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Great blue heron (Ardea herodias) eggs and prey items were collected from six

colonies on the Columbia and Willamette rivers and Puget Sound during 1994-95.

Contaminant concentrations, reproductive success, and biomagnification factors (BMFs)

were determined and effects of residue levels were measured by H4IIE rat hepatoma and

ethoxyresorufin-O-dealkylase (EROD) bioassays. Fledging and reproductive rates were

similar to those determined for other healthy heron populations. With the exception of

one site, mean residue concentrations in heron eggs and prey were low. However,

elevated concentrations of PCBs were detected in eggs and prey from Ross Island on the

Willamette River. Among-site differences were not statistically significant different in

H4IIE TCDD-equivalents (TCDD-EQs) or EROD activity, although the TCDD-EQ for

Karlson Island was 9 to 20 times greater than that of any other site. Large differences

existed between toxic equivalents calculated from egg residue concentrations and TCDD-

EQs, which indicated non-additive interactions among the compounds. TCDD-EQs and

nest failure were positively correlated with TCDD concentration. Biomagnification

factors varied greatly among sites for most compounds. Of the organochlorine pesticides,

DDE and heptachlor epoxide were magnified the most. Penta- and hexachlorinated

dioxins were biomagnified to a greater extent than TCDD. Our results support the use of

great blue herons as an indicator of contamination in aquatic ecosystems. Their relatively

low sensitivity to organochlorine contaminants and high trophic position allows

contaminant accumulation and biomagnification without immediate adverse effects which

are often seen in other, more sensitive species.

Breeding behavior of great blue herons was also examined at the six colonies to



Patterns of brooding, pair bonding, preening, and nest visits were significantly different

(P < 0.05) between the reference and non-reference sites. The site with the highest

concentrations of DDE and PCBs had significantly lower nest attendance and feeding

rates relative to the reference site. Differences in nest attendance among colonies were

inversely correlated with DDE concentrations (r = -0.79, P = 0.06). Among-site

differences in the odds ratios for adults feeding chicks were positively correlated with

DDE and PCB concentrations (r = 0.84, P = 0.04 and r = 0.79, P = 0.06 respectively), but

these relationships may be an artifact of the low frequency of occurrance of feeding

sessions and its dependence on nest attendance. Clutch size and hatch, fledge, and

reproductive success were similar to those reported for healthy populations. Differences

in activity budgets among sites do not appear to be affecting reproductive rates of herons

at the different colonies.
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Environmental Contaminants and Breeding Biology of Great Blue Herons in the
Columbia River Basin

I: GENERAL INTRODUCTION

Keith (1966) suggested that two agents of embryo mortality should be considered

when investigating the effects of environmental contaminants on wild populations: the

effects of egg residues on embryos, and the effects of residues in adults on incubation

behavior. After researchers determined that elevated concentrations of DDE induced

avian eggshell thinning, Peakall and Peakall (1973) expanded Keith's recommendation to

include the effects of contaminants on shell thickness, a third agent of embryo mortality.

After two decades and a plethora of research on environmental contaminants, we now

recognize large suites of contaminant effects under two general headings: extrinsic

effects on adult behavior and intrinsic effects to the egg. Intrinsic effects of contaminants

on eggs may include (but are not limited to) increases in embryo toxicity, teratogenicity,

mixed-function oxidase induction, shell thinning, and decreases in hatchability, body

weight and growth rates of embryos. Extrinisic factors that influence reproductive

success and may be impacted by contaminants include adult courtship behaviors, nest and

incubation attentiveness, and territory defense.

Several studies have examined environmental contaminants in fish and wildlife

from the Columbia and Willamette rivers in Oregon and Washington. Elevated

concentrations of DDE, PCBs, and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) have

been detected in several species (Henny et al. 1981, U.S. Environmental Protection

Agency 1992, Anthony et al. 1993, U.S. Fish and Wildlife Service unpubl. data). In bald

eagles (Haliaeetus leucocephalus) nesting along the lower Columbia River, egg

concentrations of DDE were associated with reduced productivity (Anthony et al. 1993).

To date, none of the investigations have examined the contribution of extrinsic factors to

reduced productivity. This study examined both intrinsic and extrinsic effects of

environmental contaminants on great blue herons (Ardea herodias) nesting along the

lower Columbia and Willamette rivers. Intrinsic effects are described in Chapter II and

extrinsic effects are discussed in Chapter III.



2

II: CONTAMINANTS IN GREAT BLUE HERONS FROM THE LOWER

COLUMBIA AND WILLAMETTE RIVERS, OREGON AND WASHINGTON

INTRODUCTION

The Columbia and Willamette rivers provide essential breeding and wintering

habitat for migratory birds, anadromous fish, and threatened and endangered species.

They also serve as a critical link for migratory birds in the Pacific Flyway. Both rivers

are exposed to a variety of contaminant sources including municipal and industrial

discharges, urban and industrial nonpoint pollution, accidental spills of oil and hazardous

materials, and agricultural runoff, all of which may affect the viability of fish and wildlife

populations.

Organochlorine pesticides (OCs) and polychlorinated biphenyls (PCBs) have

been documented in many species of piscivorous birds, mammals, and fish from the

Columbia and Willamette rivers (Blus et al. 1980, Blus and Henny 1981, Henny et al.

1981, Schmitt et al. 1981, Henny et al. 1984, Schmitt et al. 1983, Schmitt et al. 1985,

Fitzner et al. 1988, Schmitt et al. 1990, Parsons et al. 1991, Curtis et al. 1993, Anthony et

al. 1993, Henny et al. 1996). Concentrations of DDE were associated with reduced

productivity in bald eagles (Haliaeetus leucocephalus), and eggshell thinning in both

nesting eagles and black-crowned night herons (Nycticorax nyticorax) along the

Columbia River (Henny et al. 1984, Anthony et al. 1993). DDE and PCB residues have

been detected in all life stages of bald eagles in the 1980's (Anthony et al. 1993), which

strongly implicated the Columbia as a primary source of these contaminants. In the

1970's, PCB residues in mink (Mustela vison) and river otter (Lutra canadensis) from the

Columbia River (Henny et al. 1981) exceeded concentrations known to cause total

reproductive failure in laboratory studies with mink (Platonow and Karstad 1973). Fish

collected from the Willamette River contained low levels of OCs and PCBs, but

concentrations increased toward the mouth of the river. Curtis et al. (1993) concluded

that the organochlorine burdens in Willamette River fish are not acutely toxic but could

not determine whether any chronic impacts such as reproductive dysfunction were



occurring. Little information is available in the literature on contaminant concentrations

in fish-eating birds along the Willamette River. DDE and PCBs have been detected in

great blue heron (Ardea herodias) eggs from two colonies that were reproducing

normally (Henny and Bethers 1971, English 1978). Shell thickness was measured at one

site and did not differ from values prior to 1947, when DDE was not extensively used

(Henny and Bethers 1971).

Several contaminants including polychlorinated dibenzo-p-dioxins (PCDDs),

DDE, and PCBs, have been found at potentially hazardous concentrations in fish and

wildlife from both rivers. Recent studies by the U.S. Environmental Protection Agency

(1992) found tetrachlorodibenzo-p-dioxin (TCDD) residues in some fish that exceeded

guidelines for the protection of human health and resulted in the issuance of a total

maximum daily load (TMDL) for dioxin in the Columbia and Willamette rivers. Fish

collected from the Portland Harbor of the Willamette River exhibited strongly induced

cytochrome P450 1A1, which is indicative of exposure to TCDD (Curtis et al. 1993).

Cytochrome P450 enzymes are crucial in detoxifying exogenous compounds in most fish,

birds, and mammals. PCDD concentrations in unhatched bald eagle and double-crested

cormorant (Phalacrocorax auritus) eggs collected from the Columbia River Estuary

(Anthony et al. 1993, U.S. Fish and Wildlife Service, unpubl. data) were similar to

concentrations found in fish-eating birds from Michigan that have had poor reproductive

success (Kubiak et al. 1989). Bald eagle productivity along the Columbia River has been

markedly lower than productivity of pairs elsewhere in Oregon and Washington since

1984 and has been associated with elevated concentrations of DDE and PCBs in eggs and

carcasses (Anthony et al. 1993).

Recent studies in British Columbia, Canada, have implicated PCDDs in

reproductive impairment in great blue heron colonies (Elliot et al. 1989, Bellward et al.

1990, Hart et al. 1991, Sanderson et al. 1994). Laboratory tests with artificially

incubated eggs revealed a significant negative correlation between embryonic

development and TCDD concentrations. Bellward et al. (1990) found a significant

positive correlation between cytochrome P450-dependent enzymatic activity

ethoxyresorufin O-dealkylase) and 2,3,7,8-TCDD concentration in great blue heron eggs.

3



The purpose of this study was to determine whether great blue herons would serve

as a good indicator species for contaminants in piscivorous birds from the Columbia and

Willamette river basins. An indicator species should have the following characteristics:

wide distribution, high trophic status, nest fidelity (Custer et al. 1991), and low

sensitivity to contaminants (Moore 1966). Great blue herons on the lower Columbia and

Willamette rivers meet all four criteria. First, great blue herons are widely distributed

(Palmer 1962, Hancock and Elliot 1978, Hancock and Kushlan 1984) and abundant in the

Pacific Northwest. Second, herons are predatory birds and they are exposed to higher

levels of contamination than organisms occupying lower trophic levels. Third, great blue

herons on the lower Columbia and Willamette rivers are non-migratory (Palmer 1962),

and typically feed less than 6.5 km from the nest during the breeding season (Dowd and

Flake 1985). Consequently, chemical residues present in heron eggs should represent

local contamination. Fourth, great blue herons are relatively insensitive to

organochlorine pollutants in that they are able to reproduce successfully while carrying

relatively high contaminant loads (Vermeer and Reynolds 1970, Henny and Bethers

1971, Faber et al. 1972, Blus et al. 1980, Elliot et al. 1989).

We tested three hypotheses with this study. First, that environmental

contaminants are elevated in great blue herons from the lower Columbia and Willamette

rivers. Second, concentrations of TCDD in heron eggs are related to the distance of the

colony from the nearest chlorine-bleaching pulp and paper mill. Third, concentrations of

certain contaminants such as DDE, PCBs, and TCDD are adversely affecting heron

reproductive success. We identified four objectives to test these hypotheses:

1. Quantify OCs, PCBs, PCDDs, polychlorinated dibenzofurans (PCDFs), and

trace elements in great blue heron eggs and prey items from the Columbia and

Willamette rivers.

2. Determine hatch and fledge rates and biomagnification factors for trophic level

transfer of contaminants.

3. Determine the potencies of contaminants in heron eggs and the effects of these

residues on developing heron embryos.
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4. Relate eggshell thickness, hatch success, and fledging rates to residue

concentrations and interpret their significance.

STUDY AREA

Study sites (heron colonies) were located in northwest Oregon and Washington

(figure II-1). Climate of this region is dominated by weather systems moving across the

Pacific Ocean and is characterized by cool, dry summers and mild, wet winters.

Temperatures generally range from 2.7 to 20.3° C. Average annual precipitation is 1,076

mm along the Columbia and Willamette rivers and 853 mm near Samish Island in the

Puget Sound (Franklin and Dyrness 1973).

We selected colonies based on the following criteria: colony size, proximity to

pulp and paper mills, and accessibility. The minimum colony size for consideration was

50 nests. The Bachelor and Fisher island colonies were located on the lower Columbia

River and Karlson Island was in the Columbia River Estuary. The Molalla State Park

and Ross Island colonies were located on the lower Willamette River, and Samish Island

was in Puget Sound. Karlson and Samish islands were in transition zones between fresh

and saltwater, and the remaining sites were on or near fresh water. We designated

Samish Island as our reference site due to a previous study that detected low

concentrations of most OCs in heron eggs from that colony (Cobb et al. 1994, Cobb et al.

1995). With the exception of the Molalla site, all sites were in tidal areas. Bachelor and

Karlson Island colonies are on U.S. Fish and Wildlife Service refuge lands. The Molalla

colony is on Oregon State Park property. The remaining three colonies, Fisher, Ross, and

Samish Islands, are privately or corporately owned. Ross Island is within the city limits

of Portland, Oregon.

The Bachelor, Fisher, Molalla, and Ross island colonies are vegetatively similar.

Great blue herons nest in black cottonwoods (Populus trichocarpa), which dominate the

canopy. Understory is primarily composed of stinging nettle (Urtica dioica) and

elderberry (Sambucus racemosa); snowberry (Symphoricarpus albus) and reed canary

grass (Phalaris arundinacea) are present to a lesser extent. The Karlson Island heron



amish (-38)
♦ Seattle

Pacific
	 Washington

Ocean
	 Karlson Isl. (-17)

Fisher Isl. (-2) 

Bachelor Isl. (+4) Columbia Rive 
ortlandAk 

Oregon

50	 100
Miles

Figure II-1. Great blue heron colony locations and distances from nearest pulp and paper
milt (+ if colony is upstream from mill and - if colony is downstream from mill),
1994-95.

s Isl. (-14 )
cz.)	 kMolalla Isl. (+10)■tba.4

6



colony occurs in a Sitka spruce (Picea sitchensis) swamp with occasional western red

cedars (Thuja plicata). Understory is composed of willow (Salix spp.), red alder (Alnus

rubra), and salmonberry (Rubus spectabilis). Great blue herons on Samish Island nest in

black cottonwoods, although the stand also includes bigleaf maple (Acer macrophyllum)

and western red cedar. Understory is varied and contains stinging nettles, eelgrass

(Zostera marina) and swordfern (Polystichum munitum).

METHODS

Sample Collection

Strip transects (5 m wide) within the colony were established with random

compass bearings, and all living trees along the transect were climbed. All accessible

nests within a tree were sampled to minimize the amount of time in and disturbance to

the colony. From late March until the end of April in 1994 and 1995, professional tree

climbers randomly collected 10 to 15 eggs per colony. All nests from which an egg was

collected contained � 2 eggs. At each site, five eggs were randomly selected and

immediately placed in a well-padded cooler with blue ice for transportation to the U.S

Fish and Wildlife Service lab in Portland, Oregon. The eggs were stored at 2°C until

processed for use in contaminant quantification and the H4IIE rat hepatoma bioassay.

Prey samples were collected from the ground underneath the colonies, wrapped in

aluminum foil, and frozen at -20°C until chemical analysis.

Eggs were generally processed within 24 hours of collection. Egg length, width,

whole weight, and volume were recorded. Eggs were opened along the equator, the

contents weighed and stage of development and gross deformities of embryos were

recorded. Egg tissues were placed in chemically cleaned glassware and frozen at -20°C

(Blus et al. 1980, LaPorte 1982, Elliot et al. 1989). Following processing, samples were

shipped on dry ice to a laboratory for residue analysis. An aliquot from each egg was

sent to the Midwest Science Center, National Biological Service, for use in the H4IIE rat

hepatoma bioassay.

7



The remainder of the eggs were used in ethoxyresorufin-O-dealkylase (EROD)

bioassays to determine relative contaminant levels and induction of cytochrome P450.

After collection, these eggs were placed in a cooler at 90-98 °F. Eggs were artificially

incubated at 98°F and 56% relative humidity (Hart et al. 1991). At pipping, embryos

were removed from their shells and immediately killed by cervical dislocation. Weights

of pipped embryos and yolk sacs were measured. Livers of the embryos were removed,

weighed, minced, placed in cryotubes with glycerol, frozen in liquid nitrogen, and

temporarily stored in a -80°C freezer.

Lab Methods

Contaminant analyses--Thirty eggs collected in 1994 were sent to the

Geochemical and Environmental Research Group (GERG), Texas A & M University, for

analysis of OCs, congener-specific PCBs, PCDDs, polychlorinated dibenzo-furans

(PCDFs), and trace elements (appendix A-1). OC and PCB extraction and cleanup from

tissue samples followed methods described in MacLeod et al. (1985) with slight

modification (Brooks et al. 1989, Wade et al. 1988). Capillary gas chromatography

(CGC) with electron capture detection (ECD) was used for analyses of OCs and PCBs

(Wade et al. 1988). Dioxin and furan extraction, cleanup, and fractionation followed

Environmental Protection Agency (1990) method 1613. High resolution gas

chromatography (HRGC) and high resolution mass spectrometry (HRMS) were used for

analyses of dioxins and furans (Environmental Protection Agency 1990). Extraction of

all trace elements followed EPA method 245.5 (Environmental Protection Agency 1977).

Cold vapor atomic absorption spectrometry was used in mercury analysis (Hatch and Ott

1968). Graphite furnace or flame atomic absorption spectrometry was used to analyze

the remaining trace elements (Geochemical and Environmental Research Group 1994).

Detection limits were 20 ng/g for OCs and congener-specific PCBs, 10 pg/g for dioxins

and furans, and 0.5 ktg/g for trace elements in heron eggs in 1994. Due to elevated

detection limits for organochlorine compounds in 1994, and alternate lab was selected in

1995.

8
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Thirty eggs collected in 1995 and 33 composite prey samples collected in 1994

and 1995 were sent to Midwest Science Center (MSC), U.S. Geological Survey,

Columbia, Missouri, for analysis of OCs, non-ortho-chloro-substituted PCBs, dioxins,

and furans. Sample remains from 6 eggs collected in 1994 and analyzed by GERG were

also sent to MSC for analyses (appendix A-2). OC extraction and cleanup followed

methods outlined in Peterman (1988). CGC with ECD was used for analyses of OCs

(Schmitt et al. 1990). Extraction and cleanup of non-ortho-chloro-substituted PCB

congeners followed Schwartz et al. (1993) and Peterman et al. (1996); HPGC and FIRMS

were used for analyses (Schwartz et al. 1993, Peterman et al. 1996). Dioxin and furan

extraction, cleanup, and fractionation followed Feltz et al. (1995). GC and FIRMS were

used for dioxin and furan analyses (Peterman 1995). Detection limits in 1995 were 0.1

ng/g for OCs, 1 pg/g for non-ortho-chloro-substituted PCBs, and 0.1 pg/g for dioxins and

furans in 1995 heron eggs and all prey samples.

GERG analyzed two heron egg samples in duplicate for dioxins, furans, OCs,

PCBs, and trace elements. MSC analyzed two heron eggs and 2 prey samples in

triplicate for OCs, PCBs, dioxins, and furans. Percent recoveries for both labs were

generally above quality control limits for all residues (table II-1). Residue levels were

not adjusted for percent recovery. Organic contaminant concentrations in heron eggs

were adjusted for moisture loss and were reported in fresh wet mass. Residue

concentrations in prey items were reported as wet mass. Trace element concentrations in

heron eggs were reported in dry mass.

Enshell processing and measurement--Eggshells were rinsed with tap water and

air dried for 30 days. Eggshell thickness with and without shell membranes was

measured at three to five sites along the equator using a rounded-edge micrometer

graduated in 0.01 mm units. Measurements were averaged to determine mean thickness

for each egg and each site (Bayer 1982, LaPorte 1982, Elliot et al. 1989). Length and

breadth of each egg was measured using a straight-edge micrometer graduated in 0.01

mm units, and Ratcliffe indices were calculated for each egg and site (Ratcliffe 1970).

H4IIE bioassay--An aliquot of tissue was taken from heron eggs prior to residue

analysis for the H4IIE bioassay. The assay was conducted following methods described



Table II-1. Percent residue recoveries in great blue heron egg and prey samples
from 2 laboratories, 1994-95.

Contaminant Matrix Geochemical Midwest Science
Environmental Research Center

Group

Dioxins & furans egg

prey

77-135% 34-80%a

39-89%

OCs egg

prey

69-104% 32-117%

61-119%b

PCBs egg

prey

75-112% 40-90%

56-95%

Trace elements egg 79-109%

'Recovery of one triplicate was low, ranging from 20-31%
b Reported range is for 1 spike. Other spikes had low recoveries for a -BHC, 	 HCB,
heptachlor, lindane, mirex, oxychlordane, and PCA.

10



11

by Tillitt et al. (1991a) with minor modifications to miniaturize and automate the

procedure (Tysklind et al. 1994). Fluorescence of rat hepatoma cells exposed to sample

extracts and 2,3,7,8-TCDD (TCDD) was measured over time. Linear portions of both

curves were used to determine relative potencies of egg and prey samples with TCDD-

exposed cells as the standard for comparison (Tysklind et al. 1994). TCDD-equivalents

(TCDD-EQ) were calculated by the slope ratio assay, following the procedures outlined

by Ankley et al. (1991). Two samples were analyzed in triplicate, and replication was

performed at many points during the bioassay. The detection limit of the bioassay was

0.043 pg TCDD-EQ/g. TCDD-EQs were calculated using wet mass.

EROD bioassay--Embryo livers were thawed and blotted and hepatic microsomes

were prepared by differential centrifugation as described by Rattner et al. (1993).

Microsomal protein content was determined by spectrophotometry (Lowry et al. 1951)

using bovine serum albumin as the standard. Microsomal cytochrome P450 content was

determined by spectrophotometry (Omura and Sato 1964). EROD activity was

determined by a modification of the method described by Tyslind et al. (1994).

Fluorescence due to product formation by heron hepatic microsomes was measured once

a minute for 15 to 20 minutes. Linear portions of the sample curves were used to

determine enzyme induction relative to standard curves. Four replicates of each sample

were analyzed. Standard curves were calculated for five to seven product concentrations

with eight replicates per concentration. Controls were analyzed and standard curves were

determined daily.

Heron Reproductive Success

Each colony was visited approximately three times each month during the nesting

season. Colonies at Bachelor, Fisher, Molalla, and Ross had similar breeding

chronologies and were observed from March through June. Because Karlson and Samish

colonies initiated breeding later than the other four colonies, reproductive observations

were conducted from April through July. Observers located each chick at all visible

nests; juvenile herons were considered successfully fledged when they were able to fly to
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branches away from the nest, which was about eight weeks of age (Pratt and Winkler

1985). Between 40 and 66 nests were followed at each site to determine hatching,

fledging, and reproductive success. Collapsible blinds were used to minimize

disturbance. Observations began just prior to hatching and continued for nine weeks past

the estimated peak of hatching.

Clutch size was estimated by averaging the number of eggs seen in each nest at

the time of egg collection. A "successful" nest was defined as a nest in which at least

one chick hatched. Hatch success was calculated as the maximum number of chicks seen

in a successful nest at any point during the breeding season. It is a conservative estimate

because some chicks may have hatched and died prior to being seen. Fledge success is

reported as the number of chicks fledged per successful nest and was generally taken as

the number of chicks present at each nest on week eight unless an earlier fledge date had

been recorded. Chicks that did not have full-length feathers at week eight but appeared

to have full-length feathers at week nine were included in the fledge success estimate.

Chicks that were not fully feathered by week nine were censored. Reproductive success

was reported as the number of chicks fledged per number of occupied nests, including

nests that were abandoned or destroyed during nesting.

Statistical analyses

Although both labs detected similar contaminant concentrations in alliquots from

identical eggs (appendix A-1), residues for 1994 and 1995 were analyzed separately due

to differences in detection limits (appendix A-2). Contaminant concentrations in eggs

were converted to fresh wet mass and log transformed to normalize skewed distributions.

Geometric means for each contaminant for each site were calculated for compounds with

levels above the detection limit in at least half of the samples. Samples with

concentrations below the detection limit were assigned a value of one-half of the

detection limit for computations.

We used a two-way ANOVA to test for differences between years and among

sites in eggshell thickness, Ratcliffe Index, bioassay enzymatic activity, clutch size and



13

hatch, fledge, and reproductive rates. We used a one-way ANOVA to test for among-site

differences in residue concentration. When a significant difference was detected (P s

0.05), differences among means were determined using a multiple range test with a

Tukey-Kramer adjustment for unequal sample sizes. To test for differences among sites

in nest failure, we used logistic regression. Nest failure was used as the dependent

variable, and sites were used as independent variables. We calculated toxic equivalents

(TEQs) for PCDD and PCDF concentrations using factors from a rodent-based model

(Safe 1990) and a chicken-based model (Bosveld et al. 1995). TEQs were calculated for

PCB concentrations using rodent (Safe 1990) and chicken-based (Bosveld et al. 1995)

factors. Residue concentrations were multiplied by their respective factors and summed

for each egg. For each site, geometric means were calculated for both classes of TEQ.

Total TEQs were calculated for each site by summing their respective dioxin, furan, and

PCB TEQs. We used linear regression to determine whether relationships existed

between distance of colonies from pulp and paper mills, biological parameters, and

residue concentrations. Distance was used as the independent variable and biological

parameters and residue concentrations were used as dependent variables.

Apparent biomagnification factors (BMFs) were calculated for each site as the

geometric mean of a residue in great blue heron eggs divided by the geometric site mean

of that residue in prey items. We collected prey items opportunistically and did not

weight site means to account for heron diet composition because such data is not

available for the study area. Our BMFs may therefore over- or underestimate the actual

BMF. Because the prey we collected was freshly regurgitated or rejecta cast from the

nests, the apparent BMF should be a reasonable approximation of the actual BMF. BMF

calculations were limited to residues for which site means could be calculated for both

heron eggs and prey items. To compare BMFs among piscivorous birds from the

Columbia River, we used results from this study and those on double-crested cormorants

and bald eagles. We used residue concentrations in double-crested cormorant and bald

eagle eggs collected from the estuary in 1994-95 (U.S. Fish and Wildlife Service unpubl.

data) and fish collected from the lower Columbia River during 1991 and 1993 (Tetra

Tech 1996). To most closely approximate contaminant concentrations accumulated by
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bald eagles, data for BMF calculations was restricted to composites containing fish < 33

cm. in length (Watson et al. 1991). Because the diet composition of bald eagles on the

lower Columbia River changes markedly throughout the year, upper and lower bounds

for BMFs were calculated. Dietary composition was weighted according to proportions

of birds and fish in eagle diets (Watson et al. 1991). The actual BMF for each compound

most likely lies between the two values.

RESULTS

Contaminants in Herons and Prey

Contaminants in heron eggs--Of the 25 OCs analyzed, dieldrin; oxychlordane;

p,p'-DDE; p,p'-DDT; cis- and trans-nonachlor; and total PCBs were consistently above

detection limits (appendix B-1). Concentrations of a- and o-BHC; cis- and trans-

chlordane; endrin; o,p'-DDE; heptachlor; lindane; and methoxychlor were consistently

below detection limits. Of the PCBs, di-ortho-chlorinated congeners 138, 153, and 180

were consistently above detection limits in 1994 (appendix B-2). Most other congeners

were detected at low levels in a few eggs from Fisher, Karlson, and Ross islands. Only

non-ortho-chlorinated congeners were analyzed in 1995, and all were above detection

limits. Heron eggs were analyzed for 16 PCDD/F compounds and 15 of these were

detected (appendix B-3). TCDD was the only PCDD consistently above detection limits

in both years. Other PCDD and PCDF compounds were either below the 1994 detection

limits or present in too few samples to allow calculation of site means. With the

exception of the hepta- and octa-chlorinated furans, most PCDDs and PCDFs were above

detection limits in 1995. Cpper, iron, mercury, magnesium, selenium, and zinc were

above detection limits (appendix B-4) and cadmium, chromium, and lead were below

detection limits.

Eggs from Ross had the highest mean concentrations of all OCs for which we

tested. DDE concentrations were significantly greater at Ross than at Fisher and Samish

(table 11-2). Although mean DDE concentrations did not differ significantly from any



15

Table 11-2. Contaminant concentrations detected in great blue heron eggs collected from the Columbia and
Willamette rivers and Puget Sound, 1994-95. Results are geometric means and 95% confidence intervals
(range).

Bachelor Fisher Karlson

1994 1995 1994 1995 1994 1995

Na 5 5 5 5 5 5

% Lipid 23.1 5.0 23.9 6.1 22.4 6.4

81.6 --b 80.5 81.8
Moisture

Organochlorines (ng/g fresh wet mass)

p,p'-DDE 269xY 416AB	 898x	 183A 954x 775AB
83-870 183-944 278-2902 81-417 295-3084 336-1740

(55-712) (244-934) (364-1024) (75-340) (535-1584) (442-1056)

p,p'-DDT nc 9.1 nc 4.6 nc 8.3
3.2-26 1.6-13 -- 2.9-24

(<16-18) (3.5-29) (<16-45) (0.5-31) (<15-31) (2.3-19)

trans- 18x 12AB 36x 8.4A 63xY 31Bc
nonachlor nd-42 7.0-22 nd-80 4.7-15 28-141 17-55

(<16-37) (8.1-17) (<17-153) (3.6-41) (31-185) (17-42)

Total PCBs 382x 615Ac 1394xY 423A 1664xY 1492Bc
133-1288 372-1016 410-4675 256-699 493-5625 903-2464
(117-849) (424-863) (443-6947) (233-854) (91-3038) (656-2665)

PCB Congeners (ng/g fresh wet mass)

77 < 18 0.08ABc	 < 18	 0.03A nc 0.20B
0.04-0.16 0.02-0.06 0.10-0.40

(0.04-0.22) (0.02-0.26) (<15-22) (0.06-0.32)

126 < 18 0.17Ac < 18 0.12A nc 0.49Bc
0.10-0.29 0.07-0.21 -- 0.29-0.82

(0.12-0.34) (0.06-1.45) (<15-76) (0.28-0.92)

138 57xY nae 180xv na 276xY na
19-176 59-552 90-844

(<17-152) (60-1046) (144-526)

153 78 na 271 na 370 na
25-240 88-838 120-1145

(18-247) (87-1423) (204-598)

169 na 0.02A na 0.02A na 0.04AB
0.01-0.03 0.01-0.03 0.03-0.06

(0.02-0.06) (0.01-0.12) (0.03-0.06)
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Table 11-2. (Continued)

Molalla Ross Samish

1994 1995 1994 1995 1994 1995

INT' 5 5 5 5 5 5

%Lipid 21.7 5.4 22.2 6.0 24.6 6.4

%Moisture 81.7 81.1 81.1

Organochlorines (ng/g fresh wet mass)

p,p'-DDE 795xY 353AB	 1616x	 1489B	 101Y 150A
246-2571 155-803 820-8570 (655-3386 31-328 66-341

(347-2225) (68-1015) (95-6414) (158-7339) (59-176) (65-588)

p,p-DDT 34 4.5 26 22 < 16 5.0
16-69 1.6-13 nd-53 7.7-62 1.7-14

(<15-169) (2.0-6.2) (<18-75) (11-66) (1.1-62)

trans- 60xY 27ABc 199Y 88c nc 14AB
nonachlor 27-133 15-48 89-446 49-156 -- 7.6-24

(21-171) (7.7-52) (56-853) (55-126) (<16-33) (4.9-29)

Total PCBs 425xY 534Ac 3454y 2426B 223x 396A
126-1437 333-910 1895-21612 1469-4008 66-752 240-654
(271-725) (185-1851) (106-33168) (1501-4649) (92-836) (324-459)

PCB Congeners (ng/g fresh wet mass)

77 < 19 0.03A	 < 18	 0.23Bc	 < 17 0.05A
0.02-0.07 0.11-0.46 0.03-0.10

(0.02-0.08) (0.05-0.59) (0.02-0.20)

126 <19 0.17 AC < 18 0.65B <17 0.21Ac
0.10-0.29 0.39-1.08 0.13-0.34

(0.09-0.48) (0.32-1.71) (0.14-0.57)

138 56xY na 349x na 31Y na
18-172 114-1066 nd-96

(36-105) (<18-1115) (<17-155)

153 61 na 429 na 59 na
20-1145 139-1328 19-182
(33-90) (<18-1445) (18-273)

169 na 0.02A na 0.06B na 0.03AB
0.01-0.04 0.04-0.10 0.02-0.04

(0.01-0.05) (0.03-0.17) (0.02-0.06)
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Table 11-2. (Continued)

Bachelor Fisher Karlson

1994 1995 1994 1995 1994 1995

PCB Congeners (ng/g fresh wet mass)

180 61 XY na	 175xY	 na 197xY na
21-181 60-516 67-580

(21-158) (60-927) (101-384)

PCDDs and PCDFs (pg/g fresh wet mass)

2378- 2.7 2.5AB	 5.2	 1.7B 8.3 6.4A
TCDD 1.0-6.9 1.6-3.9 2.0-14 1.0-2.6 3.2-22 4.0-10

(<1.9-7.2) (1.3-4.0) (<2.0-23) (0.7-2.7) (3.2-16) (3.7-9.2)

12378- < 9.9 3.2Ac nc 3.0c nc 5.9ABc
PnCDD 2.0-5.0 1.9-4.8 3.8-9.3

(2.0-6.2) (<10-14) (1.3-7.7) (<9.9-46) (4.8-11)

OCDD 33 40 <20 10 nc 24
17-64 15-104 3.8-26 9.0-62

(9.7-181) (9.8-292) (8.4-26) (<20-51) (13-40)

23478- < 9.9 2.3A nc 1.6AB nc 3.3AB
PnCDF 1.3-3.9 0.9-2.8 1.9-5.6

(1.4-6.1) (<10-11) (0.6-4.1) (<9.8-21) (1.9-7.6)

Elements (ug/g dry mass)

Mercury 0.35 na	 0.46	 na 0.66 na
0.24-0.49 0.32-0.65 0.47-0.94

(0.23-0.58) (0.31-0.91) (0.42-0.94)
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Table 11-2. (Continued)

Molalla	 Ross Samish

1994 1995	 1994 1995 1994 1995

PCB Congeners (ng/g fresh wet mass)

180 64xY na	 336x	 na	 24Y na
22-187 114-988 nd-71

(34-117) (<18-1639) (<16-132)

PCDDs and PCDFs (pg/a fresh wet mass)

2378- 3.2 3.0AB	 4.2	 6.3A	 nc 3.7AB
TCDD 1.2-8.4 1.9-4.7	 1.6-11 4.0-10 2.3-5.8

(2.2-4.7) (1.8-5.1)	 (<1.0-19) (3.7-11) (<1.9-7.7) (2.1-8.9)

12378- nc 3.4ABc	 nc 8.0AB nc 8.3B
PnCDD 2.2-5.4	 -- 5.1-13 5.3-13

(<9.5-16) (2.1-6.3)	 (<5.0-17) (3.8-11) (<9.6-13) (6.5-14)

OCDD nc 12	 nc 36 nc 34
4.7-33 14-93 -- 13-89

(<19-21) (4.9-37)	 (<10-30) (12-164) (<19-29) (12-120)

23478- < 9.9 1.9AB	 nc 5.4B < 10 3.8AB
PnCDF 1.1-3.2 3.2-9.3 2.2-6.6

(1.1-2.8)	 (<5.0-12) (2.5-12) (2.7-6.8)

Elements (ug/g dry mass)

Mercury 0.65 na	 0.62	 na 0.53 na
0.46-0.92 0.44-0.88 0.37-0.75

(0.45-0.91) (0.41-1.06) (0.28-0.99)

Means with different letters were significantly different (p=0.05) using the Tukey-Kramer multiple range
test.
* Sample size.

Not available.
Not calculated.
Inseparable congeners.

° Not analyzed.
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other site, Molalla had an unusually high ratio of DDT to total DDT-related compounds

in 1994. This ratio was seven to 18 times higher than other site ratios and indicates

exposure to DDT (Elliot et al. 1989). In 1995, the DDT ratio at Molalla was similar to

that of the other sites. Concentrations of transnonachlor were significantly greater at

Ross compared to Bachelor, Fisher, and Samish. Total PCB concentrations were also

significantly higher at Ross than at Bachelor and Samish in both years, and at Fisher and

Molalla in 1995. Although site means for all OCs are relatively low, concentrations of

DDE and total PCBs were elevated in some eggs from Ross, with levels up to 7.3 /..ig/g

for DDE and 33 //gig for PCBs. Mercury concentrations were low in eggs collected from

all sites in 1994. Because 1994 concentrations of trace elements were low, they were not

quantified in 1995.

Due to co-elution difficulties, the 1994 congener-specific analysis was unable to

distinguish among the following four groups of PCBs: 47/48, 118/108/149, 156/171/202,

and 187/182/159. Of all PCBs analyzed in 1994, congeners 138, 153, and 180 were

present in the greatest concentrations (table 11-2). Congeners 81 and 169 were not

quantitated in 1994. Only non-ortho-chloro-substituted congeners were analyzed in

1995, and all four congeners were detected in eggs from each site. Of the non-ortho

PCBs, congener 126 was present in the highest concentrations. Concentrations of 126

were significantly greater in eggs from Ross (0.65 ng/g) compared to eggs from

Bachelor, Fisher, Molalla, and Samish. For many congeners, eggs from Ross had the

highest mean concentration and were significantly different from most other sites.

Although there were significant among-site differences for many congeners, levels were

uniformly low and most eggs had concentrations < 1 µg/g.

Significant among-site differences were detected in mean concentrations of

2,3,7,8-TCDD, 1,2,3,7,8-PnCDD, and 2,3,4,7,8-PnCDF (table 11-2). In 1995, Fisher had

the lowest concentration of 2,3,7,8-TCDD and Karlson and Ross had mean

concentrations over three times higher. Concentrations of OCDD in eggs from Bachelor,

Karlson, Ross, and Samish were elevated. Although site means were generally low, a

few eggs from Karlson, Ross, and Molalla contained elevated levels of 1,2,3,6,7,8-

HxCDD (appendix B-3). No correlation was detected between distance of the colonies
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from pulp and paper mills and mean TCDD or TCDF concentration (r = 0.27, P = 0.43

and r = 0.52, P = 0.29 respectively). The TCDF-distance correlation coefficient is

relatively large; the lack of significance may be due to a small sample size (power <

0.40).

Eggshell thickness--Exclusion of membranes from shell thickness measurements

did not affect among-site differences (table 11-3). Shell length and width did not differ

among sites. Shell thinning at Ross was two to three times greater than at Bachelor and

Karlson, respectively. All sites had significantly reduced shell thickness and Ratcliffe

index compared to the pre-DDT means measured by Anderson and Hickey (1972). Shell

thickness and DDE concentration in individual eggs were negatively correlated (r = -

0.32, P = 0.01) (figure 11-2). No correlation was detected between the site medians for

DDE concentration and shell thickness (r = -0.51; P = 0.09). However, the power of the

test was low (power = 0.55), and the lack of significance may be due to a small sample

size.

Contaminants in prey--All OC concentrations in individual prey composites were

below 1 izg/g (appendix C-1). Concentrations of p,p'-DDE and total PCBs were above

detection limits in all prey samples. Dieldrin, cis-chlordane, p,p'-DDD, and trans-

nonachlor were above detection limits, and concentrations of p-BHC were below

detection limits in all prey samples. At all sites, all four non-ortho-chlorinated PCB

congeners were detected in most prey samples (appendix C-2). Congener 77 was present

in every prey sample. Most PCDDs and PCDFs detected in prey samples were present at

low levels (appendix C-3). Concentrations of OCDD and TCDF were above detection

limits in most prey items. Concentrations of 1,2,3,7,8-PnCDD; 1,2,3,4,7,8-HxCDD;

1,2,3,6,7,8-HxCDF; 1,2,3,4,6,7,8-HpCDF; and OCDF were below detection limits in

most samples.

There were significant among-site differences in concentrations of six of the 13

OCs in prey samples (table 11-4). With the exception of p,p'-DDE, OC concentrations

for any given compound were highest at Ross. Concentrations of trans-nonachlor were

significantly greater at Ross compared to Karlson. Dieldrin was elevated at Ross

compared to Karlson and Samish. DDE concentrations were significantly greater in prey



Table 11-3. Shell thickness (mm) and Ratcliffe index in great blue heron eggs collected from the Columbia and Willamette rivers and Puget
Sound, 1994-95. Results are arithmetic means (SE).

SITE

Bachelor Fisher Karlson Molalla Ross Samish pre-1947'

N 26 20 25 25 20 24 64(130)6

Length (mm) 65.15 64.41 64.23 64.74 64.30 63.90
(0.40) (0.69) (0.62) (0.57) (0.46) (0.53)

Width (mm) 46.48 45.48 46.31 46.60 46.15 45.01
(0.26) (0.24) (0.83) (0.77) (0.24) (0.18)

Shell thickness 0.316A 0.313AB 0.325A 0.308AB 0.291B 0.307AB
without membrane (0.005) (0.007) (0.005) (0.007) (0.005) (0.006)

Shell thickness 0.362A 0.352AB 0.370A 0.351AB 0.333B 0.352AB 0.389c
with membrane (0.005) (0.007) (0.006) (0.007) (0.005) (0.006) (0.005)

% thinning' - 6.9 - 9.5 - 4.9 - 9.8 - 14.4 - 9.5

Ratcliffe index 1.92AB 1.89,4E 1.94A 1.83AB 1.77E 1.84AB 2.02c
(0.03) (0.04) (0.04) (0.04) (0.03) (0.03) (0.02)

Means with different letters were significantly different (p = 0.05) using the Tukey-Kramer multiple range test.
For Ardea herodias fannini in the Pacific Northwest (Anderson and Hickey 1972).

h Sample size for shell thickness = 130; sample size for Ratcliffe index = 64.
Compared to pre-1947 mean.
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Table 11-4. Contaminant concentrations in whole body composite great blue heron prey samples collected from the Columbia and Willamette rivers and Puget
Sound, 1994-95. Results are geometric means and 95% confidence intervals (range).

Bachelor
(n=6/12)a

Fisher
(n=5/6)

Karlson
(n=5/11)

Molalla
(n=4/5)

Ross
(n=2/4)

Samish
(n=4/30)

Organochlorines (ng/g wet mass)

dieldrin 1.80AB 2.60AB	 0.35A 2.09AB 24B 0.28A
0.75-4.34 0.85-7.89 0.13-0.96 0.60-7.23 4.13-139 0.08-0.99

(0.65-10.5) (1.96-6.41) (<0.07-4.15) (0.55-7.43) (21.5-26.6) (0.14-0.91)

p,p'-DDE 45.7AB 71.0A 6.00B 22.2AB 63.1 AB 3.64B
13.3-71.9 24.5-206 2.27-15.9 6.75-73.0 11.7-340 1.11-12.0

(9.63-105) (1.45-142) (0.65-46.7) (6.70-130) (56.6-70.3) (1.37-6.93)

p,p'-DDT 0.76 0.85 0.30 2.08 13.4 0.31
0.16-3.61 0.12-6.15 nd-1.85 0.23-18.9 0.59-304 nd-2.79

(<0.06-19.1) (<0.06-2.53) (<0.06-9.99) (0.26-26.2) (9.99-17.9) (<0.06-0.89)

trans-nonachlor 2.15AB 2.75AB 0.41A 2.44AB 15.3B 0.49AB
0.79-5.87 0.77-9.77 0.13-1.29 0.59-10.1 2.06-114 0.12-2.01

(0.84-13.3) (0.29-6.38) (<0.06-5.97) (0.82) (7.79-30.1) (0.22-0.87)

Total PCBs 94Bc 118Bc 20A 40Ac 627B 30Ac
50-178 53-265 10-41 16-97 176-2233 12-74

(35-489) (33-169) (3-68) (23-56) (447-880) (22-44)

PCB Congeners (ng/g wet mass)

77 0.05AB 0.15AB	 0.03AB 0.02A 0.42B 0.05AB
0.02-0.12 0.05-0.39 0.01-0.07 0.01-0.06 0.09-2.01 0.02-0.12

(0.01-0.16) (0.03-0.32) (0.004-0.14) (0.01-0.03) (0.21-0.85) (0.03-0.14)



Table 11-4. (Continued)

Bachelor
(n=6/12)'

Fisher
(n=5/6)

Karlson
(n=5/11)

Molalla
(n=4/5)

Ross
(n=2/4)

Samish
(n=4/30)

126 0.02 0.02 0.01 0.01 0.05 0.01
0.01-0.04 0.01-0.04 0.003-0.02 0.003-0.01 0.01-0.17 0.004-0.02

(0.01-0.05) (0.01-0.04) (<0.001-0.02) (0.01-0.01) (0.03-0.09) (0.01-0.01)

169 0.002 0.001 0.003 0.001 0.002 ncb
0.001-0.005 nd-0.002 nd-0.003 nd-0.002 0.002-0.002
(0.001-0.01) (<0.001-0.003) (<0.001-0.003) (<0.001-0.002) (0.002-0.002) (<0.001-0.001)

PCDDs and PCDFs (ps/g wet mass)

2378- nc 0.72	 0.23	 nc 0.75 nc
TCDD 0.32-1.59 0.10-0.51 0.19-2.97

(<0.10-0.50) (0.40-1.30) (<0.10-1.0) (<0.10-0.10) (0.70-0.80) (<0.10-0.20)

OCDD 5.78A 3.08As I .56B 2.34AB 6.90AB 2.86AB
3.35-9.97 1.64-5.78 nd-2.93 1.17-4.68 2.31-21 1.43-5.70
(1.50-14) (2.00-12) (<1.5-1.8) (0.90-7.90) (5.80-8.20) (2.20-4.20)

2378- 0.93AB 3.95A 0.48AB 0.25B 2.19AB 0.69AB
TCDF 0.34-2.58 1.22-13 0.15-1.57 nd-0.91 0.28-17 nd-2.5 I

(0.30-4.00) (0.50-16) (<0.10-7.90) (<0.10-1.30) (1.50-3.20) (<0.50-1.70)

Means with different letters were significantly different using the Tukey-Kramer multiple range test.
Number of composite samples/number of individuals per composite.
Not calculated.



25

from Fisher compared to Karlson and Samish. With the exception of a peamouth chub

(Mylocheilus caurinus) from Fisher, DDE concentrations were greatest in largescale

suckers (Catostomus macrocheilus) from Bachelor, Molalla, and Ross. Total PCB

concentrations were 4.8 to 31 times greater at Ross compared to all other sites and were

highest in suckers, carp (Cyprinus carpio), peamouth chub, and trout (Salmo spp.) from

non-reference sites.

Concentrations of PCB congeners in prey items were low (table 11-4). At all sites,

mean concentrations in prey were highest for congener 77 and ranged up to 847 pg/g in

trout from Ross Island. Concentrations of congener 77 were significantly greater in prey

samples from Ross compared to prey from Karlson. Trout from Ross had the highest

concentrations of three of the four congeners (appendix C-2).

The overall mean OCDD concentration in prey from Bachelor was significantly

higher than the mean OCDD concentration at Karlson. OCDD levels were generally

highest in crayfish (Pacifastacus leniusculus), with concentrations ranging from 6.0 pg/g

at Karlson up to 14.0 pg/g at Bachelor. Largescale suckers from Bachelor and Ross had

elevated OCDD concentrations of 9.9 and 8.2 pg/g, respectively. The mean TCDF

concentration at Fisher was significantly higher than that at Molalla, and almost six times

greater than the level detected at the reference site. TCDD was present at trace levels in

most species from Fisher, Karlson, and Ross.

Biomagnification Factors

The highest biomagnification factors (BMFs) differed among sites (table 11-5).

The highest OC BMFs at Bachelor, Karlson, Ross, and Samish were calculated for

heptachlor epoxide, DDE, oxychlordane, and dieldrin, respectively, and ranged from 23

to 143. At Fisher and Molalla, BMFs were greatest for HCB. Within any site, BMFs for

trans-nonachlor and PCBs were similar. With the exception of dieldrin and PCB 169,

Karlson had the greatest BMF for all contaminants. Of the PCBs, congeners 126 and 169

had the highest BMFs. BMFs for congener 77 at Fisher and Ross were < 1.0. BMFs

were calculated for TCDD at three sites and all BMFs were > 1.0, indicating
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Table II-5. Mean biomagnification factors (SE) for contaminants detected in great blue heron eggs in 1995
and prey from the Columbia and Willamette rivers and Puget Sound, 1994-95.

Bachelor Fisher	 Karlson Molalla Ross Samish

Organochlorines

dieldrin 6 ± 0.9 4 ± 0.9	 35 ± 0.9 9 ± 0.8 3 ± 0.7 50 ± 0.8

HCB 4 ± 0.6 11 ±0.6	 31 ±0.6 17 ± 0.5 4 ± 0.6 30 ± 0.5

heptachlor epoxide 23 ± 0.8 13 ± 0.7	 56 ± 0.7 15 ± 0.7 8 ± 0.5 48 ± 0.7

oxychlordane 6 ± 0.7 5 ± 0.7	 38 ± 0.7 8 ± 0.6 30 ± 0.4 9 ± 0.6

p,p'-DDE 9 ± 0.9 3 ± 0.9	 143 ± 0.9 16 ± 0.8 24 ± 0.7 41 ± 0.8

trans-nonachlor 4 ± 0.8 3 ± 0.7	 89 ± 0.7 11 ± 0.7 6 ± 0.5 28 ± 0.7

Total PCBs 5 ± 0.9 4 ± 0.9	 73 ± 0.9 13 ± 0.8 4 ± 0.7 13 ± 0.8

PCB Congeners

77 2 ± 0.8 0.2 ± 0.8	 18 ± 0.8 2 ± 0.7 1 ± 0.5 1 ± 0.8

126 9 ± 0.8 7 ± 0.7	 150 ± 0.7 28 ± 0.7 13 ± 0.5 31 ± 0.7

169 9 ± 0.7 18 ± 0.6	 12 ± 0.6 32 ± 0.6 30 ± 0.4 14 ± 0.6

Dioxins

2,3,7,8- nc' 2 ± 0.8	 23 ± 0.8 nc 8 ± 0.6 nc
TCDD

1,2,3,7,8- nc 19 ± 0.8	 nc nc 10 ± 0.6 nc
PnCDD

1,2,3,6,7,8- 14 ± 0.9 24 ± 0.8	 nc nc 7 ± 0.6 nc
HxCDD

1,2,3,4,6,7,8- 4 ± 0.9 4 ± 0.9	 nc 5 ± 0.9 1 ± 0.7 12 ± 0.9
HpCDD

OCDD 9 ± 1.3 5 ± 1.2	 20 ± 1.2 7 ± 1.2 5 ± 1.1 10 ± 1.3

Furans

2,3,7,8- 1 ± 0.7 0.2 ± 0.7	 3 ± 0.7 2 ± 0.6 1 ± 0.5 2 ± 0.7
TCDF

2,3,4,7,8- 9 ± 0.9 14 ± 0.8	 31 ± 0.8 nc 11 ± 0.6 nc
PnCDF

a Not calculated.
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biomagnification. BMFs for 1,2,3,7,8-PnCDD; 1,2,3,6,7,8-HxCDD; 1,2,3,4,6,7,8-

HpCDD; OCDD; and 2,3,4,7,8-PnCDF were also > 1.0. BMFs for 2,3,4,7,8-PnCDD

were among the highest calculated for PCDD/F compounds. Biomagnification of TCDF

did not occur (BMFs 1.0) at three of our six sites and TCDF BMFs at the remaining

sites were low.

Bioassays

Both the EROD and the H4IIE bioassay assess exposure of an organism to

2,3,7,8-TCDD and structurally similar compounds via induction of cytochrome P-450

dependent enzymes. The EROD bioassay determines the impact of contaminants in the

egg on a developing embryo and the H4IIE bioassay determines the potency of the egg

contents to induce enzymatic activity in rat hepatoma cells (Bellward et al. 1990, Tillit et

al. 1991a). Body weight and cytochrome P450 content of heron embryos appeared

normal and did not differ significantly among sites (table 11-6). Bill length was not

correlated with mean concentrations of DDE (r = 0.73, P = 0.27), PCBs (r = 0.75 P =

0.23), or TCDD (r = 0.47, P = 0.68). Mean liver weights at non-reference sites were

slightly low compared to previous studies (Bellward et al. 1990, Hart et al. 1991,

Sanderson et al. 1994) but were not correlated with PCB (r = 0.37, P = 0.79) or TCDD

concentrations (r = 0.40, P = 0.76). Ethoxyresorufin-O-dealkylase activities did not

differ among sites and were low compared to results from similar studies in British

Columbia (Bellward et al. 1990, Sanderson et al. 1994).

TCDD-equivalents (TCDD-EQs) from the 1994 H4IIE bioassay were not

statistically different among sites (table 11-7); however, the TCDD-EQ for Karlson was

nine to 20 times greater than that for any other site. TCDD-EQs were positively

correlated (r = 0.93; P = 0.02) with 2,3,7,8-TCDD concentrations in heron eggs (figure

11-3). The significance of the correlation was partially explained by the site mean for

Karlson. The relationship between TCDD-EQs and 2,3,7,8-TCDD was still suggestive (r

= 0.87; P = 0.06) once the site mean for Karlson was removed. An among-site

comparison was not conducted for the 1995 results because only one site had a sufficient
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Table 11-6. Body and liver weight, microsomal protein content, and enzyme activity of great blue heron
embryos collected from the Columbia and Willamette rivers and Puget Sound, 1994-95. Results are
arithmetic means (SE).

Site

Parameter Bachelor Fisher Karison Molalla Ross Samish

1\la 14 7 12 10 9 6

Incubator Hatch Success 0.88 0.64 0.80 0.67 0.90 0.43

Body Weight (g) 55.80 52.67 51.05 55.78 54.82 50.51
(1.16) (2.56) (1.17) (2.45) (1.49) (1.40)

Liver Weight (g) 0.83 0.86 0.80 0.68 0.89 0.99
(0.05) (0.12) (0.09) (0.08) (0.07) (0.15)

Microsomal protein content 10.49 11.36 10.22 10.44 11.59 11.82
(mg/m1) (0.72) (0.84) (0.57) (0.92) (0.94) (1.27)

Cytochrome P-450 content 0.180 0.156 0.166 0.156 0.160 0.17
(nmolimg microsomal protein) (0.008) (0.010) (0.010) (0.010) (0.012) (0.021)

Ethoxyresorufin 0-dealkylase 0.005 0.004 0.004 0.003 0.004 0.005
activity (pmolhnin/mg protein) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

a Sample size.
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Table 11-7. Calculated toxic equivalents (TEQs) and H4IIE bioassay TCDD equivalents (TCDD-EQs) of
great blue heron eggs from the Columbia and Willamette rivers and Puget Sound, 1994-95 (pg/g). Results
are geometric means and 95% confidence intervals (range).

Bachelor Fisher Karlson

1994 1995 1994 1995 1994 1995

/sr 5 5 5 5 5 5

Dioxin TEQs

Rodent-based" 13 6.2AB 19 4.9A 25 12B
7.8-21 4.0-9.6 11-31 3.2-7.6 15-41 8.0-19

(9.9-17) (3.7-13) (11-45) (2.5-9.5) (12-75) (8.3-18)

Chicken-based` 20 11Ac 29 8.2A 38 19ABc
13-32 6.9-16 19-47 5.4-12 24-60 13-29

(17- 24) (6.6-22) (19-64) (3.8-17) (19-119) (14-30)

PCB TEQs

Rodent-based' 14x 19A 63xz 14A 76Yz 53c
6.6-28 12-31 30-129 8.4-22 37-157 33-86
(12-18) (13-24) (16-285) (6.9-26) (44-136) (32-98)

Chicken-based' 1.0x 19A 3.7xY 13A 4.2Yz 54c
0.5-2.0 12-31 1.9-7.2 8.1-21 2.1-8.1 33-87

(0.9-1.2) (13-23) (1.2-16) (6.5-26) (2.4-7.4) (33-98)

Total TEQs

Rodent-based" 26 25 81 18 101 66

Chicken-based` 21 30 33 21 42 73

H4I1E Bioassay 2.0 < 1.7 1.5 < 0.6 30 ne
TCDD-EQs 0.2-22 0.1-18 2.6-344 -`

(<0.1-11) (<0.1-6.2) (4.9-78) (<1.7-30)
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Table 11-7. (Continued)

Molalla (n=5) Ross (n=5) Samish (n=5)

1994 1995 1994 1995 1994 1995

N' 5 5 5 5 5 5

Dioxin TEQs

Rodent-based° 14 7.3AB 18 15B 13 12AB
8.7-11 4.7-11.3 11-30 9.9-24 7.8-21 7.6-18
(11-22) (4.3-17) (5.4-36) (9.9-22) (10-22) (8.0-24)

Chicken-based` 23 I Oac 29 25B 22 20Bc
14-36 6.8-15 19-47 17-38 14-35 14-31

(19-350 (6.6-17) (9.4-54) (16-35) (18-34) (14-37)

PCB TEQs

Rodent-based° 17xz 19A 103v 71Bc 13x 19A
8.2-35 12-30 50-213 44-114 6.2-26 12-31
(13-30) (9.6-51) (15-338) (34-127) (12-14) (14-32)

Chicken-based` 1.2xz 18A 7.1 Y 70BC 1.0X 19A
0.6-2.2 11-29 3.6-14 43-113 0.5-1.9 12-30

(1.0-1.7) (9.3-49) (1.1-23) (33-129) (0.9-1.0) (13-31)

Total TEQs

Rodent-based° 31 26 121 86 26 31

Chicken-based' 24 28 37 95 23 39

H4IIE Bioassay 2.3 nc 3.5 nc 1.5 2.5
TCDD-EQs 0.2-27 -- 0.3-40 -- 0.1-17 1.2-3.8

(<0.1-14) (<0.6-9.0) (<0.1-58) (<1.7-17) (<0.1-36) (<1.7-8.0)

Means with different letters were significantly different (p = 0.05) using the Tukey-Kramer multiple
range test.
° Sample size.
b Safe (1990).
Bosveld et al. (1995).

d Not calculated.
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Figure 11-3. Positive correlation between H4IIE TCDD equivalents (pg/g) and 2,3,7,8-
TCDD concentration (pg/g) in great blue herons from the Columbia and Willamette rivers
and Puget Sound, 1994-95.



32

number of detections to allow calculation of a site mean. H4IIE bioassays were also

conducted with extracts from prey items and activity in all samples was below the

method detection limit.

Toxic Equivalents

TEQs for Karlson and Ross were consistently greater than those for most other

sites and were independent of year or model (table 11-7). Karlson had the highest

PCDD/F TEQ in 1994, and Ross had the highest PCB and total TEQs in both years. In

1995, rodent-based PCDD/F TEQs for Ross and Karlson were significantly greater

compared to Fisher. The rodent-based and international TEQs (Safe 1990, Alborg et al.

1992) were similar for most residues. The 1995 chicken-based PCDD/F TEQs were

higher at Ross compared to Bachelor, Fisher, and Molalla. TEQs calculated using the

Bosveld et al. (1995) chicken-based model were consistently lower due to greater weight

given to PCDD/F compounds. PCBs contributed 54% to the chicken-based TEQ,

whereas PCBs contributed 57 to 84% of the rodent-based TEQ (figure II-4a and b). Total

TEQs calculated from egg residue concentrations were up to 24 times greater than those

derived from the H4IIE bioassay.

Heron Reproductive Success

Clutch size ranged from 3.1 to 4.2 eggs per nest (table 11-8) and was not different

among sites. Hatching success ranged from 1.8 to 3.2 chicks per nest and was

significantly greater at Karlson compared to Molalla and Samish in 1994. Nests at

Karlson had the highest fledging success during both years. In 1994, fledging sucess at

Ross and Samish (2.0 and 1.9, respectively) was significantly lower than at Fisher and

Karlson (2.6 and 3.0 respectively). Reproductive success ranged from 1.7 to 2.4 young

fledged per occupied nest and were significantly greater at Fisher in 1994 compared to

Samish. Fledging and reproductive success were not correlated with concentrations of

DDE (r -0.47, P 0.68), total PCBs (r -0.57, P 0.54), or TCDD (r � - 0.86, P
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Figure 11-4. Percent contribution of PCDD/Fs (open bars) and PCBs (shaded bars) to
chicken-based (A) and rodent-based (B) toxic equivalents (TEQs) in great blue heron
eggs from the Columbia and Willamette rivers and Puget Sound, 1994-95.



Table 11-8. Reproductive parameters (SE) and embryo deformities of great blue herons from the Columbia and Willamette rivers and Puget Sound, 1994-95.

SITE

Bachelor Fisher Karlson Molalla Ross Samish

1994 1995 1994 1995 1994 1995 1994 1995 1994 1995 1994 1995

Colony Size* 563 563 225 256 107 79 96 77 55 71 207 205

Nests Observed 43 46 43 52 42 34 43 45 36 39 48 51

Clutch Size 3.7 3.2 3.6 3.7 3.1 3.5 3.9 3.4 4.2 3.3 3.6 3.5
(0.3) (0.2) (0.3) (0.2) (0.3) (0.2) (0.3) (0.2) (0.3) (0.3) (0.3) (0.3)

Hatch Rate` 2.6AB 2.1 3.0AB 1.9 3.2n 1.8 2.5A 1.9 2.7AB 2.2 2.4A 2.1
(0.1) (0.1) (0.1) (0.1) (0.2) (0.2) (0.1) (0.1) (0.2) (0.1) (0.1) (0.1)

Fledge Rated 2.3AB 2.4 2.6Bc 2.3 3.0Bc 2.6 2.1AB 2.2 2.0A 2.5 1.9A 2.4
(0.1) (0.1) (0.1) (0.1) (0.1) (0.1) (0.1) (0.1) (0.2) (0.1) (0.1) (0.1)

Reproductive Rate' 2.2AB 2.3 2.4A 2.3 2.2AB 2.4 2.0AB 2.1 1.8AB 2.4 1.7B 2.4
(0.2) (0.1) (0.2) (0.1) (0.2) (0.17) (0.2) (0.1) (0.2) (0.2) (0.1) (0.1)

% Deformed Embryos' 0 0 20 0 40 0 40 10 0 20 0 0

Means with different letters were significantly different (p = 0.05) using the Tukey-Kramer multiple range test.
° Total number of nests.

Average number of eggs / observed nests.
Maximum number of chicks observed / successful nests.

d Number of chicks fledged / successful nests.
e Number of chicks fledged / observed nests, abandoned and predated nests included.
Number of deformed embryos / embryos harvested for EROD bioassay.
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0.06). The TCDD correlations were suggestive however, and a larger sample size would

clarify any relationships. Deformities were found at four of the six sites. Gross physical

deformities such as misshapen heads, crossed bills, and club feet were found at Karlson

in 1994 and Molalla in both years. Neck edema was observed in embryos from Molalla

and Ross in 1995.

Nest failure differed markedly among sites. Nest failure-for 1994 and 1995 were

combined because year was not a significant explanatory variable. Fisher and Molalla

had the lowest (4%) and Karlson had the highest (30%) percentage of failed nests (figure

11-5). The odds of a nest failure at Karlson ranged from four to 13 times greater than at

any other site and was significantly higher compared to all other sites (P 0.003). This

apparent contradiction between rates of hatching, fledging, and nest failure at Karlson

may be explained by a bimodal pattern in nest success. Most nests at all other sites

hatched and fledged between one to three eggs and chicks, respectively. In contrast,

most nest at Karlson either fledged three to four chicks or completely failed. Nest failure

was positively correlated (r = 0.96, P = 0.04) with TCDD concentration (figure 11-6),

although most of the significance is due to the site means from Karlson. There was no

relationship between nest failure and TCDD concentration once the data from Karlson

was removed from the analysis (r = 0.06; P = 0.92).

DISCUSSION

Contaminant Concentrations in Herons

The results of this study supported the hypothesis that environmental

contaminants were elevated in great blue herons from the lower Columbia and

Willamette rivers. Concentrations of DDE detected in heron eggs during this study were

generally below levels previously detected in other piscivorous birds from the Columbia

River (Blus et al. 1980, Henny et al. 1984, Fitzner et al. 1988, Anthony et al. 1993) but

above levels detected in recent studies on herons in other areas of the Pacific Northwest

(Elliot et al. 1989). Elevated DDE concentrations present in black-crowned night heron
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and bald eagle eggs from the Columbia River were associated with reduced reproductive

success (Henny et al. 1984, Anthony et al. 1993). DDE concentrations at Molalla were

similar to, and at Ross exceeded, concentrations detected in two heron eggs collected

from colonies on the Willamette River in 1975 (English 1978). With the exception of

eggs collected from Bachelor, mean DDE concentrations in eggs from all sites in 1995

exceeded elevated concentrations in heron eggs from an agricultural area in British

Columbia. Eggs from Bachelor and Samish had DDE levels that were similar to those at

less contaminated sites (Elliot et al. 1989). Adverse effects of DDE on hatchability or

reproductive success of great blue herons are unlikely at the concentrations which were

observed in this study. Great blue herons are relatively insensitive to DDE contamination

and have successfully developed to the pipping stage while carrying a load of 78 it/gig

(Vermeer and Reynolds 1970). The remaining OCs were either not detected or were

present in concentrations below levels associated with adverse effects in predatory birds

(Blus 1980, 1982; Blus et al. 1984; Henny et al. 1983, 1984; Fitzner et al. 1988).

Total PCB concentrations at Ross in 1994 exceeded levels detected in previous

piscivorous bird studies on the Columbia River and in Washington, California, and

British Columbia (Blus et al. 1980, Hoffman et al. 1986, Fitzner et al. 1988, Elliot et al.

1989). They were similar to levels found in double-crested cormorant and bald eagle

eggs from the Columbia River during the same time frame (U.S. Fish and Wildlife

Service, unpubi. data), but below the mean PCB concentration in bald eagles in 1985-87

(Anthony et al. 1993). One egg from Ross had 33 ppm total PCBs, exceeding the critical

values associated with impaired embryo health in chickens (Tumasonis et al. 1973, Cecil

et al. 1973) and reduced reproductive success in Forster's terns (Kubiak et al. 1989).

Total PCB concentrations at all other sites were either below or similar to concentrations

previously detected in bird eggs from healthy populations along the Columbia between

1978-82 (Blus et al. 1980, Henny et al. 1984, Fitzner et al. 1988, Anthony et al. 1993).

Concentrations of the most toxic PCBs, the non-ortho-chloro-substituted congeners, were

low in heron eggs in this study. Mean concentrations were well below levels that were

detected in Columbia River bald eagles and associated with reduced productivity (U.S.

Fish and Wildlife Service, unpubi. data). Congener 126, the most toxic congener (Safe
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1990), was present in the highest concentrations in heron eggs in this study. In contrast,

congener 77 was the most elevated PCB detected in recently collected bald eagle eggs

(U.S. Fish and Wildlife Service, unpubl. data). Differences in species-specific

metabolism of PCB congeners may be partially responsible for this discrepancy.

With the exception of OCDD, mean PCDD and PCDF concentrations in great

blue heron eggs from the Columbia and Willamette rivers were low in 1994 and 1995.

Compared to concentrations in heron eggs in this study, bald eagle and double-crested

cormorant eggs recently collected from the Columbia River contained much greater

TCDD and TCDF concentrations (Anthony et al. 1993, U.S. Fish and Wildlife Service,

unpubl. data). TCDD concentrations in heron eggs in this study were generally below the

10 pg/g background level suggested for eggs of piscivorous birds in the Great Lakes

(Kubiak et al. 1989) and were similar to concentrations found at reference sites in British

Columbia, Canada (Elliot et al. 1989, Bellward et al. 1990, Hart et al. 1991, Sanderson et

al. 1994). TCDF concentrations in eagle eggs collected from Bachelor, Fisher, and

Karlson islands were five to eight times greater than concentrations detected in heron

eggs from the same areas (U.S. Fish and Wildlife Service, unpubl. data). This difference

is likely indicative of dietary differences between these two species; eagles feed at one

trophic level above herons with a significant portion of fish-eating birds in their diet

(Watson et al. 1991). Highly chlorinated TCDD congeners were present in greater

amounts relative to tetra- and penta-chlorinated congeners in heron eggs from this study,

as is typical in environmental samples (Alborg et al. 1992). Although OCDD

concentrations were elevated at all sites, concentrations are probably not biologically

significant due to the low toxicity of OCDD relative to tetra- through hexachloro 2,3,7,8-

substituted congeners (Safe 1990).

Mercury concentrations in our heron eggs were less than residues previously

detected in eggs from most other fish-eating birds from the Columbia River (Blus et al.

1985, Anthony et al. 1993). Mean mercury concentrations in eggs from Karlson,

Molalla, and Ross were higher than levels detected in British Columbia (Elliot et al.

1989), but below concentrations associated with reduced hatch, fledge, and reproductive
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success in common terns and common loons from the Great Lakes (Fimreite et al. 1971,

Eisler 1987).

Toxic Equivalents

Although PCB concentrations in heron eggs were low, they contributed

substantially to the calculated TEQs. In 1994, PCB TEQs from the rodent-based model

were comparable to 1995 PCB TEQs, which were based solely on non-ortho-chloro

congeners. This is due to a considerable contribution to the 1994 TEQ by one mono-

ortho- and three di-ortho-chloro-substituted congeners: 118, 180, 153, and 138,

respectively. These four congeners constituted 48 to 100% of the total PCBs detected in

1994. Therefore, the PCB TEQ that we report is probably low for both years, because the

contribution of both groups was not measured simultaneously.

Regardless of which model (rodent or chicken-based) we used to calculate total

TEQs, our calculated values were much higher than the values obtained via the H4IIE

bioassay. The bioassay TCDD-EQs are more representative of the actual effects of

PCDDs, PCDFs, and PCBs on great blue herons because they are not restricted by the

primary assumption of additivity inherent in the other TEQ models (Alborg et al. 1992,

Bosveld et al. 1992). Because the rat hepatoma cells in the bioassay are exposed to the

mixture of contaminants present in the heron eggs, the results integrate both the

individual toxicities of the compounds and their interactions for a more accurate result

(Tillitt et al. 1991a, 1991b). Our results indicate that the PCDDs, PCDFs, and PCBs are

not acting in an additive manner, which is in agreement with data on bald eagles from the

Columbia River (U.S. Fish and Wildlife Service, unpubl. data).

Both additive and antagonistic interactions have been documented in various two-

way combinations of PCDDs, PCDFs, and PCBs (Weber et al. 1985, Keys et al. 1986,

Bannister and Safe 1987, Birnbaum et al. 1987, Haake et al. 1987, Davis and Safe 1988,

Biegel et al. 1989, Bol et al. 1989, Davis and Safe 1989). The type and extent of

interaction that was detected depended on the relative concentrations of the two

compounds, degree of chlorination of the potential antagonist, species, and strain
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(Bannister and Safe 1987, Davis and Safe 1988, Beigel et al. 1989, Bol et al. 1989, Davis

and Safe 1989). Such studies of interactions between contaminants are crucial to

understanding the effects of environmental mixtures. However, further research with

more complex mixtures is necessary because exposure of fish and wildlife is rarely

limited to two compounds.

Contaminant Concentrations in Prey

Organochlorine concentrations in fish from the Columbia and Willamette rivers

have been monitored for the last three decades. Organochlorine concentrations in fish

and crayfish from the Columbia and Willamette rivers from 1970-1995 are available

(appendix E). The first detailed monitoring was conducted as part of the National

Contaminants Biomonitoring Program initiated in 1967. At that time, PCBs and

chlorinated pesticides such as DDE were the primary contaminants of concern. In the

late 1980's, concerns over dioxin and furan contamination in the rivers emerged. DDE

and PCB concentrations in bottom feeders such as large-scale suckers and northern

squawfish show no decline between 1970-1989. After 1990 however, concentrations of

both compounds appear lower, with few samples > 1 i.cg/g in any species. Dioxin and

furan concentrations appear to be stable, with the exception of the low values reported by

Tetra Tech (1996).

Concentrations of DDE and total PCBs detected in prey were similar to or below

concentrations detected in fish from other studies on both rivers (Tetra Tech 1996, U.S.

Fish and Wildlife Service, unpubl. data). DDE concentrations at all our sites were below

both the carcinogenic and non-carcinogenic levels of concern established by New York

State (Newell et al. 1987). Similar guidelines for PCB levels, 0.1 ktg/g (Nagpal 1992)

and 0.11 ug/g (Newell et al. 1987) were exceeded by prey from Bachelor, Fisher, and

Karlson Islands. Prey from all sites in this study contained TCDD and TCDF

concentrations that were similar to values reported by earlier studies of bottom-feeding

fish (Curtis et al. 1993, Tetra Tech 1996). TCDD concentrations in fish in this study

were below guidelines for piscivorous wildlife (Newell et al. 1987) but exceed the
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consumption guideline for human health (U.S. Environmental Protection Agency 1986).

This demonstrates the need for continued regulation on dioxin loads (TMDLs) in both

rivers and suggests that the current limits need to be lowered.

Biontagnification Factors

Care must be taken to look at identical tissues when comparing BMFs among

studies. BMFs calculated between prey and whole bodies of fish-eating birds will be

uniformly larger than those calculated between prey and bird eggs. BMF profiles of

different tissues may also differ within a species, due to preferential retention or

elimination of a compound from a tissue (Braune and Norstrom 1989).

BMFs varied greatly among colonies for most compounds. These among-site

differences may partly reflect differences in dietary composition of herons at various

locations along the river (appendix B-5). BMFs were greatest at Karlson for all

compounds, which was largely due to markedly low residue concentrations detected in

prey. With the exception of Bachelor and Fisher, BMFs for DDE were much higher than

those for DDT. This is likely due to the rapid metabolism of DDT to DDE in most

tissues. Most of our BMFs for OCs were below those reported for other fish-eating birds

in the Great Lakes, Canada, and Great Britain (Zitko and Choi 1972, Walker et al. 1975,

Anderson and Hickey 1976, Braune and Norstrom 1989). These differences may result

from dietary differences or species differences in tissue distribution and elimination

(Braune and Norstrom 1989). Our results are similar to those of Norstrom et al. (1978),

who reported BMFs for DDE, HCB, oxychlordane, and heptachlor epoxide in herring

gulls (Larus argentatus) ranging from 11-55. In contrast to previous studies (Braune and

Norstrom 1989), TCDD was not the most highly biomagnified PCDD or PCDF. Very

little biomagnification occurred with TCDF, which is in agreement with an earlier study

on Forster's terns in the Great Lakes (Kubiak et al. 1989). PCBs 126 and 169 were

magnified more than congener 77, which is also consistent with Great Lakes data

(Kubiak et al. 1989).



42

Bald eagle BMFs varied somewhat and depended on which estimates of dietary

composition were used (table 11-9). The mean BMFs for DDE, PCBs, and TCDD in

cormorants were greater than comparable values calculated for bald eagles.

Biomagnification of TCDF was negligible in both double-crested cormorants and bald

eagles as it was in Forster's terns in the Great Lakes (Kubiak et al. 1989). All BMFs

calculated for bald eagles and double-crested cormorants in the Columbia River Estuary

fall within the range of values calculated for herons from the lower Columbia River. We

expected the greatest biomagnification to occur in bald eagles, as they are top level

predators. However, this was not observed and may be partially due to species

differences in metabolism of DDE, PCBs and TCDD.

Effects of Contaminants

Eggshell thinning at Bachelor, Fisher, Molalla, and Samish was comparable to

that found at sites upriver on the Columbia during 1978-82. Thinning at Ross (14.4%)

was greater than that found at any site in the Columbia River in 1978-82 (Blus et al.

1980, Fitzner et al. 1988) and is similar to thinning of heron eggshells (17%) that were

broken during incubation (Faber et al. 1972). Thinning at Ross also approaches levels

(15-20%) associated with long-term population declines of the species (Anderson and

Hickey 1972).

Embryo deformities, positive correlations between H4IIE TEQs and TCDD

concentrations (r = 0.87, P = 0.02), and positive correlation between nest failure and

TCDD concentrations (r = 0.85, P = 0.03) demonstrated that contaminants were

impacting individual herons on the Columbia and Willamette rivers. Deformities were

found at four of the six sites at rates similar to or above those reported for double-crested

cormorants from Green Bay, Wisconsin, in 1988 (Yamashita et al. 1993). These hard

tissue deformities have typically been linked to toxicity of TCDD-like compounds

(Brunstrom and Andersson 1988, Brunstrom 1990). However, no correlation was

detected between distance of colonies from pulp and paper mills and TCDD

concentration. Although a large number of compounds were quantitated in this study,



Table 11-9. Biomagnification factors for bald eagles and double-crested
cormorants in the Columbia River Estuary during 1994-95.

DDE PCB TCDD TCDF

Bald eagle'

Double-crested
cormorant

7-10

38

6-8

9

2-4

5

0.05-0.08

0.03

a Upper and lower bounds calculated according to dietary proportions described by Watson et al.

(1991).
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our list was not exhaustive. Other contaminants such as pthalates may be present in the

system and partially responsible for the embryo deformities and nest failure we observed.

Hatch and fledge rates in our study were similar to those calculated for most other

colonies in which reproduction was not impaired (Vermeer 1969, Henny and Bethers

1971, Werschkul et al. 1977, English 1978, Blus et al. 1980, Sullivan and Payne 1988,

Elliot et al. 1989), although our rates were slightly below those of colonies in British

Columbia and Nova Scotia in 1977-81 (Quinney 1983, Forbes et al. 1985). Therefore,

contaminants do not appear to be significantly impairing great blue heron reproduction at

the colony level on the Columbia and Willamette rivers where our study was conducted.

In summary, results from this study supported our first hypothesis that

environmental contaminants were elevated in great blue herons from the lower Columbia

and Willamette rivers. Elevated concentrations of DDE and total PCBs were detected at

several sites and contaminant concentrations in some eggs exceeded levels associated

with impaired reproduction in other species. Significant among-site differences were

detected in concentrations of DDE, total PCBs, and TCDD. The results from this study

did not support our second hypothesis, that TCDD concentrations in heron eggs were

inversely related to distance of the colony from pulp and paper mills. Our final

hypothesis, that concentrations of certain residues were adversely affecting reproductive

success of herons, was supported only at the individual level and not at the colony level.

Elevated deformity rates, positive correlations between H4IIE TEQs and TCDD

concentrations and between nest failure and TCDD concentration demonstrated that

contaminants were impacting individual herons on both rivers. Hatch and fledge rates

observed in this study were comparable to rates calculated for other heron colonies in

which reproduction was not impaired. This demonstrated a lack of effect of residues on

great blue heron colonies from which we sampled. Despite the apparent lack of colony-

level effects on herons, elevated concentrations of DDE and total PCBs are present in

wildlife from both rivers and may be adversely affecting individual herons or more

sensitive species.
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River Hydraulics and Contaminant Bioavailability

We expected contaminant concentrations to be most similar for two pairs of sites:

Bachelor and Fisher, and Molalla and Ross. These two pairs of sites are located in

physically similar areas of the Columbia and Willamette rivers, respectively, and thus

would be subject to similar hydrological conditions. Residues in eggs from Karlson were

typically higher than those detected in eggs from Bachelor and Fisher. This difference

may be due to the fact that Karlson Island is in the estuary, which has a salinity gradient

that affects both the available prey base and contaminant flux through the system.

Salinity is an important factor in determining contaminant bioavailability because it

influences settling times of suspended sediment particles, to which organic compounds

typically adsorb. Bachelor and Fisher islands are located in the fluvial reach of the

Columbia (above river mile 37, Tetra Tech 1992), which has relatively low particle

retention times and little settling of suspended sediments due to rapid flow velocities and

low bed roughness (Tetra Tech 1992). Suspended sediments from the fluvial reach settle

more rapidly upon reaching the estuary because it is a transition zone between fresh and

saline water (Whetten et al. 1969, DiGiano et al. 1993) and has greater bed roughness

(Tetra Tech 1992). Between 20 to 30% of the suspended sediment load carried by the

Columbia River is deposited in the estuary (Hubbell and Glenn 1973). Suspended

sediments settle primarily in the estuary and backwaters (Hubbell and Glenn 1973,

Simenstad et al. 1984), which are areas in which herons typically feed. Release of

organochlorine contaminants from suspended sediments has been documented in both

fresh and saline systems in other areas (Hafferty et al. 1977, Halter and Johnson 1977,

Seelye et al. 1982), and resultant bioaccumulation has been reported in several species of

fish (Seelye et al. 1982, Rice and White 1986).

This has important implications for dredging operations. Flow velocities and

short suspended sediment retention times in the main channel of the Columbia River

above the estuary suggest that dredging in these areas will not increase bioavailability of

contaminants to organisms living in the immediate vicinity. However, dredging activities

conducted upriver may impact organisms in the upper end of the estuary due to longer
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retention times of suspended sediments and greater deposition in these areas. Dredging

activities within the estuary may increase contaminant availability to organisms in a large

area due to complex flows and mixing patterns.

Great Blue Herons as Indicator Species

Great blue herons have been used as indicator species for contaminant monitoring

in British Columbia since 1977 (Elliot et al. 1989, Whitehead 1990). A good indicator

species should be widely distributed, and have high trophic status, nest fidelity (Custer et

al. 1991), and low sensitivity to contaminants. Great blue herons on the lower Columbia

and Willamette rivers meet all four criteria. In addition, these birds are colonial nesters,

which facilitates sample collection.

The results of our study and others (Blus et al. 1980, LaPorte 1982, Fitzner et al.

1988) have demonstrated the utility of herons as an indicator species. Although juvenile

herons may feed in grasslands along the west coast, adult females typically feed in

estuarine marshes and intertidal beaches (Butler 1991). Chemical residues in eggs are

therefore most representative of contamination in aquatic ecosystems.

Current contaminant concentrations in the Columbia and Willamette rivers do not

seem to be adversely affecting reproductive success at most of our sites. However, they

are affecting individuals, and this is evident in the deformities and TCDD-EQs observed

from some eggs. Adverse effects may be expected in species with similar exposure and

higher sensitivity. Modeling is necessary to define more precise relationships between

residue concentrations in herons and other species for which they would serve as an

indicator. Continued monitoring of residue levels in great blue heron eggs would provide

valuable information for other piscivorous species such as bald eagles, whose

productivity has been depressed in recent years (Anthony et al. 1993).
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MANAGEMENT IMPLICATIONS

Elevated levels of DDE and PCBs were present in heron eggs from Ross Island.

However, adverse effects were not detected in our estimates of hatch, fledge, or

reproductive rates. Contaminants may be impacting herons at a later life stage, which

this study was not able to address. The post-fledging stage is a strenuous time for

juvenile herons because they are no longer being fed by their parents and must hunt for

themselves. Capture rates of great blue heron juveniles are roughly half that of adults for

two months following fledging (Quinney and Smith 1980). Sublethal tissue

concentrations of contaminants may impact the juveniles during this time when lipid

reserves are mobilized for survival. Subtle residue effects such as slower reaction time

upon sighting prey may result in starvation. Studies of post-hatch residue concentrations

and survival of great blue herons on the lower Columbia and Willamette rivers are

needed to determine whether such an effect is occurring.

Periodic dredging is required in the lower Columbia and Willamette rivers to

maintain navigability of both the main channel and the backwater areas. Because the

primary contaminants of concern in these areas, DDT and PCBs, have been banned from

use for at least two decades, we suggest that the effects of dredging on sediment

resuspension and the resultant contaminant bioavailability should be investigated. In our

study, the site with the highest concentration of almost every contaminant, Ross Island, is

in an urban area and adjacent to a gravel company. The company removes gravel from

the riverbed, so the colony is associated with a semi-continuous dredging operation.

Dredging studies would clarify the transport and fate of contaminants in resuspended

river sediments and may determine whether the primary source of contaminants is the

residual concentrations stored in sediments or nonpoint runoff from urban and

agricultural areas.

Although we did not detect a colony-level effect of contaminants, we did find

elevated residue levels of PCBs in herons, a strong positive correlation between TCDD

concentration and nest failure, and deformed heron chicks as well as TCDD

concentrations in fish samples that exceed the guidelines for human health. We suggest
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that continued regulation of pollution discharge into the Columbia and Willamette rivers

is necessary because adverse effects of contaminants are still being detected in wildlife

from these areas, and current residue concentrations in fish have the potential to harm

human health.
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III: NESTING BEHAVIOR OF GREAT BLUE HERONS IN THE COLUMBIA
RIVER BASIN, OREGON AND WASHINGTON

INTRODUCTION

Nesting behaviors are crucial to the reproductive success of breeding birds.

Altricial nestlings have three main criteria that must be met to insure their survival:

protection, thermoregulation, and nutrition (Gill 1990). Protection of eggs and nestlings

requires an adult to be both present and defensive of the nest. Thermoregulation of eggs

and chicks also requires nest attendance and the adults must display proper incubation

and brooding behaviors. Adults must also satisfy the daily energy requirements of their

chicks by presenting a sufficient quantity and quality of food items, requiring a certain

number of nest visits and proper feeding behaviors. Therefore, nest attendance is

therefore critical at a proximal level and the suite of behaviors conducted at the nest are

ultimately important. If a breeding pair does not meet these basic criteria, their

reproductive success will be impaired.

In addition to direct mortality and teratogenicity, contaminants can have sublethal

effects on behavior of vertebrates. Organochlorine compounds have been implicated in

abnormal breeding behavior in several species of birds. Reduced nest attentiveness and

nest defense in herring gulls (Larus argentatus), mallards (Anas platyrhynchos), prairie

falcons (Falco mexicanus), and ring doves (Streptopelia risoria) have been associated

with elevated concentrations of DDE, PCBs, and other organochlorine pesticides (Peakall

and Peakall 1973, Winn 1973, Fyfe et al. 1976, Fox et al. 1978, McArthur et al. 1983).

Ring doves exposed to DDE also spent less time engaged in courtship activities and had

delayed renesting and reduced clutch size in renesting attempts (Haegele and Hudson

1973, 1977). Elevated levels of PCBs, polychlorinated dibenzo-p-dioxins (PCDDs) and

polychlorinated dibenzo-furans (PCDFs) were detected in eggs of Forster's tern (Sterna

forsteri) from a site in Green Bay, Wisconsin, which had shorter incubation periods
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relative to an uncontaminated site (Kubiak et al. 1989). Reproductive success of terns

from the Green Bay colony also was significantly impaired.

The purpose of this study was to determine whether activity budgets of adult great

blue herons in northwest Oregon and Washington were related to contaminant

concentrations in eggs. We tested the following hypotheses: (1) parental nest attendance

and breeding behavior are not different at contaminated sites versus an uncontaminated

site, and (2) among-site differences in nest attendance and other behaviors are not related

to contaminant concentrations in eggs. We focused on the presence of adults at the nest

and the rate of nest visitation (i.e., prey delivery rates) as measures of nest attendance and

feeding rates, respectively. We also quantified brooding and standing behaviors to

examine adult activities at the nest that could influence juvenile survival.

STUDY AREA

Study sites were located in northwest Oregon and Washington (figure II-1).

Climate of the region is dominated by weather systems moving across the Pacific Ocean

and is characterized by cool, dry summers and mild, wet winters. Temperatures

generally range from 2.7 to 20.3° C. Average annual precipitation is 1,076 mm along the

Columbia and Willamette rivers and 853 mm near Samish Island in the Puget Sound

(Franklin and Dyrness 1973).

The Bachelor and Fisher island colonies were located on the lower Columbia

River; Karlson Island was in the Columbia River Estuary. The Molalla State Park and

Ross Island colonies were located on the lower Willamette River, and the reference site,

Samish Island, was in Puget Sound, Washington. Karlson and Samish islands were in

transition zones between fresh and saltwater, and the remaining sites were on or near

freshwater. With the exception of the Molalla site, all colonies were in tidal areas.

Bachelor and Karlson Island colonies are on U.S. Fish and Wildlife Service refuge lands,

and the Molalla colony is on Oregon State Park property. Fisher, Ross, and Samish

islands are privately or corporately owned.
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The Bachelor, Fisher, Molalla, and Ross island colonies are vegetatively similar.

Great blue herons nest in black cottonwoods (Populus trichocarpa), which dominate the

canopy. Understory is primarily composed of stinging nettle (Urtica dioica) and

elderberry (Sambucus racemosa), and snowberry (Symphoricarpus albus) and reed

canary grass (Phalaris arundinacea) are present to a lesser extent. The Karlson Island

heron colony occurs in a Sitka spruce (Picea sitchensis) swamp with occasional western

red cedars (Thuja plicata). Understory is composed of willow (Salix spp.), red alder

(Alnus rubra), and salmonberry (Rubus spectabilis). Great blue herons on Samish Island

also nest in black cottonwoods, but the stand also includes bigleaf maple (Acer

macrophyllum) and western red cedar. Understory is varied and contains stinging nettles,

eelgrass (Zostera marina) and swordfern (Polystichum munitum).

METHODS

Sampling

We used scan sampling (Altmann 1974) to quantify nest attendance and breeding

behaviors of nesting great blue herons from April through mid-July in 1994 and 1995.

Scans were conducted every 10 minutes and instantaneous observations (Altmann 1974)

of adult behavior were recorded for every visible nest. We also recorded information on

weather and the presence of predators. 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. Activity

categories for predators included flying through the colony, landing in the colony, or

predation attempts. All observed predation attempts were on juvenile herons and were

performed by bald eagles (Haliaeetus leucocephalus).

Observation sessions lasted four to five hours, with the exception of one 2.5-hour

visit that was curtailed because of observer illness. We used 40-60x spotting scopes, and

observations were conducted from ground blinds or tree stands, depending on nest

visibility at the site. Ground blinds were used at Bachelor, Fisher, and Samish islands,
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where nests were clearly visible from the ground and the colonies were not tidally

inundated. Tree stands were used at Karlson, Molalla, and Ross islands due to tidal

inundation or poor nest visibility from the ground. Because one of our sites was

inaccessible at low tide, visits to all sites occurred during high tide. Observations were

centered on high tide such that a four-hour session would begin two hours before high

tide. All observations were diurnal and were conducted between 0615 and 2015. Each

colony was visited approximately three times a month until the chicks were nine weeks

old, for a total of 74 to 78 hours of observation at each site. The order in which colonies

were visited was randomly selected within each week.

Behaviors were assigned to seven categories: brooding, standing, preening,

feeding, nest building, nest maintenance, and nest exchange. Brooding included both

incubating and brooding because our vantage points did not allow us to see into the nest

cup at all times. Nest building included stick transfer (Mock 1976) and insertion of newly

acquired sticks into the nest. Nest maintenance included all adult activities that involved

materials already associated with the nest. Nest exchange refers to instances where both

adults were briefly present at the nest, with one adult arriving and the other departing.

We also recorded the absence of both adults from the nest. Landing calls (Mock 1976)

were recorded as an indicator of parental attentiveness and feeding frequency as

described by Van Vessem and Draulans (1986) and McNeil and Benoit (1993).

Statistical Analyses

Nest attendance and breeding behavior--We summarized activity budgets in two

ways. For the analysis of nest attendance, we grouped data into present or absent

categories. All activities in which one or both adults were present at the nest were

included in the first category. For the analysis of adult behavior at the nest, all

observations in which adults were absent from the nest were excluded. We summed the

number of adults engaged in each behavior and the total number of adults observed

during each scan. Due to low numbers of observed nest building, nest maintenance, and

nest exchange behaviors we grouped them into a single category which we called pair
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bonding. Observations in which adult activity was not clearly visible were censored from

the data. We synchronized nesting chronologies at all sites by defining week 0 as the

estimated peak of hatch.

We developed logistic regression models to test for among-site differences in

parental nest attendance and breeding behaviors. We fit a main effects model which

included covariates identified as significant (P 0.05) in a drop-of-deviance test.

Covariates included temperature, predator presence, time of day, week, and year.

Precipitation was a significant explanatory variable for breeding behaviors but not for

nest attendance. Because week was a significant covariate for all behaviors, we ran

separate models for each week to determine when significant among-site differences

were occurring. We used the Bayes Information Criteria (BIC) to determine the best

interaction model because it emphasizes parsimony of parameters by penalizing larger

models (Ramsey and Schaffer 1997). Interactions between site and week, site and year,

and temperature and week were tested. All odds ratios were calculated using Samish as

the reference for comparison.

We used simple linear regression to test for relationships between behavioral odds

ratios and contaminant concentrations. Due to variation inherent in both behavioral and

contaminant data, we defined the level of significance for this test as alpha = 0.10. All

other significance tests were performed at the alpha = 0.05 level.

Nest visits--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, site comparisons were restricted to

reference versus 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 calculated Wilks' lambda and used the Bartlett's

approximation to derive X2 (Mardia et al. 1979). We developed separate multiple linear

regressions for each week to examine when the counts were significantly different

between reference and non-reference sites.
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RESULTS

With one exception, behavioral activities and the rate of nest visits changed

greatly over time. The percentage of adults present at a nest followed a sigmoid curve

(figure III-la). One or both adults were continuously present at most nests during weeks

0 to 3, then the percentage of adult attendance declined rapidly. Few adults were present

at their nests during the last two weeks of the nesting period. Throughout the nesting

cycle, adults at Samish were present at their nests more than all other sites. The

percentage of adults brooding was greatest during hatching and decreased to 50%

between one and two weeks (figure III-lb). The upward trend in brooding observed

between weeks 7 to 9 was due to renesting by some pairs. The percentage of adults

feeding chicks did not appear to follow a trend (figure III-2a); however, we witnessed

feeding sessions infrequently and the lack of trend is likely due to the low frequency of

this activity. Pair bonding was rarely observed during the first four weeks following the

peak of hatch (figure III-2b), but it increased markedly after the fifth week, with non-

reference sites showing a greater change than the reference site. The percentage of adults

preening followed a temporal pattern similar to that shown by standing behavior (figure

III-3a). The spike at week 7 was due to a large number of preening adults at the

reference site. The percentage of adults standing was highest (60-70%) between weeks 3

and 6 (figure III-3b), and decreased afterward. Non-reference sites often had fewer

adults standing as compared to Samish. The rate of nest visits peaked at week 2 and

gradually declined to week 9 (figure 111-4). The low rate of nest visits at week 3 is likely

due to missing data from the reference site. Nest exchange rates at the reference site

were consistently greater relative to non-reference sites during weeks 0, 1, 2, and 4. This

pattern would probably have been seen during week 3 as well, had we been able to visit

the reference site at that time.
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Figure III-1. Percent of adult herons attendant at their nest (A) and brooding (B) at six
colonies in western Oregon and Washington each week, 1994-95. Triangles and broken
line represent reference site, circles represent non-reference sites, and solid line represents
non-reference mean.
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Figure 111-2. Percent of adult herons feeding (A) and pair bonding (B) at six colonies in
western Oregon and Washington each week, 1994-95. Triangles and broken line
represent reference site, circles represent non-reference sites, and solid line represents
non-reference mean.
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Figure 111-3. Percent of adult herons preening (A) and standing (B) at six colonies in
western Oregon and Washington each week, 1994-95. Triangles and broken line
represent reference site, circles represent non-reference sites, and solid line represents
non-reference mean.
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Figure 111-4. Rates of adult great blue heron nest visitation over time in six colonies in
western Oregon and Washington, 1994-95. Triangles and broken line represent reference
site, circles represent non-reference sites, and solid line represents non-reference mean.
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Nest Attendance

Main effects--Site was a significant explanatory variable (P < 0.005) for

differences in nest attendance after accounting for differences in year, week, time of day,

temperature, precipitation, and presence of predators as covariates. The overall odds

ratio for at least one adult heron being present at the nest was significantly (P < 0.50)

lower for all non-reference sites compared to Samish (table III-1). 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. Odds ratios for adult nest attendance were negatively correlated (r = -0.79, P =

0.06) with DDE concentration (figure 111-5) and unrelated to concentrations of PCBs or

TCDD (appendix F).

With few exceptions, the odds ratios for present adults were significantly (P <

0.05) smaller at non-reference sites during weeks 4 through 9 (table 111-2). During weeks

4 through 7, adult herons were least likely to be present at Ross and were 93 to 95% less

likely to be present relative to Samish. In contrast, nest attendance at Fisher and Karlson

in the fourth week was 2.31 and 3.34 times more likely, respectively, compared to

Samish. In the eigth week, adult presence was 2.57 times more likely at Molalla relative

to Samish.

Interactions--There were significant interactions (P < 0.05) between year, week,

and site in their effects on the probability of nest attendance by adult herons (table 111-3).

Compared 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 Bachelor, Molalla, and Ross, the

odds of present adults 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 ratios for adult nest attendance increased with successive weeks

compared to Samish. With the exception of Karlson, adults at non-reference sites

appeared 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 significant for any model.
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Table III-1. Odds ratios (95% confidence intervals) for main effects on great blue heron nesting
behaviors (n = 2084), Columbia and Willamette rivers, 1994-95. All odds ratios are significant at P
0.05 unless otherwise noted.

MODEL

SITES

Bachelor Fisher Karlson Molalla Ross

Attendance 0.38 0.51 0.40 0.25 0.05
(0.34-0.41) (0.46-0.56) (0.37-0.44) (0.22-0.27) (0.04-0.06)

Brooding 1.67 1.12 2.14 1.48 1.30
(1.54-1.81) (1.03-1.22) (1.98-2.31) (1.36-1.62) (1.19-1.42)

Feeding 5.44 2.35 5.96 4.04 8.09
(3.54-8.36) (1.48-3.72) (3.86-9.21) (2.52-6.47) (4.94-13.2)

Pair Bonding 0.64 0.83 0.65 0.70 0.59
(0.54-0.76) (0.71-0.98) (0.55-0.77) (0.59-0.83) (0.49-0.72)

Preening 0.66 0.77 0.68 0.81 0.78
(0.59-0.72) (0.70-0.85) (0.61-0.75) (0.73-0.89) (0.69-0.88)

Standing 0.81 1.08' 0.64 0.79 1.00'
(0.75-0.87) (1.00-1.16) (0.59-0.68) (0.73-0.86) (0.92-1.09)

All odds ratios calculated relative to the reference site, Samish = 1.00.
b Not significant at P = 0.05.
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Table 111-2. Odds ratios (95% confidence intervals) for great blue heron nesting behaviors at non-
reference sites relative to the reference site (Samish=1.00), Columbia and Willamette rivers, 1994-95.

Site'

Week" /.1` Bachelor Fisher Karlson Molalla Ross

Presence

0 254 26.7 25.9 1.13E7 0.37 0.11
(0.00-00 ) (0.00-03) (0.00-00) (0.00-00) (0.00-03)

1 325 3.46E-8 1.70 5.22E-4 0.02 0.46
(0.00-00 ) (0.00-00) (0.00-00) (0.00-00) (0.00-00)

2 272 2.46E-6 5.92E-6 1.42E-4 nae 8.62E-8
(0.00-00) (0.00 -00 ) (0.00-00) (0.00-00)

4 207 0.09Ae 2.31A 3.34A 0.25A 0.06A
(0.06-0.13) (1.49-3.57) (1.86-6.01) (0.17-0.39) (0.04-0.09)

5 271 0.59A 0.61A 0.94A 0.24A 0.07A
(0.48-0.73) (0.50-0.75) (0.69-1.29) (0.20-0.29) (0.05-0.09)

6 279 0.38A 0.41A 0.28A 0.38A 0.05A
(0.31-0.46) (0.32-0.51) (0.21-0.36) (0.29-0.50) (0.04-0.07)

7 178 0.29A 0.56A 0.27A 0.73 0.07A
(0.19-0.43) (0.42-0.75) (0.17-0.43) (0.20-2.70) (0.02-0.21)

8 150 0.72A na 0.16A 2.57A 0.26A
(0.53-0.96) (0.06-0.39) (1.24-5.34) (0.16-0.40)

9 148 0.68 0.40A 0.19A 0.05A 0.09A
(0.43-1.08) (0.22-0.70) (0.09-0.38) (0.03-0.11) (0.08-0.09)

Brooding

0 254 0.89 0.59A" 5,05A 1.83A 1.97A
(0.69-1.16) (0.44-0.78) (3.69-6.91) (1.48-2.27) (1.59-2.43)

1 325 2.06A 1.62A 2.71A 3.63A 1.70A
(1.73-2.44) (1.34-1.95) (2.23-3.30) (3.02-4.38) (1.43-2.03)

2 272 1.67A 0.59A 8.38A nae 0.83
(1.40-1.99) (0.49-0.72) (6.91-10.16) (0.68-1.03)

4 207 1.99 3.85A 1.10 3.33A 0.61A
(0.78-1.48) (2.62-5.67) (0.71-1.69) (2.14-5.19) (0.42-0.89)

5 271 1.99A 0.58A 0.40A 0.79 0.12A
(1.46-2.73) (0.41-0.82) (0.21-0.76) (0.52-1.21) (0.07-0.22)
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Table 111-3. (Continued)

Week' br

Site'

Bachelor Fisher Karlson Molalla Ross

Brooding

6 279 1.01 1.42 0.14A 0.58 3.86A
(0.65-1.58) (0.87-2.33) (0.06-0.31) (0.27-1.22) (1.91-7.81)

7 178 0.00 149A 584A 0.09 0.01
(0.00-00)f (13.3-1663) (52.0-6551) (0.00-00) (0.00-00)

8 150 11.4A na 0.00 4.22 0.00
(2.68-48.4) (0.00.00) (0.33-53.4) (0.00-00)

9 148 0.06A 0.00 0.00 0.00 0.00
(0.01-0.57) (0.00-00) (0.00-00) (0.00-00) (0.00-co)

Feeding

0 254 4.77 2.99 0.01 1.23 3.48
(0.40-57.2) (0.23-38.7) (0.00-co) (0.05-32.7) (0.22-55.9)

1 325 5.54E5 4.06 1.27E5 1.41E5 1.01
(0.00-00) (0.00-co) (0.00-oo) (0.00-00 ) (0.00-00)

2 272 1.39 0.75 1.64 na 1.55
(0.33-5.92) (0.16-3.62) (0.45-5.92) (0.31-7.97)

207 6.00A 0.22 0.39 1.86 0.44
(1.28-28.3) (0.02-2.87) (0.03-5.28) (0.19-18.4) (0.04-5.38)

5 271 3.36 2.26 1.12 3.53A 8.37A
(1.00-11.3) (0.67-7.68) (0.21-5.93) (1.08-11.5) (2.14-32.7)

279 2.71 5.43A 6.45A 2.93 44.3A
(0.57-13.0) (1.19-24.9) (1.25-33.2) (0.55-15.5) (8.90-220)

178 9.46A 0.28 7.17A 0.69 11.5
(1.84-48.6) (0.05-1.77) (1.10-46.9) (0.01-68.2) (0.18-767)

8 150 7.51A na 659A 6.10 9.13A
(2.03-27.7) (26.8-1.62E4) (0.37-100) (2.03-41.1)

9 148 6.29E4 1.29E5 6.44E5 1.94E6 2.18E10
(0.00-00 ) (0.00-00) (0.00-00 ) (0.00-co) (0.00-co)
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Table 111-2. (Continued)

Week 1\15

Site'

Bachelor Fisher Karlson Molalla Ross

Pair Bonding

254 0.46A 0.36A 0.54A 0.61 A 0.51A
(0.29-0.73) (0.21-0.63) (0.33-0.88) (0.43-0.87) (0.36-0.72)

1 325 0.64A 0.59A 0.48A 0.46A 0.40A
(0.44-0.93) (0.40-0.86) (0.33-0.70) (0.32-0.65) (0.28-0.57)

2 272 0.48A 0.68A 0.31A na 0.43A
(0.33-0.68) (0.48-0.97) (0.20-0.47) (0.27-0.70)

4 207 2.74A 9.50A 2.74 2.27 2.62
(1.27-5.90) (3.18-28.4) (0.85-8.83) (0.74-6.98) (0.96-7.19)

5 271 3.33A 1.75 0.78 0.29 0.50
(1.55-7.15) (0.70-4.38) (0.22-2.83) (0.07-1.13) (0.11-2.31)

6 279 1.80 1.35 0.12 0.25 0.00
(0.53-6.11) (0.35-5.19) (0.01-1.22) (0.02-2.95) (0.00-00)

7 178 8.94 2.97 0.00 0.00 0.00
(0.81-99.0) (0.45-19.7) (0.00-00) (0.00-00) (0.00-03)

8 150 0.74 na 0.00 0.00 0.00
(0.06-9.38) (0.00-00 ) (0.00-00) (0.00-00)

9 148 1.27E4 1.94 1.49 8.19 2.75
(0.00-00) (0.00-00) (0.00-00 ) (0.00-00) (0.00-03)

Preening

0 254 1.09 1.35 0.11A 0.23A 0.40A
(0.55-2.19) (0.67-2.71) (0.07-0.19) (0.15-0.37) (0.28-0.57)

1 325 0.52A 0.45A 1.10 0.30A 0.91
(0.37-0.73) (0.30-0.65) (0.81-1.49) (0.21-0.44) (0.69-1.20)

2 272 0.40A 0.88 0.28A na 0.81
(0.31-0.52) (0.70-1.10) (0.86-0.37) (0.61-1.07)

4 207 1.30A 1.06 0.37A 0.60A 0.85
(1.03-1.64) (0.68-1.63) (0.22-0.65) (0.41-0.87) (0.54-1.33)

5 271 0.86 0.93 1.87A 0.92 1.03
(0.59-3.43) (0.67-1.29) (1.18-2.96) (0.65-1.29) (0.63-1.69)
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Table 111-2. (Continued)

Weekb NC

Sites

Bachelor Fisher Karlson Molalla Ross

Preening

6 279 1.79A 2.76A 4.18A 3.19A 0.25
(1.06-3.02) (1.58-4.82) (2.09-8.37) (1.51-6.72) (0.03-1.91)

7 178 0.61 0.59 0.66A 0.00 0.00A
(0.25-1.48) (0.32-1.08) (0.02-0.21) (0.00-00) (0.00-0.04)

8 150 0.13A na 0.00 0.03A 0.39
(0.04-0.41) (0.00-00) (0.00-0.71) (0.09-1.64)

9 148 2.13 1.07 2.04 1.51 0.00
(0.45-10.1) (0.73-22.7) (0.27-15.4) (0.19-11.8) (0.00-00)

Standing

254 1.76A 0.35A 3.52A 1.17 0.87
(1.27-2.43) (0.22-0.55) (2.47-5.01) (0.87-1.58) (0.65-1.16)

1 325 0.55A 0.82 0.30A 0.39A 0.66A
(0.46-0.67) (0.67-1.02) (0.24-0.38) (0.31-0.49) (0.54-0.80)

2 272 1.08 1.75A 0.26A na 1.57A
(0.92-1.27) (1.48-2.08) (0.22-0.31) (1.29-1.90)

4 207 0.66A 0.34A 1.25 0.58A 1.31
(0.54-0.82) (0.25-0.46) (0.88-1.78) (0.43-0.80) (0.96-1.78)

5 271 0.66A 1.33A 0.64A 1.06 2.43A
(0.52-0.85) (1.04-1.69) (0.44-0.93) (0.81-1.38) (1.67-3.54)

6 279 0.67A 0.43A 0.89 0.88 0.15A
(0.48-0.96 (0.29-0.63) (0.53-1.47) (0.51-1.52) (0.08-0.30)

7 178 1.03 0.71 0.74 36.6A 19.6A
(0.49-2.19) (0.42-1.19) (0.32-1.73) (2.22-603) (1.51-253)
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Table 111-2. (Continued)

Weekb INT`

Site'

Bachelor Fisher Karlson Molalla Ross

Standing

8 150 0.46A na 0.04A 1.18 0.81
(0.25-0.84) (0.00-0.48) (0.20-6.81) (0.32-2.04)

9 148 0.67 0.24A 0.14A 0.04A 0.00
(0.87-1.93) (0.07-0.81) (0.03-0.62) (0.01-0.21) (0.00-00)

'All odds ratios calculated relative to the reference site, Samish = 1.00.
b No comparison possible for week 3 due to missing data from the reference site.
Number of adults observed at all sites.
Odds of behavior significantly different (P � 0.05) compared to reference site.
Missing data.

'Confidence intervals include all possible odds ratios.
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Table 111-3. Odds ratios (95% confidence intervals) for interaction terms on great blue heron nesting
behaviors (n = 2084), Columbia and Willamette rivers, 1994-95. All odds ratios are significant at P
0.05 unless otherwise noted.

MODEL

SITE'

Bachelor Fisher Karlson Molalla Ross

Attendance
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 0.55 2.62 1.77 0.78 0.16
(0.45-0.67) (2.16-3.18) (1.44-2.17) (0.64-0.96) (0.13-0.20)

Brooding
Site x Week 0.98 1.09 0.84 0.926 0.93

(0.94-1.02) (1.05-1.14) (0.80-0.87) (0.88-0.97) (0.88-0.98)

Site x Year 2.11 2.32 4.55 2.89 0.64
(1.80-2.47) (1.94-2.76) (3.92-5.30) (2.41-3.46) (0.54-0.78)

Feeding
Site x Year 0.14 0.18 0.996 1.026 1.156

(0.06-0.35) (0.08-0.44) (0.36-2.68) (0.44-2.38) (0.45-2.96)

Pair Bonding
Site x Week 1.39 1.44 1.16 1.15 1.136

(1.27-1.52) (1.32-1.57) (1.05-1.28) (1.04-1.28) (0.99-1.29)

Preening
Site x Week 1.07 1.09 1.10' 1.00 0.87

(1.02-1.12) (1.04-1.14) (1.05-1.16) (0.95-1.06) (0.81-0.93)

Standing
Site x Week 0.97 0.86 1.08 1.066 1.046

(0.94-1.00) (0.83-0.89) (1.04-1.12) (1.02-1.10) (0.99-1.09)

Site x Year 0.60 0.51 0.26 0.33 1.50
(0.52-0.69) (0.43-0.59) (0.22-0.30) (0.27-0.39) (1.26-1.78)

° All odds ratios calculated relative to the reference site, Samish = 1.00.
6 Not significant at P = 0.05.
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Other Behaviors

Main effects--The overall odds ratios for all other behaviors at the non-reference

sites were often significantly different from Samish after accounting for differences in

temperature, precipitation, predator presence, year, and time of day as covariates (table

III-1). The odds of brooding and feeding by adults were consistently greater at non-

reference sites and ranged from 1.12 to 2.14 and 2.35 to 8.09 times the odds of Samish

adults brooding and feeding. In contrast, the odds of adults pair bonding or preening

while at the nest was significantly lower at non-reference sites (17 to 41% and 19 to 34%,

respectively) relative to Samish. Patterns of standing adults were not significantly

different among Fisher, Ross, and Samish. Compared to Samish, the odds of Bachelor,

Karlson, and Molalla adults standing while at the nest were 19%, 36%, and 21% less

likely, respectively. With the exception of feeding, odds ratios for adult behaviors at all

sites were not statistically (P > 0.10) correlated with concentrations of DDE, total PCBs,

or TCDD (appendix F). The odds ratios for adults feeding chicks were positively

correlated with DDE (r = 0.84, P = 0.04, figure III-6a) and PCB concentrations (r = 0.79,

P = 0.06, figure III-6b).

During weeks 0-4, non-reference sites generally had a greater likelihood of an

adult brooding while at the nest (table 111-2). Weeks 5-7 were a transition period in

which some non-reference sites had smaller odds of an adult brooding when compared to

Samish. It appeared as though adults at these sites (Karlson and Molalla in particular)

stopped incubating earlier than did adults at Samish. With the exception of Bachelor,

there were no significant differences between reference and non-reference sites during

the last two weeks of observation. The high odds ratios for non-reference sites during

weeks 6, 7, and 8 suggest that this is when many renesting attempts occurred, and that the

timing of renesting efforts differed among sites. The odds ratios for adults brooding at

Fisher and Ross were not consistently above or below those at Samish and showed no

discernable pattern.

The odds of an adult feeding its chicks did not differ significantly (P > 0.05)

between reference and non-reference sites until the fifth week. Between weeks 5 and 8,
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the odds of adults feeding chicks were generally greater at non-reference sites relative to

Samish. No significant difference between reference and non-reference sites was

detected in week 9.

Relative to Samish, all non-reference sites had lower odds of pair bonding (from

69 to 32% lower) during the first three weeks. In contrast, the odds ratios for adults pair

bonding during week 4 at Bachelor and Fisher were higher than similar odds at Samish.

The remaining sites were not significantly (P > 0.05) different from the reference site at

this time. No significant differences in pair bonding behaviors were detected after week

5.

The odds of adults preening at the nest were generally different through week 6 at

Bachelor, Karlson, and Molalla relative to Samish. In contrast, adult preening behavior

at Fisher and Ross rarely differed from that observed at Samish. With the exception of

Ross, preening adults were more likely to be observed during weeks 6 and 9 at the non-

reference sites but this difference was significant (P < 0.05) only in the sixth week.

The odds of an adult standing at its nest was generally less and often significantly

less at Bachelor, Fisher, and Karlson compared to Samish. However, during the peak of

hatch (week 0), adults from Bachelor and Karlson were 1.76 and 3.52 times more likely

to be standing at the nest compared to Samish.

Interactions--There were significant (P < 0.05) interactions between site, week

and year in their effects on the probability of adults brooding and standing at the nest

(table 111-3). Adults from Bachelor, Fisher, Karlson, and Molalla were more likely to

brood in 1994, whereas Ross adults were more likely to brood in 1995. The opposite was

true for standing. The odds of adults brooding at Karlson, Molalla, and Ross decreased

throughout the nesting cycle, but appeared to increase slightly with week at Fisher.

There was a significant (P < 0.05) interaction between site and year in their effects on the

probability of adults feeding chicks at Bachelor and Fisher. Feeding of chicks was more

likely to be observed in 1995 at both sites. The site-by-week interaction was significant

(P < 0.05) for standing adults only at Fisher and Karlson. The likelihood of standing

adults decreased with week at Fisher and increased with week at Karlson. Interactions

between site and year did not improve models for the pair bonding and preening
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behaviors. The odds of adults engaging in either behavior increased over time with the

exception of preening at Ross, which decreased each week. The temperature-by-week

interaction was not significant for any model.

Nest visits

Although we adjusted the number of nest visits that occurred during the day by

the amount of observation time in each interval, large differences in the rate of nest visits

were apparent throughout the day (figure 111-7). Nest visits during 0600-0800 are

probably under-represented for herons at Fisher and Karlson, because logistics prevented

access to either of these sites in the early morning. Most nest visits at Ross (95%) and

over one-half of the visits at Molalla and Bachelor (55 and 63%, respectively) occurred

before noon. In contrast, over 35% of the nest visits at Samish occurred between 1600

and 1800. At all sites except Fisher and Karlson, very few nest visits occurred during

mid-day.

After accounting for the effects of temperature, precipitation, predator presence,

week, and year as covariates, rates of nest visitation at Samish differed significantly from

all other sites (X2 = 160.44, P < 0.001). Adults at Samish had higher rates of nest

visitation during the first two weeks after the estimated peak of hatch (figure 111-8). No

difference was detected in visitation rates between Samish and non-reference sites during

weeks 3 to 9.

DISCUSSION

Nest Attendance and Brooding

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 displayed nearly constant nest attendance during weeks 2 to 3,

with attentiveness sharply dropping after the fourth week. McAloney (1973) observed
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nearly continuous brooding of chicks for the first two weeks posthatch. The percentage

of adults brooding in this study decreased roughly 15% the first week after hatch, which

is similar to a 20% drop observed for herons in California (Pratt 1970). Previous studies

have reported very few brooding adults past weeks 3 and 4 (Dowd and Flake 1984,

Butler 1992). In contrast, we observed brooding birds throughout the nesting cycle. The

mean percentage of brooding adults fell to approximately 20% by week 3 and remained

between 10 to 20% for the rest of the season. The fact that we continued to observe

brooding birds may be due to differences in colony size or more inclement weather in

western Oregon and Washington. Most of the colonies in this study were quite large (see

table 111-8) compared to 69 to 100 nests observed in other studies. In larger colonies,

there is greater potential for late nesters and renesters throughout the season which would

result in behavioral asynchrony.

Feeding

On the west coast, peak feeding activity by adult great blue herons occurs during

low tide (Bayer and McMahon 1981). Because our site access was restricted to high tide

periods, our estimates of feeding frequencies and rates of nest visits may be conservative.

We recorded relatively few feeding sessions during our observations. This was

partially due to the fact that most feeding sessions are brief (Pratt 1970) and therefore

were less likely to be observed by instantaneous scan sampling. The percentage of adults

observed feeding juveniles while at their nests increased during the last third of the

nesting cycle. In contrast to previous studies (Dowd and Flake 1984), feeding was not

the only adult activity observed at the nest during this time. We also observed adults

standing and preening during weeks 6 through 9. Because feeding sessions were

infrequently observed, the rate of nest visits provides a better indication of feeding

frequencies at each site.

The pattern 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 post hatch, which
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was two weeks earlier than peaks reported for herons nesting in British Columbia (Butler

1992) and South Dakota (Dowd and Flake 1984). Energy demands of captive great blue

herons are greatest between weeks 4 to 6 (Butler 1993), which has important implications

for chicks in our study areas. If the feeding pattern of the adults does not match the

growth pattern of the chicks, chicks may grow more slowly or have insufficient lipid

reserves at fledging. Prey capture rates of juvenile herons are roughly half that of adults

during the two months following fledging (Quinney and Smith 1980), so lipid reserves

would be crucial for survival during this period. Adults at our study sites may be

compensating for lower rates of nest exchange during the 4 to 6 weeks post hatch by

bringing larger or higher quality prey to the nest relative to other areas.

Other Behaviors

We observed more pair bonding during the second half of the nesting cycle than

we did during the first half. This is because we purposely initiated our observations

during late incubation to avoid disturbing the birds during courtship, when pair bonding

is more frequent and herons are most sensitive to disturbance (Vos et al. 1985). The

percent of adults seen pair bonding increased as the season progressed, although the

differences in pair bonding between reference and non-reference sites was not significant

by week 6. Very few adults were present at nests during weeks 7 through 9. Of those

that were present, a greater proportion were engaged in renesting activities, as witnessed

by increases in both pair bonding and brooding during this period.

Although patterns in standing behavior in this study and that of Dowd and Flake

(1984) are similar, trends in preening were not. Dowd and Flake (1984) found adult

preening peaked during weeks 2 and 3 and decreased to virtually none after weeks 6 and

7, but we observed a gradual increase through the fourth week with a peak during the

seventh week, which was due to many adults preening at Samish. Excluding the Samish

data, the general pattern of preening would have been one of gradual increase through

week 4 and gradual decrease thereafter.
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Contaminants, Predators, and Prey Size

Our data resulted in rejection of our first hypothesis, that patterns of parental nest

attendance and breeding behavior were not different among sites. Of the suite of

behaviors that we monitored, alterations in patterns of nest attendance, feeding, and

incubation have most commonly been associated with environmental contaminants.

Behavior patterns associated with highly contaminated avian populations have been

decreased nest attentiveness, lower feeding rates and less efficient incubation, either due

to less time spent incubating or less heat being supplied to eggs (Peakall and Peakall

1973, Winn 1973, Fox et al. 1978, McArthur et al. 1983, Kubiak et al. 1989).

Our data also resulted in rejection of our second hypothesis, that among-site

behavioral differences were not related to contaminant concentrations. Differences in

nest attendance were inversely related (r = -0.79, P = 0.06) to DDE concentrations. Eggs

from Ross Island had the highest concentrations of DDE, and the adults spent the least

amount of time at their nests. The odds of adults feeding chicks were positively

correlated with both DDE (r = 0.84, P = 0.04) and PCB (r = 0.79, P = 0.06)

concentrations. This is only a superficial contradiction to our nest attendance results,

which indicate fewer nest visits and less time spent at nests by adults at non-reference

sites. For example, if adults at ,all sites spent the same amount of time feeding their

chicks (numerator), the sites at which adults spent more time at the nest (denominator)

would appear to feed their chicks less. The number of feeding bouts we observed at each

site was uniformly low. Therefore, the among-site differences in feeding behavior were

probably due to the differences in the amounts of time adults spent at their nests, and the

positive correlations between feeding and DDE and PCB concentrations are most likely

an artifact of this infrequently observed behavior.

There were large differences in bald eagle presence among the sites. During

1994-1995, active bald eagle nests were adjacent to the heron colonies on Bachelor,

Fisher, Karlson, and Samish islands. Eagles were observed in the Samish colony during

14 out of 18 visits, for a total of 8.4% (370 out of 4,424 minutes) of our observation time.

Bald eagles were observed during 2 out of 18 visits for a total of 0.4% (18 out of 4,568
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minutes) of our observation time at Fisher, and during 3 out of 18 visits (4 out of 4,570

minutes or 0.09%) to Karlson. Eagles were not observed at the Bachelor, Molalla or

Ross island colonies. Adult great blue herons reacted strongly to the presence of bald

eagles with alarm calls and increased vigilance behaviors. However, increased vigilance

of Samish adults from frequent 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.

We suggest that differences in prey availability or size may be responsible for the

among-site differences in activity budgets. Prey may be more available at Samish

relative to the rest of the sites. Herons typically feed in water less than 60 cm deep

(Butler 1992), and Samish Island is adjacent to extensive eelgrass mudflats which may

provide optimum foraging habitat at low tide. Typical feeding areas of herons on the

Columbia and Willamette rivers include backwater sloughs which are frequently steep-

sided, thus providing smaller areas of suitable habitat nearby.

Herons may also be selecting prey of different sizes at Samish compared to the

non-reference sites. Herons at Samish appear to be making a greater number of short

trips to foraging areas which would allow them to spend more time at their nests and

make a greater number of nest visits relative to non-reference sites. Herons on the

Columbia and Willamette rivers may be making fewer, longer trips to foraging areas.

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

given 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. Consequently, for larger foraging distances, the minimum prey

size has to be larger for predators to maintain a positive energy balance. Only large prey

should be taken at great distances, but the largest prey taken at a given distance may be

smaller than the largest taken at smaller distances. Therefore, chicks at Samish may be

fed more frequently with prey items of a smaller average size but from a wider size range

relative to non-reference sites. Chicks at the non-reference sites may be fed prey items of

a larger average size less frequently. Although the prey we collected from Samish for
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contaminant analyses did appear to be smaller than prey collected from non-reference

sites (pers. obs.), we did not collect data on individual prey size and are unable to

substantiate or refute this theory.

In summary, patterns of parental nest attendance and breeding behavior were

different among sites. Nest attendance was negatively correlated with site medians for

DDE concentration. The reproductive output of all six colonies was similar to that

reported for healthy populations of great blue herons (Vermeer 1969, Henny and Bethers

1971, Weschkul et al. 1977, English 1978, Blus et al. 1980, Sullivan and Payne 1987,

Elliot et al. 1989). Therefore the differences we observed in nest attendance, brooding,

standing, and rate of nest visits did not affect hatching success or nestling survival up to

fledging. However, there could have been differences in fledgling survival among sites

and we would not have detected it.
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IV. SUMMARY

The results of this investigation supported our principal hypothesis, that

environmental contaminants were elevated in great blue herons from the lower Columbia

and Willamette rivers (Chapter II). Although many compounds were detected at low

levels in both heron eggs and prey items, DDE, PCBs and TCDD are of most concern.

Concentrations of DDE and total PCBs in some eggs from Ross Island were elevated to

levels that have caused reproductive impairment in other avian species. Shell thinning

was present at all sites and approached levels at Ross previously associated with long-

term population declines (Anderson and Hickey 1972). Deformities typically associated

with toxicity of TCDD-like compounds were detected at higher than normal frequencies

at some sites. TCDD concentrations in heron prey items (fish and macroinvertebrates)

were above guidelines established by the EPA for human consumption.

Current concentrations of contaminants in the Columbia and Willamette river

food chains do not appear to be adversely affecting reproductive success of great blue

herons at the colony level. However, patterns of parental nest attendance and breeding

behavior were different among sites, and nest attendance was negatively related to DDE

concentration. All colonies exhibited healthy rates of hatch, fledge, and reproductive

success. Therefore, the differences we observed in nesting behavior and residue levels

were not affecting survival of juvenile herons up to fledging. However, other, more

sensitive species may be negatively impacted. Compared to herons, bald eagles are more

sensitive to contaminants and have had depressed productivity along the Columbia River

for more than a decade (Anthony et al. 1993). Continued regulation of pollution

discharge into both the Columbia and Willamette rivers is necessary to maintain

uncontaminanted fish and wildlife populations. It may be necessary to lower discharge

limits to protect species such as the bald eagle that are more sensitive to the effects of

contaminants.

The fact that heron eggs from Ross had elevated contaminant concentrations and

the colony still maintained healthy reproductive rates supports the use of great blue

herons as indicator species for contaminants in aquatic ecosystems. The high residue



80

levels in heron eggs from Ross Island and the location of the colony next to frequent

dredging activity also raises concerns about dredging as a source of exposure for fish and

wildlife. The production and use of DDE and PCBs have been banned in the United

States since the early 1970's; however, elevated levels of both compounds have been

detected in tissues of avian eggs and nestlings which indicates recent exposure. River

sediments may be acting as sinks for these hydrophobic compounds, which are released

during dredging. Further study is necessary to determine whether dredging is a source of

exposure of fish and wildlife to contaminants.
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Appendix A-1. Detection Limits for contaminant analyses in this study.

GERG MSC' GERG MSC
ORGANOCHLORINES (ppb) 1994 1995 DIOXINS (ppt) 1994 1995

Aldrin 19 !la' 2,3,7,8-TCDD 2.0 0.1

a -BHCd 19 0.12 1,2,3,7,8-PnCDD 2.0 0.1

13-BHC 19 0.12 1,2,4,7,8-PnCDD na 0.1

y-BHC 19 na 1,2,3,4,7,8-HxCDD 10 0.1

6-BHC 19 0.09 1,2,3,6,7,8-HxCDD 10 0.1

a-Chlordane 19 0.12 1,2,3,7,8,9-HxCDD 10 0.1

y-Chlordane 19 0.12 1,2,3,4,6,7,8-HpCDD 10 0.1

Dacthal na 0.09 OCDD 20 0.1

Dieldrin 18 0.09

Endrin 19 0.09 FURANS (ppt)

HCB° 19 0.08 2,3,7,8-TCDF 2 0.1

Heptachlor 18 0.08 1,2,3,7,8-PnCDF 10 0.1

Heptachlor epoxide 18 0.12 2,3,4,7,8-PnCDF 10 0.1

Methoxychlor na 0.12 1,2,3,4,7,8-HxCDF 10 0.1

Mirex 18 0.08 1,2,3,6,7,8-HxCDF 10 0.1

Lindane na 0.12 1,2,3,7,8,9-HxCDF 10 0.1

Cis-nonachlor 18 0.08 2,3,4,6,7,8-HxCDF 10 0.1

Trans-nonachlor 17 0.08 1,2,3,4,6,7,8-HpCDF 10 0.1

o,p'-DDD 19 0.12 1,2,3,4,7,8,9-HpCDF 10 0.1

o,p'-DDE 19 0.12 OCDF 20 0.2

o,p ' -DDT 18 0.12

Oxychlordane 18 0.12

p,p'-DDD 18 0.12

p,p '-DDE 18 0.08

p,p'-DDT 18 0.12

PCAl. na 0.12

Total PCBs 50 7.1
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Appendix A. (Continued)

GERG MSC	 GERG MSC
PCB CONGENER	 1994	 1995	 PCB CONGENER	 1994	 1995

PCB 7	 18	 na	 PCB 77	 18	 0.001

PCB 8	 18	 na	 PCB 81	 18	 0.001

PCB 15	 18	 na	 PCB 82	 18	 na

PCB 16/32g	18	 na	 PCB 83	 18	 na

PCB 18	 18	 na	 PCB 84	 18	 na

PCB 22	 18	 na	 PCB 85	 18	 na

PCB 24	 18	 na	 PCB 87	 18	 na

PCB 25	 18	 na	 PCB 88	 18	 na

PCB 26	 18	 na	 PCB 92	 18	 na

PCB 28	 18	 na	 PCB 97	 18	 na

PCB 29	 18	 na	 PCB 99	 18	 na

PCB 33	 18	 na	 PCB 101	 18	 na

PCB 37/42g	18	 na	 PCB 105	 18	 na

PCB 40	 18	 na	 PCB 107/108/144g	18	 na

PCB 41/64g	18	 na	 PCB 110/77g	18	 na

PCB 44	 18	 na	 PCB 118/108/149g	18	 na

PCB 45	 18	 na	 PCB 126	 18	 0.001

PCB 46	 18	 na	 PCB 128	 18	 na

PCB 47/48g	18	 na	 PCB 129	 18	 na

PCB 49	 18	 na	 PCB 136	 18	 na

PCB 50	 18	 na	 PCB 137	 18	 na

PCB 52	 18	 na	 PCB 138	 18	 na

PCB 56/60g	18	 na	 PCB 141	 18	 na

PCB 66	 18	 na	 PCB 146	 18	 na

PCB 70	 18	 na	 PCB 149	 18	 na

PCB 74	 18	 na	 PCB 151	 18	 na
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Appendix A. (Continued)

GERG MSC GERG MSC
PCB CONGENER 1994 1995 TRACE ELEMENTS (ppm) h 1994 1995

PCB 153 18 na Aluminum 5 na

PCB 156/171/2028 18 na Arsenic 0.5 na

PCB 158 18 na Barium 1 na

PCB 167 18 na Beryllium 0.1 na

PCB 169 18 0.001 Boron 2 na

PCB 170 18 na Cadmium 0.1 na

PCB 172 18 na Chromium 0.5 na

PCB 174 18 na Copper 0.5 na

PCB 177 18 na Iron 5 na

PCB 178 18 na Lead 0.5 na

PCB 180 18 na Magnesium 5 na

PCB 183 18 na Manganese 1 na

PCB 185 18 na Mercury 0.2 na

PCB 187/182/1598 18 na Molybdenum 2 na

PCB 188 18 na Nickel 0.5 na

PCB 189 18 na Selenium 0.5 na

PCB 191 18 na Strontium 0.5 na	 .

PCB 194 18 na Vanadium 0.5 na

PCB 195 18 na Zinc I na

PCB 196 18 na

PCB 200 18 na

PCB 201 18 na

PCB 205 18 na
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Appendix A-1. (Continued)

GERG MSC
PCB CONGENERS 1994 1995

PCB 206	 18	 na

PCB 209	 18	 na

GERG = Geochemical and Environmental Research Group, Texas A&M University.
b MSC = Midwest Science Center, U.S. Geological Survey, Columbia, Missouri.

Na = not analyzed.
d BHC = benzene hexachloride.
HCB = hexachlorobenzene.

fPCA = pentachloroanisole.
g Na = not analyzed.
h Dry mass.
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Appendix A-2. Quantitation of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and 2,3,7,8-
tetrachlorodibenzofuran (TCDF) in great blue heron split samples sent to the Geochemical Environmental
Research Group (GERG) and the Midwest Science Center (MSC), 1994-95.

Analyte Lab
Site

Bachelor Fisher Karlson Molalla Ross Samish

2,3,7,8- GERG 7.1 21 3.3 2.1 < 1.9° 7.4
TCDD MSC 6.0 18 3.1 1.5 7.1 6.7

2,3,7,8- GERG < 2.0 < 2.0 < 2.0 < 1.9 < 1.9 < 2.0
TCDF MSC 0.8 0.8 0.8 0.9 1.0 1.0

° Below detection limit.
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Appendix B-1. Organochlorine concentrations (ng/g fresh wet mass) detected in great blue heron eggs
collected from the Columbia and Willamette rivers and Puget Sound, 1994-1995. Results are geometric
means and 95% confidence intervals (range).

Bachelor Fisher Karlson

1994 1995 1994 1995 1994 1995

N' 5 5 5 5 5 5

% Lipid 23.1 5.0 23.9 6.1 22.4 6.4

P-BHC <18 0.2A <18 0.7AB <18 1.6AB
nd-0.7 0.2-2.5 0.5-1.7

(<0.1-0.8) (<0.1-1.9) (<0.1-9.1)

cis-nonachlor < 18 6.4A ne 3.3AB 17 11AB
3.6-12 1.8-6.0 nd-33 5.8-19

(5.2-8.1) (<16-39) (1.4-17) (<15-20) (6.4-19)

dacthal nab 0.5 na 0.6 na 0.6
0.4-0.7 0.5-0.7 0.5-0.8

(0.5-0.6) (0.5-0.6) (0.6-0.7)

dieldrin 20x 12.4 nc 11 nc 11
nd-49 5.0-31 -- 4.5-27 4.4-27

(<18-28) (10-17) (<16-72) (3.0-180) (<15-68) (6.8-16)

HCB < 18 2.1 nc 2.4 nc 5.5
1.3-3.4 1.5-3.9 3.4-9.0

(1.4-3.3) (<16-21) (0.8-4.7) (<15-18) (3.1-7.9)

heptachlor < 18 6.3AB nc 3.0A nc 6.8AB
epoxide 3.3-12 -- 1.5-5.8 3.5-13

(3.7-9.2) (<16-28) (1.4-10) (<15-36) (2.7-13)

mirex < 18 0.6 nc 0.9 < 18 1.9
0.3-1.2 -- 0.4-1.7 1.0-3.7

(0.3-1.6) (<16-19) (0.2-3.3) (1.4-2.9)

o,p'-DDD <18 nc <18 <0.12 <18 0.2
nd-0.7

(<0.12-0.5) (<0.12-0.9)

o,p'-DDT < 18 <0.12 19 <0.12 19 <0.12
nd-34 nd-33

(<17-51) (<18-32)

oxychlordane nc 5.0AB nc 3.3A 28x 9.5B
-- 2.6-9.7 1.7-6.3 nd-58 4.9-19

(<18-28) (4.1-6.1) (<16-55) (0.8-16) (<15-102) (3.9-15)
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Appendix B-1. (Continued)

Molalla Ross Samish

1994 1995 1994 1995 1994 1995

/s' 5 5 5 5 5 5

%Lipid 21.7 5.4 22.2 6.0 24.6 6.4

13 -BHC < 19 nc < 18 0.5AB < 17 3.1A
nd-1.3 1.0-12

(<0.1-0.4) (<0.3-1.7) (1.0-9.0)

cis-nonachlor 17 6.7A 45 27B < 17 3.1A
nd-33 3.0-9.7 24-85 15-49 1.7-5.5

(<15-40) (1.7-11.6) (<18-141) (16-42) (1.7-11)

dacthal na 0.4 na 0.4 na 0.6
0.4-0.6 0.4-0.6 0.5-0.7

(0.2-0.6) (0.2-0.6) (0.5-0.7)

dieldrin 74xY 19 175Y 69 nc 14
30-180 7.7-47 71-430 28-172 5.8-35

(<15-228) (6.9-32) (69-530) (35-253) (<16-25) (3.0-74)

HCB < 19 4.6 nc 4.5 < 17 3.3
2.8-7.5 -- 2.7-7.2 2.0-5.4
(2.1-14) (<15-26) (2.6-8.5) (2.4-7.0)

heptachlor nc 4.9A 24.4 22B < 17 10AB
epoxide 2.5-9.4 nd-40 11-43 5.3-20

(<15-24) (1.9-13) (<18-57) (13-41) (2.4-50)

mirex <19 1.5 <18 2.2 <17 0.9
0.8-2.9 1.2-4.3 0.4-1.7

(0.5-4.3) (1.2-3.8) (0.4-1.7)

o,p'-DDD < 19 nc nc nc < 17 <0.12

(<0.12-0.4) (<15-19) (<0.12-0.6)

o,p'-DDT nc < 0.12 26 < 0.12 < 17 nc
nd-46

(<15-29) (<18-102)

oxychlordane 37 xY 14Bc I 29Y 53c < 17 8.1 AB
18-73 7.4-28 63-263 27-102 4.1-16

(<15-180) (5.8-33) (62-221) (23-102) (2.2-33)
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Appendix B-1. (Continued)

Bachelor (n=5)
	

Fisher (n=5)	 Karlson (n=5)

1994	 1995	 1994	 1995	 1994	 1995

p,p'-DDD	 nc	 9.7AB	 nc	 2.1 AC	 14	 4.8ABc

	

--	 4.5-21	 0.9-4.5	 7.0-30	 2.2-10
(<16-19)	 (4.3-23)	 (<1750)	 (0.7-5.6)	 (<15-29)	 (3.1-7.0)

p,p'-DDE	 269xY	 416AB	 898x	 183A	 954x	 775AB
83-870	 183-944	 278-2902	 81-417	 295-3084	 336-1740

(55-712)	 (244-934)	 (364-1024)	 (75-340)	 (535-1584) (442-1056)

p,p'-DDT	 nc	 9.1	 nc	 4.6	 nc	 8.3

	

--	 3.2-26	 1.6-13	 --	 2.9-24
(<16-18)	 (3.5-29)	 (<16-45)	 (0.5-31)	 (<15-31)	 (2.3-19)

PCA	 na	 9.5	 na	 9.7	 na	 13

	

3.9-23	 3.9-24	 5.3-32

	

(9.1-10)	 (8.1-11)	 (9.7-16)

trans-	 18x	 12AB	 36x	 8.4A	 63xY	 31Bc
nonachior	 nd-42	 7.0-22	 nd-80	 4.7-15	 28-141	 17-55

(<16-37)	 (8.1-17)	 (<17-153)	 (3.6-41)	 (31-185)	 (17-42)

Total PCBs	 382x	 615Ac	 1394xY	 423A	 1664xY	 1492Bc
113-1288	 372-1016	 410-4675	 256-699	 493-5625	 903-2464
(117-849)	 (424-863)	 (443-6947)	 (233-854)	 (91-3038)	 (656-2665) 
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Appendix B-1. (Continued)

Molalla Ross Samish

1994 1995 1994 1995 1994 1995

p,p'-DDD nc 3.9Ac 62 21B < 16 1.4c
1.8-8.5 30-126 9.5-45 0.7-3.1

(<15-54) (0.7-22) (<18-199) (6.9-51) (0.7-6.5)

p,p'-DDE 795xY 353AB 1616x 14898 101Y 150A
246-2571 155-803 820-8570 655-3386 31-328 66-341

(347-2225) (68-1015) (95-6414) (158-7339) (59-176) (65-588)

p,p'-DDT 34 4.5 26 22 < 16 5.0
16.2-69.3 1.6-13 nd-53 7.7-62 1.7-14
(<15-169) (2.0-6.2) (<18-75) (11-66) (1.1-62)

PCA na 12 na 12 na 3.9
4.7-29 4.7-29 (1.6-9.6

(7.5-13) (9.3-16) (<0.1-15)

tram- 60xY 27ABc 199Y 88c nc 14AB
nonachlor 27-133 15-48 89-446 49-156 -- 7.6-24

(21-171) (7.7-52) (56-853) (55-126) (<16-33) (4.9-29)

Total PCBs 425xY 534Ac 3454y 2426B 223x 396A
126-1437 333-910 1895-21,612 1469-4008 66-752 240-654
(271-725) (185-1851) (1501-4649) (1501-4649) (92-836) (324-459)

Means with different letters were significantly different (p =0.05) using the Tukey-Kramer multiple range
test.

Sample size.
b Not analyzed.

Not calculated.
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Appendix B-2. Concentrations of PCB congeners (ng/g fresh wet mass) detected in great blue heron eggs
collected from the Columbia and Willamette rivers and Puget Sound, 1994-1995. Results are geometric
means and 95% confidence intervals (range).

Bachelor Fisher Karlson

1994 1995 1994 1995 1994 1995

I\T° 5 5 5 5 5 5

% Lipid 23.1 5.0 23.9 6.1 22.4 6.4

47/48b < 18 na` ncd na < 18 na

(<16-38)

49 < 18 na 16 na 17 na
6.5-42 6.6-42

(<16-24) (<15-22)

66 < 18 na nc na 18 na
-- 6.0-56

(<17-100) (<15-48)

74 < 18 na nc na nc na

(<16-50) (<15-30)

77 < 18 0.08ABc < 18 0.03A nc 0.20B
0.04-0.16 0.02-0.06 (<15-22) 0.10-0.40

(0.04-0.22) (0.02-0.26) (0.06-0.32)

81 na 0.03Ac na 0.01A na 0.08Bc
0.02-0.05 0.01-0.02 0.05-0.14

(0.01-0.06) (0.01-0.20) (0.04-0.11)

87 < 18 na nc na < 18 na

(<16-23)

99 21 na 34 na 60 na
nd-53 14-86 24-152

(<17-62) (<17-255) (32-123)

101 < 18 na nc na nc na

(<16-18) (<15-24)

105 < 18 na 42 na 56 na
19-93 25-123

(<17-183) (33-96)



104

Appendix B-2. (Continued)

Molalla Ross Samish

1994 1995 1994 1995 1994 1995

N 5 5 5 5 5 5

%Lipid 21.7 5.4 22.2 6.0 24.6 6.4

47/48° < 19 na 57 na < 17 na
25-131

(<18-1697)

49 15 na 39 na < 17 na
5.9-38 16-99

(<19-18) (<18-2393)

66 < 19 na nc na < 17 na

(<15-134)

74 < 19 na 57 na < 17 na
22-148

(<18-2576)

77 < 19 0.03A < 18 0.23Bc < 17 0.05A
0.02-0.07 0.11-0.46 0.03-0.10

(0.02-0.08) (0.05-0.59) (0.02-0.20)

81 na 0.02A na 0.10E na 0.02A
0.10-0.03 0.06-0.17 0.01-0.04

(0.01-0.04) (0.04-1.96) (0.01-0.05)

87 < 19 na 33 na < 17 na
18-61

(<18-360)

99 tic na 133 na nc na
-- 53-336 -

(<15-22) (<18-534) (<16-35)

101 nc na 66 na < 17 na
-- 32-139

(<15-16) (<18-948)

105 nc na 52 na < 17 na
-- 24-115

(<15-21) (<18-203)
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Appendix B-2. (Continued)

Bachelor (n=5) Fisher (n=5) Karlson (n=5)

1994 1995 1994 1995 1994 1995

118/108 nc na 91 na 150 na
/149' 35-236 58-389

(<16-54) (34-615) (74-316)

126 < 18 0.17Ac < 18 0.12A nc 0.49Bc
0.10-0.29 0.07-0.21 -- 0.29-0.82

(0.12-0.34) (0.06-1.45) (<15-76) (0.28-0.92)

128 nc na nc na 35 na
18-68

(<16-16) (<17-137) (20-77)

138 57xY na 180xY na 276xY na
19-176 59-552 90-844

(<17-152) (60-1046) (144-526)

146 nc na nc na 27 na
nd-57

(<16-19) (<17-145) (<15-62)

149 < 18 na nc na < 18 na

(<16-19)

153 78 na 271 na 370 na
25-240 88-838 120-1145

(18-247) (87-1423) (204-598)

156/171 < 18 na nc na nc na
/202' --

(<17-64) (<15-24)

158 < 18 na nc na 29 na
nd-57

(<16-139) (18-56)

169 na 0.02A na 0.02A na 0.04AB
0.01-0.03 0.01-0.03 0.03-0.06

(0.02-0.06) (0.01-0.12) (0.03-0.06)

172 13x na 31 XY na 44Y na
nd-36 19-52 27-74

(<17-20) (<16-68) (34-58)

177 < 18 na nc na nc na

(<16-62)	 (<15-39)
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Appendix B-2. (Continued)

Molalla (n=5) Ross (n=5) Samish (n=5)

1994 1995 1994 1995 1994 1995

118/108 31 na 203 na < 17 na
/149b 12-79 78-528

(18-55) (<18-832)

126 <19 0.17AC <18 0.65B <17 0.21Ac
0.10-0.29 0.39-1.08 0.13-0.34

(0.09-0.48) (0.32-1.71) (0.14-0.57)

128 < 19 na 53 na < 17 na
27-103

(<18-138)

138 56xY na 349x na 31Y na
18-172 114-1066 nd-96

(36-105) (<18-1115) (<17-155)

146 < 19 na 85 na < 17 na
40-182

(<18-249)

149 < 19 na 31 na < 17 na
nd-58

(<18-454)

153 61 na 429 na 59 na
20-1145 139-1328 19-182
(33-90) (<18-1445) (18-273)

156/171 < 19 na 47 na < 17 na
/2026 26-83

(<18-171)

158 < 19 na 53 na nc na
27-102

(<18-112) (<16-17)

169 na 0.02A na 0.06B na 0.03AB
0.01-0.04 0.04-0.10 0.02-0.04

(0.01-0.05) (0.03-0.17) (0.02-0.06)

172 32xY na 21xY na nc na
19-53 nd-36 --

(29-37) (<17-64) (<16-20)

177 < 19 na 35 na < 17 na
19-65

(<18-128)
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Appendix B-2. (Continued)

Bachelor (n=5) Fisher (n=5) Karlson (n=5)

1994 1995 1994 1995 1994 1995

178 <18 na <18 na <18 na

180 61xY na 175xY na 197xY na
21-181 60-516 67-580
(21-158) (60-927) (101-384)

183 nc na 36 na 46 na
-- nd-76 22-98

(<16-21) (<17-175) (28-78)

187/182 25xY na 50xY na 66xY na
/150 nd-68 19-135 25-179

(<16-64) (<17-317) (30-141)

194 < 18 na 21 na 28 na
nd-39 16-52

(<17-87) (17-50)

195 < 18 na nc na nc na

(<17-38) (<15-28)

196 nc na 26x na 125xY na
nd-86 39-408

(<16-25) (<17-125) (18-69)

201 <18 na 39 na 37 na
17-87 17-84

(<17-154) (28-115)
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Appendix B-2. (Continued)

Molalla (n=5) Ross (n=5) Samish (n=5)

1994 1995 1994 1995 1994 1995

178 < 19 na 22 na <17 na
nd-31

(<18-64)

180 64xY na 336x na 24Y na
22-187 114-988 nd-71

(34-117) (<18-1639) (<16-132)

183 nc na 82 na nc na
39-174

(<15-29) (<18-285) (<16-17)

187/182 17x na 162Y na nc na
/150 nd-46 60-437

(<15-46) (<18-634) (<16-29)

194 nc na 48 na <17 na
-- 26-88

(<15-18) (<18-171)

195 < 19 na 23 na < 17 na

(<18-77)

196 nc na 86Y na <17 na
-- 27-281

(<15-26) (<18-422)

201 < 19 na 109 na < 17 na
48-244

(<18-411)

Sites with different letters were significantly different (p = 0.05) using the Tukey-Kramer multiple range
test.
a Sample size.

Inseparable congeners.
`Not analyzed.
d Not calculated.
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Appendix B-3. Dioxin and furan concentrations (pg/g fresh wet mass) in great blue heron eggs from the
Columbia and Willamette rivers and Puget Sound, 1994-1995. Results are geometric means and 95%
confidence intervals (range).

Bachelor (n=5) Fisher (n=5) Karlson (n=5)

1994 1995 1994 1995 1994 1995

Na 5 5 5 5 5 5

% Lipid 23.1 5.0 23.9 6.1 22.4 6.4

2378- 2.7 2.5AB 5.2 1.7B 8.3 6.4A
TCDD L0-6.9 1.6-3.9 2.0-14 1.0-2.6 3.2-22 4.0-10

(<1.9-7.2) (1.3-4.0) (<2.0-23) (0.7-2.7) (3.2-16) (3.7-9.2)

12378- < 9.9 3.2Ac nc 3.0c nc 5.9ABc
PnCDD. 2.0-5.0 1.9-4.8 -- 3.8-9.3

(2.0-6.2) (<10-14) (1.3-7.7) (<9.9-46) (4.8-11)

123478- < 9.9 0.9 < 10 0.7 nc 0.7
HxCDD 0.5-1.8 0.4-1.4 0.4-1.4

(0.5-3.5) (0.4-1.9) (<9.8-16) (0.4-1.7)

123678- ncb 3.9 nc 3.0 nc 5.6
HxCDD 2.2-7.0 1.7-5.4 -- 0.14-10

(<9.6-17) (2.0-8.1) (<10-15) (1.6-6.9) (9.8-94) (2.8-12)

123789- < 9.9 nc < 10 nc < 9.9 0.5
HxCDD nd-1.0

(<0.3-0.8) (<0.2-0.7) (<0.3-1.2)

1234678- nc 2.6AB < 10 0.9A nc 1.7AB
HpCDD 1.3-5.4 0.5-1.9 0.8-3.6

(<9.6-9.9) (0.5-3.5) (0.4-1.9) (<9.8-49) (0.4-1.7)

OCDD 33 40 < 20 10 nc 24
17-64 15-104 3.8-26 -- 9.0-62

(9.7-181) (9.8-292) (8.4-26) (<20-51) (13-40)

2378- < 2.0 1.3 < 2.0 0.6 < 2.0 1.2
TCDF 0.7-2.2 nd-1.1 0.7-2.0

(0.8-2.6) (<0.7-0.9) (0.8-1.8)

12378- < 9.9 0.1 nc < 0.1 nc 0.2
PnCDF nd-0.4 -- nd-0.5

(<0.3-1.4) (<10-22) (<9.8-55) (<0.1-0.4)

23478- < 9.9 2.3A nc 1.6AB nc 3.3AB
PnCDF 1.3-3.9 0.9-2.8 1.9-5.6

(1.4-6.1) (<10-11) (0.6-4.1) (<9.8-21) (1.9-7.6)
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Appendix B-3 (Continued)

Molalla (n=5) Ross (n=5) Satnish (n=5)

1994 1995 1994 1995 1994 1995

N 5 5 5 5 5 5

%Lipid 21.7 5.4 22.2 6.0 24.6 6.4

2378- 3.2 3.0AB 4.2 6.3A nc 3.7AB
TCDD 1.2-8.4 1.9-4.7 1.6-11 4.0-10 2.3-5.8

(2.2-4.7) (1.8-5.10) (<1.0-19) (3.7-11) (<1.9-7.7) (2.1-8.9)

12378- nc 3.4ABc nc 8.0AB nc 8.3B
PnCDD 2.2-5.4 -- 5.1-13 -- 5.3-13

(<9.5-16) (2.1-6.3) (<5.0-17) (3.8-11) (<9.6-13) (6.5-14)

123478- < 9.9 1.3 < 9.7 2.4 < 10 2.1
HxCDD 0.7-2.4 1.3-4.7 1.1-4.0

(0.7-.3.6) (1.0-4.2) (1.3-6.2)

123678- nc 4.9 nc 8.5 nc 9.6
HxCDD -- 2.7-8.7 4.8-15 -- 5.4-17

(<9.5-29) (3.6-74) (<5.0-15) (2.7-15) (<9.6-13) (6.7-28)

123789- < 9.9 0.4 < 9.7 0.6 < 10 0.8
HxCDD 0.2-0.7 nd-1.2 0.4-1.6

(<0.3-1.5) (<0.5-1.7) (0.8-1.6)

1234678- nc 1.5AB < 9.7 3.3AB < 10 4.3B
HpCDD 0.7-3.1 1.6-6.8 2.1-9.0

(<9.5-18) (0.7-3.6) (1.0-4.2) (1.3-6.2)

OCDD nc 12 nc 36 nc 34
-- 4.7-33 14-93 13-89

(<19-21) (4.9-370 (<10-30) (12-164) (<19-29) (12-120)

2378- < 2.0 0.5 < 1.9 1.3 nc 1.3
TCDF nd-0.9 0.8-2.3 0.8-2.3

(<0.8-0.6) (0.6-3.4) (<1.9-6.0) (0.5-4.3)

12378- < 9.9 0.1 15 0.2 < 10 0.2
PnCDF nd-0.2 8.4-28.1 nd-0.5 nd-0.5

(0.1-0.3) (<5.0-29) (<0.1-0.4) (<0.1-1.0)

23478- < 9.9 1.9AB nc 5.4B < 10 3.8AB
PnCDF 1.1-3.2 -- 3.2-9.3 2.2-6.6

(1.1-2.8) (<5.0-12) (2.5-12) (2.7-6.8)
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Appendix B-3. (Continued)

Bachelor (n=5) Fisher (n=5) Karlson (n=5)

1994 1995 1994 1995 1994 1995

123478- < 9.9 0.6 < 10 nc < 9.9 0.3
HxCDF 0.3-1.3 0.1-0.6

(0.2-2.0) (<0.2-0.4) (<0.1-0.9)

123678- < 9.9 0.4 < 10 0.2 < 9.9 0.3
HxCDF 0.2-0.8 nd-0.5 nd-0.6

(0.2-1.0) (<0.2-0.6) (<0.3-0.9)

234678- < 9.9 0.1 nc 0.1 nc nc
HxCDF nd-0.3 nd-0.2 – --

(<0.1-0.4) (<10-17) (<0.1-0.1) (<9.8-31) (<0.1-0.4)

1234678- < 9.9 nc <10 nc < 9.9 < 0.2
HpCDF -- --

(< 0.1-0.5) (<0.1-0.2)

OCDF <20 0.4 <20 <0.2 <20 nc
0.2-0.7 --

(< 0.2-0.6) (<0.4-0.7)
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Appendix B-3. (Continued)

Molalla (n=5) Ross (n=5) Samish (n=5)

1994 1995 1994 1995 1994 1995

123478- <9.9 0.5 <9.7 1.0 <9.9 0.7
HxCDF 0.3-1.1 0.5-2.1 0.3-1.4

(<0.2-1.8) (0.3-2.3) (0.4-1.4)

123678- < 9.9 0.3 < 9.7 0.8 < 10 0.5
HxCDF nd-0.6 0.4-1.5 0.3-1.0

(<0.2-1.2) (0.3-1.4) (0.2-1.1)

234678- nc 0.1 5.3 0.3 < 9.9 < 0.2
HxCDF nd-0.3 5.3-14 0.1-0.6

(<9.5-12) (<0.1-0.7) (<5.0-17) (<0.1-0.6)

1234678- <9.9 nc <9.7 <0.1 <9.9 0.3
HpCDF 0.1-0.5

(<0.2-0.4) (<0.1-0.6)

OCDF < 20 nc < 19 0.7 < 20 0.5
-- nd-1.3 0.3-1.0

(<0.5-0.6) (<0.5-1.6) (0.5-1.4)

Means with different letters were significantly different (p = 0.05) using the Tukey-Kramer multiple
range test.
' Sample size.

Not calculated.



Appendix B-4. Element concentrations (pg/g dry mass) detected in great blue heron eggs collected from the Columbia and Willamette rivers and Puget
Sound, 1994. Results are geometric means and 95% confidence intervals (range).

Bachelor
(n=5)

Fisher
(n=5)

Karlson
(n=5)

Molalla
(n=5)

Ross
(n=5)

Samish
(n=5)

% Moisture 81.6 80.5 81.8 81.7 81.1 81.1

Aluminum < 5 nc° < 5 < 5 < 5 < 5
(<5-7.51)

Arsenic nc nc < 0.5 nc nc < 0.5
(<0.5-1.22) (<0.5-0.65) (<0.5-0.60) (<0.5-0.79)

Barium < 1 < 1 nc nc nc < 1
(<1-1.43) (<1-1.03) (<1-1.45)

Beryllium nc < 0.1 nc < 0.1 < 0.1 nc
(<0.1-0.12) (<0.1-0.87) (<0.1-0.19)

Boron nc nc nc nc < 2 nc
(<2-27.7) (<2-19.9) (<2-14.9) (<2-16.1) (<2-25.7)

Copper 3.96 3.49 3.81 3.60 4.49 3.74
3.11-5.04 2.75-4.44 2.99-4.84 2.83-4.57 3.53-5.71 2.94-4.76

(2.84-5.22) (2.16-4.91) (2.30-5.01) (3.12-4.3) (3.46-6.39) (2.82-5.21)

Iron 86.3 77.2 82.6 74.5 87.8 83.8
70.0-106 62.6-95.2 67.0-102 60.4-91.8 71.2-108 68.0-103

(65.1-124) (42.6-114) (61.7-97.5) (60.6-87.3) (71.7-107) (75.6-101)

Mercury 0.35 0.46 0.66 0.65 0.62 0.53
0.24-0.49 0.32-0.65 0.47-0.94 0.46-0.92 0.44-0.88 0.37-0.75

(0.23-0.58) (0.31-0.91) (0.42-0.94) (0.45-0.91) (0.41-1.06) (0.28-0.99)



Appendix B-4. (Continued)

	

Bachelor	 Fisher	 Karlson	 Molalla	 Ross	 Samish
(n=5)	 (n=5)	 (n=5)	 (n=5)	 (n=5)	 (n=5) 

Magnesium	 371	 289	 362	 337	 411	 375

	

301-458	 235-357	 294-447	 274-416	 334-507	 304-463

	

(300-468)	 (199-450)	 (221-462)	 (252-418)	 (319-465)	 (325-460)

Manganese	 1.18	 nc	 nc	 1.10	 nc	 nc

	

nd-2.05	 nd-1.93 --
(<1.00-1.95)	 (<1.00-1.16)	 (<1.00-2.76)	 (<1.00-2.75)	 (<1.00-1.24)	 (<1.00-1.20)

Molybdenum	 nc	 nc	 < 2	 nc	 < 2	 nc

	

(<2-15.1)	 (<2-11.4)	 (<2-7.45)	 (<2-15.5)

Nickel	 nc	 nc	 nc	 0.67	 < 0.5	 nc
nd-1.02

	

(<0.5-0.68)	 (<0.5-0.5)	 (<0.5-0.86)	 (<0.5-1.01)	 (<0.5-0.75)

Selenium	 1.29A	 2.02AB	 1.94AB	 1.62AB	 1.88AB	 2.08B

	

1.04-1.61	 1.62-2.53	 1.56-2.42	 1.30-2.02	 1.50-2.34	 1.67-2.60

	

(0.81-1.78)	 (1.35-2.53)	 (1.73-2.37)	 (1.23-2.01)	 (1.46-2.61)	 (1.55-2.94)

Strontium	 nc	 1.43	 nc	 1.56	 nc	 2.31
--	 nd-5.44	 nd-5.90	 0.61-8.78

	

(<0.5-16.17)	 (<0.5-15.25)	 (<0.5-0.88)	 (<0.5-9.35)	 (<0.5-2.17)	 (<0.5-18.9)

Vanadium	 0.68	 < 0.5	 nc	 nc	 nc	 nc
nd-1.16

	

(<0.5-1.28)	 (<0.5-1.54)	 (<0.5-0.70)	 (<0.5-0.80)	 (<0.5-0.71)



Appendix B-4. (Continued)

Bachelor	 Fisher	 Karlson	 Molalla	 Ross	 Samish
(n=5)	 (n=5)	 (n=5)	 (n=5)	 (n=5)	 (n=5) 

Zinc	 33.6	 29.9	 31.3	 30.2	 34.6	 33.9

	

27-42	 24-37	 25-39	 24-37	 28-43	 27-42
(25.0-45.3)	 (16.5-52.2)	 (24.7-36.4)	 (23.5-34.1)	 (8.31-42.7)	 (9.53-43.2)

Means with different letters were significantly different (p = 0.05) using the Tukey-Kramer multiple range test.
' Not calculated.
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Appendix C-1. Organochlorine concentrations (ng/g, wet mass) detected in composite whole body prey
samples collected from the Columbia and Willamette rivers and Puget Sound, 1994-1995.

Organochlorinea

Site Sppb NC Lipid HCB PCA a -BHC P-BHC CCL CNC DDD

Bachelor BRBU 1 0.8 0.07 0.14 <0.06 <0.06 1.18 0.42 2.28

COCA 3 4.8 0.74 0.51 0.81 <0.06 3.43 1.03 13.3

CRAP 2 1.2 0.40 0.45 0.18 <0.06 1.91 0.84 11.4

CRFI 2 0.6 0.11 <0.15 <0.06 <0.06 0.72 0.39 2.30

LSSU 3 4.0 0.22 1.12 1.63 <0.06 7.83 2.43 28.2

PALA 1 24.4 6.03 0.74 3.56 1.03 14.4 4.66 16.6

Fisher COCA 1 3.8 <0.03 <0.06 <0.15 0.29 0.18 <0.15 0.56

LSSU 2 2.5 0.34 0.13 0.10 <0.06 5.96 1.50 19.5

PECH 3 4.5 0.54 0.39 0.61 0.08 8.99 2.53 28.7

Karlson BRBU 1 4.3 0.11 1.11 1.29 <0.06 0.25 <0.15 0.59

BUFR 1 0.6 <0.03 <0.15 <0.06 <0.06 <0.06 <0.06 <0.15

COCA 1 4.0 0.35 0.16 0.91 <0.06 2.02 1.06 8.00

CRFI 4 0.7 <0.03 <0.15 <0.06 <0.06 0.71 0.33 1.77

PALA 1 16.2 2.57 0.13 2.57 0.81 8.74 2.42 9.41

WMBA 3 2.7 0.12 <0.15 0.27 <0.06 0.16 <0.15 0.45

Molalla AMSH 1 9.2 1.54 0.99 1.84 <0.06 3.83 2.85 5.83

BRBU 1 0.9 <0.03 0.18 <0.06 <0.06 0.67 0.36 1.29

LSSU 2 3.0 0.39 1.48 1.65 <0.06 8.65 2.84 25.0

PECH 1 2.9 0.64 1.04 1.08 <0.06 1.31 0.57 2.05

Ross LSSU 3 8.8 3.11 1.20 0.36 <0.15 10.9 3.82 29.1

TROU 1 9.8 0.43 1.32 0.21 0.48 18.5 10.0 10.2

Samish SAGU 8 3.6 <0.03 <0.06 <0.15 0.29 0.18 <0.15 0.25

SHPE 20 2.2 0.20 <0.15 0.40 0.13 0.74 0.38 1.04

SNPR 2 0.7 0.23 <0.06 <0.15 0.24 0.18 0.18 0.28
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Appendix C-1. (Continued)

Organochlorinea

Site Sppb DDE DDT DAC DIEL HEX OXY TCL TNC PCB

Bachelor BRBU 23 <0.06 <0.07 0.91 <0.06 <0.15 0.23 0.84 91

COCA 48.8 0.25 0.92 1.98 0.47 1.06 1.02 2.23 123

CRAP 29.6 3.45 0.24 0.65 <0.15 3.65 0.16 1.85 94

CRFI 9.63 0.33 0.07 0.99 0.07 0.13 0.23 0.77 35

LSSU 105 8.08 2.07 4.62 0.34 0.78 1.65 7.59 489

PALA 54.2 19.1 7.80 10.5 2.30 2.11 4.07 13.3 83

Fisher COCA 24.2 <0.06 00.28 3.93 0.24 <0.06 <0.15 0.29 33

LSSU 1.45 2.53 2.50 1.96 0.34 0.82 1.60 3.64 158

PECH 142 1.53 2.03 6.41 0.14 2.35 1.88 6.38 169

Karlson BRBU 2.69 <0.06 <0.07 <0.20 <0.06 <0.06 <0.15 0.18 12

BUFR 0.65 <0.06 <0.07 <0.07 <0.06 0.25 <0.06 <0.06 23

COCA 46.7 0.26 <0.07 0.72 <0.15 <0.15 0.30 2.00 68

CRFI 10.1 0.60 0.26 0.58 0.22 0.45 0.23 0.93 17

PALA 33.2 9.99 0.17 4.15 2.29 1.24 1.99 5.97 54

WMBA 1.70 0.57 <0.07 0.29 0.17 1.39 <0.15 <0.15 3

Molalla AMSH 21.4 3.58 3.08 3.18 3.62 9.66 0.86 2.16 36

BRBU 6.70 0.76 0.18 0.55 <0.15 0.54 0.31 0.82 53

LSSU 130 26.2 13.1 7.43 0.55 1.69 2.31 8.67 56

PECH 13.1 0.26 0.38 1.46 <0.15 1.32 0.37 2.31 23

Ross LSSU 70.3 17.9 5.01 26.6 2.35 1.12 4.10 7.79 447

TROU 56.6 9.99 5.23 21.5 3.18 2.71 7.63 30.1 880

Samish SAGU 1.37 <0.06 <0.07 0.91 <0.15 <0.06 <0.15 0.22 37
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Appendix C-1. (Continued)

Organochlorinea 

Site	 Sppb	 DDE DDT DAC DIEL HEX OXY TCL TNC PCB 

Samish	 SHPE	 6.93	 0.89	 <0.07	 0.14	 0.38	 3.44	 0.11	 0.87	 22

SNPR	 2.68	 0.37	 <0.07	 0.39	 0.19	 2.15	 <0.15	 0.34	 44

• HCB = hexachlorobenzene , PCA = pentachloroanisole, BHC = benzene hexachloride , CCL = cis-
chlordane, CNC = cis-nonachlor, DAC = Dacthal, DIEL = dieldrin, HEX = heptachlor epoxide, OXY =
oxychlordane, TCL = trans-chlordane, TNC = trans-nonachlor, PCB = polychlorinated biphenyl.
b BRBU = brown bullhead, COCA = common carp, CRAP = crappie spp., CRFI = crayfish, LSSU =
largescale sucker, PALA = pacific lamprey, PECH = peamouth chub, BUFR = bullfrog, WMBA =
warmouth bass, AMSH = American shad, TROU = trout spp., SAGU = saddleback gunnel, SHPE = shiner
perch, SNPR = snake prickleback.

Number of individuals in composite.
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Appendix C-2. Non-ortho-chloro substituted PCBs (pg/g, wet mass) in composite whole body prey
samples from the Columbia and Willamette rivers and Puget Sound, 1994-1995.

Site Species' N'' Lipid
34,41 ,5-

TCB (81)
3,31,4,41-
TCB (77)

3,31,4,41,5-
PeCB (126)

3,31,4,4',5,51-
HxCB (169)

Bachelor BRBU 1 0.8 3 7 10 2

COCA 3 4.8 6 57 16 2

CRAP 2 1.2 8 122 13 1

CRFI 2 0.6 3 19 8 1

LSSU 3 4.0 15 160 48 4

PALA 1 24.4 <3 36 28 6

Fisher COCA 1 3.8 3 31 6 < 1

LSSU 2 2.5 17 146 16 < 1

PECH 3 4.5 18 315 35 2

CRFI 3 2.5 10 105 18 3

Karlson BRBU 1 4.3 2 12 4 < 1

BUFR 1 0.6 < 1 4 < 1 < 1

COCA 1 4.0 8 137 22 3

CRFI 4 0.7 2 19 5 < 1

PALA 1 16.2 3 36 17 3

WMBA 3 2.7 1 7 1 1

Molalla AMSH 1 9.2 3 31 7 1

BRBU 1 0.9 < 2 8 6 < 1

LSSU 2 3.0 4 22 7 1

PECH 1 2.9 3 26 5 < 1

PALA 3 0.6 < 1 10 6 2

Ross LSSU 3 8.8 17 205 27 2

TROU 1 9.8 43 847 93 2

Samish SAGU 8 3.6 7 142 11 < 1
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Appendix C-2. (Continued)

3,4,4'5-	 3,3',4,4'-	 3,31,4,4%5-	 3,3',4,4',5,5'-
Site	 Species` Nb	 Lipid	 TCB (81)	 TCB (77)	 PeCB (126)	 HxCB (169)

Samish	 SHPE	 20	 2.2	 4	 40	 5	 1

SNPR	 2	 0.7	 2	 29	 11

BRBU = brown bullhead, COCA = common carp, CRAP = crappie spp., CRFI = crayfish, LSSU =
largescale sucker, PALA = pacific lamprey, PECH = peamouth chub, BUFR = bullfrog, WMBA =
warmouth bass, AMSH = American shad, TROU = trout spp., SAGU = saddleback gunnel, SITE = shiner
perch, SNPR = snake prickleback.

Number of individuals in composite.
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Appendix C-3. Dioxin and furan concentrations (pg/g, wet mass) detected in composite whole body prey
samples collected from the Columbia and Willamette Rivers and Puget Sound, 1994-1995.

Site Spy' /Nr
%

Lipid
2378-
TCDD

12378-
PnCDD

123478-
HxCDD

123678-
HxCDD

1234678-
HxCDD OCDD

Bachelor BRBU 1 0.8 < 0.2 < 0.5 < 0.1 0.9 < 0.9 3.7

COCA 3 4.8 0.2 0.3 0.2 0.4 1.1 4.1

CRAP 2 1.2 < 0.2 < 0.2 < 0.1 < 0.4 < 0.6 1.5

CRFI 2 0.6 < 0.2 < 0.2 < 0.1 0.2 1.1 14

LSSU 3 4.0 0.5 0.6 0.2 1.1 1.2 9.9

PALA 1 24.4 < 0.1 < 0.1 < 0.1 < 0.3 0.8 7.3

Fisher COCA 1 3.8 0.9 < 0.4 < 0.2 < 0.5 0.9 3.1

LSSU 2 2.5 0.4 <0.1 <0.1 <0.1 0.1 2.0

PECH 3 4.5 1.3 0.4 < 0.2 0.5 0.6 2.4

CRFI 3 2.5 0.6 0.5 0.3 0.7 2.2 12

Karlson BRBU 1 4.3 1.0 < 0.3 < 0.1 < 0.5 0.6 < 1.5

BUFR 1 0.6 < 0.1 < 0.1 < 0.1 < 0.1 < 0.2 1.6

COCA 1 4.0 1.0 < 0.5 < 0.1 0.5 0.6 < 1.5

CRFI 4 0.7 < 0.2 < 0.3 < 0.3 < 0.4 < 0.6 6.0

PALA 1 16.2 <0.2 <0.1 <0.1 <0.2 <0.2 1.0

WMBA 3 2.7 0.3 < 0.1 < 0.1 < 0.1 < 0.2 1.8

Molalla AMSH 1 9.2 < 0.4 < 0.4 < 0.1 0.4 0.3 1.8

BRBU 1 0.9 0.1 < 0.8 < 0.1 < 0.4 0.7 3.8

LSSU 2 3.0 < 0.2 < 0.2 < 0.1 < 0.2 < 0.5 1.1

PECH 1 2.9 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0.9

CRFI 3 0.6 < 0.1 < 0.1 < 0.1 < 0.4 0.9 7.9

Ross LSSU 3 8.8 0.7 0.6 <0.2 0.7 1.9 8.2

TROU 1 9.8 0.8 1.0 0.2 2.2 3.1 5.8

Samish SAGU 8 3.6 < 0.1 < 0.1 < 0.1 < 0.1 0.4 2.2

SHPE 20 2.2 0.1 0.2 < 0.1 < 0.2 0.2 2.2

SNPR 2 0.7 <0.1 <0.1 <0.1 <0.3 0.7 4.2



Appendix C-3. (Continued)

Site Spp'
2378-
TCDF

12378-
PnCDF

23478-
PnCDF

123478-
HxCDF

234678-
HxCDF OCDF

Bachelor BRBU 0.3 0.2 0.6 < 0.2 0.3 < 0.2

COCA 1.6 0.2 0.3 0.1 0.1 < 0.3

CRAP 0.6 < 0.2 < 0.1 < 0.1 < 0.1 < 0.2

CRFI 0.4 < 0.1 < 0.1 < 0.1 < 0.3 0.2

LSSU 4.0 0.4 <0.7 <0.3 <0.3 0.6

PALA 2.5 0.4 0.2 < 0.1 < 0.2 < 0.5

Fisher COCA 0.5 < 0.1 0.1 0.1 < 0.1 < 0.2

LSSU 2.5 <0.1 <0.1 <0.1 <0.1 <0.2

PECH 16 <0.4 0.4 <0.2 <0.1 <0.2

CRFI 4.9 0.3 < 0.4 < 0.2 < 0.4 6.1

Karlson BRBU 7.9 0.3 0.5 < 0.1 < 0.1 < 0.2

BUFR < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.2

COCA 7.9 0.3 0.5 < 0.1 < 0.1 < 0.2

CRFI 0.9 < 0.1 < 0.2 < 0.2 < 0.2 0.2

PALA 1.8 <0.2 0.1 <0.1 0.1 <0.2

WMBA < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.2

Molalla AMSH 1.3 0.1 0.3 < 0.1 < 0.1 < 0.2

BRBU <0.1 <0.1 <0.2 <0.1 <0.1 <0.4

LSSU 0.3 <0.1 <0.1 <0.1 <0.1 <0.2

PECH 0.5 < 0.1 < 0.1 < 0.1 < 0.1 < 0.2

CRFI < 0.2 < 0.1 < 0.2 < 0.1 < 0.3 4.9

Ross LSSU 3.2 <0.1 0.5 0.2 <0.3 <0.5

TROU 1.5 < 0.4 < 1.0 0.3 0.4 < 0.4

Samish SAGU < 0.5 < 0.1 < 0.1 < 0.1 < 0.1 < 0.2
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Appendix C-3. (Continued)

2378-	 12378-	 23478-	 123478-	 234678-
Site	 Spp°	 TCDF PnCDF PnCDF HxCDF	 HxCDF	 OCDF

Samish	 SHPE	 1.7	 <0.1	 <0.1	 <0.1	 0.1	 <0.2

SNPR	 0.5	 < 0.1	 0.1	 < 0.1	 < 0.3	 1.9

' BRBU = brown bullhead, COCA = common carp, CRAP = crappie spp., CRFI = crayfish, LSSU
= largescale sucker, PALA = pacific lamprey, PECH = peamouth chub, BUFR = bullfrog, WMBA
= warmouth bass, AMSH = American shad, TROU = trout spp., SAGU = saddleback gunnel,
SHPE = shiner perch, SNPR = snake prickleback.
b Number of individuals in composite.
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Appendix D. Organochlorine concentrations in eggs of piscivorous birds from the Columbia River. Geometric means (range) in wet weight.

Species' Site' Year
DDE
(1,/gig)

PCB
(M g/0

TCDD
(13g/g)

TCDF
(P gig)

Hg
01g/g) Author

BCNH 290 1978 7 7 6 na na na Henry et al.
290 1979 21 21 11 na na na 1984
190 1978 10 10 8 na na na
190 1979 19 19 12 na na na
190 1980 9 9 5 na na na

GBHE 276 1978 13 3.30 (0.86-16) 1.93 (ndc-9.34) nad na na Blus et al.
290 1978 8 4.71 (1.39-15) 2.24 (0.82-9.24) na na na 1980

GBHE 290 1978 8 4.71 (1.39-15) 2.24 (0.82-9.24) na na na Fitzner et al.
275 1978-80 17 3.51 (0.86-16) 1.94 (nd-9.34) na na na 1988
370 1981-82 13 3.12 (1.08-7.18) 1.56 (nd-13) na na na

GBHE 370 1981 4 na na na na 0.17 (0.11-0.37) Blus et al.
370 1982 9 na na na na 0.02 (nd-0.10) 1985

BAEA Estuary 1985-91 17 9.7 (4-20) 12.7 (4.8-27) 32.0 (5.1-61) na 0.20 (0.13-0.36) Anthony et al.
1993

CAGO 5 1991 1 0.04 0.11 na na 0.01 U.S. Fish and
21 1991 3 0.01 (0.01-0.03) nd (nd-0.14) na na 0.01 (0.01-0.01) Wildlife
25 1991 3 0.01 (0.01-0.01) 0.17 (0.07-0.47) na na 0.01 (0.01-0.01) Service

CATE 21 1990 2/4' 0.45 (0.02-2.4) 1.72 (1.2-2.3) 4.2 (3.0-6.0) 2.8 (2.0-4.0) 1.74 (0.36-3.72) unpubl. data
275 1990 2/3 2.59 (1.8-4.6) 2.10 (1.4-3.7) 6.9 (3.0-16) 3.0 (3.0-3.0) 3.44 (2.81-4.12)
21 1991 3 na na 3.2 (2.9-3.4) 3.6 (1.0-15) 1.72 (1.20-3.00)
25 1991 3 1.78 (0.9-3.30) 1.52 (1.10-2.00) na na na

275 1991 5 3.91 (2.29-8.10) 0.68 (0.27-1.70) na na 4.46 (2.98-11)
DOCO 21 1990 3/7 0.56 (nd-3.10) 3.69 (1.70-7.10) 38.3 (31-49) 4.2 (3.8-4.6) 0.44 (0.31-0.69)

5 1991 5/3 2.15 (1.47-3.04) 1.89 (1.43-2.61) 5.2 (nd-26) 0.4 (0.1-2.0) 2.20 (1.40-3.60)



Appendix D. (Continued)

Species' Site" Year N
DDE PCB

(zgig)
TCDD
(Pg/g)

TCDF
(Pg/g)

Hg
(ug/g) Author

DOCO 21 1991 5 na na 6.97 (nd-16.3) 0.8 (nd-1.2) na U.S. Fish and
25 1991 3 5.96 (4.0-12) 6.81 (4.75-13) na na 1.74 (1.50-2.20) Wildlife

FOTE 275 1990 3 0.70 (0.67-0.74) 1.18 (1.00-1.50) 5.11 (5.40-22) 3.4 (nd-14) na Service
MALL 5 1991 1 0.42 0.25 na na 0.28 unpubl. data

25 1991 3 0.18 (0.06-0.49) 0.38 (0.09-0.63) na na 0.21 (0.20-0.23)
RIGU 275 1990 2/3 1.21 (0.51-2.50) nd (nd-0.37) nd nd na

WEGU 275 1991 3 1.55 (1.19-1.98) 0.92 (0.48-2.28) 0.60 (nd-1.00) nd 0.11 (0.07-0.19)
21 1990 2/7 0.68 (0.32-1.40) 1.32 (0.58-2.20) 5.51 (4.0-7.0) nd 0.21 (0.13-0.32)
5 1991 3 0.97 (0.41-1.53) 1.00 (0.73-1.32) 1.79 (0.7-3.0) 0.4 (0.3-0.5) 0.46 (0.25-0.82)

21 1991 3 na 1.31 (0.64-3.95) 9.86 (5.8-24) 0.7 (0.4-0.9) na
25 1991 3 1.06 (0.47-2.52) na na na 0.63 (0.42-0.91)

DOCO 5 1993 5 4.35 (1.14-13) 3.86 (0.98-8.96) 20.9 (4.80-58) nc na
5 1994 5 1.37 (0.09-3.40) 0.76 (0.11-1.50) 8.40 (2.80-14) 1.3 (0.5-2.0)

21 1993 5 3.46 (2.28-4.65) 4.44 (1.51-9.67) 30.2 (9.0-56) nc
21 1994 5 2.64 (1.10-5.10) 1.70 (0.60-2.40) 13.2 (6.60-19) 0.2 (nd-0.3)

DOCO 5 1995 13 0.97 (0.26-3.42) 0.98 (0.36-2.38) 6.68 (3.8-16) 0.2 (nd-1.1) na
21 1995 8 3.41 (1.36-9.88) 2.19 (1.65-3.87) 12.9 (5.3-25) 0.5 (nd-1.2)

BAEA Lower 1994-95 14 6.84 (3.47-13) 6.15 (3.43-12) 28 (20-38) 21 (6.9-40) 0.22 (0.17-0.29)
River

' Species abbreviations: BAEA = bald eagle, BCNH = black-crowned night heron, CAGO = Canada goose, CATE = Caspian tern, DOCO = double-crested
cormorant, FOTE = Forster's tern, GBHE = great blue heron, MALL = mallard, RIGU = ring-billed gull, WEGU = western gull.
b Approximate river mile.
Not detected.

d Not analyzed.
Sample size for dioxin and furan analyses / Sample size for DDE and PCB analyses.



Appendix E-1. Organochlorine concentrations (wet weight) in fish composites from the Columbia River.

Species' Site' Year N' Typed
DDE
(gg/g)

PCB
Gig/0

TCDD
(pg/g)

TCDF
(pgig) Author

LSSU 149 1970
1971

3-5
3-5

w
w

0.22
0.39 (0.32-0.47)

0.44
0.52 (0.29-0.95)

na'
na

na
na

Sclunitt et al. 1981,
Walsh et al. 1977

1972 3-5 w 0.47 1.4 na na
1973 3-5 w 0.25 (0.22-0.28) 0.86 (0.80-0.93) na na
1974 3-5 w 0.20 (0.02-2.0) nd na na

COCA 149 1971 3-5 w 0.17 (0.11-0.25) 0.18 (0.13-0.25) na na
1972 3-5 w 0.50 0.1 na na
1973 3-5 w 0.23 0.80 na na
1974 3-5 w 0.32 0.18 na na

NOSQ 149 1970 3-5 w 1.15 (0.93-1.41) 1.71 (1.41-2.08) na na
1971 3-5 w 0.89 (0.85-0.94) 0.90 (0.83-0.98) na na
1973 3-5 w 0.24 0.50 na na
1974 3-5 w 1.2 2.6 na na

LSSU 149 1976
1978

3-5
3-5

w
w

0.13 (0.09-0.18)
0.28 (0.23-0.35)

1.30 (0.60-2.80)
0.31 (0.24-0.40)

na
na

na
na

Schmitt et al. 1983,
May and McKinney

NOSQ 149 1976 3-5 w 0.27 2.0 na na 1981
1978 3-5 w 0.36 0.80 na na

SHTR Lower 1978-79 5 w 0.005 0.09 na na Henny et al. 1981
River

LSSU 149 1981 3-5 w 0.54 (0.47-0.61) 0.28 (0.20-0.40) na na Schmitt et al. 1985,
NOSQ 149 1981 3-5 w 0.64 0.50 na na Lowe et al. 1985

LSSU 149 1984 3-5 w 0.73 0.50 na na Schmitt et al. 1990
NOSQ 149 1984 3-5 w 0.56 0.60 na na

LSSU Estuary 1986 3-5 w 0.07 (nd-0.12) 0.85 (0.74-0.29) na na Anthony et al. 1993
PECH Estuary 1986 3-5 w 0.41 (0.34-0.52) 2.1 (0.68-3.3) na na



Appendix E-1. (Continued)

Species' Site Year NC Typed
DDE

(E2g/g)
PCB

(/e/g)
TCDD
(Pg/g)

TCDF
(Pg/g) Author

AMSH Estuary 1986 3-5 w < 0.14 0.26-0.49 na na Anthony et al. 1993NOSQ Estuary 1986 3-5 w 0.20 (nd-0.37) 1.7 (1.0-2.3) na na
LSSU 42 1987 w na na 2.78 16.39 U.S. Environmental65 1987 w na na 5.23 28.34 Protection Agency87 1987 w na na 2.29 10.83 unpubl. dataNOSQ 120 1987 w na na 2.28 15.95

42 1987 f na na 1.73 21.63
65 1987 f na na 1.62 20.43
87 1987 f na na 1.28 9.03
120 1987 f na na 1.14 11.95

STFL 21 1987 5 w 0.001 0.008 nd ndr U.S. Environmental21 1987 1 w 0.001 0.007 0.5 9.06 Protection AgencyLSSU 43 1987 5 w na na 2.78 16.39 199286 1987 4 w 0.081 0.128 2.57 11.38
180 1987 5 w 0.089 0.092 2.28 15.95NOSQ 43 1987 5 f 0.052 0.056 1.73 21.63
86 1987 4 f 0.034 0.037 1.28 9.03
120 1987 3 f na na 1.14 11.95COCA 105 1987 3 w 0.333 2.04 2.86 4.10WHST 180 1987 __g w 0.797 0.191 2.14 61.58
180 1987 f 0.136 0.024 0.36 8.02
30 1989 5 w na na nd-0.88 20.9 -22.1
75 1989 4 w na na 1.06 17.75
80 1989 5 w na na nd 22.15

WHST 2-335 1989 4 f na na 0.08-0.10 na Parsons et al. 19912-335 1989 4 f na na 0.08-0.31 na2-335 1989 4 f na na 0.07 na N



Appendix E-1. (Continued)

Species' Site' Year NC Type"
DDE
(ug/ g)

PCB
(-igig)

TCDD
(pg/g)

TCDF
(pg/g) Author

WHST 2-335 1989 8 f na na 0.09-1.68 na Parsons et al. 1991
2-335 1989 8 f na na 0.19-0.39 na
2-335 1989 8 f na na 0.76-1.46 na

CHSA 2-45 1989 20 nd 0.47 (0.38-0.54) na na Beak Consultants
125-140 1989 20 nd 0.53 (0.38-0.65) na na Inc.	 1989

COCA 2-45 1989 40 0.15 (nd-0.36) 2.46 (nd-11) na na
125-140 1989 40 nd (nd-0.26) 3.62 (1.50-5.80) na na

2-45 1989 15 nd 0.40 (nd-1.50) na na
LSSU 125-140 1989 20 nd nd na na

2-45 1989 25 0.79 (0.24-1.70) 1.91 (0.95-4.60) na na
146-153 1989 20 1.06 (0.42-1.60) 9.63 (3.40-17) na na
280-298 1989 40 1.35 (0.66-4.70) 8.04 (4.00-26) na na

2-45 1989 40 0.32 (nd-0.57) 1.35 (0.85-2.50) na na
146-153 1989 40 0.39 (nd-0.97) 5.29 (3.10-8.80) na na

_ 280-298 1989 40 0.19 (nd-0.36) 1.53 (0.79-3.40) na na
WHST 2-45 1989 16 nd (nd-0.24) 2.68 (2.20-3.10) na na

125-140 1989 20 nd 3.18 (2.60-3.70) na na
146-153 1989 20 1.09 (nd-2.10) 36 (19-60) na na
280-298 1989 20 0.88 (0.56-1.50) 18 (9.60-32) na na

COCA 65 1990 1 w 0.20 0.43 5.0 17 U.S. Fish and
86 1990 1 w 0.10 0.23 3.0 15 Wildlife Service
105 1990 1 w 0.27 0.23 1.0 5.0 unpubl. data
120 1990 1 w 0.11 nd 1.0 11

LSSU 25 1990 3 w 0.07 (0.03-0.11) na 1.1 (nd-1.9) 9.5 (6.3-14)
65 1990 3 w 0.05 (0.05-0.06) na 0.9 (0.8-1.1) 5.5 (4.6-6.6)
86 1990 3 w 0.29 0.80 na na
65 1991 3 w 0.03 (0.01-0.11) 0.09 (nd-0.14) 2.1 (2.0-4.3) 9.7 (4.5-34)



Appendix E-1. (Continued)

Species' Site Year NC Typed
DDE

OA gig)
PCB

(.igig)
TCDD
(pg/g)

TCDF
(pg/g) Author

90 1991 1 w 0.10 (0.06-0.14) 0.06 (0.03-0.14) 0.94 (nd-1.4) 3.2 (2.1-5.0) U.S. Fish and
LSSU 120 1991 1 w 0.07 (0.05-0.08) 0.07 (nd-0.15) 1.4 (1.0-3.5) 3.1 (1.0-7.8) Wildlife Service

275 1991 1 w 0.17 (0.07-0.47) nd (nd-0.32) 11 (3.5-33) 35 (16-110) unpubl. data
21 1991 3 w 0.34 1.03 na na

LMBA 25 1991 1 w 0.24 0.64 na na
65 1990 1 w 0.10 0.26 na na
86 1990 1 w 0.07 0.18 na na

NOSQ 21 1990 2 w 0.09 0.05 2.0 24
35 1991 3 w 0.02 (0.01-0.04) na 0.7 (nd-1.1) 3.6 (2.8-4.3)
65 1991 3 w 0.06 (0.02-0.13) na 1.6 (1.1-2.6) 8.7 (5.9-13)
90 1991 3 w 0.10 (0.09-0.12) na 1.2 (0.9-1.6) 5.9 (3.3-8.7)
120 1991 3 w 0.04 (0.03-0.050 na nd 1.7 (nd-5.5)
275 1991 3/2 w 0.08 (0.06-0.11) na 0.6 (nd-0.6) 11 (8.1-14)

PECH 65 1990 1 w 0.16 0.76 4.0 45
86 1990 1 w 0.37 0.81 9.0 83
105 1990 1 w na na 1.0 11
120 1990 1 w 0.24 0.13 4.0 56
21 1990 1 w 0.65 0.74 na na
21 1991 3/4 w 0.24 (0.22-0.25) 0.29 (0.20-0.54) 2.4 (1.5-3.4) 34 (20-48)
25 1991 3 w 0.09 (0.07-0.12) na 1.8 (2.0-2.5) 12 (4.0-29)

SMBA 35 1991 3 w 0.17 (0.13-0.24) 0.12 (0.08-0.20) 1.6 (1.2-2.2) 24 (18-35)
MWFI 65 1991 1/3 w 0.08 (0.05-0.11) 0.17 1.4 (1.1-1.7) 17 (11-25)

COCA 80 1991 5 w 0.018 0.069 na na Tetra Tech 1996
85 1991 5 w 0.021 0.062 1.57 4.37
92 1991 5 w 0.003 0.080 na na
99 1991 5 w 0.037 0.270 1.64 4.89
101 1991 5 w 0.022 0.190 na na
106 1991 5 w 0.091 0.260 na na



Appendix E-1. (Continued)

Speciesa Site Year 1\1° Typed
DDE

(,Ag/8)
PCB
040

TCDD
(pg/g)

TCDF
(pg/g) Author

COCA 118 1991 5 w 0.038 0.060 1.32 9.53 Tetra Tech 1996
125 1991 5 w 0.088 0.110 1.28 7.60
142 1991 5 w 0.040 0.110 2.10 12
14 1993 4 w 0.063 0.095 nd 3.6

141 1993 5 w 0.100 0.036 nd 3.9
1995 7 -- 0.131 0.189 nd 4.36

PECH 13 1991 9 w 0.270 0.379 na na
39 1991 55 w 0.055 0.080 2.32 40
40 1991 7 w 0.003 0.130 na na
50 1991 8 w 0.083 0.170 1.44 22
58 1991 5 w 0.003 0.120 na na
63 1991 5 w 0.140 0.180 3.29 52
70 1991 5 w 0.170 0.160 2.77 41
80 1991 5 w 0.200 0.170 3.10 43
85 1991 5 w 0.480 0.320 4.41 59
99 1991 1 w 0.082 0.164 2.00 33

WHST 15 1991 1 f 0.006 nd na na
18.5 1991 1 f 0.010 nd 1.00 1.54
21 1991 1 f 0.006 nd na na
27 1991 1 f 0.051 nd 1.07 5.52
49 1991 1 f 0.003-0.007 nd 0.92 6.41
67 1991 1 f 0.003 nd 0.79 1.66
75 1991 1 f 0.024-0.050 0.960-0.500 0.72-1.66 23
80 1991 1 f 0.016 0.057 na na
103 1991 1 f 0.048 nd na na
115 1991 1 f 0.034 nd 0.59 13
127 1991 1 f 0.006 nd 0.62 3.53
136 1991 1 f 0.021 nd na na



Appendix E-1. (Continued)

Species' Site Year I\1` Typed
DDE
Gig/0

PCB
(iig/g)

TCDD
(pg/g)

TCDF
(pg/g) Author

WHST 21 1991 5 w 0.003 0.110 0.49 5.24 Tetra Tech 1996
27 1991 5 w 0.026 0.070 0.82 7.97
39 1991 5 w 0.059 0.210 1.56 5.45
40 1991 5 w 0.045 0.110 na na
50 1991 5 w 0.045 0.066 0.88 4.69
58 1991 5 w 0.070 0.076 na na
63 1991 5 w 0.038 0.063 1.32 8.79
71 1991 5 w 0.060 0.130 0.76 2.46
76 1991 5 w 0.045 0.061 na na
80 1991 5 w 0.063 0.160 0.92 6.36
85 1991 5 w 0.053 0.120 1.01 7.24
92 1991 5 w 0.062 0.150 na na
99 1991 6 w 0.057 0.380 1.41 6.98

1995 1 f 0.077 0.085 nd 5.70
1995 1 f 0.034 0.045 nd 4.46
1995 1 f 0.027 0.036 nd 1.70
1995 1 f 0.039 0.058 nd 4.30
1995 1 f 0.023 0.037 nd 1.61
1995 1 f 0.061 0.114 nd 5.94
1995 1 f 0.047 0.098 nd 2.63
1995 1 f 0.053 0.054 nd 2.70
1995 1 f 0.013 0.033 nd 0.22
1995 1 f 0.030 0.040 nd 0.51
1995 1 f 0.059 0.061 nd 1.10
1995 1 f 0.350 0.031 nd 1.38

101 1991 5 w 0.045 0.160 na na
106 1991 5 w 0.061 0.210 na na
118 1991 5 w 0.050 0.055 0.62 7.09
125 1991 6 w 0.005 0.130 1.38 11



Appendix E-1. (Continued)

Spp' Site Year N` Typed
DDE
(zeg)

PCB
(id eg)

TCDD
(pg/g)

TCDF
(pg/g) Author

LSSU 142 1991 8 w 0.050 0.130 0.72 11 Tetra Tech 1996
14 1993 2 w 0.110 0.152 nd 4.9
21 1993 5 w 0.100 0.135 nd 5.0
23 1993 5 w 0.110 0.106 nd 3.2
26 1993 5 w 0.065 0.047 0.90 2.6
29 1993 5 w 0.100 0.080 nd 5.2
36 1993 5 w 0.069 0.042 nd 5.9
59 1993 5 w 0.076 0.062 nd 5.4
68 1993 5 w 0.092 0.086 nd 2.6
81 1993 5 w 0.037 0.033 nd 1.6
88 1993 5 w 0.086 2.70 nd 2.1
90 1993 5 w 0.160 0.127 nd 6.5
95 1993 5 w 0.093 0.081 nd 3.8
120 1993 5 w 0.078-0.180 0.026-0.207 nd-0.7 2.2-4.8
124 1993 5 w 0.098 0.038 nd 4.1

1995 9/8 -- 0.036 0.068 nd 0.87
1995 9/8 0.032 0.045 nd 0.81
1995 9/8 0.030 0.045 nd 1.06
1995 9/8 0.008 0.014 nd 0.88
1995 9/8 0.028 0.040 nd 1.13
1995 9/8 0.024 0.057 nd 1.66
1995 9/8 0.027 0.029 nd 0.98
1995 9/8 0.045 0.058 nd 2.42
1995 9/8 0.028 0.029 nd 1.53
1995 9/8 0.011 0.015 0.64 0.94



Appendix E-1. (Continued)

Sppa Site'	 Year NC	 Typed
DDE

Cug/g)
PCB

Cue/g)
TCDD
(Pg/g)

TCDF
(Pg/g) Author

CHSA 1995 8/3 0.005 0.003 nd 1.20 Tetra Tech 1996
1995 8/3 0.010 0.012 nd 2.70
1995 8/3 0.005 0.004 0.89 0.94

COSA 1995 8/3 0.002 0.002 0.03 0.50
1995 8/3 0.002 0.003 0.05 0.59
1995 8/3 0.002 0.004 nd 0.23

SHTR 1995 8/3 0.001 0.004 nd 0.21
1995 8/3 0.004 0.008 nd 0.27

Species abbreviations: AMSH = American shad, CHSA = chinook salmon, COCA = common carp, COSA = coho salmon, LMBA = largemouth bass, LSSU =
largescale sucker, MWFI = mountain whitefish, NOSQ = northern squawfish, PECH = peamouth chub, SHTR = steelhead trout, SMBA = smallmouth bass,
STFL = starry flounder, WHST = white sturgeon.
b Approximate river mile.
° Number of individuals per composite / number of composites.
d Type of sample; w = whole body, f = fillet.

Not analyzed.
'Not detected.
g Not available.



Appendix E-2. Organochlorine concentrations (wet weight) in fish from the Willamette River.

Species' Siteb Year NC Typed
DDE
(4g/g)

PCB
(ug/g)

TCDD
(pg/g)

TCDF
(pg/g) Author

COCA 25
25

1970
1973

3-5
3-5

w
w

0.34
0.35

1.25
0.20

nae
na

na
na

Schmitt et al. 1981,
Walsh et al. 1977

25 1974 3-5 w 0.88 0.10 na na
LSSU 25 1970 3-5/2 w 0.60 (0.57-0.64) 3.32 (2.40-4.58) na na

25 1971 3-5/2 w 0.25 (0.25-0.25) 1.50 (1.35-1.67) na na
25 1972 3-5/2 w 0.45 (0.40-0.50) 3.89 (2.80-5.40) na na
25 1973 3-5/2 w 0.26 (0.21-0.31) 1.96 (1.60-2.40) na na
25 1974 3-5/2 w 0.27 (0.15-0.50) 1.87 (1.30-2.70) na na

NOSQ 25 1971 3-5/2 w 0.35 (0.33-0.37) 2.48 (2.37-2.60) na na
25 1972 3-5 w 0.57 3.00 na na
25 1973 3-5 w 0.53 2.80 na na
25 1974 3-5 w 0.19 2.3 na na

CHCA 25 1972 3-5 w 0.57 4.40 na na

SMBA 25 1976 3-5 w 0.06 0.60 na na Schmitt et al. 1983, May
CHIS 25 1976 3-5/2 w 0.09 (0.07-0.12) 1.27 (0.70-2.3) na na and McKinney 1981

25 1978 3-5/2 w 0.09 (0.09-0.09) 0.60 (0.60-0.60) na na
NOSQ 25 1978 3-5 w 0.42 0.83 na na

LSSU 25 1980 3-5/2 w 0.15-0.21 0.7-1.2 na na Schmitt et al. 1985,
NOSQ 25 1980 3-5 w 0.28 0.8 na na Lowe et al. 1985

NOSQ 25 1984 3-5 w 0.13 0.3 na na Schmitt and Brumbaugh
PECH 25 1984 3-5/2 w 0.03 0.1-0.2 na na 1990

NOSQ __g 1987 3-5 w 0.0435 0.103 na na U.S. Environmental
LSSU 7 1987 4 w 0.0371 1.54 2.25 3.35 Protection Agency 1992

1987 4 w 0.0358 0.008 0.76 2.43
MWFI 1987 3-5 f na na 4.58 16.12
LMBA 7 1987 4 f na na 0.74 1.09

•••



Appendix E-2. (Continued)

Species' Site° Year NC Typed
DDE
(ug/g)

PCB
Gig/0

TCDD
(pg./g)

TCDF

(Pk) Author

COCA RM 7 1988-89 5/2 f 0.012 0.044-0.160 na na Oregon Department of
RM 27 1988 3/2 f 0.013-0.073 nd-0.324 na na Environmental Quality
RM 38 1988 3 f nd 0.015 na na 1994
RM 48 1988 5 f na 0.171 na na
RM 7 1989-90 6 f nd-0.066 nd-1.403 na na

RM 18 1989 4 f 0.028 0.360 na na
RM 28 1989 3 f 0.061-0.102 nd na na
RM 48 1989 2 f na nd na na
RM 74 1989-90 6 f 0.007-0.047 nd na na

RM 131 1990 3 f nd-0.008 nd na na
RM 141 1991 1 na na 0.45 0.45
RM 143 1991 1 na na 0.57 0.56
RM 145 1991 1 na na 0.44 0.54
RM 161 1991 1 na na 0.41 0.41

NOSQ RM 27 1988 3 f na nd na na
RM 48 1988 5 f 0.005 nd na na
RM 38 1988-89 5/2 f nd nd na na
RM 7 1990 3 w nd-0.052 nd-0.209 na na

RM 74 1990 3 w 0.022-0.042 0.026-0.058 na na
RM 131 1990 3 w 0.015-0.022 nd na na
RM 147 1990 3 w 0.017-0.044 nd-0.028 na na
RM 161 1990 3 w nd-0.022 0.033-0.085 na na

LSSU RM 27 1988 3 f nd na na na
RM 18 1989 3 f nd nd na na
RM 38 1989 5 f nd nd na na

BASS RM 27 1988 3 f nd nd na na
CTTR RM 147 1990 5 w nd-0.006 nd na na

RM 161 1990 5 w nd-0.023 nd na na



Appendix E-2. (Continued)

Species' Siteb Year NC Typed
DDE
(jig/g)

PCB
(Peg)

TCDD
(Peg)

TCDF
(Peg) Author

MWFI RM 147 1990 2 na na 0.87 4 Oregon Department of
RM 176- 1990 1 na na 2.8-4.6 13-22 Environmental Quality

77 1990-91 2 na na 1.9-7.9 6.6-30 1994
RM 143 1990-91 2 na na 2.5-2.7 8.3-13
RM 145 1991 1 na na 1.4 4.6
RM 141 1991 1 na na 0.27 1.7
RM 161

NOSQ RM 11 1990 3 w 0.017 0.127 1.4 17 Curtis et al. 1992
COCA RM 11 1990 4 f 0.028 na 1.0 2

COCA RM 72 1990 1 f nd na na na Curtis et al. 1993
NOSQ RM 131 1990 3-5 w nd na na na

RM 148 1990 1 w nd na na na
CTTR RM 148 1990 1 w 0.022 na na na

RM 160 1990 3-5 w nd-0.002 na na na
RM 195 1990 1 w nd na na na

'BASS = bass spp., CHCA = channel catfish, CHIS = chiselmouth, COCA = common carp, CTTR = cutthroat trout, LMBA = largemouth bass, LSSU = largescale
sucker, MWFI = mountain whitefish, NOSQ = northern squawfish, PECH = peamouth chub, SMBA = smallmouth bass.
b Approximate river mile.
e Number of individuals per composite / number of composites.
d Type of sample; w = whole body, f = fillet.

Not analyzed.
Not detected.

a Not available.
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Appendix F. Relationships between odds ratios for nesting behaviors of great blue herons and contaminant
concentrations (n = 6), Columbia and Willamette rivers, 1994-1995.

Behavior

DDE PCB 2,3,7,8-TCDD

F P r F P r F P r

Attendance 6.50 0.06 -0.787 2.89 0.16 -0.648 0.87 0.40 -0.423

Brooding 0.18 0.69 0.207 0.10 0.77 0.155 3.37 0.14 0.676

Feeding 9.43 0.04 0.838 6.78 0.06 0.793 2.49 0.20 0.620

Pair Bonding 3.76 0.13 -0.696 2.17 0.21 -0.593 1.55 0.28 -0.528

Preening 0.51 0.52 -0.335 0.32 0.60 -0.274 1.10 0.35 -0.465

Standing 0.00 0.99 -0.000 0.03 0.88 0.084 1.24 0.33 -0.486
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