
observed

I Prenest 5 April 29-May 30 182.7
IIa Egg Laying 2 May 9-May 31 28.3
II Incubation 6 May 17-June 26 127.4

(day 2-13)

III Incubation 6 June 13-July 19 162.5

(>13 days)

IVa Hatching 2 June 28-August 1 32.5
IV Chick 4 July 2-July 12 57.8
Rearing

(day 2-10)

\Y Chick 7 July 9-August 16 152.8
Rearing

(day 11-30)

VI Chick 6 July 25-August 30 174.8
Rearing

(>30 days)



24
among "populations" by plotting, for each "population", the
log of the remaining proportion of bouts against increasing
time (Fagen and Young 1978). The resulting distributions
were compared using the Lee-Desu (D) statistic which tests
whether two or more sets of data have the same survivorship
distribution (Hull and Nie 1979). Similar analysis has
been used on behavioural data by Bergstrom (1982),

Fitzpatrick (1981), and Wiley and Hartnett (1980).

To test for differences in each behaviour among the
stages, the data for each sex were subjected separately to
a one-way analysis of variance (ANOVA) (Sokal and Rohlf
1981). ANOVA's were conducted on each behaviour to compare

percentage of time, frequency and median bout duration.

Some multivariate analysis was also used since sex-role
differences are unlikely to reflect a single factor. My
data failed to meet some major assumptions of most
multivariate analysis, particularly because sample sizes
were so low (Harris 1975). I thus performed
multidimensional scaling (MDS) (Kruskal and Wish 1978).
The assumptions of this test are met more easily than for
many other ordination techniques, and objects are simply
arranged in a multidimensional space based on their
similarities or differences. The data were entered into
the MDS analysis as a correlation matrix of individuals

that were correlated on the basis of vectors of all
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behaviours. The analysis was 1limited to examining
similarities among individuals in two dimensions, following
criteria suggested by Kruskal and Wish (1978). MDS was

accomplished using PROC ALSCAL in SAS (Joyner 1983).
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IITI OYSTERCATCHER BIOLOGY

To assist in the interpretation of data presented in
subsequent sections, this section provides some general
information on oystercatchers based on data collected in

this study.

The population of H. bachmani on Cleland Island
overwinters in the sheltered bays and inlets within 15 km
of Cleland Island (Hartwick and Blaylock 1979) and returns
to the island infrequently during the winter months (pers.
obs., Hartwick 1974). Cleland Island supports a breeding
population of about 40 pairs of H. bachmani and 40-100 non-
breeding individuals. Other bird species breeding on the
island include Glaucous-winged and Western Gulls (Larus
glaucescens and L. occidentalis), Tufted Puffins (Lunda
cirrhata), Rhinoceros Auklets (Cerorhinca monocerata),
Pigeon Guillemots (Cepphus columba), and Northwestern Crows
(Corvus caurinus). Oystercatchers nest primarily on the
exposed rocky perimeter of the island, which they share

with approximately 3000 pairs of breeding gulls.

The non-breeding oystercatchers gather in a flock on the
south side of Campbell Bay (Fig. 1) at night and at high
tide, and were never observed to forage on the island.
This flock varies in size with numbers increasing over the
breeding season. Some 1individuals 1in the flock were

recognizable as juveniles based on criteria described by
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Baker (1974) and Harris (1967), while others were probably
of reproductive age as they were banded during previous
studies on the island (Hartwick 1973, Groves 1982). Some
of these banded birds were present in the flock all summer,
although there appeared to be turnover among the non-
breeding population since certain individuals seen at the
beginning of the summer were not seen again until its end.
There appeared to be established pairs within this flock,
because certain individuals repeatedly copulated with one
another. However, copulations involving different
individuals were also observed. These observations suggest
that there is a surplus of adults in this population, a
situation known for other species of oystercatcher (Harris
1970). I saw one copulation between a territory-holding
male and a female that I was not certain was his mate; all

other copulations observed were between mates.

It was possible to delineate the boundaries of most
oystercatcher territories on Cleland Island. The nesting
and foraging areas of most territories were contiguous, but
these territories were separated by a topographical feature
or another pair's territory for about five percent of the
breeding population. Territories were variable in size,
with six territories ranging from approximately 1200 to
6000 square meters in area, (x=2867, s.d.=1700) and all
pairs maintained the same territory in 1982 and 1983. Some

territory holders had been banded during previous studies
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and had maintained the same territory for at least seven
years (Groves 1982) and possibly 12 years (Hartwick 1973).
Both members of pairs were on their territories upon our
arrival on April 15 and the territories were maintained
throughout the breeding season, even after egg or chick
loss. Pairs that did not lay eggs also maintained their
territories. Territory holders were not seen in the non-

breeding flock until early September.

In some instances, new pairs attempted to establish and
defend an area between territories of existing pairs. None
was successful, although some pairs laid eggs that were

either abandoned or swept away at high tide.

Most oystercatcher pairs confined their foraging
activities to intertidal areas within their territory.
However, some pairs flew from their territories to nearby
islands, such as Blunden 1Island (2 km to the east of
Cleland Island), during low tide, where they presumably
fed.

Oystercatchers fed primarily on mussels (Mytilus
californianus) and also took limpets (Collisella digitalis,
C. pelta, Notoacmea scutum), chitons (Katharina tunicata,
Tonicella lineata), crabs (Oedignathus 1inermis), worms
(Nereis vexillosa) and amphipod crustaceans (Orchestoidea
californiana, Ligia pallasii). Foraging usually occurred

during the six-hour period around low tide.
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Oystercatchers chased other shorebird species from their
foraging territory. These included Wandering Tattlers
(Heteroscelus 1incanus), and Black and Ruddy Turnstones
(Arenaria melanocephala and A. interpres). Pigeon
Guillemots and gulls were common visitors to the intertidal

areas but were chased rarely by oystercatchers.

On Cleland Island, oystercatcher nests consisted of a
shallow depression in the rock or shell beach lined with
shell fragments or pebbles. Several nest scrapes were
built on each territory and prior to egg-laying it was
difficult to predict which one actually would be used. For
example, during one day, one pair spent 63% of their nest-
building activity at the nest scrape that was eventually

used and 37% at another.

In 1982 and 1983, the average clutch size of 2.06 eggs
was usually laid over a two-day period (l'Hyver pers.
comm) . The laying period commenced in early June and
continued until mid July. Replacement clutches frequently

were laid when the first was destroyed.

The incubation period averaged 28 days. Of the 201 eggs
laid on Cleland in 1982 and 1983, 48% were taken by crows
or gulls, and 19% were unsuccessful for other reasons,

leaving 33% to hatch (l'Hyver pers. comm.).

Most oystercatchers fed mussels to their chicks, which
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were often brought with the shell attached; discarded
mussel shells created middens around the nest. Some
individuals seemed to specialize on particular food items.
For example, one female fed her chicks only large worms,
probably N. vexillosa, another brought mainly chitons (K.

tunicata) and another brought small crabs (0. inermis).

Pairs that had foraging grounds adjacent to the nesting
area began taking their chicks to forage when they were six
to ten days old. Pairs with separated foraging and nesting
areas carried food items to the nest area until the chicks
could fly. Once on the foraging ground, adult and chicks
formed "feeding trains" (Norton-Griffiths 1969) in which
the adult fed the chicks all the food items it found.
These items tended to be small, probably barnacles (Balanus

glandula) and other small invertebrates in the mussel beds.

Seventy-one percent of the chicks (n=66) on Cleland
Island in 1982 and 1983 failed to survive past ten days of
age. Some of these chicks disappeared and were probably
- eaten by gulls, while others were found dead in the nest.

The cause of death of these chicks was unknown.

None of the oystercatcher pairs on Cleland Island
fledged broods of three chicks even though three eggs were
often 1laid. Most broods consisted of a single chick
although some pairs had two for a limited period. Only one

pair of oystercatchers raised both chicks to fledging in
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the two years of this study.

Chicks fledged at about 40 days of age and continued to
be fed by their parents while obtaining an ever increasing
amount of food for themselves. Occasionally 60- and
78-day-o0ld chicks were seen on their territory with their
parents, which were still feeding them. Some of these
chicks accompanied one or both parents on foraging trips
off the island, but a 52-day-old chick was left alone on
the territory for more than an hour while the adults flew
to a nearby reef. By September chicks were seen in the
non-breeding flock. One 70-day-old chick was seen in the
non-breeding flock with the male while the female remained

on the territory at the other end of the island.

The main predators of oystercatcher eggs and chicks were
crows and gulls. Crows were the primary predators of eggs
as indicated by the clean break in the discarded shell,
often found some distance from the oystercatcher nest.
Gulls were seen to take eggs but were more apt to attack
-oystercatcher chicks. Several chicks older than three
weeks were found dead with gashes in their heads, which
suggested gull predation; this was how gulls killed
neighbouring gull chicks that wandered onto their
territories. Oystercatchers seemed to be able to keep
gulls from nesting close to their nest (distance to closest

nest: gull-gull x=3.3m s.d.=82 n=16, gull-oystercatcher
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x=4.9m s.d.=1.21 n=16; t=4.44 P<.01).

I observed attacks by adult oystercatchers on the chick
of another pair on three occasions. In all cases the
foreign chick was on or near the attacker's territory. The
chick was viciously jabbed many times. The attacked chick
called 1loudly, and ran away or crouched in a crevice.
Attacks seemed to have little lasting effect on the chicks.
During these encounters the parents called close by, and
attempted to lead their chick away, but did not strike at

the attacking oystercatcher.
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IV RESULTS

Description of behaviours

This section includes detailed descriptions of the

behaviours illustrated in Figure 2.

(i) Forage (FOR) - includes walking about searching for and
eating food items; includes drinking; head and

bill directed down.

Foraging occurred almost exclusively on the intertidal
area. Oystercatchers were out of sight more often on this
area than on regions of their territory above the reaches
of high tide. Thus, estimates for foraging were affected
most by the birds going out of sight. Since oystercatchers
foraged for most of their time in the intertidal areas, I
assumed that they were foraging when they were out of sight
there. Those pairs that 1left Cleland to fly to nearby
islands did so usually during periods of 1low tide. In
addition, oystercatchers returning from such trips later in
the season were carrying food for chicks. On the basis of
these observations, I have considered the best estimate for
the amount of time spent foraging as the combination of the
time spent off the island, the time spent out of sight
while in the intertidal area and the time actually recorded
as foraging. Such estimates are referred to as "adjusted

estimates for foraging".
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Stand (ST) - standing on one or both legs; eyes open or

closed.

Two distinct standing postures were recognized:

(ii) Stand-bill up (STBU) - standing as described above
with bill held horizontal; (iii) Stand-bill on back (STBOB)
- standing as described above with bill tucked into

scapular feathers.

Sit (SI) - squatting on tarsi with body resting on the

ground; eyes open or closed.

Two distinct sitting postures were recognized with head
postures similar to those described above for standing:

(iv) Sit-bill up (SIBU) and (v) Sit-bill on back (SIBOB).

Sitting and standing occurred on all parts of the
territory but oystercatchers usually stood or sat for long
periods only during high tide on favoured places within the

nest area.

(vi) Preen (PR) - manipulation of feathers with bill;

scratching and bathing.

Birds preened on all parts of the territory but long

periods of preening usually occurred during high tide.
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Agonistic (AG) - aggressive actions directed toward
conspecifics (intraspecific aggression - Pipe

(PIPE)) or toward other species (interspecific

aggression -Hunch (HU))

Pipe (PIPE) - series of loud call notes, given in a typical
attitude, with head and bill directed down;
bill usually open; neck and shoulders hunched;
bird bows repeatedly; milder forms consist of
low trills without typical attitude; attack

conspecific.

Three forms of piping were recognized: (vii) (Ground-pipe
(GP) - body form as described above; exhibited on the
ground; (viii) Aerial-pipe (AP) - body form as described
above; exhibited while in flight; (ix) Pipe-attack (PA) -
fly at conspecific and often strike it; exhibited on the

ground; usually preceded by GP.

Piping was variable, appearing as a simple trill in its
most mild form, and escalating to the extreme form which
included parallel runs in which the performers ran side by
side with short quick steps, 180° turns, head bobbing and
hunched shoulders, all accompanied by 1loud trills. Mild
piping occurred most often during meetings between members
of a pair, such as when one returned to the nest site. It
also took place during encounters between distant

oystercatchers in response, for example, to an
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oystercatcher flying overhead or piping heard in the
distance. Intense piping was reserved for close encounters
with other oystercatchers, especially other pairs. Bouts
of piping were interspersed with parallel runs and periods
in which the participants stalked silently around each
other. In the analysis, oystercatchers were recorded as
piping only when actually vocalizing. Stalking interludes
were sometimes interrupted by bouts of BT (see below and
Figure 2), and I saw one individual hide its bill among its
scapulars after a particularly fierce exchange (described
by Makkink (1942) as "pseudo-sleep", see also Gochfeld
1984). While most encounters ended with the departure of
the intruder(s), some were long and often included physical
attacks (PA). The lengthy encounters usually occurred in
the early part of the breeding season between neighbours
near the territory boundary, and ended when both pairs
eventually returned to their respective territories.
Piping took place on the nest area and on the foraging area
within the territory. It occurred at night, usually on the

foraging grounds.

Piping seemed to be contagious. When a pair of
oystercatchers heard piping in the distance, they often
became alert and sometimes began to pipe. This
contagiousness was particularly evident in the "flock of
non-breeding birds. One piping oystercatcher in this flock

usually stimulated a wave of piping to spread through the
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group, often climaxing in part of the group taking flight,
forming a "piping party" (Huxley and Montegue 1927). These
piping parties were often joined by territory holders (AP)

as the group flew over the island.

Hunch (HU) - head and shoulders pulled in toward body; tail
lowered; body crouched; approach or attack gull

or Crow.

Two forms of this behaviour were recognized: (x) Hunch-
glare (HUG) - body form as described above; bird is still
or moving slowly toward predator; (xi) Hunch-attack (HUA) -

fly at predator and often strike it; usually follows HUG.

HUG was directed most often at gulls; crows were usually
attacked (HUA). A particular call ("ka-ka-que") was
invariably uttered in interactions with gulls; the call was
given at an increasing rate and became louder as the gull
approached. Oystercatchers also "false-incubated"
(squatted as if 1incubating) (Gochfeld 1984) during
encounters with gulls, but this was rare. It wusually
dccurred after a sudden move by the gull toward the
oystercatcher. Almost all exhibitions of HUG and HUA were
in the vicinity of the nest or on the intertidal area when

a potential predator approached the chick.
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Parental Care (PC) - actions associated with the nest, eggs

and chicks.

Included 1in parental care: nest building, incubating,
brooding, feeding and foraging for the chick.

Nest-build (NB) - actions that result in nest construction.

Two forms of nest building were recognized:

(xii) Backward-throw (BT) - picking up small fragments of
shell or pebbles and throwing them to the side and
backward. (xiii) Nest-press (NP) - pushing on substrate
with breast and pivoting from side to side while

simultaneously kicking backward with feet.

An oystercatcher usually began BT at the nest, and then
continued to throw fragments while walking away. Since
oystercatchers lined their nest with shells and pebbles
this activity probably helped to move the fragments to the
nest. BT was interspersed with bouts of NP. Both
behaviours occurred at all scrapes 1including those
eventually used as the nest. The behaviours wusually
appeared when both members of a pair were close to the
nest. BT was most common before egg laying, but
oystercatchers relieved of incubation duty often left the
nest exhibiting BT. This behaviour also occurred
infrequently away from the nest, during interactions with

other oystercatchers.
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(xiv) Incubate (INC) - all types of shelter- or heat-
providing behaviour directed toward eggs; eyes

open or closed; bill held horizontal or tucked

into scapular feathers.

Incubating was often interrupted when the incubating
oystercatcher stood up or moved off the nest for only a few
minutes before resuming incubation. For analyses,
successive periods of attendance by one pair member,
without intervening attendance by its mate, were considered
to be a single bout. Bouts that were ongoing at the end of
a sampling period were not included unless their length
exceeded any others performed by the individual in that

period.

Both members of a pair incubated and several change-
overs could occur in a tidal cycle. During these change-
overs the relieving oystercatcher often emitted a soft
purring call as it slowly walked off the nest. During hot
periods of the day, oystercatchers often stood over their
eggs with their mouths open. Oystercatchers frequently
stood up to re-orient themselves or turn the eggs before

resuming incubation.

Incubating oystercatchers piped from the nest, provoked
by a piping oystercatcher passing overhead or in response
to their mates. An oystercatcher that had been incubating

for an extended period and whose mate was away foraging,
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sometimes stood beside the nest piping loudly. At other
times these individuals flew over the territories piping
loudly and returned within a few minutes to the nest.
These bouts of piping were not accompanied by the usual
body posture but simply consisted of a loud trill. This
calling usually resulted 1in the return of the non-
incubating bird and the departure of the relieved mate.
(xv) Brood (BRO) - all types of shelter- or heat- providing

behaviour directed toward chick; eyes open or
closed; bill held horizontal or tucked into

scapular feathers.

Newly hatched chicks were brooded under the adult's body
while older chicks were brooded under its wing. As with
incubating, successive periods of brooding by one pair
member, without intervening attendance by its mate, were

considered to be a single bout.

(xvi) Foraging for chick (FFC) - any foraging behaviour

that results in feeding chick.

This definition tended to be operational rather than
functional, for if the adult swallowed a food item it was
recorded as foraging for itself. Often adults alternated
between swallowing food and feeding the chick, making it
difficult to record either behaviour. Also, chicks on the
foraging grounds were often fed so rapidly that it was

impossible to record the intervening foraging bouts.
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Consequently, not all feed chick (FC) records (see below)
were preceded by FFC. For these reasons, measurements for

this behaviour should be considered rough estimates only.

(xvii) Feed chick (FC) - holding food item in the bill
which 1is motionless and close to the

ground until the chick takes it.

Young chicks (<10 days old) were fed items brought to
the nest site while older chicks were fed on the foraging

ground.

Walk (WA) - walking about without pecking at food or

drinking.

Fly (FL) - normal horizontal flying, no vocalization.

Walking and flying were not considered in the following
analyses of behaviours. Walking and flying accounted for
less then two percent of the time budget of most
oystercatchers (Appendix 3). They were components of other
behaviours (e.g. AP and FOR) and were not otherwise
recorded routinely, thus making estimates for them highly

variable.

Copulation (COP) - behaviours associated with cloacal

contact.

These are summarized as follows: When advancing toward

the female, the male assumed a low crouched posture with
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the head lowered and well drawn into the body, often
emitting a soft "pic-pic-pic" call. The female adopted an
attitude with the head extended and tail raised, so that
the body was horizontal, exposing the cloaca, which often
protruded. The male raised into an erect posture when near
the female and jumped onto her back with raised wings as if
for balance. Coitus lasted approximately 5 seconds after
which the male jumped off to the side. No post-copulatory
displays were seen. Both birds shook their tails after
copulation and often preened. Copulations occurred on the
foraging and nesting areas of the territory, and were
observed at least two weeks prior to egg laying, two hours
before laying and three days after a full clutch of three
eggs was completed. Some oystercatcher pairs copulated as

early as two hours after losing their clutch to predation.



43

Differences between sexes and among stages

In this section, I consider behavioural differences
between the sexes at each stage of breeding, and changes in
their behaviour over the breeding season. Comparisons were

made using data summarized in Appendix 3, 4 and 5.

Forage (FOR)

The stage of the breeding cycle significantly influenced
the amount of time oystercatchers foraged, and where they
foraged (on their territory or off the island). Generally,
oystercatchers foraged more and spent more time foraging
off the island before the eggs were laid than they did
during subsequent stages, and the least just after hatching
(Fig. 4a, d, 5a). Males and females showed similar changes
through the breeding season, but differed when they were

compared within stages (Fig. 4a, 5a).

Before egg laying, females spent more time foraging than
their mates did (Fig. 4a, d). This was mainly because
females foraged more often than males did and their
foraging bouts also tended to be longer (Figs. 4a-d, 6).
The brevity of a foraging bout may reflect alertness; thus
the higher percentage of short foraging bouts by males
suggests that males were more alert than females at this

time (Fig. 6).
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Figure 4:

Comparison of the percentage of time, frequency

and median bout duration of FOR by male (----)
and female (——) oystercatchers. Vertical bars
represent * standard error. Significant paired

t-test values are indicated (*). Means joined by
horizontal lines on the same level above each
graph are not significantly different (Duncan's
test). Numbers of individuals included in the
samples are indicated at the top.

(a) percentage of time spent FOR

(b) frequency / 700 minutes of FOR

(c) median bout duration of FOR

(d) percentage of time spent adjusted FOR.



45

40

3o

awi)

[=]
~

o

juaduad

(b)

40

- -+
=4 o o
~ -

utw Qs / Aouanbauy

~—

10
5

sajnuIw

)

(d

50

L0

o
-

awny

o
~

juadiad

101

vl

v

"t

stage



46

Figure 5:

Comparison of the (a) percentage of time, (b)

frequency and (c) median bout duration of "off

territory" by male (----) and female (——)
oystercatchers. Vertical bars represent =
range. None of the paired t-test wvalues for

intersexual comparisons within stages indicated
significant differences. Means joined by
horizontal 1lines on the same 1level are not
significantly different (Duncan's test).
Numbers of individuals included in the samples

are indicated at the top.
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During the prenesting stage 80 per cent (n=10) of the
oystercatchers frequently left the island to forage. Mates
usually left and returned together, so the sexes were

similar in all three measures (Fig. 5a-c).

The amount of time spent foraging decreased
significantly after the eggs were 1laid, and males and
females were similar in the amount of time spent foraging
throughout incubation stages (Fig. 4a, d). This decrease
reflects a reduction in the number of foraging bouts, which
tended to be slightly longer than during the prenesting
stage (Fig. 4a-c, 6). This was particularly evident for
females that exhibited a higher percentage of long foraging
bouts, suggesting that in this stage too, females were not

as alert as males were (Fig. 6).

During incubation stages, both members of a few pairs
left the island to forage, but were never absent together.
Females left more often than males did and they stayed away

for longer periods (Fig. 5a-c).

The amount of time oystercatchers spent foraging
continued to decrease after hatching (Fig. 4a, d).
However, there was a slight increase in the frequency of
foraging bouts suggesting that bouts had decreased in

length as shown in Figure 4c.

None of the oystercatchers with newly hatched chicks
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Figure 6:

Comparison of frequency distributions of FOR
bout durations of male and female
oystercatchers. Significant Lee-Desu values for
intersexual comparisons within stages are
indicated (*). Numbers in symbol legend indicate

the number of bouts included in the sample.
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(Stage IV) left the island to forage (Fig. 5a-c).

Once the chicks joined the adults on the foraging ground
(Stage V and VI), the adults increased the amount of time
spent foraging but males tended to spend slightly more time
foraging than did females (Fig. 4a, d). Generally, this
increase continued gradually as the chicks grew older but
the frequency with which oystercatchers engaged in foraging
bouts increased sharply (Fig. 4a, b). This implication of
shorter foraging bouts was verified by examining the
frequency distributions of foraging bout durations, which
showed that oystercatchers with chicks had shorter foraging
bouts than they did in previous stages (Fig. 6). This
suggests that oystercatchers with chicks tended to be more
alert than they had been during incubation or before the
eggs were laid. Generally, females had 1longer foraging
bouts than males, suggesting that they were not as alert as

males were (Fig. 6).

Adult oystercatchers again left the island to forage
once- the chicks were older than ten days (Stage V and VI).
During Stage V one male and one female (from different
pairs) left the island but they did not leave as often or
for as long as they had during previous stages (Fig. 5a,
b). Oystercatchers with fledged chicks were often joined
by their chicks on these off-island foraging trips. Most

of the time the chick was accompanied by both parents,
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although, in some cases, males accompanied the chick alone

while the female remained on the territory.

Stand (ST)

Males spent more time than females in alert standing
postures during most stages of the breeding cycle (Fig. 7).
This trend was evident in both standing postures (Fig. 8a,
ay}. For STBU this difference was due to the higher
frequency with which males exhibited this behaviour rather
than 1longer bout durations (Fig. 8a-c, 9). Similarly,
males engaged in STBOB more often than females did, but
males' STBOB bout durations tended to be 1longer than

females' (Fig. 8d-f, 9).

Generally, males and females exhibited similar patterns
through the breeding season in the amount of time they
spent ST (Fig. 7). Oystercatchers with chicks spent more
time ST, and were thus considered to be more alert than
oystercatchers in previous stages (Fig. 7)a
Oystércatchers spent the 1least time standing during
incubation, although males differed from females in
maintaining levels similar to prenesting until the second

half of incubation (Stage III) (Fig. 7).

Finer analysis indicated that this pattern of a decrease

in the percentage of time spent standing during incubation,
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Figure 7:

Comparison of percentage of time spent in ST by
male (----) and female (——) oystercatchers.
Vertical bars represent * standard error.
Significant paired t-test values for intersexual
comparisons within stages are 1indicated (%*).
Means joined by horizontal 1lines on the same
level above each graph are not significantly
different (Duncan's test). Numbers of
individuals included in the samples are

indicated at the top.
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Figure 8:

Comparison of percentage of time, frequency and
median bout duration of STBU and STBOB by male
(=———) and female () oystercatchers.
Vertical bars represent +*+ standard error.
Significant paired t-test values for intersexual
comparisons within stages are 1indicted (*).
Means joined by horizontal 1lines on the same
level above each graph are not significantly
different (Duncan's test). Numbers of
individuals included in the samples are

indicated at the top.

(a) percentage of time spent STBU

(b) frequency / 700 min of STBU
(c) median bout duration of STBU
(d) percentage of time spent STBOB
(e) frequency / 700 min of STBOB

(£) median bout duration of STBOB.
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followed by an increase after hatching, was due mainly to
the amount of time spent STBOB (Fig. 8a, d). Females
differed from males in that they significantly reduced the
amount of time they spent STBU during incubation, which was
followed by a significant increase once the chicks hatched
(Fig. 8a). Both sexes maintained similar low percentages
of time STBOB until hatching, when they both significantly
increased the amount of time spent STBOB (Fig. 8d).
However, males spent more time than females did STBOB
during incubation (Fig. 8d). This was primarily because
males engaged in a greater number of long bouts of this
behaviour and thus differed significantly from females

(Fig. 9).

Once eggs hatched, bouts of STBOB for both male and
female oystercatchers were briefer than they had been
previously, and the birds were considered to be more alert
(males' STBOB bouts were significantly shorter D=17.4
d.f.=1 P<.0l1; Fig. 9b). STBU bout lengths seemed to be

unaffected by stage of the breeding cycle (Fig. 9a).

Sit (SI)

Male and female oystercatchers showed similar patterns
in the percentage of time they spent sitting over the
breeding season (Fig. 10). Both spent significantly more

time sitting before and after incubation than while they
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Figure 9:

Comparison of frequency distributions of (a)
STBU and (b) STBOB bout durations of male and
female oystercatchers. Significant Lee-Desu
values for intersexual comparisons within stages
are indicated (*). Numbers in the symbol legend
indicate the number of bouts included in the

sample.
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had eggs (Fig. 10). These trends were evident in both
sitting postures, and were mainly due to the frequency with
which birds engaged in these behaviours, although changes
in bout lengths also contributed to the differences (Fig.
11 a-f). However, females tended to sit for longer bouts
than did males (Fig. 1llc, f). After hatching, both sexes
increased the amount of time sitting. After the chicks were
ten days old, females tended to spend more time sitting
than their mates did, but the difference was not
significant (Fig. 1la-f). This post-hatch increase was due
primarily to the amount of time spent SIBOB which increased

beyond prenesting levels (Fig. 1lla-f).

Oystercatchers without eggs or chicks tended to sit for
bouts that were longer than during other stages (SIBU 22% >
5 minutes during prenesting vs. 10% > 5 minutes during
chick rearing; SIBOB 60% > 10 minutes during prenesting vs.
40% > 10 minutes during early chick rearing stages; Fig.
12). Oystercatchers with unfledged chicks tended to have
shorter SIBOB bouts than they did after the chicks could
fly, when their sitting bout durations became similar to
those during Stage I (Fig. 12b). Finally, males and
females tended to engage in bouts of similar duration,
although before egg laying, SIBOB bouts by females tended
to be longer (Fig. 12b). These observations suggest that
oystercatchers with newly hatched chicks were more alert

than oystercatchers 1in other stages and males were more
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Figure 10:

Comparison of percentage of time spent in SI by
male (----) and female (——) oystercatchers.
Vertical bars represent * standard error. None
of the paired t-test values for intersexual
comparisons within stages were significant.
Means joined by horizontal lines on the same
level above each graph are not significantly
different (Duncan's test). Numbers of
individuals included in the samples are

indicated at the top.
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Figure 11:

Comparison of percentage of time, frequency and
median bout duration of SIBU and SIBOB by male
{====) and female ((——=)) oystercatchers.
Vertical bars represent * standard error. None
of the paired t-test values for intersexual
comparisons were significant. Means joined by
horizontal lines on the same level above each
graph are not significantly different (Duncan's
test). Numbers of individuals included in the
samples are indicated at the top.

(a) percentage of time spent SIBU

(b) frequency / 700 min of SIBU

(c) median bout duration of SIBU

(d) percentage of time spent SIBOB

(e) frequency / 700 min of SIBOB

(f) median bout duration of SIBOB.
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Figure 12:

Comparison of frequency distributions of (a)
SIBU and (b) SIBOB bout duration of male and
female oystercatchers. None of the Lee-Desu
values for intersexual <comparisons within
stages were significant. Numbers in symbol
legend indicate the number of bouts included in

the sample.
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alert than females prior to egg laying.

Preen (PR)

As seen in other behaviours, the stage of the breeding
cycle significantly influenced preening (Fig 13a-c).
Incubating oystercatchers preened less than they did before
and after nesting (Fig. 13a-c). Oystercatchers with young
chicks also did not preen as much as oystercatchers without
eggs or chicks and the amount of time spent preening

increased as the chicks grew older (Fig. 13a-c).

Males spent slightly more time preening than their mates
did during most stages but there was variability among
pairs and these differences were not significant (Fig.

13a).

Oystercatchers with chicks tended to have shorter
preening bouts than oystercatchers did in preceding stages
but the sexes were similar (Fig. 14). Males with eggs
tended to preen in shorter bouts than females did and this
difference was significant (Fig. 14). Oystercatchers
without eggs or chicks tended to have the longest preening
bouts but there was no difference between males and females

(Fig. 14).

As with other behaviours, the brevity of a preening bout

may reflect alertness, so the higher percentage of short
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Figure 13:

Comparison of (a) percentage of time, (b)
frequency and (c) median bout duration of PR by
male (----) and female (——) oystercatchers.
Vertical bars represent * standard error. None
of the paired t-test values for intersexual
comparisons were significant. Means joined by
horizontal lines on the same level above each
graph are not significantly different (Duncan's
test). Numbers of individuals included in the

samples are indicated at the top.
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Figure 14:

Comparison of frequency distributions of PR
bout durations of male and female
oystercatchers. Significant Lee-Desu values
for intersexual comparisons are indicated (*).
Numbers in symbol legend indicate the number of

bouts included in the sample.
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preening bouts by males during incubation suggests that
they were more alert than females. Similarly,
oystercatchers were more alert with chicks than during

stages with eggs or before eggs were laid.

Agonistic (AG)

Males spent more time in agonistic behaviours (HU and
PIPE) than females and were thus considered to be more
aggressive during most stages of the breeding season (Fig.
15). After Stage I, males maintained similar levels of
aggression over the following stages until the chicks
fledged (Stage VI). Incubating females were less
aggressive than they had been prior to egg laying, but they
became as aggressive as males after the chicks hatched.
Females were also less aggressive after their chicks could

fly.

Closer examination showed that the sexes differed in the
type of aggression engaged in (inter- or intraspecific),

and the type was also influenced by the stage of the

breeding season. Generally, during prenesting and
incubation stages (Stage I - 1III), both sexes directed
their aggression toward conspecifics. After hatching

(Stage 1IV), both sexes, but particularly females, became

more aggressive toward gulls.
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Figure 15:

Comparison of the percentage of time spent in

AG by male (====1) and female (——)
oystercatchers. Significant paired t-test
values are indicated (*). Vertical |Dbars

represent * standard error. Means joined by
horizontal 1lines on the same level are not
significantly different (Duncan's test).
Numbers of individuals included in the samples

are indicated at the top.
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Intraspecific interactions (PIPE)

Oystercatchers piped with their mates and with intruding
conspecifics. Piping interactions with mates constituted
approximately 25 per <cent (*13.4 s.d.; n=42) of the
interactions with  conspecifics and there were no
differences among the stages or between sexes in the

percentage these interactions made up of the total.

Territorial intrusions by conspecifics (conspecifics on
the ground and piping parties flying overhead) occurred at
a fairly constant rate over the breeding season at about 18
intrusions in 700 minutes (*6.1 s.d.; n=21). Males
responded aggressively toward intruders more often than did
females, and consequently spent more time piping during all
stages (Fig. 18, 19a). However, the response rate changed
over the six stages and females and males responded
differently to intrusions over the breeding season.
Females with eggs and young chicks did not respond to as
many intrusions as they did before eggs were laid and after
fledging (Fig. 1l7a). In contrast, males responded to most
intrusions regardless of nesting stage (Fig. 17a). This
pattern was also reflected in the percentage of time the

oystercatchers spent piping (Fig. 16).

This pattern of response by the sexes over the breeding
season appeared to be due mainly to the response to piping

parties, although females also did not respond to as many
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Figure 16:

Comparison of percentage time in PIPE by male
(=== and female (O oystercatchers.
Vertical bars represent + standard error.
Significant paired t-test values for
intersexual comparisons within stages are
indicated (*). Means Jjoined by horizontal
lines on the same level above each graph are
not significantly different (Duncan's test).
Numbers of individuals included in the samples

are indicated at the top.
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Figure 17:

Comparison of the percentage of intrusions by

conspecific responded to by male (----) and
female (——) oystercatcher. Vertical bars
represent * range. Number of individuals

included in the samples are indicated at the

top.

(a) all intrusions by conspecifics

(b) conspecifics flying overhead (piping
parties)

(c) conspecifics landing on the territory
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Figure 18:

Comparison of the percentage of time spent in

HU by male (———-) and female ()
oystercatchers. Vertical bars represent %
standard error. Significant paired t-test
values for intersexual comparisons are

indicated (*). Means joined by horizontal lines
on the same level above each graph are not
significantly different (Duncan's test).
Numbers of individuals included in the samples

are indicated at the top.
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Figure 19:

Comparison of the percentage of time, frequency
and median bout duration of HUG and HUA by male
(=—=-) and female (—==) oystercatchers.
Vertical bars represent + standard error.
Significant paired t-test values for
intersexual comparisons are 1indicated (*).
Means joined by horizontal lines on the same
level above each graph are not significantly
different (Duncan's test). Numbers 6f
individuals included in the samples are

indicated at the top.

(a) pefcentage of time spent HUG
(b) frequency / 700 min of HUG
(c) median bout duration of HUG
(d) percentage of time spent HUA
(e) frequency / 700 min of HUA

(f) median bout duration of HUA.
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conspecifics that landed on the territory (Fig. 17a-c).

Attacks on intruding conspecifics were brief (< 1
minute) and accounted for less than .05 per cent of the
time budget of females and less than .10 per cent of that
of males. Males attacked intruding conspecifics more
frequently (82% of 225) than females did (18% of 225).
Most attacks by males (77% of 184) occurred in the early
part of the breeding cycle, prior to hatching, while
attacks by females were independent of stage (51% of 41

before hatching).

Interspecific interactions (HU)

The stage of the breeding season had a significant
influence on the 1level of aggression exhibited toward
potential predators, and males and females differed in
their response to these species (Fig. 18). Before
hatching, males spent more time exhibiting aggressive HU
behaviours than did females, primarily because males
attacked gullé more frequently (Fig. 18, 19a-f). After
hatching, oystercatchers significantly increased their
aggressiveness toward gulls; this was followed by a gradual

decrease toward fledging (Fig. 20).
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Parental Care (PC)
The sexes differed in the amount of time spent in parental
care during each stage of the breeding season (Fig. 20a).
To clarify these differences, I examined the percentage
contribution by each sex, in addition to the the percentage
of time spent in these behaviours. Males contributed more
toward parental duties before clutch completion,
particularly during egg laying, when males did 90 per cent
of the egg covering. After clutch completion (Stage II),
females incubated slightly more than males; the sexes
shared the incubation duties almost equally during the
latter half of incubation (Stage III). Females contributed
80 per cent of the parental care to young chicks (Stage
IV), but males subsequently increased their contribution,
and oystercatchers with older chicks (Stage V and VI)

shared parental duties almost equally.

I emphasize that parental care here refers to active
parental behaviours only, including nest building,
incubating, brooding, feeding and foraging for the chick,
and does not ihclude associated behaviours such as guarding

and aggression, which are considered separately.

Nest-build (NB)

NP (nest-press) accounted for less than 1 per cent of

the time-activity budget of Black Oystercatchers (Appendix
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Figure 20:

Comparison of the (a) percentage of time spent
in PC by male (----) and female (—)
oystercatchers PC and (b) per cent contribution
by each sex. Vertical bars represent * range.
Numbers of individuals included in the samples

are indicated at the top.
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3) and was therefore included with estimates of BT for this
presentation. Males did most nest-building. Before eggs
were laid, males spent almost twice as much time as females
in nest construction (Fig. 2la). This was mainly because
they engaged in BT more often than females did and, to a
lesser extent, because they exhibited longer BT bouts than
females (Fig. 2la-c, 22). Females also did not spend as
much time as males did in NP (female x=.1%*.1 s.d., male x=

«5

ove

+.5 s.d.; n=5), again primarily because females did not
NP as frequently as males (females x=4.3%3.4 s.d., males

X=9.2+2.9 s.d.; n=5).

Females increased the amount of time they spent nest
building when they began to lay eggs, until they reached a
level similar to males in Stage IIa (Fig. 2la). This
increase was mainly due to the increased length of BT bouts

by females, which exceeded those of males (Fig. 2la-c, 22).

Males and females continued to exhibit similar but ever
decreasing amounts of nest-building behaviour throughout
incubation, and it usually occurred when a bird left the

nest (Fig. 21 a-c).

Incubate (INC)

The range of participation in INC was variable; for

females it was 1.1 per cent to 76.3 per cent of the total
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Figure 21:

Comparison of (a) percentage of time, (b)
frequency and (c) median bout duration of BT by
male (----) and female (——) oystercatchers.
Significant paired t-test values are indicated
(*). Vertical bars represent +* range. Numbers
of individuals included 1in the samples are

indicated at the top.
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Figure 22:

Comparison of frequency distributions of BT
bout durations of male and female
oystercatchers. None of the Lee-Desu values
for intersexual comparisons within stages were
significant. Numbers in the symbol 1legend
indicate the number of bouts included in the

sample.



(bd)

proportion of durations >

95

1.00
female stage male
0.50 126 © I e 240
20 O TTa ] 36
70 a IL A 54
0.20
0.10-
0.05 -
TS —
002 -
0.01 -
0 2 3 4 5 6 7 10
(bd) bout duration (minutes)




96
observation time and for males it was 12.3 per cent to 54.8
per cent. Some of this variability among individuals of

the same sex was due to variance among stages.

During egg laying (Stage IIa), the incomplete clutch was
covered about 30 per cent of the time, mainly by the male
(Fig. 23a). Incubation was sporadic and incubation bouts
were short, particularly by females, with egg covering
often lasting 1less than ten minutes (Fig. 23c, 24).
Although not covered continuously, the egg was rarely left
unguarded. It was often left uncovered for periods while
the adult(s) stood close by, or when both adults
infrequently left the nest area to pipe or forage. Males
spent more time close to the nest than did females (Fig.
25) . The proportion of time oystercatchers spend near
(within 6 m) of the nest is important in defence of the
nest-site, eggs and chicks. When parents are within this

distance they can quickly confront potential predators.

After the last egg was laid, the clutch was incubated
approximately 90 per cent of the time. The time off the
nest was spent primarily in change-overs and in aggressive
encounters with conspecifics. After clutch completion,
males and females did not differ in the amount of time
spent close to the nest but females took over most
incubation duties (Fig. 25, 23a-c). However, the

difference between the sexes 1in incubation attendance was
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Figure 23:

Comparison of the (a) percentage of time, (b)
frequency and (c) median bout duration of INC
by male (———) and female (——)
oystercatchers. Significant paired t-test
values for intersexual comparisons within Stage
IT and III are indicated (*). Vertical bars
represent + range. Numbers of individuals
included in the samples are indicated at the

top.
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Figure 24:

Comparison of frequency distributions for bout
durations of INC of male and female
oystercatchers. Significant Lee-Desu values
for intersexual comparisons within stages are
indicated (*). Numbers in the symbol legend
indicate the number of bouts included in the

sample.
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Figure 25:

Comparison of the percentage of time male
(-——-) and female (——) oystercatchers spent
close (< 6m) to the nest during incubation.
Vertical bars represent * range. Numbers of
individuals included in the samples are

indicated at the top.
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not significant when all data for the first half of
incubation (Stage II) were combined. One pair was
different from the others because the male incubated more
than his mate (Pair CB; Appendix 3.2). Reanalysis of these
data, excluding this pair, indicated that the sexes were
significantly different in the percentage of time spent
incubating. During early incubation, males and female
engaged in similar numbers of incubation bouts, but those
of females were longer and this difference was significant

(Fig. 23b, ¢, 24).

Behaviour of the sexes became more similar as incubation
progressed. As in early incubation, males and females
spent similar amounts of time close to the nest (Fig. 25).
Generally, the difference in the amount of time incubating
between males and females decreased until the second half
of 1incubation when the sexes shared incubation duties
almost equally (Fig. 23a-c). This reduced difference
between the sexes in incubation behaviour occurred in all
pairs, regardless of which sex had previously incubated
more. Incubation bouts by both sexes increased in duration
and became less variable in duration over the incubation

period (Fig. 24).

Analysis of the frequency distributions of incubation
bout durations again indicated that, overall, females

incubated for 1longer periods than males did (Fig. 24).
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This analysis also showed that incubation bouts by both
sexes increased in duration and became less variable in

length over the incubation period.

There appeared to be no diel pattern in the sharing of
incubation duties. Females were incubating at 50 per cent
(of 26) of the conclusions of the last watch (approximately
2100 hr). Night observations were conducted three times on
different pairs; two pairs were observed during Stage II
and one during Stage III. However, it was possible only to
record change-overs, showing that both sexes incubated at
night, and that bout durations were similar to those during

the day.

After considering the differences in the division of
effort between incubation stages there was still variation
among pairs. As mentioned, one pair differed in that the
male incubated more than his mate. Members of another pair
(PrB) were different from this and other pairs, in that the
female incubated over 80 per cent of the time. The male
was 1inattentive and frequently left the nest before the
female returned. This resulted in the only observed
predation of an oystercatcher nest, by a gull in this

instance.

Since the division of effort was influenced primarily by
incubation bout duration, this was used to examine further

the differences among individuals. The results of a two-



105
way ANOVA, comparing incubation bout duration for males and
females for each of six pairs during Stage II, indicated an
overall difference between the sexes (F(1,139)=18.1 P<.01l)
and the same among pairs (F(5,139)=3.1 P=.01). A
significant interaction between the sexes and pairs
suggested that the pattern of variability between sexes
differed among pairs (F(5,139)=3.2 P=.01). To investigate
this, each sex was tested for differences among pairs using
a one-way ANOVA followed by a Duncan's Multiple Range Test

(Sokal and Rohlf 1981).

Results of the one-way ANOVA suggested that differences
existed among the pairs for each sex (females, F(5,672)=2.7
P=.02; males, F(5,66)=8.7 P<.0l), but the results of the
multiple range test indicated that there was overlap among
the individuals of each sex. Generally, three pairs were
similar while the two pairs mentioned above were different
from the others and each other, thus accounting for the
interaction. This was because the PrB female incubated in
very long bouts while her mate exhibited short ones, and
the reverse was exhibited by the CB pair. Similar
analyses, conducted on incubation bout durations during
Stage III, indicated that there were no differences between
sexes or among individuals. This supports the previous
observation that the behaviour of the sexes became more
similar and less variable toward the end of the incubation

period.
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There appeared to be complimentarity between members of

a pair in that one member incubated for long periods and
the other for short ones. This in turn influenced the
relative participation in incubation by members of a pair;
those exhibiting long bouts spent more time incubating.
For example, PrB male rarely incubated and the female
apparently increased her incubating time to compensate for
this. In contrast, the CB female seemed reluctant to
incubate. The male of this pair did most of the incubating
and incubated for longer bouts than other males did. To
examine the factors influencing the duration of incubation
bouts, the reasons for departures from the nest were

examined.

Duration of 1incubation bouts did not appear to be
influenced by the length of time spent off the nest, either
preceding or following the incubation bout, as indicated by
the lack of correlation between pre- and post-bouts and
incubation bout durations (preceding bout and incubation
bout: r=.12 n.s. n=113; following bout and incubation
bout: r=.13 n.s. n=126). Results were similar whether
bouts were compared during early or late incubation stages,
or throughout incubation as above. There was no difference
between male and female. This suggests that the reason an
incubation bout ended may have come from an external

stimulus rather than an internal one.
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Support for this suggestion comes from from an
examination of the context of nest departures. Most of the
departures from the nest were due to obvious external
factors (approach of conspecific, gull or mate), while 42
per cent (female) and 34 per cent (male) were not (Table
3). Birds departing for reasons other than the approach of
conspecific, gull or mate, often returned to the nest to
resume incubation rather than changing over. I often noted
that when the incubating bird left the nest to pipe with a
conspecific or attack a gull (usually the male; see below),
the non-incubating oystercatcher usually returned to the
nest and commenced incubating. Thus the eggs were almost

never left unguarded.

Pair members tended to 1leave the nest for similar
reasons throughout the incubation period (Table 3).
However, when data for all incubation stages were
considered, males and females differed significantly in how
they left the nest (Table 3). Females tended to stand or
shuffle eggs more often, while males left to attack gulls

or crows more frequently (Table 3).

Most piping exits by females were in response to their
piping mates (96% of 80). In contrast, males left the nest
to pipe with intruders much more often (51% of 69 (compared
with 4% of 80 by females); Chi-square=19.9 d.f.=1 P<.01).

Incubating females responded to relatively fewer intrusions
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Table 3: Comparisons of departures from the nests by male
and female oystercatchers. Significant Chi-
square values for intersexual comparisons are
indicated (*) (all categories combined).
Heterogeneity Chi-square values were non-
significant and pairs were pooled within stages.
Attack Approach Call Walk
Stage Sex Pipe gull of to Stand or Leave
mate mate BT
ITa £ 1 1L 2 0 1 11 0
(6%) (6%) (12%) (6%) (69%)
M 3 4 4 0 1 15 0
(11%) (15%) (15%) (4%) (55%)
II F 40 1 31 14 18 19 3
(32%) (1%) (25%) (11%) (14%) (15%) (2%)
M 30 2 27 7 5 25 3
(30%) (2%) (27%) (7%) (5%) (25%) (3%)
III F 40 2 37 5 11 15 2
(36%) (2%) (33%) (4%) (10%) (13%) (2%)
M 39 8 30 4 1 4 1
(45%) (9%) (34%) (5%) (1%) (5%) (1%)
Total F 81 4 70 19 30 45 5
(32%) (2%) (27%) (7%) (12%) (18%) (2%)
M 72 14 61 11 7 54 4
(32%) (6%) (27%) (5%) (3%) (24%) (2%)
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Table 4: Comparison of responses to intruding conspecifics
by incubating male and female oystercatchers.
Significant Chi-square values for intersexual
comparisons are indicated (*). Heterogeneity
Chi-square values were non-significant and pairs
were pooled within stages.

Stage Incubating Number of Number of intrusions
responded to by:
sex intrusions
females males
II females 88 17 75 *
(19%) (85%)
males 37 36 28
(97%) (76%)
i 5 females 101 30 71 *
(30%) (70%)
males 42 28 31
(67%) (73%)



Table 5: Comparison of the percentage
after hatching and the percent contribution

of time chicks were brooded during

based on data collected during one 4-hour watch.

thee twenty-one days
by female oystercatchers.

Each entry is

Time Age of chick(s) (days after hatching)
of day 3 6 10 12 14 15 16 19 21
0500-0900 98.1 80. 86. 38.8 35. = 17.5 0 0 1.1
0900-1300 98.9 46. 1 .8 6. 0 0 0 0 0
1300-1700 98.5 22. 47. 0 18. 15 : 6.2 25.9 0 0
1700-2100 98.4 60. '90. 34.4 69. 23. 131 3.9 0
0500-2100 98.5 47. 58. 16.9 26. 14, 7.8 9.4 .4 Y-
Percent
contribution 70.6 63. 88. 79.4 83. 83 100 100 100 100
by female
max . 25 19 29 17. 20 29 17 29 18
Temperature
min. M 12 13 1M 12 12 13 1 14
rain rain

0TT
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Table 6: Comparisons of departures from brooding bouts by
male and female oystercatchers. Chi-square

values for intersexual comparisons are all non-
significant. Heterogeneity Chi-square values

were non-significant and pairs were pooled within

stages.
Stage Sex Pipe Attack Approach Food Stand Other
gull or of or chick
crow mate out
IVa F 8 0 5 = 7 0
(40%) (25%) (35%)
M 11 1 5 = 7 2
(42%) (4%) (19%) (27%) (2%)
IV P 8 8 5 25 13 1
(13%) (13%) (8%) (42%) (22%) (2%)
M 10 1 0 12 10 1
(29%) (3%) (36%) (29%) (3%)
\% F 7 1 - 14 14 -
(19%) (3%) (39%) (39%) -
M 2 3 - 2 4 -
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by conspecifics than did males, but females responded to a
higher percentage when not incubating, which was similar to

the response by males (Table 4).

Brood (BRO)

Very young chicks (1 - 2 days old) were brooded almost
continuously, and older chicks were brooded intermittently
throughout the day until they were about 20 days old (Table
5)s As might be expected, brooding appeared to be
temperature-dependent and even three-day-old chicks were

not brooded continuously during the warm midday (Table 5).

Females did most of the brooding, mainly a result of
longer brooding bouts than males (Fig. 26a-c, Table 5).
Brooding bouts decreased in duration as the chicks grew
older, but females continued to brood for longer bouts than
did males (Fig. 27). There were no differences between the
sexes in the apparent reason the brooding bout ended, but
oystercatchers with older mobile chicks tended to leave
them to attack gulls more often than those with newly
hatched chicks (Table 6). As with 1incubating male
oystercatchers, brooding males left the chicks to attack

conspecifics more frequently than did females (Table 7).

Although females spent more time brooding than males

did, there were no differences between the sexes in the
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Figure 26:

Comparison of (a) percentage of time, (b)
frequency, (c) median bout duration of BRO by
male (----) and female (——) oystercatchers.
Vertical bars represent + range. Numbers of
individuals 1included in the samples are

indicated at the top.
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Figure 27:

Comparison of frequency distributions of bout
durations of BRO of male and female
oystercatchers. None of the Lee-Desu values
for intersexual comparisons within stages were
significant. Numbers in the symbol 1legend
indicate the number of bouts included in the

sample.
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Figure 28:

Comparison of the percentage of time male
(-——-) and female (——) oystercatchers spent
close (< 6m) to the chick(s). Vertical bars
represent * range. Numbers of 1individuals
included in the samples are indicated at the

top.
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amount of time spent close to the chick and this prevailed
after the chicks joined the adults on the foraging ground

(Fig. 28).

Feed chick (FC) and forage for chick (FFC)

Males brought a few items to feed to the chicks on the
day they hatched. The single item brought by one male was
eaten by its chick, while the other male ate all three

items he brought.

Most chicks remained at the nest for about ten days
after hatching (Stage IV) where the adults brought food to
them. Males brought food to the chicks more often than
their mates did and thus spent more time FC and FFC (Fig.
29a, b, d, e). Frequency alone is an inadequate measure of
the quantity fed to a chick since food items vary in size.
Associated with this are different handling times and
different values to the chick(s). Males tended to bring
larger food items to the chicks than did females but the

difference was significant only for one pair (Table 8).

Some food items brought to the nest were not eaten by
the chick (17% of 204). Some appeared to be too large to
swallow, while sometimes the chick could not be enticed
from under the brooding mate. These items were usually

eaten by the adults that brought them. There was no
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Figure 29:

Comparison of percentage of time, frequency and
median bout duration of FC and FFC by male
(=-——-) and female (=——=) oystercatchers.
Vertical bars represent + range. None of the
paired t-test values of intersexual comparisons
were significantly different. Means joined by
horizontal lines on the same level above each
graph are not significantly different (Duncan's
test). Numbers of individuals included in the

samples are indicated at the top.

(a) percentage of time FC

(b) frequency /‘700 min FC
(c) median bout duration FC
(d) percentage of time FFC
(e) frequency / 700 min FFC

(f) median bout duration FFC.
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difference between the sexes in the percentage of food item
that were rejected or not eaten by the chick (female 17% of

80, male 17% of 124).

Once the chicks joined the adults on the foraging ground
and chicks ceased to be brooded (Stage V), females
increased the percentage of time they spent FFC and FC to
about the level of the males (Fig. 29a-f). This trend was
reflected in the frequency with which the birds engaged in
FC and FFC, although both sexes also increased the bout
durations of FFC (Fig. 29b, ¢, e, f). Chicks of this age
rarely passed up the opportunity to eat, and bouts of FC
were shorter than they were during the preceding stages

(Fig. 29c).

Generally, the sizes of food items fed to chicks by
males and female were similar (Table 9). However, males in
some pairs tended to feed their chicks a higher percentage

of large items (Table 9).

As the chicks grew older (>30 days; Stage VI) they
obtained more food for themselves and the percentage of
time adults spent FC and FFC decreased correspondingly
(Fig. 29a-f). The sexes were similar in the percentage of
time spent FC and FFC mainly because they engaged in these
at a similar rate (Fig. 29b, e). Bouts of FFC also
decreased in duration (Fig. 29c, f). Oystercatchers with

older <chicks wusually did not initiate feeding bouts.
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Table 7: Comparison of responses to intruding conspecifics
by brooding male and female oystercatchers.
Significant Chi-square values for intersexual
comparisons are indicated (*). Heterogeneity
Chi-square values were non-significant and pairs
were pooled within stages.

Stage Brooding Number of Number of intrusions
responded to by:
sex intrusions
females males
IVa females 22 6 14 *
(27%) (63%)
males 22 12 8
(54%) (36%)
v females 21 5 19 =
(24%) (90%)
males 12 7 8

(58%) (67%)



Table 8: S

ize of food items fed to chicks by male and female
oystercatchers during Stage IV. Significant values
from Fisher Exact tests for intersexual
comparisons are indicated (*). Heterogeneity Chi-
square value was significant and pairs were not
pooled.
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Pair Sex < size of > size of
bill tip bill tip
CB F 10 2
(83%) (17%)
M 13 2
(87%) (13%)
JS F 14 2
(87%) (13%)
*
M 17 23
(43%) (57%)
AT F 9 4
(69%) (31%)
M 5 10
(33%) (67%)
N41 F 27 14
(66%) (34%)
M 32 20

(62%) (383%)



Table 9: S

ize of food items fed to

chick(s) by male and

female oystercatchers during Stage V. Significant

values from Chi-square (*)

or Fisher Exact test

(**) for intersexual comparisons are indicated.
Heterogeneity Chi-square value was significant and

pairs were not pooled.
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Pair Sex < size of > size of
bill tip bill tip
GR F 10 (28%) 26 (72%)
M 8 (38%) 13 (62%)
PB F 20 (43%) 26 (57%)
M 17 (68%) 8 (32%)
N22 F 50 (86%) 8 (14%)
M 76 (76%) 5 (24%)
AI F 100 (77%) 30 (23%)
M 58 (68%) 27 (32%)
N55 F 9 (33%) 18 (67%)
M 4 (27%) 11 (73%)
N41 F 20 (54%) 17 (46%)
M 9 (28%) 23 (72%)

JS F 100 (97%) 3 (3%) * %
M 65 (87%) 10 (13%)

JS F 213 (85%) 38 (15%) *
M 113 (69%) 50 (31%)
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Instead, chicks followed closely behind the adults when
they were foraging and rushed in to grab the food item.
Adults with older chicks were often harassed by the chicks
who poked them and nibbled their bills. In an attempt to
provide food for these chicks, these adults frequently
attempted to forage when the tide was high, and were often
washed by waves in their attempts to do so. The chicks did

not seem to favour either sex with this attention.

Most chicks began to make foraging trips to nearby
islands and reefs with the adults when they were about 60
days old. Both adults accompanied the chicks on most of
these off-island foraging trips, but on two occasions the
male accompanied the chick, and the female remained on the
territory. On another occasion the male returned to the

territory 53 minutes before the female and chick returned.

Summary of differences between sexes and among stages

A summary of the time-activity budget of male and female
Black Oystercatchers 1is outlined 1in Figure 30. To
facilitate comparison between the sexes, the cumulative
percentages of time each sex spent in major activities over
the breeding season are also plotted, one against the other

(Fig. 31-34).

Both sexes spent the most time foraging prior to egg-
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laying and the 1least just after hatching (Fig. 30).
Generally, females and males spent similar amounts of time
foraging, except prior to egg-laying, when females foraged
more than did males (Fig. 31). Oystercatchers spent more
time foraging off the island before eggs were laid then
during subsequent stages, and the 1least just after
hatching. Prior to egg-laying, mates went off the island
together, but alone afterward, leaving the mate to stay

with the eggs or chicks.

Both sexes spent more time standing after hatching than
during previous stages (Fig. 30). Males spent
substantially more time standing during all stages than did

females (Fig. 32).

The behaviour that showed the most change with the
advancement of the breeding season was sitting. Both sexes
spent more time sitting before and after incubation than
while they had eggs (Fig. 30). In fact, 1incubating
oystercatchers rarely sat. Females and males sat for
similar amounts of time until the eggs hatched, after which
females spent more time sitting than did their mates (Fig.

32).

Incubating oystercatchers preened 1less than they did
before and after nesting (Fig. 30). During most stages,

males spent more time preening than did females (Fig. 31).
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Figure 30:

Time-activity budget of (a) female and (b) male
oystercatchers during the breeding season.
Column widths are proportional to the number of
days 1in each stage. The vertical 1length of
each column segment represents the average

duration of an activity.
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Figure 31:

Comparison of the cumulative percentage of time
female and male oystercatchers spent FOR and PR
behaviours over the breeding season. Note that
scales on the axis differ for the two

behaviours.
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Figure 32:

Comparison of the cumulative percentage of time
male and female oystercatchers spent in ST and
SI behaviours over the breeding season. Note
that the scales on the axis differ for the two

behaviours.
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Oystercatchers spent the most time exhibiting agonistic
behaviours before and after incubation (Fig. 30). Prior to
egg-laying, agonistic behaviours were directed mainly at
conspecifics. Throughout the breeding season, males were
more aggressive toward conspecifics than were females (Fig.
33} Males maintained relatively high levels of
intraspecific aggression until late in the breeding season,
whereas females became much 1less aggressive toward
conspecifics after eggs were laid. During incubation,
males frequently left the nest to respond to the approach

of a conspecific, which is in contrast to females.

After hatching, both sexes sharply increased the amount
of time directing agonistic behaviour toward other species.
This increase was greater for females, whose cumulative
percentage of time spent in this behaviour was greater than

males' at the end of the breeding season (Fig. 33).

By the end of the breeding season the cumulative
percentage of time females participated in parental care
(nest-building, incubating, brooding, feeding and foraging
for chicks) exceeded that by males (Fig. 34). However,
prior to and during egg-laying, male participation, through
nest-building and covering the incomplete clutch, was
greater than females' (Fig. 30 and 34). Females increased
their participation after the clutch was completed by

incubating more than did their mates (Fig. 30). Females
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Figure 33:

Comparison of the cumulative percentage of time
male and female oystercatchers spent in
intraspecific and interspecific aggression over
the breeding season. Note that the scales on

the axis differ for the two behaviours.
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Figure 34:

Comparison of the cumulative percentage of time
male and female oystercatchers spent 1in PC
behaviours and amount of time spent close to
the nest and chicks over the breeding season.
Note that the scales on the axis differ for the

two behaviours.
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also did most of the brooding. Males tended to feed chicks
more just after hatching and males of some pairs fed their
chicks larger items than did females. Parents of older
chicks participated similarly in feeding and foraging for

the chicks (Fig. 30).

Although there were sexual differences in participation
in parental care, the sexes were similar in the amount of
time they spent close to the nest and chicks (Fig. 34).
This measure included the time oystercatchers spent within

6m of the nest and chicks regardless of behaviour.

Finally, oystercatchers generally were more alert after
hatching than during previous stages. Oystercatchers with
unfledged chicks had shorter foraging, sitting and preening
bouts. They also spent more time in alert standing
behaviours. Males tended to be more alert than females
throughout the breeding season. They spent more time
standing and less time sitting than did females. Males
also tended to forage in shorter bouts during all stages
and their preening bouts were shorter, at least during

incubation stages.
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Differences among individuals

Several sexual trends were identified in the preceding
analyses which were based on data for all pairs combined.
What patterns appear when data on individual oystercatchers
are analyzed? Generally, multivariate analyses, using MDS,
supported trends identified by univariate analyses but with
interesting insights that assist in the interpretation of

the data.

In the following analyses the arrangement of
individuals, in the space defined by the axes (dimensions),
was similar whether or not the percentage of time spent
foraging was adjusted or whether "off-territory" was

included or excluded.

Analysis based on percentage of time reflected
univariate analysis in showing the changes 1in behaviour
over the breeding season (only behaviours common to all
stages were 1included in these analyses). That 1is, most
oystercatchers with chicks had higher scores on the first
dimension and were dissimilar to oystercatchers with eggs,
which had low scores on this dimension, while
oystercatchers without eggs or chicks (prenesting) were
intermediate (Fig. 35a). Univariate analyses indicated a
trend toward decreasing alertness and aggression at the
onset of incubation followed by an increase in both after

hatching; this appears to be reflected in the arrangement
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Figure 35: Arrangement of all individuals from all stages

of the breeding season in two dimensional space

by MDS.

a) percentage of time (stress=.163, RSQ=.878)
b) frequency / 700 min (stress=.179, RSQ=.866)

c) median bout duration (stress=.106, RSQ=.957)
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of individuals by MDS described above.

This general arrangement of individuals based on the
percentage of time spent in behaviours was similar to MDS
of individuals based on the frequency of the behaviours but
not on median bout duration (Fig. 35b, c). Univariate
analyses also showed that the percentage of time spent in a
behaviour was influenced more often by the frequency than

by the bout duration of the behaviour.

Although MDS was conducted on the three measures made on
the oystercatcher's behaviour, percentage of time,
frequency, and median bout duration, results of MDS on
frequency and median bout duration data often supported
results based on percentage of time or provided no
meaningful results. For these reasons, only the results of
MDS of percentage of time spent in behaviours are presented

in the remainder of this section.

It was difficult to distinguish sexual trends when
individuals in all stages were included in the analysis.
What patterns appear when data for 1individuals within

stages are analyzed?

MDS of prenesting individuals (Stage I) revealed several
striking trends: behavioural similarity but consistent
sexual differences within pairs, despite variation among

pairs.



144

Figure 36:

Arrangement of individuals in Stage I in two
dimensions by MDS on the basis of percentage of
time spent in behaviours (stress=.045,
RSQ=.990). Individuals are 1identified wusing

letter codes (refer to Appendix 2).
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Birds were strongly similar to their mates although
there were large differences among pairs (Fig. 36). Even
so, there was a clear trend of males having lower scores

than their mates on the first dimension (Fig. 36).

These results suggest that pair membership strongly
influences behaviour and may obscure differences related to
sex. However, the lower scores of males on the first
dimension may reflect the results of univariate analysis in
showing the male's greater alertness and participation in

parental behaviours (nest building).

In contrast to prenesting individuals, MDS of
individuals in 1incubation stages (Stage II and 1III)
revealed behavioural similarity within sexes with
explainable exceptions. Analysis of 1individuals on the
basis of the percentage of time showed a trend of males
having lower scores on the first dimension (Fig. 37a).
This arrangement seemed to be influenced mainly by parental
behaviour (cf. below). In this, members of CB pair
contrast with other pairs -i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>