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Abstract

Reduced productivity and elevated contaminant concentrations have been documented in fish-eating birds. including bald eagles.
from the Columbia River since 1984, To determine whether nest attendance was related to contaminant concentrations in eggs of
fish-eating birds, we e"xamined breeding behavier of great blue herons at six colonies, in Oregon and Washington. We chose great
blue herons as an indicator species for the effects of environmental contaminants on the guild of fish-eating birds because previ-
ous studies have demonstrated their utility. Patterns of attendance and nest visitation were significantly different among sites. The
site with the highest concentrations of p.p’-DDE and towal PCBs had signilicanily lower nest allendance relative to the reference
site. Differences in nest attendance among colonies were inversely related to p,p’-DDE and PCB concentrations; however [ledg-
ing and reproductive success in all colonies were similar to those reported for healthy populations. Differences in nest attendance
and visitation ameng sites did not appear to be affecting nestling survival pre-fledging.

Introduction

Altricial nestlings have three main requirements
that must be met to insure their survival: protec-
tion, thermoregulation, and nutrition (Gill 1990).
Protection of eggs and nestlings requires an adult
Lo be present and defend the nest. Thermoregula-
tion of eggs and chicks also requires nest atten-
dance, and the adults must display proper incu-
bation and brooding behaviors. Adults must also
satisfy the daily encrgy requirements of their chicks
by presenting a sufficient quantity and quality of
food items. which requires a certain number of
nest visits and proper feeding behaviors. There-
fore, nest attendance is critical to successful re-
production. If a breeding pair does not meet these
basic requirements, their reproductive success may
be impaired.

In addition to direct mortality and teratoge-
nicity, contaminants can have sublethal effects on
the behavior of vertebrates. Organochlorine com-
pounds (OC) have been implicated in abnormal
breeding behavior in several bird species. Reduced
nest attentiveness, nest defense. and hatch suc-
cess in herring gulls (Larus argentatus), mallards
{(Anas platyrhvnchos), merlins (Falco columbarius
richardsonii), and ring doves (Streptopelia risoria)
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have been associated with elevated concentrations
of DDE, PCBs, and other organochlorine pesti-
cides (Keith 1966, Peakall and Peakall 1973, Fyfe
etal. 1976, Fox etal. 1978, McArthur et al. 1983).
Ring doves exposed to DDE also spent less time
engaged in courtship activities and had delayed
renesting and reduced clutches in renesting at-
tempts (Haegele and Hudson 1973, 1977). Elevated
levels of PCB, polychlorinated dibenzo-p-diox-
ins (PCDD) and polychlorinated dibenzo-furans
(PCDF) were detected in eggs of Forster’s terns
(Sterna forster) and implicated in shorter incu-
bation periods and lower reproductive success
relative to an uncontaminated site (Kubiak et al.
1989).

Residues of OC and PCB have been docu-
mented in many species of pisciverous birds,
mammals, and fish from the Columbia and
Willamette rivers in Oregon and Washington (Blus
etal. 1980, Henny et al. 1984, Fitzner et al. 198§,
Schmitt et al. 199{}, Parsons et al. 1991, Anthony
etal. 1993, Henny et al. 1996). In the 1970s, PCB
residues in mink (Mustela vison) and river otter
{(Lutra canadensis) from the Columbia River
{Henny etal. 1981) exceeded concentrations known
to cause total reproductive failure in laboratory
studies (Platonow and Karstad 1973). Egg con-
centrations of DDE were associated with reduced
productivity in bald eagles (Haliaeetus
leucocephalus), and eggshell thinning in both
nesting eagles and black-crowned night herons




(Nyeticorax nyticorax) along the Columbia River
(Henny ct al. 1984, Anthony et al. 1993). Resi-
dues of PCB and p,p’-DDE (DDE) were detected
in all life stages of bald cagles during the 1980s
(Anthony et al. 1993), which strongly implicated
the Columbia River as a primary source of these
contaminants.

Several contarninants including polychlorinated
dibenzo-p-dioxins (PCDDs), DDE, and PCBs have
been found at potentially hazardous concenira-
tions in fish and wildlife from the Columbia and
Willamette rivers. Studies conducted by the U.S.
Environmental Protection Agency (1992} detected
in some fish tetrachlorodibenzo-p-dioxin residues
that exceeded guidelines for the protection of
human health and resulted in the issuance of a
total maximum daily load (TMDL) for dioxin in
both rivers, Fish collected from the Portland Harbor
of the Willamette River exhibited strongly induced
cytochrome P430 1Al, which is indicative of
exposure to TCDD (Curtis et al. 1993). PCDD
concentrations in unhatched bald eagle and double-
crested cormorant {Phalacrocorax aurifus) eggs
collected from the Columbia River Estuary (An-
thony et al. 1993, U.S. Fish and Wildlife Service
1999y were similar to concentrations found in fish-
eating birds from Michigan that had poor repro-
ductive success (Kuhiak et al. 1989). Since 1984,
bald cagle productivity along the Columbia River
has been reduced and has been associated with
elevated concentrations of DDE and PCBs in eggs
and carcasses (Anthony et al. 1993),

Although Anthony et al. (1993} associated
contaminants with reduced bald eagle productiv-
ity along the Columbia River, they were not able
to determine the factors responsible for the re-
duced productivity. Further cvaluation of contami-
nant effects on piscivorous birds in the Columbia
River systems was needed, but a replacement or
surrogate species was needed in any additional
studies to avoid additional impacts to bald eagles,
which are listed under the Endangered Species
Act as a threatened species. Previous studies demn-
onstrated the utility of great blue herons (Ardea
herodias) as an indicator species for contaminants
in piscivorous birds (Elliot et al. 1989, White-
head 1990). and have reported on productivity
and nesting behaviors in areas not impacted by
contaminants (Pratt 1970. McAloney 1973, Dowd
and Flake 1984, Butler 1992). Therefore, we chose
10 use great blue herons as an indicator species

for the effects of environmental contaminants on
bald eagles and other piscivorous birds in the Co-
lumbia River system.

The purpose of this study was to determine
whether environmental contaminants were elevated
in great blue herons and whether contaminant
concentrations were asscciated with adult behaviors
potentially responsible for reduced productiviry.
We previously reported on the contaminant con-
centrations in eggs of great blue herons and on
reproductive parameters likely to be directly im-
pacted by elevated contaminant concentrations
{Thomas and Anthony 1999). We now report on
behavioral responses that may be influenced by
environniental contaminants: patterns of nest at-
tendance and nest visitation by adult great blue
herons in northwest Oregon and Washington. We
investigated whether patterns of parental nest at-
tendance were different at contaminated sites versus
an uncontaminated site, and whether among-site
differences in parental nest attendance were re-
lated to contaminant concentrations in eggs. We
focused on the presence of adults at the nest and
the rate of nest visitation as measures of nest at-
tendance and feeding rates, respectively.

Study Area

Study sites were located in northwest Oregon and
Washington (Figure 1). The colonies at Bachelor.
Fisher, and Karlson islands were located on the
lower Columbia River. Bachelor Island was 6.4
km upstream from a pulp and paper mill, and Fisher
Island was 3.2 km downstream from the same
mill. Karlson Island was in the Columbia River
Estuary, 27.2 km downstream from the closest
pulp and paper mill. The Molatla Statc Park and
Ross Island colonies were located on the lower
Willamette River. Molaila was 16 km upstrcam
from the nearest pulp and paper mill; Ross Ts-
land was 22.4 km downstream. The reference site,
Samish Island, was in Puget Sound, Washington,
60.8 km downstream from the nearest pulp and
paper mill. We designated Samish as the refer-
ence site duc to a previous study that detected
low concentrations of most OC in heron eggs from
that colony (Cobb et al. 1994). Average annual
precipitation is 108 cm along the Columbia and
Willamette rivers and 85 cm near Samish Island
in the Puget Sound (Franklin and Dymess 1988).

Karlson and Samish islands were in the tran-
sition zone between fresh and saltwater, and the
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Figure . Great blue heron colony locations and distances from nearest puip and
paper mill (in km, + if colony is upstream from mill and - if colony is
downstream [rom mill). 1994-1995.

remaining sites were on or near {reshwater. With
the exception of the Molalla site, all colonies were
in tidal areas. With the exception of Karlson, all
colonies were in black cottonwood trees (Populus
trichocarpa). The Karlson colony was in Sitka
spruce (Picea sitchensis).

Methods
Sampling

We used scan sampling to quantify nest atten-
dance and breeding behaviors of nesting great blue
herons from April through mid-July in 1994 and
1995, We controlled for any reaction to observer
presence by initiating scans ~ 20 min after our
arrival and entry into the blinds. We conducted
scans every 10 min and recorded instantaneous
observations (Altmann 1974) of adult behavior
for every visible nest. Initially, ~ 30} nests in cot-
tonwood colenies were observed during each scan.
As the nesting season progressed, fewer nests were
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visible because of leaf cover. Consequently, we
observed ~ 20 nests from weeks 5-9. Approxi-
mately 30 to 35 nests were visible at Karlson
throughout the nesting season.

We also recorded information on weather and
the presence of predators. Although other poten-
tial nest predators (such as red tail hawks [Bureo

Jamaicensis] and ravens [Corvus corax|) were ob-

served at all colonies, the only predation attempts
chserved were on juvenile herons by bald eagles
in Samish. Temperature and precipitation were
recorded every hour or when conditions changed.
Predator data included the time of appearance and
departure, reactions of the herons to predators,
and activity of the predator. We ruted reactions
of the herons as O (no reaction); | (alert behavior,
including grunting); 2 (adults left nest but remained
nearby); 3 (local flush—adults flew from nests
only in the vicinity of the predator); 4 (colony
flush). This scoring system allowed us to account
for the variation in adult reaction resulting from




different levels of threat posed by different spe-
cies. Activity categories for predators included
flying through the colony, landing in the colony,
or predation attemplts.

Observation sessions asted 4-3 hr. We used
40-60x spotting scopes, and observations were
conducted from ground blinds or tree stands, de-
pending on nest visibility at the site. Approxi-
mate distances between observers and nests ranged
from 10-25 m. With the exception of Molalla, all
study sites were tidally influenced. Becausc one
of our sites was inaccessible at low tide, we vis-
ited all sites during high tide. Observation ses-
sions were centered on high tide such that a 4 hr
session would hegin 2 hr before high tide. To
determine when to initiate observations in Molalla,
we extrapolated from the nearest location down-
strcam on the Willamette River that was tidally
influenced. All observations were diurnal and were
conducted between 0615 and 2015 hr. We visited
each colony approximately three times a month
from April through July of 1994 and 1995 until
the chicks were 9 wk old. for 74 -78 hr of obser-
vation at each site. The order in which colonies
were visited was randomly selected each wecek.

Statistical Analyses

We synchronized nesting chronologies at all sites
by defining week 0 as the estimated peak of hatch,
For the analysis of nest attendance, we grouped
data into present or absent categories. Situations
in which one or both adults were present at or
near {(within I m) the nest were included.

We developed a logistic regression model to
test for among-site differences in parental nest
attendance. We fit a main-effects model that in-
cluded covariates identified as significant (£ <
0.05) in a drop-of-deviance test (Ramsey and
Schaffer 1997). Covariates included temperature,
predator presence, time of day, week, and year.
Precipitation was a significant explanatory vari-
able for breeding behaviors but not for nest at-
tendance. Because time (week) was a significant
covariate, we then analyzed each week separately
1o determine when significant among-site difter-
ences were occurring. We used the Bayes Infor-
mation Criteria to determine the best interaction
model because it emphasizes parsimony of pa-
rameters by penalizing larger models (Ramsey
and Schaffer 1997), Interactions between site and
week, site and vear, and temperature and week

were tested. All odds ratios were calculated us-
ing Samish as the reference for comparison. We
rransformed the attendance odds ratios using the
natural log to normalize the data, and used simple
linear regression to test for relationships between
odds ratios and contaminant congentrations.

We counted the number of landing calls by
visit, adjusted the total for each site by colony
size, and used a square-root transformation to
normalize the distribution. Due to small degrees
of freedom (six study sites). site comparisons were
restricted to paired compuarisons of reference versus
non-reference sites. We calculated Wilks” lambda
and used the Bartlett’s approximation to derive
¥ (Mardia et al. 1979) to determine whether there
was an overall difference in nest exchange rates
between reference and non-reference sites, We
developed multivariate models to determine
whether the number of nest visits was related to
year and site effects after accounting for weather
and predator effects. We then developed separate
multiple linear regressions for each week to ex-
amine when the counts werc significantly differ-
ent between reference and non-reference sites. We
report significant results using P = {3.05.

Results

General Trends

During both 1994 and 1995, nesting chronology
varied by ~2 wk within the six colonies studied.
Herons in colonies at Bachelor. Fisher, Molalla,
and Ross generally initiated incubation in mid-
March. Estimated peak of hatch for these colo-
nies was in mid-April. In contrast, colonies at
Karlson and Samish generally initiated incuba-
tion in the end of March/beginning of April; esti-
mated peak of hatch for these two colonies was
in early May. The estimated peak of fledge fol-
lowed a similar pattern, with juvenile herons from
Bachelor, Fisher, Molalla, and Ross fledging in
early to mid-June, while Karlson and Samish
fledged the maximum number of young in late
June to early July. The timing of incubation and
peak of hatch was consistent between years,
whereas the peak of fledge was earlier by at least
onc week in 1995 for all colonies except Samish.

During both 1994 and 1995, colonies at Bach-
elor, Fisher, Karlson. and Samish were adjacent
to active bald eagle nests. We observed bald eagle
intrusions in the Fisher, Karlson, and Samish colo-
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Figure 2. Percent of adult herons in attendance (A) and feeding (B) in six western
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nies. We observed one successful predation event
by a bald eagle in Samish, in which the bald eagle
flew out of sight with a 3-4 wk-old heron while
the adults were not attending the nest.

The rate of nest visits changed greatly with
time over the breeding season. The percentage of
adults present at a nest followed a sigmoid curve
(Figure 2A). One or both adults were continu-
ously present at most nests durtng weeks 0-3, then
adult attendance declined rapidly, and few adults
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were present at their nests during the last 2 wk of
the nesting period. Throughout the nesting cycle,
adults at Samish were present at their nests more
than at other sites. The percentage of adults feed-
ing chicks increased after week 4 (Figure 2B).

Contaminants

Contaminant data from 1994 and 1995 were not
significantly different for p,p’-DDE, total PCBs,
or 2.3.7,8-tetrachlorodibenzo-p-dioxin (TCDD).




TABLE 1. Organochlorine concentrations (fresh wet weight) in great blue heron eggs (N=10) from the Columbia and Willamette
rivers and Puget Sound. 1994-95. Data are adapled from Thomas and Anthony (1999). Results are geometric means
and (953% confidence intervals). Results for DDE and PCB are reported in ng/g. TCDD resulls arc reported in pg/g.
Means with identical superseripts are not significantly different.

Bachelor Fisher Karlson Molalla Raoss Samish
p.p-DDE 3310 393 3200 1432k 121

(190-575) (196-788) (657-1105) (269-1005) (554-3703) (81-182)
Total 4807 744+ 1574 4740 28420 2920

(308-747) (403-1377) (1158-2132) (310-726) {1120-7214} (194-438)
2.3,7.8- 257 294 3.10 5.08 244
TCDD {1.68-3.93) (1.52-5.69) (5.12-10.76) {2.50-3.85) (2.31-11.19) (1.42-4.20)

so0 data from the 2 years were pooled. Significant
among-site diffcrences were present in concen-
trations of p,p"-DDE (P < 0.001), total PCBs (P
=0.01) and TCDD (P = 0.03). Eggs from Ross
1sland contained the highest concentrations of both
DDE and total PCBs: eggs from Karlson Island
contained the most TCDD (Table 1).

MNest Attendance

Localion was a significant explanatory variable
(P < 0.003) for differences in nest attendance af-
ter accounting for differences in year, week, time
of day, temperature, and presence of predators as
covariates, Week (P < 0.001), temperature {F <
0.001}, and time of day (P < 0.001) were also
significant explanatory variables; the remaining
variables were included in the model to account
for known sources of variability.

The overall odds ratio (the likelihood of an
event occurring ) of at least one adult heron being
present at the nest was significantly (P < 0.05)
lower for all non-reference sites compared to
Samish (Table 2). Patterns of adult nest attendance
were most similar between Fisher and Samish.
The odds ratio for adult presence was lowest for

Ross and was 0.05 times the odds of adults being
present at Samish. The log of odds ratios for adult
nest attendance were negatively correlated with
DDE (r=-(.78, P=0.01) and PCB (r=-0.64, P
= (1.04) concentrations (Figures 3 and 4). but not
with TCDD concentrations. PCB and DDE con-
centrations in eggs were collinear (P = 0.001).

There were significant interactions between the
year, week, and site effects on the probability of
nest attendance by adult herons {Table 2). Com-
pared to Samish, the odds ratio for at least one
adult being present at its nest was greater in 1994
for the Fisher and Karlson colonies. For Bach-
elor, Molalla, and Ross colonies, the odds of adults
being present were greater in 1995 relative to
Samish. Significant interactions were detected
between site and week relative to Samish, At
Bachelor, Fisher, Molalla. and Ross, the odds ra-
tios for adult nest attendance increased with suc-
cessive weeks, compared to Samish. With the
exception of Karlson, adults at non-reference sites
appearcd to be present later in the season. The
odds of Karlson adults being present at the nest
relative to Samish decreased with successive weeks.
The temperature-by-week interaction was not sig-
nificant for any model.

TABLE 2. Odds raties and (93% confidence intervals) for main effects and interaction terms (or great blue heron nesting behav-
iors (N = 2084). Columbia and Willametie rivers, 1994-1995. All odds ratios were caleulated relative to Samish. the
refercnce site, All odds ratios are significant at P < (103,

Model Bachelor Fisher Karlson Molalla Ross
Main effect 0.38 0.51 0.40 0.25 0.05
(0.34-041 (0.46-0.56) {0.37-0.44) (0.22-0.27) (0.04-0.06)
Interactions
Site x Week 1.32 1.23 0.83 1.30 1.48
(1.24-1.41) (1.15-1.31) (0.77-0.90) (1.22-1.39 1.37-1.60)
Site x Year (.55 2.62 1.77 0.78 0.16
(0.43-0.67) (2.16-3.18) (1.44-2.17) (0.64-0.96} ((113-0.20)
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Figure 3. Negative correlation between natural log-translormed odds ratios for adult nest anendance
and DDE concentrations (sile means in ng/g wet weight) in great blue heren eggs from the
Columbia and Willamette rivers and Puget Sound, 1994-1995.
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Figurc 4. Negative correlation between natural log-transtormed odds ratios for adult nest attendance
and PCB concentrations (site means in ng/g wet weight) in greuat blue heron eggs from the
Columbia and Willamette rivers and Puget Sound, 1994-1995.

Nest Visits

The rate of nest visits pcaked at week 2 and gradu-
ally declined to week 9 (Figure 5). After accounting
for the effects of temperature, precipitation, preda-
tor presence, week, and year as covariates, rates
of nest visitation at Samish differed significantly
from all other sites (P < 0,001). Rates of nest vis-
its at Samish were greater relative to non-refer-
ence sites during weeks 0-2. No difference was

326 Thomas and Anthony

detected in visitation rates between Samish and
non-reference sites during weeks 3-9.

Discussion

Patterns of parental nest attendance and nest visi-
tation were different among sites. Nest attendance
was inversely related to DDE and PCB concen-
trations in eggs. However, the reproductive out-
put of all six colonies was similar to that reported
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Figure 5. Paramcter estimates and 95% conlidence intervals for rate of nest visi-

tation over time at reference site relative to non-reference sites for six
great blue heron colonies. Columbia and Willamette rivers and Puget
Sound, 1994-1995. Tetal number of nest visits were summed by obser-
vation period and adjusted [or colony size.

for healthy populations of great blue herons
{(McAloney 1973, Blus et al. 1980, Dowd and Flake
1984, Fitzner et al. 1988). The differcnces we
observed in nest attendance and rate of nest vis-
its did not affect hatching success or nestling sur-
vival up Lo fledging.

The nest attendance patterns that we observed
were similar to other studies of great blue herons
in California (Pratt 1970) and South Dakota (Dowd
and Flake 1984). In all three studies, adults dis-
played nearly constant nest attendance during
weeks 2-3 posthatch, with attentiveness dropping
sharply after week 4. McAloney (1973) reported
nearly continuous brooding of chicks for the first
2 wk posthatch.

The percentage of adults observed feeding ju-
veniles while at their nests increased during the
last third of the nesting cycle. Because feeding

sessions were brief and were infrequently observed,
the rate of nest visitation provides a better indi-
cation of feeding frequencies at each site. The
feeding frequencies presented here are slight over-
estimates because every nest visit did not result
in feeding of the young.

The pattern that we observed in nest visits
agreed with previous studies, which suggested that
younger chicks are fed more often (Pratt 1970,
Dowd and Flake 1984). The highest rate of nest
visitation in this study occurred during week 2
posthatch, which was 2 wk earlier than peaks re-
ported for herons nesting in British Columbia
(Butler 1992) and South Dakota (Dowd and Flake
1984). Energy demands of captive great blug herons
are greatest between weeks 4-6 (Butler 1993),
which has important implications for chicks in
our study ureas. If the feeding pattern of the adults
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does not match the growth pattern of the chicks,
chicks may grow more slowly or have insufti-
cient lipid reserves at fledging. Prey capture rates
of juvenile herons are roughly half that of adulrs
during the 2 mo foltowing fledging (Quinney and
Smith 1980), so that lipid reserves are crucial for
survival during this period.

There were large differences in bald eagle pres-
ence among the sites. During 1994-95, active bald
eagle nests were adjacent to the heron colonies
on Bachelor, Fisher, Karlson, and Samish islands.
Eagles were observed in the Samish colony dur-
ing 14 out of 18 visits, for a total of 8.4% (370 of
4.424 min) of our observation time. Bald eagies
were observed during 2 out of 18 visits for a total
of 0.4% (18 out of 4,568 min) of our observation
time at Fisher, and during 3 out of 18 visits (4 out
of 4,570 min or 0.09%) to Karlson. Eagle intru-
sions were not observed at the Bachelor, Molalla,
or Ross Island colonies. Adult great blue herons
reacted strongly (o the presence of bald eagles
with alarm calls and increased vigilance behav-
iors. However, increased vigilance of Samish adults
from fregquent presence of bald eagles was not
sufficient to explain among-site differences in
nesting behaviors. Behavioral differences among
sites were still significant after accounting for the
presence of predators.

In previous studies, alterations in patterns of
nest attendance, feeding, and incubation have most
commonly been associated wilth environmental
contaminants. In laboratory studies using ring
doves (Streptopelia risoria), significant alterations
in the amount of time involved in courtship ac-
tivity were observed in birds fed elevated con-
centrations of DDE relative to control birds
{Haegele and Hudson 1973, 1977). Altered court-
ship behavior, reduced nest attendance, and in-
creased length of breeding cycle have also been
observed in ring doves dosed with combinations
of DDE and PCB (McArthur et al. 1983). In high-
dose doves, effects also included prolonged in-
cubation period. reduced brooding and feeding,
and decreased fledge success.

Similar trends have been observed in field stud-
ies, Altered incubation behavior and altered mini-
mum flushing distance were observed in herring
oulls ( Laurus argentatus) exposed to clevated levels
of DDT and DDE (Keith 1966, Fox et al. 1978).
Increased length of incubation and increased nest
abandonment were observed in Forster’s terns
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exposed to OC compounds including dioxins,
furans, and PCB (Kubiak et al. 1989). Reduced
nest defense in prairie falcons (Falco mexicanits)
and merlins was associated with elevated concen-
trations of DDE and possibly PCB {Fyfe et al.
1976).

The TCDD and PCB concentrations observed
during this study (2.4 to 7.4 pgfg, and 0.29 to 2.8
pg/g) were lower than those observed in Kubiak
et al. (1989). and may be below the threshold that
adversely affects survival through altered adult
behavior. DDE concentrations (0.12 tol.4 pg/g)
in our study, however, were similar to levels ob-
served to cause abnormal nesting behavior in
herring gulls and prairie falcons (Keith 1966, Fyfe
et al, 1976).

Differences in nest attendance among sites were
correlated with DDE and PCB concentrations in
eggs. Eges from Ross [sland had the highest con-
centrations of DDE and PCB; these adults spent
the Ieast amount of time at their nests. In con-
trast, eggs from Samish contained the lowest con-
centrations of all three organochlorine contami-
nants, and adults spent the greatest amount of time
at their nests, Adults at Samish also maintained
higher rates of nest visitation, relative Lo all other
sites, during the first 4 wk after the peak of hatch.
These results suggest that contaminants affected
nest attendance and prey delivery of herons in
this study.

Although we suggest that contaminants had
an effect on breeding behavior of great blue her-
ons, other factors could have been responsible for
differences in behavior among the colonies. Prey
size and availability could have differed among
the colonies and may be responsible for the among-
site differences we observed in adult nest atien-
dance. Prey may be more available at Samish rela-
tive 1o the rest of the sites. Herons typically feed
in water less than 60 cm deep (Butler 1992}, and
Samish Island was adjacent to exlensive eelgrass
mudflats that may provide optimal foraging habitat
at low tide. Typical feeding areas of herons on
the Columbia and Willamette rivers include back-
water sloughs that are frequently steep-sided, thus
providing smaller areas of suitable habitat nearby.
The distance to foraging areas was short and similar
for all colonies.

Herons may also be selecting prey of differ-
ent sizes at Samish compared to the non-refer-
ence sites, Herons at Samish appeared to make a




greater number of short trips to foraging areas,
resulting in a higher rate of nest visitation, and
allowing greater nest attendance relative to other
sites. In contrast, herons on the Columbia and
Willamette rivers may make fewer, longer trips
to foraging areas, resulting in lower rates of nest
visitation. According to the optimal foraging theory
{Schoener 1969), predators that pursue their prey
over greater distances should take larger prey to
maximize net energy intake. For a unit increase
in the distance between predator and prey, the
change in handling time {(amount of energy spent
capturing prey per unit energy derived from prey
per unit time) is larger for smaller prey. Conse-
quently. for larger foraging distances, the mini-
mum prey size must be larger for predators to
maintain a positive energy balance. Only large
prey should be taken at great distances, but the
latgest prey taken at a given distance may be smaller
than the largest taken at smaller distances. Thus,
the chicks at Samish may be fed more frequently
with prey items of a smaller average size relative
to non-reference sites. Chicks at the non-refer-
ence sites may be fed prey items of a larger aver-
age size less frequently. Although the prey we
collected for contaminant analyses did appear to
be smaller than prey collected from non-refer-
ence sites, we did not collect data on individual
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