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Abstract. The Black Oystercatcher (Haematopus bachmani) is a year-round resident with 
an extensive range from southern California to Alaska. Because of the size of this range 
(about 28” of latitude) and its simple, nearly linear shape, we hypothesized that the species 
would exhibit adaptive geographic variation in nesting phenology and clutch size. Museum 
egg collections provided information for the entire nesting range, while field observations 
on about 40 breeding pairs on Cleland Island, British Columbia, provided information on 
local variation. 

Nesting in Alaska starts about 15 days later than in southern California but trends in 
between are irregular. Birds on the exposed outer coasts of British Columbia and Washington 
start to nest about a week later than those in the San Juan Islands and Strait of Juan de 
Fuca. On Cleland Island the onset and duration of breeding. were similar in 1982 and 1983, 
and individual females laid similar-sized clutches at similar times in both years. There is 
no measurable geographic variation in duration of nesting or in clutch size. Clutch size 
averages 2.4 across the nesting range and was about 2.1 on Cleland Island from 1970 to 
1983. Initial and replacement clutches on Cleland Island are similar in size but, in museum 
samples from throughout the range, three-egg clutches were collected later than two-egg 
clutches. 

The weak geographic trends in timing of breeding and their absence in clutch size were 
unexpected. Our findings may reflect (1) moderate seasonal and latitudinal fluctuations in 
the species’ year-round coastal marine environment and (2) clutch size that is limited 
primarily by the optimal working capacity of parents. Research topics that can explore these 
possibilities include: proximate influences on breeding; heritability and individuality of 
breeding attributes; breeding energetics; and spatiotemporal variation in trophic ecology. 

Key words: Black Oystercatcher; geographic variation; local variation; nestingphenology; 
clutch size. 

INTRODUCTION 

Geographic variation in avian nesting phenology 
and clutch size has generally been interpreted as 
an adaptation to geographically varying environ- 
mental conditions (e.g., climate, food). These 
conditions can also have proximate effects on the 
onset and length of breeding (Lack 1947, 1948; 
Perrins 1970; Mutton and Westwood 1977; 
Ricklefs 1980; Price et al. 1988). General inter- 
pretations such as these have rarely been tested 
by intraspecific studies over an extended geo- 
graphic range (Koenig 1984). We carried out such 

I Received 14 January 199 1. Final acceptance 2 July 
1991. 

a study on the Black Oystercatcher (Huematopus 
bachmani), which breeds and is a year-round 
resident over a great latitudinal range (from Bris- 
tol Bay, Alaska, in the north [59” N, 160” W] to 
Abreajos Point, Baja California, in the south [27” 
N, 114” W], and extending west to Amchitka 
Island, Alaska [S 1” N, 179” W]; Gabrielson and 
Lincoln 1959, Eley 1976, Hayman et al. 1986). 
Using data from museum egg collections we in- 
vestigated geographic variation in clutch size and 
the timing of breeding over this range. 

Patterns of local variation can provide refer- 
ence levels for assessing geographic variation, and 
proximate causes of local variation may help to 
identify those environmental factors that under- 
lie adaptive geographic variation. We therefore 
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coupled our study of museum collections with 
an intensive field study of a breeding population 
on Cleland Island (British Columbia) and a sur- 
vey of nests around southern Vancouver Island. 

Because of the extensive and essentially linear 
range of H. bachmani we hypothesized that its 
breeding phenology would exhibit clear and pro- 
nounced geographic trends, with a later start and 
a briefer nesting period in the north due to harsh- 
er weather and a later and briefer period of food 
availability there. We also predicted that clutch 
size would increase with latitude, in keeping with 
a widespread trend in north-temperate birds to 
have larger clutches where seasonally fluctuating 
food supplies permit them (Campbell and Lack 
1985). 

Only one of these predictions was met and it 
was met only weakly. H. bachmani begins breed- 
ing about 15 days later in Alaska than in southern 
California (only about 0.5 days delay per degree 
of latitude), but trends in between are irregular. 
Neither clutch size nor duration of nesting ex- 
hibits geographic variation. We suggest that these 
patterns reflect moderate seasonal fluctuations in 
food supply or optimal working capacity of par- 
ents, or both. 

MATERIALS AND METHODS 

MUSEUM COLLECTIONS 

A total of 135 clutches from 14 different muse- 
ums was used in this study (Appendix). Specific 
collecting locations (latitude and longitude) were 
determined for 123 of these clutches; the other 
12 were assigned to general geographic regions. 
The geographic range was divided into five regions 
with similar latitudinal ranges and similar num- 
bers of clutches (Fig. 1). These regions corre- 
spond roughly to political states so were referred 
to as: Alaska, north of 54” N (AK, 29 clutches); 
British Columbia, 48-54” N (BC; 37 clutches); 
Washington plus Oregon, 42-48” N (WO; 20 
clutches); California North, 34-42” N (CN; 23 
clutches); and California South, south of 34” N, 
including northern Baja California (CS; 26 
clutches). Comparisons among the five regions 
were made and the possibility of local geographic 
trends within each region was also investigated. 
The samples covered a longitudinal range of 57” 
(117-l 74” W), with 4 1” of this range in Alaska. 

Important features of the nesting period in- 
clude its duration, the date when laying starts, 
and the period of peak laying activity. Date of 

Alaska 
27 + 2 

British Columbia 
32 + 5 

Washington - Oregon 
17+3 

C.$ifornia North 

t$L$rnia South 

FIGURE 1. Locations and numbers of clutches from 
museum collections, and their pooling into five regions. 
For each region, the sample sizes are the number of 
clutches of known precise latitude and longitude of 
origin, followed by the number of clutches of unknown 
precise collecting locality. 

clutch initiation is the best kind of information 
for analyzing these features; unfortunately such 
dates can rarely be assigned confidently to mu- 
seum specimens (McNair 1987). However, egg- 
shell specimens are easiest to prepare when they 
are collected from freshly completed clutches and 
when it is most ethical for egg collectors to select 
them, so we assume that dates of clutch collec- 
tion are predominantly in early incubation for 
each clutch (Vaisanen 1977). 

Another problem with data from museum egg 
collections is that a clutch may have been in- 
complete or already reduced in size through pre- 
dation when collected. Furthermore eggshell col- 
lections are biased towards large clutches (McNair 
1987). We assume that all five geographic regions 
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were similarly affected by these sources of error 
and bias. 

Many data on clutch size are in the British 
Columbia Nest Records Scheme at the Royal 
British Columbia Museum. We examined but 
did not use this file because of the large biases 
inherent in such samples, especially for nidifu- 
gous species with long nesting seasons; oological 
collections in museums provide far more reliable 
data (Pienkowski 1984; McNair 1985, 1987). 

LOCAL INFORMATION 

Southern Vancouver Island. In the spring of 198 1 
(30 May-24 June) information was collected by 
Dr. Alan E. Burger on clutch size of H. bachmani 
nesting on small islands and coastal areas around 
southern Vancouver Island (20 localities in the 
region 48-50” N, 123-l 24” W). 

Cleland Island, British Columbia. Cleland Is- 
land is a small island off the west coast of Van- 
couver Island (49”10’N, 126”05’W). It has the 
highest density of nesting H. bachmani in British 
Columbia or Washington (30-50 or more pairs 
each year; Hartwick 1974, Groves 1984, L’Hyver 
1985, Purdy 1985, Purdy and Miller 1988). The 
laying activity of 39 pairs in 1982 and 35 in 1983 
was followed daily from the first week of May to 
the end of July. Each nest location was mapped 
and each egg individually marked. Few breeding 
oystercatchers on Cleland Island are banded but 
each pair is believed to be faithful to the same 
territory in successive years (Hartwick 1974, 
Groves 1984, M.-A. L’Hyver and M. A. Purdy, 
unpubl. data). Each clutch could thus be asso- 
ciated with a particular pair and re-laying at- 
tempts could be identified. H. bachmani some- 
times re-lays (once or even twice) but only if the 
entire clutch is destroyed. 

In most cases exact clutch size was known al- 
though partial clutch predation by Northwestern 
Crows (Corvus caurinus) and Glaucous-winged 
Gulls (Larus glaucescens) may have introduced 
some error. Clutch size was assumed to be known 
only when no additional eggs were laid after a 
three-day interval. This assumption was based 
on the observation that the laying interval be- 
tween successive eggs in a clutch had a strong 
mode at two days (n = 57). We knew dates of 
clutch initiation more often than dates of clutch 
completion so we used the former as estimates 
for the timing of nesting. 

Statistical analyses. We analyzed data with SAS 
(SAS Institute 1985a, 1985b) and BIOM (Rohlf 

1988; see Sokal and Rohlf 198 1). We used stan- 
dard parametric and nonparametric tests, as ap- 
propriate, and accepted P = 0.05 for them. De- 
tails on statistical tests are in the text and tables. 

RESULTS 

TIMING OF NESTING 

Geographic variation in the timing of nesting. We 
found only weak evidence of earlier or longer 
nesting seasons at low latitudes (Table 1). In AK 
the date of clutch collection averaged 15 days 
later than in CS but intermediate regions did not 
exhibit a regular trend (Fig. 2). Total length of 
the season also varied irregularly across regions. 
Mean and median dates of clutch collection var- 
ied significantly among regions. Two homoge- 
neous groups with similar means (by Duncan 
multiple range test) and medians (by median test) 
were distinguished: AK plus WO; and BC, CN 
plus CS. WO and CN were grouped only by the 
Duncan test. On other statistical tests, AK dif- 
fered significantly from BC and CS, while the 
latter differed significantly from WO (Table 1). 
The presence of latitudinal trends was examined 
further through nonparametric correlations be- 
tween date of collection and latitude (Fig. 3). 
There was a moderate significant trend towards 
later dates at higher latitudes overall (Spearman’s 
rank correlation coefficient, r. = 0.30, P < 0.00 1) 
and, within CN, a significant positive correlation 
between collection date and latitude (r, = 0.5 1, 
P = 0.02). Nesting in BC was not significantly 
early in relation to latitude (for nesting date and 
latitude, r, = -0.28, P = 0.16). 

Local variation in the timing of nesting. Egg- 
laying activity on Cleland Island showed a slight- 
ly more conspicuous peak in 1983 than 1982 but 
otherwise was similar in both years (Fig. 4). Hart- 
wick (1974) also noted slight differences between 
years in the timing of nesting on Cleland Island. 
We were confident of the identity of 18 pairs that 
nested in both years; the dates of initiation of 
their first clutches were similar in both years (r 
= 0.71, P < 0.01). No1 et al. (1984) reported a 
similar finding for the American Oystercatcher 
(H. palliatus), and Harris (1969) found that one 
pair of Eurasian Oystercatchers (H. ostralegus) 
was the first to lay eggs in six successive breeding 
seasons. On Cleland Island, laying dates in 1983 
averaged three days earlier than in 1982 for these 
pairs (X = 2.9, SD = 10.9), but one female laid 
27 days later and another laid 16 days earlier in 
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TABLE 1. Summary of collection dates for clutches in museum collections. 

Collection dates 

Region Earliest 
Range 

Latest (days) MW x + SDb n 

Alaska 25 May 2 July 38 11 June 13 June t 10.6 22 
British Columbia 5 May 25 June 51 1 June 2 June + 9.4 34 
Washingtonaregon 17 May 30 June 44 11 June 11 June + 11.0 20 
California North 17 May 20 July 64 1 June 5 June + 16.1 22 
California South 9 May 20 June 42 26 May 29 May + 11.8 24 

* Median dates of clutch collection varied significantly across regions (Brown Mood test: xi = 25.7, df = 4, P < 0.01). 
‘Mean dates of clutch collection varied across repions, with significant differences (P -z 0.05) between AK-BC, AK-C& and WO-CS (multiple 

comparisons among pairs of means, using Hochtwg’s GT-2 method: GT-2 = 3.41,4.32 and 3.65 respectively, with df = 117). 

1983. Dates of clutch initiation on Cleland Island 
did not differ from collection dates for the BC 
museum sample, and also agreed broadly with 
estimates from nearby field studies (Table 2). 
However, clutch initiation began about a week 
later on Cleland Island than on Mandarte Island 
and Race Rocks (Table 2). 

Laying of replacement clutches on Cleland Is- 
land began in the first few days of June in both 
years, but peaks of laying for first and replace- 
ment clutches were not distinguishable. For 13 
females, the interval between loss of the first 
clutch to laying of the first egg of the replacement 
clutch averaged 15 days (SD = 1.6). Hockey 
(1983) reported an interval of 22 days for the 
African Black Oystercatcher (H. moquini), and 
Glutz et al. (1975) noted a range of 8-15 days 
for H. ostralegus. 

CLUTCH SIZE 

Geographic variation in clutch size. Clutch size 
averaged 2.4 1 for museum clutches. Clutches of 
two and three eggs occurred at similar frequen- 
cies, while one-egg clutches were few and four- 
egg clutches were extremely rare (Table 3). 

The frequency distribution of clutch size, mean 
clutch size, and variance in clutch size did not 
vary significantly among regions. Other pub- 
lished field estimates of clutch size agree with the 
museum estimates summarized in Table 3 
(L’Hyver 1985). 

Seasonal trends in clutch size were investigated 
by comparing collection dates for clutches of dif- 
ferent size. There was no significant season,al trend 
in clutch size within any ofthe five regions (Table 
4) but, within each region, three-egg clutches were 
collected slightly later in the season than were 
two-egg clutches (about five days later, excepting 
CS). 

Local variation in clutch size. The size of 39 
clutches noted by Burger around southern Van- 
couver Island did not differ significantly from 
the BC museum sample (Table 5). 

Clutch size on Cleland Island averaged 2.06 

Alaska 
10 

5- 

I I1 I 
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1 British Columbia 

California North 

California South 
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5 

l,+-j,I,~, , , , , , , 
5 10152025~ 5 lOl52025 1 5 lo152025 
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Date of clutch collection 

FIGURE 2. Frequency histograms for dates of clutch 
collection by region. The triangles mark the intervals 
containing the median collection date for each region. 
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FIGURE 3. Relationship of the date of clutch collection to latitude. 

and did not vary significantly across the years 
1970-1983 (Table 5). However the yearly esti- 
mates are not independent samples since many 
birds bred repeatedly on the island over that pe- 
riod. Clutch size on Cleland Island differed sig- 
nificantly from both the southern Vancouver Is- 
land field sample and the BC museum sample. 
Cleland Island had a higher proportion of two- 
relative to three-egg clutches; four-egg clutches 
have never been noted there. 

Initial and replacement clutches on Cleland 
Island were similar in size (Table 6). Individual 
females tended to lay initial and replacement 

clutches of the same size (n = 4): one female laid 
two successive two-egg clutches; two laid two 
successive three-egg clutches; and one female re- 
placed a three- with a two-egg clutch. No1 et al. 
(1984) found that initial and replacement clutch- 
es were similar in size in H. palliatus too. If a 
female H. ostralegus loses a first egg to predation 
soon after laying she may move to another scrape 
and only lay the remaining eggs in that clutch 
(Harris 1967). We observed no such behavior in 
H. bachmani. 

Individual females also tended to lay initial 
clutches of similar size in 1982 and 1983: seven 

TABLE 2. Comparison of initiation dates for first clutches on Cleland Island and initiation/collection dates 
for nearby areas in British Columbia and Washington. 

Initiation/collection dates 

Sample/location Earliest 
Range 

Latest (days) Median R + SD n 

Cleland Is. (1982p 13 May 26 June 44 29 May 2 June & 11.0 24 
Cleland Is. (1983) 10 May 4 July 55 1 June 30 May ? 12.8 32 
BC Museum sample” 5 May 25 June 51 1 June 2 June * 9.4 34 
Mandarte Is. and Race RockP 7 May 30 May 24 20 May 21 May + 5.7 17 
Destruction Is., Washingtonc ca. 22 May ca. 19 June ca. 29 ca. 31 May ca. 3 June 25 

a Dates of clutch initiation on Cleland Island and collection dates in the BC museum sample did not dilT.er signiEcantly from one another (one- 
way ANOVA: & = 0.57; df = 2,87; P > 0.05). 

b Data from Fz. 10 of Drent et al. (1964) (4878’N, 123’17%‘). 
= Data from Fig. 2 of Nysewander (1977) (47”41’N, 124’29%‘). 
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TABLE 4. Relationship of clutch size to collection date within regions, based on museum eggshell collectionsa 

R.+Xl 

Two-egg clutches Three-egg clutches 

+ i SD n K ? SD n 

Alaska 
British Columbia 
Washington-Oregon 
California North 
California South 
All regions 

10 June ? 10.9 11 15 June f 10.4 10 
30 May * 9.1 13 3 June ? 10.2 17 
8 June + 11.7 7 14 June -+ 10.6 12 
2 June f 16.3 9 7 June + 17.8 11 

29 May 2 13.5 11 28 May + 11.5 
2 June + 12.7 51 7 June + 13.4 

a All comparisons within regions were insignificant (P > 0.05) by Student’s f-test 

tralegus-about 0.5 day’s delay in breeding per 
degree of increasing latitude (VHisanen 1977). 

Inland populations of H. ostralegus nest far 
earlier than nearby coastal populations because 
of earlier food availability inland to pre-laying 
females (Heppleston 1972, Greenhalgh 1973, 
Vaislnen 1977, Wilson 1978, Briggs 1984, Bein- 
tema et al. 1985, No1 1989; see also Goutner 
1985; a similar trend occurs in some plover 
species: Briggs 1983, Pienkowski 1984). H. bach- 
mani has a much narrower range of nesting hab- 
itats but it appears that nesting on the exposed 
outer coast (e.g., Cleland Island, Destruction Is- 
land, Washington) begins about a week later than 
in the San Juan Islands and Strait of Juan de 
Fuca (Table 2; Nysewander 1977). This apparent 
difference should be investigated in more detail, 
as it may provide a critical test of our hypothesis 
that seasonal food availability does not proxi- 
mately influence the start of breeding. 

Geographic variation in timing of breeding 

cannot be extrapolated across oystercatcher spe- 
cies because of large ecological and life-history 
differences among them (Maclean 1972, No1 
1984). Consider the difference in timing of breed- 
ing between H. bachmani and the Pacific sub- 
species of American Oystercatcher (H. palliatus 
frazari), for example: collection dates for 78 
clutches of the latter, from Baja California, av- 
eraged 9 May (median = 15 May, SD = 2 1.0; 
see Appendix), about 20 days earlier than the 
former in southern California yet separated by 
only a few degrees of latitude. Even greater dif- 
ferences characterize the two New Zealand oys- 
tercatcher species H. ostralegus and H. unicolor, 
which often nest syntopically yet breed about two 
months apart in both allopatry and sympatry 
(Baker 1974). Differences like these undoubtedly 
reflect fundamental differences in the species’ 
adaptive suites so it would be untenable and un- 
profitable to consider them as simple extrapo- 
lations from intraspecific trends. 

TABLE 5. Summary of clutch sizes on Cleland Island (1970-1983), in southern Vancouver Island sample, and 
in museum sample from British Columbia.’ 

Sample 

Clutch size 

1 2 3 4 +?SD n 

Cleland Is. 
1970b 
1971b 
1972b 
1976c 
1977 
1978< 
1982 
1983 
All years 

Southern Vancouver Is. 
Museum sample 

14 
8 

11 
11 
12 

2 
8 

71 

38 9 
26 14 
34 13 
25 18 
38 10 
15 9 
24 11 

2:; ;: 

4 9 26 
6 14 17 

1.92 + 0.614 
2.12 + 0.672 
2.03 t 0.648 
2.13 & 0.728 
1.97 * 0.610 
2.14 + 0.693 
2.24 & 0.548 
2.08 ? 0.712 
2.06 + 0.655 

2.56 f 0.680 
2.30 + 0.740 

61 
48 
58 
54 
60 
29 
37 
38 

385 

39 
37 

- Across years for Cleland Island, G,, = 15.9, df = 14, P > 0.05; between Cleland Island (all years) and southern Vancouver Island, G, = 26.9, 
df = 2, P < 0.001; between Cleland Island (all years) and museum sample, Gd, = 7.2, df = 2, P < 0.05; between southern Vancouver Island and 
mweum sample, G, = 3.2, df = 2, P > 0.05. 

b Data from Hartwck (1974). 
c Data from Groves (I 984). 
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TABLE 6. Comparison of clutch size for initial and TABLE 7. Relationship of clutch size to laying date 
replacement clutches on Cleland Island.” for initial clutches on Cleland Island. 

Sample 
Clutch size 

1 2 3 R k SD n 
Clutch 

Year size 
Date of clutch initiation 
+ k SD Median n 

1982 
Initial 2 11 7 2.25 f 0.639 20 
Replacement 1 6 1 2.00 + 0.535 8 

1983 
Initial 6 15 8 2.07 f 0.704 29 
Replacement 2 7 4 2.15 -c 0.689 13 

All initial 8 26 15 2.14 ? 0.677 49 
All replacement 3 13 5 2.10 +- 0.625 21 

* For 1982 and 1983 combined, initial and replacement clutches did 
not differ in size (G,, = 0.47, df = 2, P > 0.05). 

At northern latitudes relatively brief and syn- 
chronized nesting periods of birds occur because 
of the late spring, the brevity of the growing sea- 
son, the lack of replacement clutches, and the 
onset of harsh autumn weather (No1 et al. 1984, 
Pienkowski 1984). Duration of the breeding sea- 
son of H. bachmani does not differ systematically 
between Alaska and southern California, how- 
ever, which is in keeping with our suggestion 
that food supply does not have an important 
direct effect on breeding phenology. A proximate 
factor that could influence the end of nesting is 
the onset of post-breeding moult (Lack 1966, 
1968; Pienkowski 1984; Beintema et al. 1985); 
an ultimate one is reduced viability of late-sea- 
son chicks. Martinez et al. (1983) and Goutner 
(1985) noted that the nesting season of H. os- 
tralegus in southern Europe is about as long as 
in northern Europe even though in southern Eu- 
rope it commences much earlier. 

CLUTCH SIZE 

Geographic variation in clutch size. Most infor- 
mation on geographic variation in avian clutch 
size comes from passerines. Such variation can 
be pronounced (e.g., Yom-Tov and Hilbom 
198 l), but is not always reflected in simple north- 
south trends (Lack 1947, V&&en 1977, Slags- 
vold 1982). Some bird species show no or only 
slight increases in clutch size with latitude but 
they are in the minority (Klomp 1970, Payne 
1976, Viislnen 1978, Moller 1984, Pienkowski 
1984). 

In contrast to H. moquini (Summers and Coo- 
per 1977) and H. bachmani, both H. ostralegus 
(Glutz et al. 1975, Bianki 1977, VSiidnen 1977) 
and the two North American subspecies H. p. 

1982 2 4 June +- 11.2 1 June 10 
3 16 May & 1.9 17 May 5 

1983b 2 2 June f 16.1 2 June 10 
3 22 May + 3.3 23 May 6 

a By Student’s f-test, t, = 3.50, df = 13, P < 0.01; by median test, x’ 
= 8.00, df = I, P = 0.047. 

b As for footnote a: f, = 1.78, df = 14, P > 0.05; x’ = 4.00, df = 1, P 
= 0.46. 

palliatus and H. p. jirazari show geographic vari- 
ation in clutch size. In the latter there is a dif- 
ference of about 0.3 eggs for 10 degrees of latitude 
from Mexico to Virginia (No1 et al. 1984). We 
can only speculate on why such geographic vari- 
ation exists: a rich and predictable food supply 
would permit breeding oystercatchers to lay more 
eggs, to incubate more eggs (see K&h% and Lo- 
faldli 1987) and to raise more or higher-quality 
young. High predation pressure on nests or chicks 
would favor low investment per nest and per egg/ 
chick; in addition, it is easier for parents to pro- 
tect few young from predators (Safriel 1967; 
Heppleston 1972; Walters 1982, 1984; Briggs 
1984; Groves 1984; No1 1984). It is unlikely that 
this constellation of interacting factors would re- 
sult in similar patterns within and across species 
(Lack 1947, Koenig 1984, Pienkowski 1984; see 
also Mayo 1980). In any case, the trends for 
oystercatchers are so weak in comparison with 
those noted for many passerines that it would 
seem to be more relevant to focus on the relative 
uniformity of the patterns, rather than on differ- 
ences among them. We suggest that this strong 
uniformity is related to ancestral features that 
characterize all oystercatcher species. These are 
shared parental roles (see Purdy and Miller 1988) 
and the parent-offspring relationship, which re- 
sist substantial evolutionary change because of 
their complexity (van Rhijn 199 1); basic “adap- 
tive” features like clutch size may be limited in 
a general sense by parental working capacity (in- 
cluding vigilance) within this complex behav- 
ioral suite (MacLean 1972, Glutz et al. 1975, No1 
1989; see also Swennen et al. [ 19891). 

Seasonal trends in clutch size. Seasonal de- 
clines in clutch size occur in many bird species 
(Klomp 1970) including the oystercatchers H. 
p. palliatus in Virginia (No1 1984, No1 et al. 1984, 
No1 1989) Blackish Oystercatcher (H. ater) in 
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Argentina (No1 1984) and European H. ostrale- 
gus (Vaisanen 1977). In H. p. palliatus the sea- 
sonal decline results from a preponderance of 
small replacement clutches (mean clutch size of 
2.29, compared with 2.78 for initial clutches; No1 
et al. 1984, No1 1989). No such decline occurs 
in H. moquini, a species in which initial and 
replacement clutches are of the same size (Hock- 
ey 1983). Other reported weak seasonal declines 
in shorebird clutch size could be due to differ- 
ences between initial and replacement clutches 
(Klomp 1970, Pienkowski 1984; but see Sum- 
mers and Hockey 1980). 

In our study H. bachmani on Cleland Island 
showed a statistically significant but weak decline 
in clutch size in 1982 but not 1983; this was not 
due to a preponderance of replacement clutches 
later in the season for these were the same size 
as initial clutches. As in our study, Harris (1967) 
noted a weak seasonal decline in clutch size in 
European H. ostralegus even though initial and 
replacement clutches were equal in size (but see 
Vaidnen 1969). Many other factors could effect 
a seasonal decline, such as increased nest pre- 
dation (late-season nesters might invest less in 
nest defense), differences between early and late 
breeders in age or experience (Klomp 1970, 
Winkler and Walters 1983) or individual/ge- 
netical differences between early and late breed- 
ers (Lack 1947, Toft et al. 1984). Interestingly, 
the museum samples for H. bachmani suggested 
a trend towards increasing clutch size later in the 
season, possibly because of a collecting bias to- 
wards incomplete clutches early in the season. 

Individuality and Ecological Variation. We ob- 
tained few data on individual female H. bach- 
mani but those data suggest strong individuality 
in clutch size and nesting date. Consistent dif- 
ferences separate individual female H. p. pallia- 
tus and H. moquini (Hockey 1983, No1 et al. 
1984). Differences among individuals have pro- 
found effects on reproductive ecology generally 
(Lack 1947) especially in long-lived species (e.g., 
Ollason and Dunnet 1988). Indeed, in H. p. pal- 
liatus, individual differences are the single most 
important cause of variation in nesting date and 
clutch size (No1 et al. 1984; see also Thompson 
et al. 1986). Mounting evidence points to sub- 
stantial heritability of non-morphological char- 
acters such as clutch size and laying date in birds 
(Boag and van Noordwijk 1987, van Noordwijk 
1987). This subject merits attention for shore- 

birds, especially long-lived sedentary species like 
oystercatchers. 

Spatiotemporal ecological variation underlies 
some of our observations on H. bachmani, such 
as on differences in breeding dates between inner 
and outer coastal areas. Year-to-year ecological 
fluctuations are central to understanding repro- 
ductive patterns (Boyce and Perrins 1987). Year- 
to-year variation in reproductive ecology is be- 
coming well documented for birds (e.g., Harris 
1967, Erikstad et al. 1985, Pratt and Winkler 
1985, Thompson et al. 1986, No1 1989, Watson 
1989), and has emerged as an important ecolog- 
ical principle (Wiens 1989). We noted only mi- 
nor year-to-year variations in clutch size on Cle- 
land Island, in contrast to other species with 
sibling competition and brood-reduction strat- 
egies (Lack 1947, Groves 1984, No1 et al. 1984). 
Spatial variation on various scales likewise af- 
fects many facets of shorebird breeding biology 
and individual specialization (e.g., Hockey 1982; 
Hockey and Underhill 1984; Safriel 1985; Gal- 
braith 1988; Watson 1988,1989; Lauro and Bur- 
ger 1989; Leopold et al. 1989). 

CONCLUDING COMMENTS 

We have documentedgeographic variation in the 
timing of nesting across the range of H. bach- 
mani. The variation is similar in extent and pat- 
tern to that reported for European H. ostralegus 
but is far less than typically reported for non- 
coastal species. We detected no general patterns 
of geographic variation in clutch size, however, 
as is typical of shorebirds (Maclean 1972, Cramp 
1983; but see Mayo 1980). Observed local dif- 
ferences such as the absence of four-egg clutches 
on Cleland Island may reflect chance effects (e.g., 
absence of those rare genotypes that produce large 
clutches), which result in patchy and adaptively 
meaningless genetic population structure. Social 
stimulation under high breeding density (see No1 
et al. 1984) or local adaptation to high predation 
pressure there (e.g., from gulls on Cleland Island) 
are unlikely explanations. 

We feel that detailed baseline studies on pa- 
rental behavior/energetics, demography, and 
trophic ecology, with special reference to heri- 
tability, individuality and spatiotemporal eco- 
logical variations (including climate), will offer 
most insight into the evolutionary ecology of oys- 
tercatcher reproduction. Some of this research 
needs to be long-term to embrace ecological vari- 
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ation over a period that is long relative to the 
species’ reproductive life-span (Boyce and Per- 
rins 1987, Newton 1989). 
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APPENDIX 

COLLECTIONS USED IN THE STUDY 

The number of clutches examined in each institution 
(collections available as of December 1982) is in- 
dicated in parentheses: H. bachmnni, followed by 
H. palliatus frazari*. For details on catalog num- 
bers and clutch sizes, see L’Hyver (1985). 

American Museum of Natural History (2, 6*), Cali- 
fornia Academy of Sciences (2,9*), Carnegie Mu- 
seum of Natural Historv (1). Cowan Vertebrate 
Museum (3) Field Museum (3, 4*), Museum of 
Vertebrate Zoology (7) National Museum of Can- 
ada (3) National Museum of Natural History (13, 
l*), Royal British Columbia Museum (5) Royal 
Ontario Museum (6) San Bernardino County Mu- 
seum (11, 7*), Santa Barbara Museum of Natural 
History (8, 2*), University of Puget Sound (9, 4*), 
Western Foundation of Vertebrate Zoology (62, 
52*). 


