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Environmental Contaminants and Nesting Behavior of Great Blue
Herons from the Columbia and Willamette Rivers, Oregon and
Washington

Abstract
Reduced productivit) .rnd elevated contaminanl corcentrations h:rve been doculnented in iish'eating birds. includirg bald eagles.
from the Columbia RN'er since 198.t. To detemine $hetber nest attendance was related to contaninant concentrations in eeg\ of
fish-eating h s, rve e xanined breed ing behaviof of great blu e herons at six colonies, in Oregon and $'ashingion. $t chose great
blue herons as an indicaior species for the eftect\ of envifonnental contaminants on the guild offish-eating birds because previ-
ous studies hare delnonstl:rted their utility. P.rttems ofatlendance and nest visit.rtid were signil-rcartl] difierent rmong sites. The
sile wit! lhe highest concentrati|)lls oIp,p' DDE and roul PCBs had signilicantly lower nesl altendance relatile to the ref-erence
!ilc. Diticrcnccs in nc s! altcndancc a rong colonies wcre inversely rel ated to 1r,17 DDEand PCB concentrations: howclcr llcdg
ing and rcproducrive success in all colonies \|'ere similar to those reported for health)- populations. Differences in ncst allcndancc
ind Iisitation amoDg sites did not appear to be aft-ecdng nestling sur|ival pre-fledging.

Introduction

Altricial nestl ings have three main requirements
that must be met to insure their survival: protec-
tion, thcnnoregulation, and nutrit ion (Gil l 1990).
Protection ofeggs and nestl ings requires an adult
10 be present and defend the nest. Themoregula
tion of eggs and chicks also requires nest atter-
(hn ,  e .  . rn , l  the  . r , lu l t .  mu. t  J i .p la l  p ropcr  incu-
bation and brooding behaviors. Adults must also
satist,v thc daily cncrgy rcquirements oftheir chicks
by presenting a sufflcient quantity and cluality of
food items. which requires a ce ain number of
nest visits and proper fccding bchaviors. Thcrc-
fore, nest attendance is critical to successful re
production. If a breeding pair does not meet these
basic requirenents, 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 con]
pounds (OC) have been implicated in abnormal
brccding bchavior in scvcral bird species. Reduced
nest attentiveness, nest defense. and hatch suc-
cess in hcrring gulls (Larus argentatus). ma\hrds
(Anas pl tttl' rhtncho s), :metllns \ lalco colunberius
ri c hurds r nii). and ing do\ es (St rep top e lia ri s orid,
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havc bccn associatcd with elevated concentrations
of DDE, PCBs, and other organochlorine pesti-
cides (Keith 1966, Peakall and Peakall 1973.Fyfe
et al. l976,Foxetal. 1978, McArthuret al. 1983).
Ring doves exposed to DDE also spent less time
engaged in counship activit ies and had delayed
renes t ing  rnd  reduced c lu tche.  in  rene. t ing  r t -
tempts (Haegele and Hudson 1973, 1977). Elevated
levels of PCB, polychlorinatcd dibenzo-p-diox-
ins (PCDD) and polychlorinated dibenzo furans
(PCDF) were detected in eggs of Fo$ter's tcms
tS lcn to  Jor \ t? r i t  rnd  in rp l i c r te . l  in  shor te r  incu-
bation periods and lower reproductlve success
rclativc to an uncontaminated site (Kubiak et al.
r989).

Residues of OC and PCB have been docu-
mented in many species of piscivorous birds.
mammals, and fish from the Columbia and
Willamette rive$ in Oregon andWashington (Blus
et al. 19t10, Henny et al. 198,1, Fitzner et al. 1988.
Schmitt et al. 1 990. Parsons et al. I 99 1. Anthony
et  a l .  l993 ,Hennyeta l .  1996) . In the  l970s .PCB
residucs in mink (Mustela ri.roa) and river otter
(Lutra canadensis) from the Columbia River
(Henny et al. 1981) cxceeded concentratiens known
to cause total reproductive failure in laboratory
studies (Platonow and Ka$tad 1973). Egg con-
centrations ofDDE were associated with reduced
productivity in bald eagles (Haliaeetus
leucocephalus), and eggshell thinning in both
Desting eagles and black-crowned night herons



(NIcticore.r n\'ticora,r) along the Columbia River
(Henny ct al. 1984, Anthony et al. 1993). Resi-
dues ofPCB andp,p'-DDE (DDE) were detected
in all l i le stages ofbald caglcs during the 1980s
(Anthony et al. 1993), which shongly implicated
thc Columbia River as a pdmary source of these
contan-fnants.

Several contaminants including polychlorinated
dibenzo p dioxins (PCDDs). DDE. and PCBs have
been found at potentially hazardous concentra
tions in fish and wildlife from the Columbia and
Willamette rivers. Studies conducted by the U.S.
Environmental Protection Agency ( I 992) detected
in some fish tetrachlorodibenzo-p-dioxin rcsiducs
that exceeded guidelines for thc protcction of
human hcalth and resulted in the issuance of a
total maximum daily load (TMDL) tbr dioxin in
both rivers. Fish collected fiom the Portland Harbor
ofthe Willamette River exhibited strongly induced
cytochrome P450 lAl. u'hich is indicative of
exposure to TCDD (Curtis et al. 1993). PCDD
concenftations in unhatched bald eagle and doublc-
crested cormorant (Plnlacrocorax auritus) eggs
collccted from the Columbia River Estuary (An-
thony et al. 1993, U.S. Fish and Wildlife Servicc
1999) were similar to concentrations found i[fish
eating birds from Michigan that had poor repro-
ductivc success (Kubiak et al. l989). Since 1984,
bald cagle productivity along the Colurnbia River
has been reduced and has been associuted with
elevated concentratiens ofDDE 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 ablc
to determine the factors responsible tbr thc rc-
ducad productivity. Funhcr cvaluation of contami
nant et'fects on piscivorous birds in the Columbia
River systems was needed. but a replacement or
surrogate species was needed in any additional
studics to avoid additional inpacts to bald eagles,
which are listed undel the Endangered Species
Act as a threatened species. Previous studies dem-
onstrated the utjlity of great blue hcrons (Anlea
,e/r,./ id \ l a. iIr iIJi. al( 'r \pccic. for conlrminanl\
in piscivolous birds (Ell iot et al. 1989, White-
head 1990). and have reported on productivity
and nesting behaviors in areas not impacted by
contaminants (Pralt 1970. McAlone.v 1973. Do$'d
and Flake 1984. Butler l992). Therefore. we chose
lo  u \e  g rea l  b iue  heronr  us  an  ind ic  l . r r  'pe . ies

for the effects ofenvironmental contamlnants on
bald eagles and other piscivorous birds in the Co-
lumbia River systenr.

The puryose of this study was to detemine
whether environmental contaminants $erg elevated
in great bluc hcrons and whether contaminant
concentrations \r'ere associated with adult behaviors
potentially responsible for reduced productivity.
Wc prer iou.l5 reported on the contrnrinllnt con-
ccntmtions in eggs of great blue herons and on
reproductive paranreters l ikely to be directly im-
paeted  by  e le ra led  contarn i r ran t  conccn l ra t ion \
(Thomas and Anthonl' 1999). We now repoft on
behavioral rcsponst:s that may be influenced by
envilonmental contaninants: pattems of nest at-
tendance and ncst visitation by adult great blue
herons in northwest Oregon and Washington. We
investigated whether pattems of parental nest at-
tendance were different at contanlinated sites ve$us
an uneontaminated  . i te .  and whether  umong- r i te
diflerences in parental nest ilttendance were re-
latcd to contaminant concentmtions in eggs. We
focused on the presenoe of adults at the nest and
the [ate of nest visitation as measures of nest at-
tendance and t'ecding 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..1
km upstrearr fron a pulp andpapermill. and Fisher
Island was 3.2 km downstream fiom the same
mill. Karlson lsland was in the Columbia River
Estuary'.27.2 km downstream tiom the closest
pulp and paper mill. The Molalla Statc Park and
Ross Island colonies were located on the lower
Willamette River Molalla was 16 km upstrcam
from the nearcst pulp and paper mill; Ross Is-
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 reter-
ence site duc to a previous study that detectcd
low concentftrtions ofmost OC in heron eggs frorn
that colony (Cobb et al. 199.+). Average anDual
precipitation is 108 cm along thc Columbia and
Willamette rivers and 85 cm near Samish Island
in the Puget Sound (Frtrnklin and Dymcss 1988).

Karlson and Samish islands wcrc in thc trarr-
sition zone between fresh and saltwater, and the
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Figurc L Greut blue heron colony localions and dislances fioln nearest pulp and
papcr mill (in lm, + if colony is upstrcam from mill and - if colon_v is
do\L nslrcan lion lnill). I99.1- 1995.

remaining sites were on or Dear licshwater With
the exception ofthc Molalla site. all colonies were
in lidal aretrs. With the exception of Karlson, iill
colonies were in black cottonwood trees (Populls
tri.hocqrpq). The Karlson colony was in Sitka
spruce (PicPd .rl/cft er.rls).

Methods

Sarn p l in g

We used scan sampling to quantity nest atten
dancc and breeding behaviors ofnestiug grcat blue
herons from April through mid-July in 199,1 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 i0 rnin and recorded instantangous
observations (Altmann 1974) of adult behavior
lo r  c r  e11 r  i s ih le  ne . t .  In  i t i r l l l .  -  . r0  ne '1 .  in  cor -
tonwoodcolonies $,ere observed during each scan.
As the nesting season progrcssed, fewer nests were
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visible because of leaf cover. Conscquently, 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 predaton (such as red tail hawks [Brteo
jamaitensisl and ravens ICon'as corar]) were ob-
seNcd at all colonies. the only prcdation attempts
observed were onjuvenile herons by bald eaglcs
in  Srmrrh .  Tempera ture  and prce ip i la t iun  uerc
recorded every hour or when conditions changed.
Predatordata included the time ofappearance and
depafiurc. reactions of the herons to predators,
and activity of the predator We rated reactions
ofthe herons as 0 (no reaction); I (alert behavior,
including grunting);2 (adults left nestbut remained
nearby); 3 (local flush-adults f'lew from nests
only in thc 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 thrcat posed by ditlerent spe-
cies. Activity categories 1br predators included
flying through the colony. landing in thc colony,
or predation atlempts.

Observation sessions lasted,l-5 hr Wc used
- l l l -50 \  \p , ) l l i n f  . roper .  and ob ie r ra t ions  ucre
conducted fiom ground blinds or tree st nds.de-
pending on nest visibility at the site. Approxi-
nate distances belwccn observers and nests runged
fiom 10-25 m. With the exception of Molalla. all
study sites were tidally influenced. Becausc one
ol our siles was inaccessible at low tide, we yis
i ted  l l l  . i tes  dur ing  h igh  l idc .  Oh.c r \a r i . \n . ( . -
sions \r'ere centered on high tide such that a 4 hr
session would bcgin 2 hr betbre high tide. To
determine when to ilitiate obsen'ations inMolalla.
\\,e extrapolated t'rom the ncarcst location down-
strcam on the Willamette River that was tidally
influenced. AII obsenations wele diunal and were
conducted bctwccn 0615 and 2015 hr We visited
each colony approximately three timcs a month
from April through July of 199.1 and 1995 unti l
the chicks were 9 wk old. lbr 7'1 -78 hr of obser-
vation at each site. The order in which colonies
were visited was randomly selected each wcck.

Staiistica Analyses

wc synchronized nesting chronologies at all sites
by defining week 0 as the cstinrated peak ofhatch.
For the analysis of nest attendance. rl,'e grouped
data into present or absent catcgories. Situations
in which one or both adults were present at or
near (*ithin I m) the nest were included.

We deveJoped a logistic regression model to
test tbr among-silc differences in parental nest
attendance. We fit a main-effects model Lhat in-
cludcd covariates identif ied as signil icant (P <
0.05) in a drop of deviance test (Ramscy and
Schal'fer I 997). Covariatcs included temperature.
predator presence. time of day. week, and year.
Pr '<c ip i t r t ion  urs  r  r ign i f i c rn t  c rp l lna t , ' r1  r l r i -
able tbr breeding behaviors but not for nest at-
teDdance. Bccausc time (week) was signitlcant
covariate. we then analyzed each week separately
to delerminc whcn significant among-site dift-er-
ences were occurring. We used the Bayes lnfor-
mation Criteria to detemine the best intcraction
model bccausc it emphasizes parsimony of pa-
rameters by penalizing larger models (Ramscy
and Schaft'er 1997). Interactions between site and
u'eek, site and year. and tcmperature and week

were tested. A11 odds ratios were calculated us
ing Samish as the ret-erence for comparison. We
transtbrmed the attendance odds ratios using the
natwal log to nomalize the data. and used simple
linear regression to test for relationships betwcen
odd.  r  io .  rnd  contaminJn l  \  uneen l ru t ion \ .

We counted the number of landing calls by
visit. adjusted the total for each sitc by colony
. ize .  rnd  u .ed  c  \qur re - r i x r t  l f Jn . lb rm jon  to
nonnalize the distribution. Due to small degrces
u l  l reedom (s i r . tudy  s  i te \  r . : i l r  (omfur i \ r \n \  \  i re
resfficted to paired comparisons ofrelerence versus
non-ret-erence sites. We calculatcd Wilks' lambda
and used the Bartlett's approximation to dcrive
1r (Mardia et al. 1979) to determine whetherthere
was an overall difference in nest exchange rates
between reference and non-reference sites. We
developed nultivariate models to determine
whether the number of nest visits was rclated to
year and site ef'fects after accounting lbr weather
and predator effects. We then developed separate
multiplc l inear regressions lbr each week to ex-
amine when the counts werc significantly differ
eDtbetween rclcrence and non-reference sites. Wc
report significant results using P = 0.05.

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 init iated incubation in mid-
March. Estimated peak of hatch tbr these colo
nies was in mid-April. In contrast, colonies at
Karlson and Samish generally initiated incuba-
tion in the end of March,/beginning ofApril; esti
mated pcak of hatch tbr these t\\"o colonies was
in early May. The estimated peak of fledge fol-
lowed a sinilar pattem. with ju\'enile herons from
Bachclor. Fisher, Molalla, and Ross fledging in
early to mid-June. while Karlson and Samish
f'ledged the maximum number of young in late
June to early July. The timing of incubation and
peak of hatch \\"as consistent bctween years.
wheleas the pcak offledge was earlier by at least
onc week in 1995 tbr all colonies except Samish.

Dudng both 1994 and 1995, colonies at Bach-
elor. Fisher, Karlson. and Samish were adjacent
to aclivc bald eagle nests. We observed bald eagle
intrusions in the Fisher Karlson, and Samish colo
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Figure l. Pcrccnt ol adult herons in atiendance (A) and leediDg (B) in sir weslcrn
Oregon and \Vashington colonies each week. 199,1 1995. Triangles and
brcken line represent feference sitc. squares aDd solid line represent non
reterence srlcs.

nies. We observed one successful prcdation event
by a bald eagle in Samish. in which the bald eagle
flew out of sight with a 3-,1 wkrld heron while
the adults werc not attending the nest.

The rate of nest visits changed greatly with
tlme over the breeding season. The percentage of
adults present at a nest followed a sigmoid curve
lF igure  )A t .  One ur  ho th  rdu l l s  uere  cont inu-
ously present at mostnests during weeks 0-3. then
adult attendance declined rapidly, and t'cw adults
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were present at their nests during the last 2 $'k of
the nesting pedod. Throughout the nesting cycle.
adults at Samish were present at their nests more
than at other sites. The percentage ofadults fccd-
ing chicks increased after week 4 (Figure 28).

Contaminants

Contaminant data from 199.+ and l995 wcre not
signifi cantly different forZ,p'-DDE, total PCBs,
or 2.3,?,8-tetrachlorodibenzo p dioxin (TCDD).



TABLE 1. Organ och lorinc conce ntfations (fiesh wer $eisht) ilr grcatbluc hcron eggs (N=10) fr.omthe CoLumbia andWillane ttc
ri!crs and Puger Sound. I99.1-95. Da|ll are adaptcd iio Thonras and Anthon)_ (1999). Results are Seoncuic l1lc.ln!
and (95t1 confidence intervals). Resulrs lir DDE rnd PCts are feponed iD ng/g. TCDD result\ arc rcporlcd i. pg/g.
N(eans $ith identic.rl supcrscripls arc rot significantll diffefent.

Brchclor

p.p DDE

'l'otal

2.t .1.8
TCDD

t l l ,
(19{l  575)

.180'
(-r0lJ 7,17)

251
r  1 .68  1 .93 )

391
( 196 788)

(101- 1377l
t.9,1

d .52 -5 .69 )

851'
(6s7- 0s)

l5l,l'f

( 1158  2112 )
t.1)

(5 .12  10 .76 )

510.
(269 1005)

(l  l0-726)
3 . 1 0

11.50 3.851

111 t "  12  r "
(551 3703) ( 8l -  181)

2812b 292.
(111U '721 , t )  ( l 91 , l l 8 )

5.08 l .+.1
(2 .31 -11 .19 )  ( 1 . , t 2 .1 .20 )

so data fion the 2 years were poolcd. Significant
lmonF- . i le  J i l ' l  r cn ie .  $ere  pre \en l  in  eoneen-
tralions of p,p'-DDE (P < 0.001 ), knal PCBS (P
= 0.01) and TCDD (P = 0.03). Eggs fiorn Ross
lsland contained the highcst concenfations ofboth
DDE and total PCBs: eggs tiom Karlson lsland
contained the most TCDD (Table l).

Nest Attendance

Location was a signilicant expltrnatory variable
(P < 0.005) for ditferences in nest attendancc al-
tel accounting fbr diflercnces in year, week, time
ofday, temperature, and presence ol prcdatols as
coYariates. week (P < 0.001), tempenture (P <
0.001). and time of da! (P < 0.001) were also
: ignr f i can t  e rp lanator l  r i r r i . rh l . r :  the  re rnr in ing
variables were included in the model to account
lor known sources 0f variability.

The overall odds ratio (the likelihood of an
event occuring) of ilt least one adult helon being
prcsent at the ncst was significartly (P < 0.05)
lowcr lbr all non relerence sites compared to
Samish (Table 2). Pattems ofadult nest attendance
were most similar between Fisher ilnd Samish.
The odds ratio fbr adult prcsence was lowest fbr

Ross and was 0.05 times the odds ofadults being
present at Samish. The log ofodds ratios tbr adult
nest attendancc were negatively corelated with
DDE (r = -0.78. P = 0.01) and PCB (r = -0.6:1, P
= 0.04) concentrations (Figures 3 and,l). but not
with TCDD concentrations. PCB and DDE con-
centrations in eggs were coll inear (P = 0.001).

There were signiticant interactions between the
year. week, and site eftects on thc probabilily ol'
nest attendance by adult herons (Tablc 2). Conl-
paled to Samish, the odds ratio fbr al least one
adult being present at its nest was grcater in 1994
for the Fisher and Karlson colonies. For Bach
elor, Molalla, and Ross colonies. thc odds oladults
bcing present wer€ grelrter in 1995 relative k)
Samish. Significant interactions \\"ere detected
between site and week relative to Samish. At
Bachelor. Fisher. Molalla. and Ross, the odds ra-
tios for adult nest attendance increased \!ith suc-
cessive weeks, compared to Samish. With thc
cxception ofKarlson, adults at non-reterence sites
appcarcd to be present later in the season. The
odds of Karlson adults being present at the nest
reliLtive to Samish dccrcased with successive weeks.
The temperut u re-hy-u cu k inlerJclion \\ cs nol . ig
nitlcant tor any model.

TABLE 2. Odds ratios and (95? confiderce inlcr\als) ibr nriin effects and ;nteraction lemls lbr Eral bluc hcron ncstrng beha\
ion (N = 20E11. Columbia and Willancuc i!crs. 199,1-1995. All odds ftrtrcs were calculetcd rclalivc to Samislr. thc
rcler.ncc si!e. All odds f.rtios rre si'rnilicanl al P < 0.05.

Bachel()l

\{.rin eflecr

Sitc x Year

0 .18
(0 .31  0 .11 )

1 . 3 2
( 1.2.1-l . .1I )

0.55
(0..15 0.67)

0.51
()..16-0.s6)

1 .21
( r . r 5  r . 3 r )

2.6)
(2 . l 6 -1 .18  )

0.,10
(0.37 0..1,1)

0.8i
(0 77-0.90)

l. '71
( r . 112 .n )

0.15
(0.22 0.21)

l . l 0
(1 . t t  1 .39 )

0.l l i
10.6,1-0.96)

0.05
(0.0.f,0.06)

l . :18
r . t7- r .60)

0 . 1 6
(0.13i).1(l)
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Figurc 3. \cgarive correlaiion belween natural log lranslbrmcd odds ralios ibr adull nesr alrendance
and DDE concentrations (sile ncans in ng/g wct $eight) in great blue hefon eggs f|om the

Columbia and Wi l laneue i !crs and Pusel  Sound. 1994-1995.

Figurc.l. Negative corfelatioD between natural log transfomrcd odds ratios for adult nest attendance

and PCB conccnlrarions (!ite means in ng/g r\ et u eighl) in great blue heron eggs liom lhe

Columbia and Wi l lamette f ivers and Puset Sound. 1991 1995.

Nest V s ts

The rute ofnest visits pcaked at week 2 and gradu-
r l l )  dc ( l ined  lo  week 0  r  F igure  5  t .  A t  te r rc .  r 'un t ing
for the e1l'ects of tempemtue, precipitation. preda-
tor prcsence, week, and year as covadates, rates
ofncsL visitation at Samish differed significantly
from all other sites (P < 0.001). Ratcs ofnest vis
its at Samish wcrc greater relatlve to non-refer-
cnce r i re .  dur ing  uee l .  u -1 .  N, r  d i l ' t i rencc  ur .
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detected in visitation rates between Samish and
non reference sites during weeks 3-9.

Discussion

Pattems ofparental nest attendance and nest visi-
tation werc different among sites. Nest attendance
was inversely related to DDE ud PCB concen-
trations in cggs. However, the reproductive out-
put ofall six colonies was similarto that reported
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d

q  - t {

t ' r= - 0.84
P= 0.04
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Figure 5. Paramctcr cstimalcs and 95% conlldence interval\ lbr raie ofnest Iisi-
tation over timc at rcfcrcncc silc rcladle |o non relerence sites fbr six

Sfeat blue heron colonies. Coluinbia and Willamcllc rivers und Pugel
Sound. I 99,t- 1995 . Toial nu mber of nest ! isits were summed by obscr
\ .  r ion f . r iod enJ ddjJ ' r (J lor  .u l l 'n ,  , i /<.

for healthy populations of great blue herons
(McAloney 1973. Blus et al. 1980. Dowd and Flake
1984, Fitzner et al. 1988). The dil ' fercnccs we
observgd in nest attendance and rate of nesl vis-
its did not affect hatching success or nestling sur
vival up to lledging.

The nest attendance pattcrns that we observed
were similar to other studies ofgreat blue herons
in Califomia (Pntt 1970) and South Dakota (Dowd
and Flake 198,1). In all three studies. adults dis-
played nearly constant nest attendance during
weeks 2-3 posthatch, with attentiveness dropping
sharply afier week 4. McAloney ( 1973) reported
nearly continuous brooding ofchicks for the lirst
2 wk posthatch.

The pcrccntage ofadults observed t 'eedingiu-
veniles while at their nests increased during thc
last third of the nesting cycle. Because feeding

sessions were brief and were inlrequcntly obsened,
the rate of nest visitation provides a better indi-
cation of fccding frequencies at each site. The
leeding t'requencies presented here are slight over-
cstimates because every nest visit did not rcsult
in feeding of the young.

The pattern that ue obseryed in nest visits
agreed with previons studies, which suggestcd that
younger chicks are fed more often (Pratt 1970.
Dowd and Flake 198,1). Thc 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 Brit ish Columbja
(Butler 1992) and South Dakota (Dowd and Flake
1984). Energy demands ofcaptive grcat blue herons
are greatest betwecn weeks 4-6 (Butler 1993),
which has important implications for chicks iD
our study areos.Ifthe feeding pattem ofthe adults
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does not match the gro$'th pattcru of the chicks,
chicks may gro\r'nlorc slowly ot have insufli-
cjent l ipid rcserves at f ledging. Prey caplure rates
ofjuvenile herons are roughly half that of adults
during the 2 mo fbllowing fledging (Quinncy and
Smith 1980). so that l ipid reserves are crucial for
survival during this pedod.

There were Iarge difl'crences in bald eagle prcs-
ence among the sites. During 199:t-95, active bald
ca-slc nests uere adjacent to the heron colonies
on Bachelor. Fishcr, Karlson, and Samish islands.
Eagles werc obserr,ed in the Samish colony dur
ing 1,1 out of 18 visits, for a total of 8.4% (370 of
.1.,12.+ nrin) of our observation timc. Bald eagles
were observed during 2 out of 18 visits for a total
of 0.'1% ( l8 out of 4.568 min.) ofour observation
time at Fisher, and dudng 3 out of I ti visits (.+ out
o1.1.570 min or 0.09'lc) to Karlson. Eagle intru-
sions rvere not obscrved at the Bachelor. Molalla.
ol Ross Island colonies. Adult great bluc herons
reacted strongly to the presence of bald eagles
rvith alarrn calls and incrcased vigilance behav
iors. However. incrcased vigilancc of Samish adults
from fiequcnt presence of bald eaglcs was not
sulficient to explain anong site difterences in
nesting behaviors. Behavioral dif lerences among
sites were still significant after accounting for the
presence of predators.

In prcvious studies, alterations in patterns of
nest attendance, feeding, andincubation havc most
conrmonly been associated with environmental
contaminants. ln laboratory studies using ring
do,t es (.St re pt o p e I i a r i.rori./), signifi cant alterations
in the amounl of t ime involved in coufiship ac-
tivit), were observed in bircls fed elevated con-
centrations of DDE relative to control birds
(Haegcle and Hudson 1973. 1977). Altered court-
ship behavior. rcduced nest attendance. and in
creased length of breeding cycle have also been
observed in ring doves dosed \\, ith combinations
ol DDE and PCB (McAnhur et al. 1983). In high-
dose doves, cl'fects also included prolonged in
cubation period. reduced brooding and feeding.
and decreased tledge success.

Similartrends have bccn obsen'ed in field stud-
ies. Altered incubation behavior and altercd mini-
mum flushing distancc wcre observed in herring
gLrls (kt urus argetttalrl ) exposed to clcvated levels
o f  DDT and DDE (Ke i th  l966,Foxeta l .  1978) .
Increased length ol'incubation and increascd nest
abandonment wele observed in Forster's tems
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exposed to OC compounds including dioxins.
turans. and PCB (Kubiak et al. 1989). Reduced
nest det-ense in prairie falcons (Lalco me.ricanus)
and merlins was associatcd with elevated concen-
trations ol'DDE and possibly PCB (Fyfe et al.
1976) .

The TCDD and PCB concentntions obse ed
during this study (2.,+ to 7.4 pg/9, and 0.29 to 2.8
pg/g) were lower than those obsen'ed in Kubiak
et al. (1989). and may be belou, the threshold that
adversely atlects survival through altered adult
bchavior DDE concentrations (0.12 tol.,+ pg/g)
in our study, howevcr, were similar to levels ob-
served to cause abnormal nesting behaviol in
hcrring gulls andprairie talcons (Keith 1966, Fyle
e t  a l .  1976) .

Difierences in nest irt lenthncc among siles u ere
colTelated with DDE and PCB concentrations in
eggs. Eggs tiorn Ross Island had the highest con-
centrations of DDE and PCB: these adults spent
thc least anount of t ime at thcir nests. In con
trast, eggs fiom Sanlish coDtained the lowest con-
(en l rJ l i r \ns  o l  r l l  th ree  urg . tn , ' .  h l , ' r ine  eon lami
nants, and adults spent the greatest amount of timc
at their nests. Adults at Samish also maintained
higher rates ofnest visitation, relativc to all other
sites, during the first 4 wk after the peak ofhatch.
These results suggest that contaminants aft'ectcd
ncst attendance and prey delivery of herons in
this study.

Although we suggest that centaminanls had
an eft-ect on brecding behavior of great blue her-
ons, other factors could havc been responsible for
dift-erences in bchavior among the colonies. Pre)'
size and availability could have diffcred among
the colonies and may bc responsible for the anong-
site difttrences we observed in adult nest atlen-
dance. Prey may be more available at Samish rela-
tivc to the rest of the sites. Herons typically feed
in water less than 60 cm deep (Butler 1992). and
Samish Island was adjacent to cxtensive eelgnss
mudllats that may prcvide optimal foraging habitat
at low tide. Typical feeding areas of herons on
the Columbia andWillamette riven include back-
water sloughs that are ftequently steep-sided, thus
providing smaller areas ofsuitable habitat nearby.
The distance to foraging areas was short and similar
tbr all colonies.

Herons may also be selecting prey of diffcr-
ent sizes at Samish comparcd to the non refer
ence sites. Herons at Samish appeared to make a



greater numbcr of short trips to fbraging areas.
resulting in a higher rate of nest visitation, and
allowing greate[ nest attendance relative to other
sitcs. In contrast. herons on the Columbia and
Willanette rivers may make fewer, longer tdps
to foraging areas. resulting in lower rates of nest
visitation. According to the optimal foraging theory
(Schoener 1969), predators that pursue their prcy
over greater distances should take larger prey to
maximize net engrgy intake. For a unit increase
in the distance between pledator and prey, the
change in handling timc (amount ofenergy spent
capturing prey per unit energy derived from prey
per unit t ime) is larger fbr smaller prey. Conse-
quently. for larger foraging distances, the lrini-
mum prey size must be larger for predators to
maintain a positive energy balance. Only large
prc)' should be taken at great distances, but the
largest prey tiken 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 ted prey items of a larger aver-
age size less frequently. Although the prey we
collccted fbr contaminant analyscs did appcar to
be smaller thal] prcy collected lrom non-refer-
cncc sitcs. wc did not collcct data on individual
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