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Abstract The osprey (Pandion haliaetus) population nest-

ing along the main stem Willamette River and lower Santiam

River was first studied to evaluate contaminants and repro-

ductive rates in 1993 when 78 occupied nests were present. By

2001, the population increased to 234 occupied nests, a 13.7%

annual rate of population increase. A sample egg was col-

lected from each of a series of nests along the Upper River

(river mile 55–187) in 1993, 2001 and 2006 to evaluate trends

of persistent contaminants (organochlorine [OC] pesticides,

polychlorinated biphenyls [PCBs], polychlorinated dibenzo-

p-dioxins [PCDDs], and polychlorinated dibenzofurans

[PCDFs]). Nearly all OC pesticide residues decreased sig-

nificantly, e.g., p, p0-DDE (DDE) from 2,350 to 1,353 to

210 lg/kg wet weight (ww). PCBs followed a similar pattern

over time, e.g., RPCBs 688 to 245 to 182 lg/kg ww, while

PCDDs and PCDFs showed a more precipitous decline (often

85–95%) between 1993 and 2001, with no egg analyses

warranted in 2006. During 2001–2002, sample osprey eggs

were also collected from nests at three Headwater Reservoirs

and two lower reaches (Newberg Pool and Tidal Portland) of

the Willamette River, as well as the lower portion of the

Santiam River to evaluate spatial residue patterns. Significant

differences were seldom detected among the different sam-

pling areas for OC pesticides (probably due to small sample

sizes), although higher concentrations were often seen in the

lower reaches, e.g., DDE 901 lg/kg ww (Headwater Reser-

voirs), 1,353 (Upper River), 1,384 (Newberg Pool) and 2,676

(Tidal Portland). PCB congener concentrations in eggs were

usually higher in the Tidal Portland reach than at other

locations and often significantly higher than at the Headwater

Reservoirs or Upper River. Mercury (first analyzed in eggs in

2001), PCDDs and PCDFs were extremely low in 2001/2002

with no significant spatial patterns. Whole fish composite

samples of largescale sucker (Catastomus macrocheilus) and

northern pikeminnow (Ptychocheilus oregonensis), which

account for about 90% of the biomass in the diet of this osprey

population, were also collected from the Willamette River in

1993 and 2001 and analyzed for the same contaminants as

osprey eggs. Contaminant residues in fish from the Upper

River decreased between 1993 and 2001, paralleling findings

for osprey eggs. Likewise, spatial patterns for fish residues

paralleled findings for osprey eggs from the different reaches

in 2001. A second empirical estimate of biomagnification

factors (BMFs) from fish to osprey eggs for OC pesticides,

PCBs, PCDDs and PCDFs (ww and lipid weight [lw] basis)

was calculated based on residue data collected in 2001. The

two independent BMF estimates (1993 and 2001) for each

contaminant from the Upper River provide a measure of

consistency, e.g., DDE (ww) 87 and 79, (lw) 103 and 112;

RPCBs (ww) 11 and 8.4, (lw) 13 and 12. Mercury did not

biomagnify from fish to osprey eggs (BMF = 0.60). Legacy

contaminants investigated had limited (perhaps only DDE), if

any, effects on reproductive success of the increasing osprey

population nesting along the Willamette River by 2001.

Keywords Osprey � Pandion haliaetus � Oregon � Fish �
DDE � PCBs � PCDDs � PCDFs �Mercury � Reproduction �
Biomagnification factors � Status and trends � Contaminants

Introduction

Resident fish species of similar size are often sampled to

understand trends of persistent lipophilic contaminants in a
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river system. Fish-eating (piscivorus) birds with reasonable

abundance and distribution also can be used to monitor

residue trends, and may be particularly useful for evaluating

potential biological effects, especially for contaminants

that biomagnify up food webs. When the contribution of

the various fish species or guilds in the diet (percentage

biomass basis) of the fish-eating bird is understood and the

appropriate fish species sampled and analyzed for residue

concentrations, the potential to follow movement of

contaminants through a trophic level of the food web (i.e.,

biomagnification factors [BMFs]) may be realized. How-

ever, limited empirical data are available for determining

BMFs of various contaminants from fish to fish-eating

birds or their eggs (Braune and Norstrom 1989; Henny

et al. 2003). Though collecting sample eggs from the fish-

eating bird of interest is generally routine, much more

effort is needed to determine the importance of each fish

species in their diet. Direct observation of prey species

delivered to nests and identification of prey remains col-

lected at active nests or at feeding perches are commonly

used methods to assess food habits and quantify the diet of

breeding piscivorous birds. Then, the dominant species and

size categories of fish represented in the diet are sampled

from known foraging areas and analyzed for the selected

contaminants of concern. The fish residue concentrations

for the various species are then weighted according to

percent biomass ingested. BMF estimates from fish to eggs

are important in ecological risk assessments because

reproduction (i.e., embryonic development) is often the

most sensitive life stage at which adverse toxic effects are

manifested and reproductive success (productivity) is eas-

ily measured. Thus, while measured residue concentrations

in bird eggs can be instructive, projecting egg residue

concentrations (based on fish in diet) also can prove useful

when BMFs for the indicator species and contaminant of

concern are known.

The osprey (Pandion haliaetus), an obligate piscivore,

is a useful indicator species of aquatic ecosystem health

and exposure to contaminants that biomagnify up food

chains as reported in many contemporary studies (e.g.,

Elliott et al. 1998, 2000, 2001; Henny et al. 2003, 2004,

2008; Martin et al. 2003; Rattner et al. 2004; Toschik et al.

2005). When first surveyed in 1976, only 13 occupied

osprey nests were estimated along the main stem Willam-

ette and lower Santiam Rivers (Henny et al. 1978). In

1993, we began studies of persistent contaminants in fish

and osprey eggs from the upper reach of the Willamette

River (hereafter, Upper River) (Henny et al. 2003). This

earlier publication provided the first BMF estimates for

ospreys and included egg and fish residue data for a series

of organochlorine (OC) pesticides, polychlorinated biphe-

nyl (PCB) congeners, polychlorinated dibenzo-p-dioxins

(PCDDs) and polychlorinated dibenzofurans (PCDFs)

(Henny et al. 2003). Only one BMF estimate was made for

each contaminant, and it only represented samples (eggs

and fish) collected from the Upper River. The osprey

population nesting on the main stem Willamette River and

lower Santiam River (hereafter, Santiam River) increased

from 13 pairs in 1976 to 78 pairs in 1993 (Henny and

Kaiser 1996) to 234 pairs in 2001 (Henny et al. 2002a),

including an expansion of the local breeding range down-

stream into the heavily industrialized harbor area of

Portland. In 2001, we collected and analyzed additional

osprey eggs and prey fish species from the Santiam River

and further downstream in Newberg Pool and Tidal Port-

land (Fig. 1). A few eggs collected between 1997 and 1999

in Tidal Portland provide supplementary information.

Ospreys nested at Headwater Reservoirs in 1976 (Henny

et al. 1978), but were not investigated in detail until 2002

when productivity and a series of sample eggs and prey fish

were collected.

In this paper, we: (1) report residue concentrations in

osprey eggs collected in 2001 and 2006 from the Upper

River and compare the findings with residue data for the

same reach in 1993 to determine if changes occurred

during the 13-year interval, (2) compare residue concen-

trations in whole fish tissue from the Upper River in 2001

and 1993, (3) compare residue concentrations in fish and

osprey eggs from the Upper River, Newberg Pool, Tidal

Portland and Santiam River in 2001 and osprey eggs from

Headwater Reservoirs in 2002, (4) evaluate total mercury

(THg) and methylmercury (MeHg) concentrations in livers

of ospreys found dead in the Willamette Valley, and (5)

provide a second independent empirical BMF estimate

(fish to osprey eggs) for each contaminant based upon

residue data collected in 2001 from the Upper River i.e.,

the same river reach sampled in 1993. The two BMF

estimates for each contaminant calculated from data col-

lected in 1993 and 2001 provide a means to evaluate BMF

consistency. A BMF for mercury was first estimated with

2001 data. THg concentrations in osprey eggs (essentially

all MeHg) were not determined in 1993, although THg was

evaluated in fish.

Study area and methods

Study area

The Willamette River, located in northwestern Oregon, is

the 13th largest river by volume in the conterminous

United States with an average annual discharge of

32,400 ft3/s during 1972–1990 (Kammerer 1990; Wentz

et al. 1998). The three largest cities in the state (Portland,

Salem, Eugene) border the river, with 68% of the state’s

population located in the Willamette River Basin. The
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study area was described in detail in an earlier report

(Henny et al. 2003). In general, from the confluence of the

Coast and Middle Forks near Eugene, the main stem

Willamette River flows northward 187 miles (301 km)

through the broad Willamette Valley before entering the

Columbia River near Portland. The upper main stem Wil-

lamette River is primarily bordered by cropland on the

valley floor with forested and urbanized areas (Bonn et al.

1995). For this study, we subdivided the study area into

five reaches (Fig. 1): Headwater Reservoirs (Reach V)

included three reservoirs (Cottage Grove, Dorena, and Hills

Creek located near the headwaters of the Coast Fork and

Middle Fork Willamette River; Upper River (Reach IV) is

same area sampled in 1993 and included the lower

11.8 miles (19 km) of the McKenzie River plus the main

stem Willamette from Eugene at river mile (RM) 187

downstream to the mouth of the Yamhill River at RM 55

near Newberg; Santiam River (Reach III) included the

lower Santiam River (a principal Willamette River tribu-

tary), specifically the lower 11.8 miles (19 km) of the main

Fig. 1 Locations where osprey

egg and whole fish samples

were collected, 2001–2002
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stem Santiam River, the lower 16.6 miles (27 km) of the

North Santiam River, and the lower 7.6 miles (12 km) of

the South Santiam River; Newberg Pool (Reach II) a

28 mile (45 km) backwater area created by ponding above

Willamette Falls extends from the Yamhill River conflu-

ence downstream to the falls (RM 26.5) and Tidal Portland

(Reach I) extends from Willamette Falls to the Columbia

River (RM 0.0). The Headwater Reservoirs are 3 of 13

multipurpose water resource projects built and operated by

the U.S. Army Corps of Engineers to control flooding

further downstream on the main stem Willamette River.

The lower Santiam River flows through agricultural land.

The Upper River is characterized by fast moving currents

that occur in shallow rocky channels in the upstream por-

tion, but is deeper with the flow more depositional in nature

in the lower portion. The Newberg Pool is a large depo-

sitional zone (channel bed contains more silt and sand due

to slower currents). In Tidal Portland, below Willamette

Falls (a drop of about 14 m), the river enters industrial

Portland Harbor with tidal influences and the greatest

average depth and channel width (Tetra Tech 1992).

Background information on migratory ospreys that nest

along the Willamette River was provided in earlier reports

(Henny and Kaiser 1996; Martell et al. 2001; Henny et al.

2002a, 2003). This breeding population primarily builds its

nests on power poles located in agriculture fields along the

Upper Willamette and Lower Santiam Rivers while pri-

marily selecting various other artificial structures (e.g.,

cellular towers, river pilings) for nest sites in urban areas

further downstream. Nests at Headwater Reservoirs are

almost exclusively built in live or dead trees. Ospreys

arrive in the Willamette Valley in late March after

spending the winter in southern Mexico and northern

Central America (Martell et al. 2001). About 1 month is

spent on the breeding grounds courting and building or

repairing nests before laying eggs (Henny et al. 2002a).

The almost exclusive fish diet is captured within a rela-

tively short distance of the nest sites, which are often used

year after year. Nests are spaced at fairly regular intervals

and usually within 2 km of the river. The species tolerates

short-term nest disturbance and the collection of a sample

egg has minimal effects on productivity (Henny et al.

2004).

Sample collections

In 1993, a single osprey egg was collected at 10 nests on

the Upper River from a breeding population of 56 pairs and

represented the complete length of the reach (Henny and

Kaiser 1996; Henny et al. 2003). No eggs were collected

from the 20 nests on the Santiam River or further down-

stream on the Willamette River because only two pairs

were nesting there. Eggs were collected with the assistance

of utility company personnel and equipment with the

nearest RM recorded for each egg collection site. Eggs

were promptly opened at the equator with the contents

placed into chemically cleaned glass jars and stored at

-20�C until shipment on dry ice to the analytical labora-

tory. In 2001, the size of each nesting population associated

with the four reaches studied (Upper River, Santiam River,

Newberg Pool and Tidal Portland) was 173, 36, 15 and 10

pairs, respectively. Nest sites sampled in 2001 represented

the complete length of the river with similar numbers of

eggs collected in 1993 and 2001 in the relatively long

(132 mile) Upper River (10 vs. 11 eggs). Five eggs were

planned from each of the other three reaches, except only

four eggs could be collected in Tidal Portland. Egg col-

lection and processing methodology were the same as

employed in 1993. The 25 eggs were supplemented by five

eggs collected in Tidal Portland in 1997–1999, and seven

eggs collected at Headwater Reservoirs in 2002 (Fig. 1).

Fish were collected by boat electrofishing between 7

September and 8 October 1993. Ten sampling locations at

about 10–15 mile intervals along the total length of the

Upper River were selected on the basis of osprey nest site

locations and preferred foraging areas as determined by

field observations. Fish were also collected at one site on

the Santiam River in 1993. Mass and fork length of each

fish were determined, with fish individually wrapped in

aluminum foil (dull side in contact with fish), labeled with

unique sample identification number, refrigerated during

transport, and stored at -20�C. The 25 groups of whole

fish (each representing 6–7 individual fish of the same

species from the same site) were then homogenized into

composites while frozen using a Corenco M8A Disinte-

grator food processor. The 25 composites were comprised

of three fish species: largescale sucker (Catostomus mac-

rocheilus), hereafter sucker; mountain whitefish (Prosopium

williamsoni); and northern pikeminnow (Ptychocheilus

oregonensis), hereafter pikeminnow, and represented three

feeding guilds and trophic levels (omnivore, insectivore

and piscivore). The composites were placed into chemi-

cally cleaned glass jars and stored at -20�C until shipment

on dry ice to analytical facility. Two fish species (sucker

82.8%; pikeminnow 7.3%) accounted for 90.1% of the

biomass eaten by ospreys on the Upper River and Santiam

River in 1993 (Henny et al. 2003). Mountain whitefish

constituted only 0.4% of the osprey diet in 1993 and were

not sampled in 2001. Therefore, suckers and pikeminnows

were again collected and processed between 21 August and

4 October 2001 using same methodology as in 1993. Fish

samples were collected from 12 selected sampling sites on

the main stem Willamette River and three sites on the

Santiam River (Fig. 1), with length and mass of composite

samples presented as means and ranges (Table 1). Suckers

were abundant at all sampling sites and consistent in size.
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Seven individual fish comprised each composite sample at

each site. Pikeminnows collected from the Upper River and

Santiam River were fairly consistent in size. However, at

the Newberg Pool some small pikeminnows were col-

lected. At Tidal Portland, where few pikeminnows were

captured, some were again small, while others extremely

large. To evaluate the potential fish size complication with

pikeminnows collected within the Newberg Pool and Tidal

Portland reaches, two approaches (both involving supple-

mental fish collections) were used: (1) additional

pikeminnow size categories (larger and smaller) were

collected at RM 122-124 (site D, Upper River) to evaluate

size influence on fish contaminant concentrations, and (2)

an additional piscivore species, smallmouth bass (Micr-

opterus dolomieui), hereafter bass, was collected at Site D,

and at the two lower reaches (Newberg Pool and Tidal

Portland). These similar sized bass provide supplementary

information on relative contamination in portions of the

lower river, and perhaps information for calibrating con-

taminant concentrations between the two piscivores (bass

and pikeminnows).

Fish were also obtained at Cottage Grove and Dorena

Reservoir by angler donation, boat electrofishing and gill

net between 2 July and 21 September 2002. Species

included largemouth bass (Micropterus salmoides), black

crappie (Pomoxis nigromaculatus), bluegill (Lepomis

macrochirus), largescale sucker, brown bullhead (Ameiu-

rus nebulosus), rainbow trout (Oncorhynchus mykiss) and

resident coastal cutthroat trout (Oncorhynchus clarki

clarki). Fish were handled and processed with information

recorded in the same manner as for fish collected from the

Willamette River.

Freshly dead adult and juvenile ospreys (often electro-

cuted or shot) from the Willamette Valley were obtained

from various sources (law enforcement, wildlife rehabili-

tators, etc.) between 1999 and 2005 and stored at -20�C.

Liver samples from 18 ospreys were placed into chemically

cleaned glass jars and stored at -20�C until shipment on

dry ice to the analytical facility for THg and MeHg anal-

yses. These liver samples were used to evaluate possible

concentration-related mercury demethylation.

Osprey population numbers and nesting success

The size of the osprey population (occupied nests) along

the Willamette River and lower Santiam River was first

estimated in 1976 (Henny et al. 1978) and again estimated

with associated reproductive success in 1993 with meth-

odology and results presented in Henny and Kaiser (1996)

and Henny et al. (2003). In 1998, 1999, 2000 and 2001,

many nests were initially located by an aerial survey each

year in late April from a Cessna 182 flown about 150 m

above the ground within 2 km distance from the main stem

Willamette River and lower portions of the McKenzie and

Santiam Rivers. Each fixed-wing survey was followed by

intensive ground surveys, to make the annual count of the

nesting population as complete as possible. Nearly all nests

were located on private land (often on power poles or

nesting platforms in agriculture fields) and were visited at

weekly intervals throughout the nesting season to record

nesting activity, collect prey remains and determine nest

fate and number of nestlings *40 days old. Productivity,

as in the past, was calculated for active nests (eggs laid)

and occupied (adult pair present) nests (see Postupalsky

1977) and summarized by nests with and without an egg

collected. Between 1976 and 1993, the population size was

estimated based on interviews with landowners who were

asked in 1993 ‘‘how many years had the ospreys nesting on

their land in 1993 been present?’’ For the numbers of

occupied nests between 1993 and 1998, we assumed the

population grew at a constant annual rate, which was 14%.

Osprey diet and biomagnification factor (BMF)

calculations

Osprey diet was assessed by collecting prey fish remains

from below nest sites and nearby perches and identifying

the species and estimated size of fish in the collection (for

details, see Henny et al. 2003; Johnson et al. 2008). Basi-

cally, frequency distributions were determined for each fish

species with mean mass estimated for each individual

based on length–mass relationships determined from sim-

ilar size reference fish for each species (i.e., length–mass

relationships derived from selected prey remains bones).

Mass was then used to adjust percent occurrence in the diet

to percent biomass. Ospreys are opportunistic foragers;

therefore, overall fish occurrence in the diet was evaluated

on a nest by nest basis with each nest weighted equally.

Food habits data collected in the study area in 1993 was

compared to information collected 8 years later in 2001

(Johnson et al. 2008). No significant difference in diet was

detected, therefore, the 1993 dietary biomass calculations

were also used in 2001. Furthermore, to calculate BMFs for

each contaminant in 2001, only fish and osprey eggs from

the same portion of the river sampled in 1993 (Upper

River) were included.

Only three fish species (sucker, pikeminnow and

whitefish) were collected in the Willamette River for

contaminant residue analyses in 1993. The other species

minimally represented in the diet were assigned to one of

the three species collected based upon diet similarity (see

Li et al. 1987). Common carp (Cyprinus carpio) (omni-

vore) were assigned to the suckers; and bullheads

(Ameiurus sp.), black crappie, white crappie (Pomox-

is annularis), and bluegill (insectivores and a very small

percentage of the diet) were assigned to mountain whitefish
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collected in 1993 (Henny et al. 2003). Therefore, con-

taminant intake of the osprey was determined by weighting

residue concentrations by the adjusted biomass of the three

fish foraging guilds.

Chemical analyses

Osprey egg and whole fish composite samples collected

from the Willamette River study area in 1997–2006 were

sent to the Great Lakes Institute of Environmental

Research (GLIER) at the University of Windsor, Ontario,

Canada, for contract chemical analyses. The organic

chemical analyses for osprey egg and fish samples were

conducted using methods of Lazar et al. (1992), which are

described in detail in GLIER (1995). Analyses were con-

ducted for 20 OC pesticides, 42 PCB congeners, 4

co-planar PCB congeners, 7 PCDDs, and 10 PCDFs. IU-

PAC numbers for PCB congeners followed Ballschmiter

and Zell (1980). Quantification was accomplished by

comparing sample-peak area against standard-peak area of

three standards supplied by the Canadian Wildlife Service.

OC pesticides and PCB fractions were analyzed separately

on an electron-capture gas chromatograph (EC-GC). The

detection limit for OC pesticides and PCBs was 0.1 lg/kg

wet weight (ww). OC pesticides and PCBs were confirmed

using gas chromatography/mass spectrometry (GC/MS).

Co-planar PCBs, PCDDs, and PCDFs were analyzed by

GC/MS. The detection limit was 0.1 ng/kg ww. Method-

ology for extraction and cleanup was checked by running

sample blanks, replicate samples, and certified reference

samples provided by the Canadian Wildlife Service for OC

pesticides and PCBs, and by running a [13C]-surrogate

spike for each sample analyzed for co-planar PCBs,

PCDDs, and PCDFs (GLIER 1995). The 2,3,7,8-TCDD-

toxic equivalent concentrations (TEQ) were derived from

toxic equivalency factors (TEF) suggested by Van den

Berg et al. (1998) for PCDDs, PCDFs, and PCBs.

Fish and osprey eggs were analyzed at GLIER for THg

by atomic absorption spectrophotometry. The dry weight

(dw) detection limit was 0.13 lg/g. Livers were analyzed

for THg (EPA method 1631 mod) and MeHg (EPA method

1630 mod) at Battelle Marine Sciences Laboratories,

Sequim, WA. Detection limits were 0.0010 lg/g ww for

THg and 0.0013 lg/g ww for MeHg. All samples were

freeze-dried and ball-milled to homogenize. Samples were

analyzed on dw basis and the data converted to a ww based

on % moisture determined during freeze-drying process. A

set of three analytical blanks were prepared and analyzed

for THg and MeHg. None was detected and sample results

were not blank corrected. Blank spikes were also prepared

for THg. All recoveries were within data quality objectives

of 75–125%. Matrix spikes for THg and MeHg were within

data quality objectives of 75–125% for THg and 65–135%

for MeHg. Analytical replicates were also within the data

quality criteria for precision of B25% for THg and B35%

for MeHg. Standard reference material (DOLT-2) was

analyzed for THg and MeHg. Recoveries were within

91–109% of the known value. Aliquots of osprey eggs

collected in 2002 (Headwater Reservoirs) and 2006 (Upper

River) were analyzed for polybrominated diphenyl ethers

and will be presented in a separate paper.

Statistical analyses

Residue concentrations were log-transformed and pre-

sented as geometric means for statistical analyses. The

lower quantification limit was halved for samples in which

a contaminant was not detected. This value was used to

calculate geometric means when C50% of the samples

contained detectable residues. Because of unequal sample

sizes, the General Linear Models Procedure (SAS Institute

1999) was used for analysis of variance, with Tukey’s

Studentized Range Test (P = 0.05) used to separate means.

Unless otherwise noted, statistical significance was P B

0.05. We converted contents of eggs to an approximately

fresh ww using egg volume (Stickel et al. 1973); all egg

and fish residues (except mercury) reported as fresh ww.

Results and discussion

Size comparability of fish collected, 1993 vs. 2001

Suckers were generally the largest fish collected in 2001

(composite means, 597–896 g) (Table 1), and generally

similar in size to suckers collected in 1993 (means 537–

967 g) (Henny et al. 2003). Pikeminnows in 2001 (means,

178–430 g, except for those collected in Tidal Portland)

(Table 1) were slightly larger than those collected in 1993

(means, 168–310 g). The three Tidal Portland collections

of pikeminnows in 2001 included composite means of 138,

918 and 1,155 g, but the reach was not sampled in 1993.

Bass were collected at six sites in the river (composite

means, 345–667 g) to potentially supplement information

obtained from inconsistent sizes of pikeminnows.

Three pikeminnow sizes (composite means, 147, 347

[normal collection size] and 814 g), plus a composite of

bass (504 g) at Site D provide direct residue concentration

comparisons between the two species and different sizes of

pikeminnows (Table 2). Among the pikeminnows, the

smaller size class (147 g) contained lower contaminant

concentrations (probably because smaller pikeminnows are

less piscivorous), while the medium-sized (347 g) pike-

minnows (regularly collected during the study) had similar

concentrations to the large (814 g) pikeminnows. In fact, 9

of 14 contaminants had slightly higher concentrations in
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the medium-sized pikeminnows, but with no substantial

differences observed. Peterson et al. (2007) also reported

similar THg concentrations in 300 and 400 mm pikemin-

nows. Therefore, larger pikeminnows from Tidal Portland

were used without adjustments, but smaller pikeminnow

were not used. The bass were viewed as an independent

data set for the river, and generally (9 of 14 contaminants)

contained slightly higher concentrations than medium-

sized pikeminnows at Site D (Table 2), but with no sub-

stantial differences noted.

Contaminant trends Upper River: fish 1993 vs. 2001,

and osprey eggs 1993 vs. 2001 vs. 2006

Suckers were sampled at 10 sites and pikeminnows at nine

sites along the Upper River in 1993, excluding the Santiam

River (Henny et al. 2003). Similarly, suckers and pike-

minnows were both sampled at seven Upper River sites in

2001, with additional samples collected downstream and

from the Santiam River. Although sampling sites differed

slightly, three 1993 sites were not sampled in 2001.

Concentrations of OC pesticides and PCBs in the Upper

River were generally lower in suckers, pikeminnows and

osprey eggs in 2001 than in 1993 (Table 3). For example,

the decrease in DDE over time was consistent in suckers

(34%), pikeminnows (47%) and osprey eggs (42%). Nearly

all of the PCB congeners decreased significantly from 1993

to 2001, with the RPCBs decreasing 54%, 50% and 64% in

suckers, pikeminnows and osprey eggs, respectively. An

additional 10 eggs collected from the Upper River in 2006

were only analyzed for OC pesticides and PCBs to extend

that data set. In general, concentrations of contaminants in

these eggs continued to decrease from 2001 to 2006, with

significant decreases for HCB (64%), DDE (84%) and

DDD (82%) (Table 3; Fig. 2).

PCDDs and PCDFs in osprey eggs also decreased sig-

nificantly from 1993 to 2001 when residue data were

adequate to conduct statistical tests (Table 4). The mag-

nitude of PCDD congener decreases in osprey eggs was

substantial, e.g., 2378TCDD, H6 CDD Total, H7 CDD

Total and OCDD decreased 90%, 87%, 86% and 81%,

respectively. A geometric mean for many PCDD congeners

in osprey eggs and fish in 2001 could not be calculated

because samples did not contain detectable concentrations.

PCDFs in osprey eggs followed the same decreasing pat-

tern with H6 CDF Total, H7 CDF Total and OCDF

decreasing 93%, 82% and 89%, respectively. By 2001,

PCDDs and PCDFs in suckers and pikeminnows seldom

contained detectable concentrations to permit a statistical

analysis. Thus, PCDDs and PCDFs were not analyzed in

eggs collected in 2006.

Spatial patterns of contaminants in fish, 2001

Two or three whole fish composites for each species col-

lected from the Santiam River, Newberg Pool, and Tidal

Portland (Table 5) permitted only a qualitative evaluation

rather than a statistical comparison of residue concentra-

tions with the larger data set from the Upper River. In

general, concentrations of many contaminants in fish

increased in a downstream pattern along the Willamette

River.

Upper River versus Santiam River

Several generalizations can be made: (1) Suckers from the

Santiam River all had higher OC pesticides and metabolite

concentrations than in the Upper River; in pikeminnows

DDE, total chlordanes and dieldrin were higher in the

Santiam River with other OCs similar at both locations, (2)

Table 2 A comparison of organochlorine pesticides and RPCBs (lg/kg, wet weight); and co-planar PCB congeners, TCDDs and TCDFs (ng/kg)

in whole body composite samples of three size classes of northern pikeminnows (NP) and smallmouth bass (SB) at Site D, Upper Willamette

River, 2001

Species Mean mass (g) RDDT RPCBs Rchlordanes HCB HE Lindane

NP1 147 12.3 20.6 2.8 0.5 ND ND

NP2 347 25.4 50.0 4.9 0.7 0.05 ND

NP3 814 26.0 40.3 6.1 0.8 ND ND

SB1 504 26.3 53.5 12.1 2.5 0.3 0.3

Species Dieldrin PCB77 PCB81 PCB126 PCB169 2378 TCDD 2378 TCDF

NP1 0.7 18.8 0.4 1.7 0.1 ND 0.3

NP2 0.7 46.2 0.9 6.4 0.3 ND 0.6

NP3 0.6 14.7 0.4 2.9 0.1 ND 0.3

SB1 3.2 55.4 ND 3.3 0.3 1.7 ND

Note: HCB = hexachlorobenzene, HE = heptachlor epoxide, ND = not detected. Additional information in Table 1
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PCBs evaluated as RPCBs in both suckers and pikemin-

nows were lower from the Santiam River than from the

Upper River, (3) PCDDs and PCDFs were seldom detected

in suckers and pikeminnows from the Upper River, and not

detected in suckers and only once (1234678H7CDD)

detected in pikeminnows from the Santiam River, and (4)

THg concentrations were similar in suckers (0.42 vs.

0.27 lg/g dw) and pikeminnows (1.91 vs. 2.13 lg/g dw)

from the Upper River and Santiam River.

Upper River versus Newberg Pool

A general pattern of OC pesticide concentrations increas-

ing from the Upper River downstream to Newberg Pool

was apparent for fish (Table 5). This pattern was particu-

larly apparent with DDT and its metabolites (RDDT) in

both suckers (17.1 vs. 42.1 lg/kg ww) and pikeminnows

(42.5 vs. 95.1 lg/kg ww). RPCBs also increased in a

similar downstream pattern in both suckers (26.7 vs.

Table 3 Geometric means for organochlorine pesticides, non-ortho

and selected mono and di-ortho polychlorinated biphenyls and

mercury in whole body composite samples of largescale suckers

and northern pikeminnows and in osprey eggs from the Upper

Willamette River (Upper River), 1993 vs. 2001 with additional

information for osprey eggs in 2006

Contaminant Largescale suckers Northern pikeminnows Osprey eggsa

1993 2001 P-value 1993 2001 P-value 1993 2001 2006

N 10 7 9 7 10 11 10

% Lipid 5.1 6.7 – 4.6 4.5 – 4.3 4.2 3.8

QCB 0.16 0.11 0.38 0.10 0.05 0.005 0.17A NC(4) 0.18A

OCS 0.58 0.61 0.95 0.73 0.57 0.58 NC(4) ND ND

HCB 3.39 1.33 0.06 2.24 0.96 0.03 3.77A 1.97A 0.70B

b-HCH NC(1) ND – ND ND – 1.34A 0.45A NA

p, p0-DDE 22.4 14.8 0.33 72.7 38.6 0.08 2,347A 1,353A 210B

Lindane NC(3) NC(2) – 0.10 NC(1) – ND ND ND

p, p0-DDD 4.42 1.42 0.007 4.34 3.90 0.78 98.5A 29.4A 5.43B

Mirex NC(3) ND – 0.35 ND – 2.81A NC(3)b 0.87B

Total chlordanes 3.20 2.67 0.51 10.7 6.78 0.008 16.7A 8.53AB 3.66B

p, p0-DDT 0.56 0.92 0.32 0.22 ND – 25.3A 2.08B 1.40B

Heptachlor epoxide 0.16 NC(2) – NC(2) 0.06 – 3.48A 1.44B 1.21B

Dieldrin 0.55 0.53 0.96 1.15 0.36 0.056 3.96A 1.66A 1.68A

Mercury 0.29 0.42 0.16 1.12 1.91 0.005 NA 0.33 NA

PCB77 37.6 17.0 0.007 120 44.3 0.0001 156A 43.8B NA

PCB81 2.16 0.42 0.02 2.89 0.91 0.0009 NA 5.68 NA

PCB126 9.22 1.53 \0.0001 21.6 6.00 \0.0001 156A 2.53B NA

PCB169 1.72 0.10 \0.0001 2.21 0.33 \0.0001 17.5A 4.21B NA

PCB99 3.02 1.17 0.009 5.67 1.76 \0.0001 25.3A 9.16B 4.44C

PCB118 4.67 1.33 0.0009 8.52 2.98 \0.0001 54.9A 22.4B 13.2B

PCB153 5.53 2.83 0.03 12.1 7.90 0.057 100A 46.3AB 28.5B

PCB138 5.95 2.86 0.02 11.6 6.59 0.01 104A 35.7B 21.5B

PCB105 0.61 0.46 0.41 1.35 0.58 0.0008 9.30A 1.65B ND

PCB182/187 2.27 1.17 0.04 4.24 2.41 0.01 36.1A 18.0AB 11.0B

PCB183 0.98 0.34 0.002 1.52 0.81 0.01 15.8A 6.10B 4.63B

PCB180 2.70 1.10 0.004 8.90 3.31 0.01 62.6A 22.7B 14.3B

RPCBsc 57.5 26.7 0.01 103 51.1 0.003 688A 245B 182B

Note: NC = Not calculated when \50% of samples with detections (number samples detectable concentrations); ND = Not detected;

NA = Not analyzed; QCB = pentachlorobenzene; OCS = octachlorostyrene; HCB = hexachlorobenzene; HCH = hexachlorocyclohexane;

Total chlordanes = sum of trans-nonachlor, cis-nonachlor, oxychlordane, trans-chlordane, cis-chlordane. Organochlorine pesticides (lg/

kg ww); mercury (lg/g dw); PCB77, 81, 126, 169 (ng/kg ww), other PCBs (lg/kg ww)
a Rows sharing a letter not significantly different
b Photomirex (geo. mean, 0.31 lg/kg)
c Sum of 42 congeners
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84.7 lg/kg ww) and pikeminnows (51.1 vs. 71.7 lg/

kg ww). PCDDs and PCDFs were infrequently encoun-

tered at quantifiable concentrations in both suckers and

pikeminnows from the Newberg Pool in 2001, but when

quantifiable, were similar to those in the Upper River.

Newberg versus Tidal Portland

OC pesticide concentrations generally increased from

Newberg Pool downstream to Tidal Portland with RDDT in

suckers increasing from 84.7 to 210 lg/kg ww and pike-

minnows from 71.7 to 525 lg/kg ww. Total chlordanes in

both species also increased (3.69 to 15.3 and 11.2 to

25.6 lg/kg ww). RPCBs also increased substantially from

Newberg Pool to Tidal Portland for both suckers (84.7 to

373 lg/kg ww) and pikeminnows (71.7 to 582 lg/kg ww).

PCDD and PCDF congeners with geometric means calcu-

lated generally increased for both suckers and

pikeminnows from Newberg Pool to Tidal Portland.

Spatial patterns of contaminants in osprey eggs, 2001

Osprey eggs collected in 2001 included 11 from the Upper

River, 5 from the Santiam River, 5 from the Newberg Pool

and 4 from Tidal Portland (Table 6). As with the fish, OC

pesticide concentrations in osprey eggs generally increased

downstream from the Upper River to Tidal Portland;

however, the limited number of eggs sampled reduced the

ability to show significant differences among reaches.

Geometric means (lg/kg ww) from Upper River compared

to Tidal Portland were generally lower (though none sig-

nificant): HCB (1.97 vs. 2.21), b-HCH (0.45 vs. 0.22),

DDE (1,353 vs. 2,676), DDD (29.4 vs. 83.4), DDT (2.08

vs. 3.21), photomirex (0.31 vs. 2.44), total chlordanes (8.53

vs. 16.7), heptachlor epoxide (1.44 vs. 2.23) and dieldrin

(1.66 vs. 1.63). OC pesticides in eggs from the Newberg

Pool were often similar to or slightly higher than concen-

trations from the Upper River. Most OCs in whole fish

from the Santiam River were higher than found in the

Upper River (Table 5), and OCs in osprey eggs from the

Santiam River were also consistently higher. In fact, the

concentration of photomirex was significantly higher in

osprey eggs from the Santiam River than the Upper River

(3.72 vs. 0.31 lg/kg ww).

Egg residue concentrations for PCB congeners 99, 118,

153, 182/187, 183, 180, and RPCBs were all significantly

lower from the Upper River than from Tidal Portland, with

intermediate concentrations in the Newberg Pool. Other

PCB congeners showed the same general pattern. PCB

concentrations in eggs from the Santiam River were not

significantly different from the Upper River, but were more

similar to eggs from the Newberg Pool.

PCDDs were consistently detected in osprey eggs, but

with no significant differences among reaches. In fact,

among the more chlorinated PCDDs, i.e., H6CDD Total,

H7CDD Total and OCDD, some of the lower concentra-

tions were reported from Tidal Portland. PCDFs were less

frequently detected and at lower concentrations with no

significant differences among reaches.

THg concentrations in osprey eggs were remarkably

consistent in the Upper River, Santiam River, Newberg

Pool and Tidal Portland at 0.33, 0.52, 0.34 and 0.43 lg/g

dw, respectively. On a wet weight basis, these values

approximated 0.045, 0.066, 0.048 and 0.061 lg/g,

respectively.

Contaminants in osprey eggs and fish from Headwater

Reservoirs, 2002

Seven eggs were collected at Cottage Grove Reservoir (3),

Dorena Reservoir (2), and Hills Creek Reservoir (2) in an

attempt to more fully understand contaminants in the

headwaters of the Willamette River (Table 6). These data
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Fig. 2 Selected PCB congener concentrations (geo. means) in (a)

osprey eggs (1993, 2001, 2006), (b) northern pikeminnow (1993,

2001), and (c) largescale suckers (1993, 2001) from Upper River

reach of the Willamette River (data from Table 3, plus additional

congeners)
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are probably best compared to the Upper River. None of

the OC pesticides in the reservoir eggs showed significant

differences in residue concentrations, although residues

from the Headwater Reservoirs were generally lower when

compared to the Upper River: HCB (0.69 vs. 1.97 lg/

kg ww), b-HCH (0.36 vs. 0.45,), DDE (901 vs. 1,353),

DDD (29.5 vs. 29.4), DDT (5.17 vs. 2.08), total chlordanes

(3.88 vs. 8.53), heptachlor expoxide (0.96 vs. 1.44), and

dieldrin (0.62 vs. 1.66). THg was of special interest

because an historic mercury mine (Black Butte Mine) was

located upstream of Cottage Grove Reservoir, and an his-

toric gold mining area (Bohemia Mining District), where

mercury was used to extract gold from ores, was located

upstream of Dorena Reservoir (see Henny et al. 2005). No

similar activities existed in the drainage basin of Hills

Creek Reservoir. The limited number of osprey eggs from

the three reservoirs showed higher THg concentrations, as

expected, at Cottage Grove (0.57 lg/g dw) than at Dorena

(0.30) or Hills Creek (0.14) with the overall geometric

mean (0.50) for the three reservoirs not significantly dif-

ferent from the Upper River (0.33) (Table 6). PCBs in eggs

at the reservoirs also did not differ significantly from the

Upper River, e.g., RPCBs 274 vs. 245 lg/kg ww, but a

number of the congeners and RPCBs were significantly

lower at Headwater Reservoirs than at Tidal Portland.

PCDDs and PCDFs were generally low throughout the

system in 2001–2002 with no significant differences

detected among locations.

Species of fish collected at Cottage Grove and Dorena

Reservoirs differed from those collected on the main stem

Willamette River with the exception of one composite of

largescale suckers from Dorena Reservoir (Table 7). With

concentrations of OC pesticides, PCBs, PCDDs and PCDFs

in osprey eggs from the reservoirs generally similar to or

lower than egg residues from the Upper River (Table 6),

and mercury the primary contaminant of concern at the

reservoirs, these fish were only analyzed for THg. In

general, THg concentrations increased with fish size, and

Table 4 Geometric means for PCDDs and PCDFs in whole body composite samples of largescale suckers and northern pikeminnows and in

osprey eggs from the Upper Willamette River (Upper River), 1993 vs. 2001

Contaminant Largescale suckers Northern pikeminnows Osprey eggs

1993 2001 P-value 1993 2001 P-value 1993 2001 P-value

N 10 7 9 7 10 11

2378 TCDD NC(2) NC(1) – 0.68 ND – 2.28 0.23 0.0001

12378 P5CDD ND ND – ND ND – 6.78 NC(5) –

123478 H6CDD ND NC(1) – ND ND – 6.94 0.38 \0.0001

123678 H6CDD NC(1) NC(2) – 0.91 NC(1) – 34.4 3.70 0.0005

123789 H6CDD NC(3) NC(1) – NC(2) ND – 16.3 1.62 \0.0001

H6CDD Total 0.47 NC(3) – 0.98 NC(1) – 63.7 8.59 \0.0001

1234678 H7CDD 1.90 NC(3) – 0.94 0.23 0.04 272 38.7 \0.0001

H7 CDD Total 2.91 NC(3) – 0.95 0.23 0.04 287 41.6 \0.0001

OCDD 8.47 0.52 \0.0001 2.63 NC(2) – 1,299 252 0.005

2378TCDF 0.53 0.15 0.02 3.11 0.37 \0.0001 0.37 NC(1) –

TCDF Total 0.54 0.20 0.07 3.11 0.37 \0.0001 4.32 NC(4) –

23478P5CDF NC(3) ND – NC(2) ND – NC(4) NC(2) –

12378 P5CDF ND ND – ND ND – ND NC(1) –

P5CDF Total NC(4) ND – NC(2) ND – 32.4 NC(2) –

123478 H6CDF NC(4) ND – NC(2) ND – ND 0.40 –

234678 H6CDF 0.75 ND – 0.88 ND – ND NC(5) –

123678 H6CDF NC(3) ND – NC(1) ND – ND 0.41 –

123789 H6CDF ND ND – NC(1) ND – ND NC(1) –

H6CDF Total 1.37 ND – 1.12 ND – 17.5 1.26 0.0002

1234678 H7CDF NC(1) ND – NC(3) ND – 24.1 3.09 0.006

1234789 H7CDF NC (4) ND – NC(1) ND – ND NC(1) –

H7CDF Total 0.71 NC(1) – NC(3) ND – 26.0 4.55 0.02

OCDF 1.62 NC(2) – NC(2) ND – 6.19 0.65 0.02

Note: NC = Not calculated when \50% of samples with detections (number samples with detectable concentrations); ND = Not detected.

Concentrations reported as ng/kg ww
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fish from Cottage Grove Reservoir consistently contained

higher THg concentrations than similar sized fish of the

same species from Dorena Reservoir.

Contaminants in osprey eggs from Tidal Portland, 2001

vs. 1997/1999

Five eggs (one per nest) were randomly collected at Tidal

Portland nests between 1997 and 1999. Although the

sample size was small, this area is of special interest

because Portland Harbor was added to the Federal Super-

fund cleanup list in December 2000. Therefore, we include

supplementary residue data from these five osprey eggs

(Table 6). Of the contaminants reported, dieldrin showed a

significant decline from 1997/1999 to 2001, while all

others showed no significant change during the relatively

short time interval. PCDDs and PCDFs in osprey eggs

showed a consistent pattern of decrease in Tidal Portland

(though not statistically significant) which is consistent

with significant decreases in egg residues from the Upper

River between 1993 and 2001 (Table 4).

Osprey population numbers, productivity

and contaminant effects

An estimated 13 pairs of ospreys nested along the Wil-

lamette River study area (including Santiam River) in 1976

(Henny et al. 1978). Henny and Kaiser (1996) reported 78

occupied osprey nests in the same study area in 1993 and

graphically presented the osprey population increase

(based on interviews with landowners in 1993) for the

intervening years (1976–1993) with additional years now

available (Fig. 3). In 1993, 76 of the nests were located

along the Upper River and Santiam River, with 1 nest in

the Newberg Pool and 1 in Tidal Portland. By 2001, this

population increased to 234 occupied nests (Table 8).

The number of young produced per occupied nest in the

Upper River and Santiam River combined (at nests with no

egg collected) was 1.62, 1.71, 1.52, 1.62 and 1.68 (mean

1.63) for 1993, 1998, 1999, 2000 and 2001, respectively.

Productivity for the same reaches and time periods based

upon young produced per active nest was 1.75, 1.78, 1.63,

1.84 and 1.87 (mean 1.77), respectively. The difference

between the two reproductive rates was a function of the

percentage of pairs associated with nests, but not laying

eggs or exhibiting incubation behavior. These non-layers

(as percentage of total population associated with nests)

accounted for 6.4%, 3.3%, 6.2%, 11.4%, and 9.0%,

respectively. With fewer pairs nesting along the Newberg

Pool and Tidal Portland reaches, reproductive data for

1998–2001 were combined for the Newberg Pool (at nests

with no egg collected) with 1.86 young/occupied nest

produced or 1.97 young/active nest, with 4.7% of the pairsT
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Table 6 Geometric means for organochlorine pesticides, PCBs, PCDDs, PCDFs and mercury in osprey eggs at various reaches on the

Willamette River system, 2001, with additional information from Tidal Portland for 1997/1999, and Headwater reservoirs for 2002

Contaminant Headwater Reservoirs Upper River Santiam River Newberg Pool Tidal Portland

2001 1997/1999

N 7 11 5 5 4 5

QCB 0.08A NC(4) 0.34A ND NC(1) NC(2)

OCS 0.21 ND NC(1) NC(2) ND NC(1)

HCB 0.69A 1.97A 2.75A 1.84A 2.21Aa 1.24a

b-HCH 0.36A 0.45A 1.17A 0.36A 0.22A NC(2)

p, p0-DDE 901A 1,353A 1,672A 1,384A 2,676Aa 2,387a

Lindane ND ND NC(1) ND ND ND

p, p0-DDD 29.5A 29.4A 68.5A 20.3A 83.4Aa 144.6a

Mirex 1.93A NC(3) 1.61A 0.71A 2.27Aa 1.25a

Photomirex NA 0.31B 3.72A 0.99AB 2.44AB ND

Total Chlordanes 3.88A 8.53A 15.7A 10.3A 16.7Aa 21.4a

p, p0-DDT 5.17A 2.08A 2.93A 1.42A 3.21Aa 13.3a

HE 0.96A 1.44A 4.01A 1.88A 2.23Aa 4.58a

Dieldrin 0.62A 1.66A 2.71A 1.81A 1.63Ab 4.93a

Mercury 0.50A 0.33A 0.52A 0.34A 0.43Aa 0.22a

PCB77 26.3A 43.8A 99.5A 54.2A 87.0Aa 119a

PCB81 2.28B 5.68AB 16.1A 12.0AB 27.5Aa 36.9a

PCB126 38.7A 2.53A 6.53A 25.9A 105Aa 205a

PCB169 5.63A 4.21A 30.6A 26.1A 3.55Aa 3.35a

PCB99 8.50B 9.16B 20.0AB 18.7AB 47.4Aa 43.4a

PCB118 18.0B 22.4B 56.6AB 56.5AB 133Aa 86.0a

PCB153 44.2B 46.3B 104AB 117AB 227Aa 154a

PCB138 38.8A 35.7A 97.1A 102A 210Aa 151a

PCB105 3.48AB 1.65B 4.99AB 4.40AB 15.9Aa 26.1a

PCB182/187 22.5AB 18.0B 39.7AB 47.6AB 89.0Aa 54.6a

PCB183 8.11AB 6.10B 15.7AB 17.2AB 38.7Aa 13.5a

PCB180 33.2AB 22.7B 40.8AB 66.9AB 147Aa 89.3a

RPCBs 275B 245B 656AB 677AB 1,460Aa 1,030a

2378 TCDD 0.62A 0.23A 1.77A NC(2) 0.37Aa 0.53a

TCDD Total 0.62A 0.24A 2.07A NC(2) 0.37Aa 1.63a

12378 P5CDD NC(2) NC(5) 0.79A NC(1) 0.46Aa 1.50a

123478 H6CDD NC(3) 0.38 NC(2) NC(2) NC(1) NC(2)

123678 H6CDD 4.23A 3.70A 3.95A 3.23A 0.72Aa 11.6a

123789 H6CDD ND 1.62A 0.64A ND NC(1) 0.32

H6CDD Total 6.21A 8.59A 5.44A 7.06A 0.77Aa 16.7a

1234678 H7CDD 24.5A 38.7A 37.7A 41.3A 20.1Aa 60.7a

H7 CDD Total 24.9A 41.6A 38.3A 46.0A 20.6Aa 61.8a

OCDD 116A 252A 105A 317A 75.2Aa 647a

2378TCDF 0.10 NC(1) NC(2) ND NC(1) 0.18

TCDF Total 0.10A NC(4) 0.28A NC(1) NC(1) 0.42

23478P5CDF ND NC(2) NC(1) NC(2) 0.96Aa 0.22a

12378 P5CDF NC(2) NC(1) NC(1) NC(1) ND ND

P5CDF Total NC(2) NC(2) 0.46A 0.37A 1.05Aa 1.76a

123478 H6CDF NC(3) 0.46A 0.31A NC(2) 0.47Aa 1.00a

234678 H6CDF 0.29A NC(5) 0.16A NC(2) NC(1) 0.19

123678 H6CDF 0.33A 0.41A 0.27A 0.42A 0.18Aa 0.18a
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not laying eggs. For the same time period at Tidal Portland,

1.75 young/occupied nest and 1.75 young/active nest were

produced, with 0% of the pairs not laying eggs. Produc-

tivity (at nests with no egg collected) at the three

Headwater Reservoirs in 2002 was 1.86 young/occupied

nest and 1.86 young/active nest (Table 9). All reproductive

rates were considered excellent for this increasing popu-

lation, when compared to the 0.80 required to maintain a

stable population (based upon a 1970s osprey population

between New York and Boston [Spitzer 1980]).

From a contaminant perspective, DDE findings in rela-

tion to well-documented avian reproduction and egg shell

thinning are of special interest. Wiemeyer et al. (1988)

reported that 15 and 20% shell thinning of osprey eggs was

associated with 4,200 and 8,700 lg/kg ww DDE and Lin-

cer (1975) noted that not one North American raptor

population exhibiting C18% egg shell thinning was able to

maintain a stable self-perpetuating population. Henny et al.

(2004) reviewed reproductive success at 38 osprey nests

with one egg collected at random along the Willamette

River in 1993 and the Columbia River in 1997 and 1998.

At that time, eggs contained low, medium and high cate-

gories of DDE: 18 nests (47%)\4,200 lg/kg ww, 12 nests

(32%) 4,200–8,000, and eight nests (21%) [8,000. The

number of young produced per active nest (and associated

shell thinning) was 1.61 (-3.5%), 1.25 (-12.7%), and 1.00

(-17.0%), respectively. Thus, osprey reproductive success

was reduced above 4,200 lg/kg DDE, and further reduced

above 8,000 lg/kg, as initially proposed by Wiemeyer

et al. (1988). Eggs collected in the Upper River with

respect to the three DDE categories (low, medium, high)

were as follows: 1993 (80%, 10%, 10%), in 2001 (91%,

9%, 0%), and 2006 (100%, 0%, 0%). Other locations in

2001/2002 were Headwater Reservoirs (100%, 0%, 0%),

Santiam River (80%, 20%, 0%), Newberg Pool (100%, 0%,

0%), and Tidal Portland (75%, 25%, 0%). Following a

similar pattern, 40 osprey eggs collected along the nearby

lower Columbia River in 2004 contained no DDE residues

above 2,294 lg/kg (100%, low category) (Henny et al.

2008). All other OC pesticides and combined TEQs for

PCBs, PCDDs, and PCDFs were judged low and well

below known effect concentrations in the Willamette in

1993 (Henny et al. 2003), and continued to decrease by

2001.

Mercury concentrations were also 1ow (0.33–0.52 lg/g

dw; *0.066–0.104 lg/g ww) and below the known adverse

effect levels of C0.50 lg/g ww, or perhaps slightly higher

with species-specific sensitivity variable (Burger and

Gochfeld 1997, Henny et al. 2002b). Thus, of the con-

taminants investigated in this study, none appeared to

adversely affect reproductive success of ospreys along the

Willamette River in 2001 except perhaps minimal DDE

effects. Mercury increased in pikeminnows from the Upper

River (Table 3) between 1993 and 2001 and in osprey eggs

along the lower Columbia River between 1997/1998 and

2004 (Henny et al. 2008), but at least a 5-fold increase

would appear to be needed in eggs before adverse conse-

quences on osprey reproduction would be expected.

Total mercury and methylmercury in osprey livers

Henny et al. (2002b) reported several species of waterbirds

in Nevada (associated with an historic mining area where

mercury was used to extract gold and silver) with excep-

tionally high concentrations of THg in their liver and

kidneys. The birds appeared to at least partially cope with

those high concentrations via an unknown threshold-

dependent demethylation process coupled with sequestra-

tion of the resultant inorganic mercury with selenium in the

liver and kidneys. The demethylation and sequestration

process with selenium appeared to reduce the amount of

MeHg redistributed to bird eggs in the Nevada study area.

Table 6 continued

Contaminant Headwater Reservoirs Upper River Santiam River Newberg Pool Tidal Portland

2001 1997/1999

123789 H6CDF NC(1) NC(1) ND ND ND ND

H6CDF Total 0.67A 1.26A 1.36A 1.04A 1.62Aa 4.46a

1234678 H7CDF 1.60A 3.09A 1.66A 4.75A 0.26Aa 1.42a

1234789 H7CDF NC(3) NC(1) NC(1) ND ND NC(1)

H7CDF Total 1.70A 4.55A 2.60A 6.71A 0.29Aa 4.43a

OCDF NC(2) 0.65 NC(2) NC(2) NC(1) 3.02

Rows showing the same uppercase letter not significantly different (2001 reach comparisons, plus 2002 reservoirs), while rows from Tidal

Portland sharing the same lower case letter not significantly different (2001 vs. 1997/1999)

Note: NC = Not calculated when \50% of samples with detections (number samples with detectable concentrations); ND = Not detected.

Organochlorine pesticides (lg/kg ww); mercury (lg/g dw); PCB77, 81, 126, 169 (ng/kg ww), other PCBs (lg/kg ww), and PCDDs and PCDFs

(ng/kg ww)
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Did adult ospreys that nested in the Willamette Valley, and

all laid eggs with extremely low MeHg concentrations,

show any evidence of concentration-related mercury

demethylation?

As with the egrets, night-herons and cormorants from

Nevada (Henny et al. 2002a), we evaluated the relationship

between osprey liver concentrations of THg and % MeHg

(Fig. 4). Ospreys from the Willamette Valley demethylated

MeHg (the most toxic and most frequent form absorbed

from fish) in a concentration-related manner, i.e., the

higher THg concentrations in the liver resulted in a lower

percentage of MeHg in the liver. However, a specific

threshold concentration for more rapid demethylation (e.g.,

8 lg/g THg ww in the liver reported by Henny et al.

Table 7 Total mercury (THg) (lg/g, dry wt) in whole body fish composites from two Headwater Reservoirs of the Willamette River, 2002

Reservoir Species No. fish Mass (g)a Tot. length (cm)a THg

Cottage Grove LB 7 41 (32–46) 14.5 (13.3–14.6) 0.41

Cottage Grove LB 7 99 (72–127) 18.9 (16.5–20.9) 0.56

Cottage Grove LB 4 254 (223–274) 25.8 (24.1–26.7) 0.62

Cottage Grove LB 7 497 (434–544) 32.2 (30.5–33.0) 0.69

Cottage Grove LB 3 779 (760–812) 38.3 (38.1–38.7) 0.99

Dorena LB 7 42 (33–50) 15.0 (14.0–15.2) 0.20

Dorena LB 7 100 (73–132) 19.6 (17.8–21.6) 0.25

Dorena LB 5 252 (223–279) 25.4 (24.1–26.7) 0.29

Dorena LB 2 798 (757–839) 36.5 (36.2–36.8) 0.51

Dorena LB 2 1,022 (1,005–1,039) 40.6 (39.4–40.6) 0.72

Cottage Grove BC 2 71 (64–79) 16.2 (15.9–16.5) 0.36

Cottage Grove BC 2 67 (51–82) 16.5 (15.2–17.8) 0.37

Cottage Grove BC 3 100 (99–101) 19.0 (19.0–19.0) 0.39

Cottage Grove BC 5 182 (163–230) 22.2 (21.6–23.5) 0.54

Cottage Grove BC 4 479 (382–524) 30.5 (28.6–32.4) 1.16

Dorena BC 5 144 (126–163) 20.3 (19.0–21.0) 0.18

Dorena BC 6 192 (175–225) 22.4 (21.6–22.9) 0.16

Cottage Grove BL 5 64 (51–81) 15.0 (14.0–15.9) 0.27

Cottage Grove BL 6 69 (51–86) 15.2 (14.0–16.5) 0.29

Cottage Grove BL 7 143 (118–168) 18.4 (17.1–19.0) 0.33

Dorena BL 4 71 (53–79) 15.2 (14.0–15.9) 0.14

Dorena BL 7 143 (118–165) 18.5 (17.9–20.3) 0.12

Cottage Grove RT 4 h 446 (397–474) 34.5 (31.7–35.6) 0.38

Cottage Grove RT 7 h 540 (510–584) 36.8 (35.6–37.5) 0.48

Cottage Grove RT 3 h 706 (644–800) 39.9 (39.4–40.0) 0.31

Dorena RT 4w 305 (294–315) 30.5 (29.2–31.7) 0.17

Dorena RT 4 h 432 (396–446) 34.8 (33.7–36.8) 0.14

Dorena RT 3 722 (646–807) 42.5 (40.0–47.0) 0.32

Cottage Grove BB 3 531 (349–740) 32.5 (29.2–35.6) 0.47

Dorena BB 3 115 (67–205) 20.3 (17.8–24.8) 0.06

Dorena LS 4 1,432 (1,126–1,664) 50.0 (45.7–52.1) 0.22

Species code: LB = Largemouth Bass; BC = Black Crappie; BL = Bluegill; BB = Brown Bullhead; RT = Rainbow Trout (h = hatchery,

probably stocked as catchables; w = wild, probably cutthroat), LS = Largescale Sucker
a Arithmetic mean (range)
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Fig. 3 Number of occupied osprey nests along the Willamette River

study area, 1976–2001. Black bars are observed numbers and gray

bars estimated numbers (see Methods)
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Table 8 Summary of nesting success for ospreys at various reaches on the Willamette River system, 1993–2001

Year (category) Upper River

Egg collected

Santiam River

Egg collected

Newberg Pool

Egg collected

Tidal Portland

Egg collected

Combined reaches

Egg collected

Total

nesting

populationa

No Yes No Yes No Yes No Yes No Yes

1993

Occupied nests 45 NA 20 NA 1 NA 1 NA 67 NA 78

Active nests 41 11 19 NA 1 NA 1 NA 62 11 73

Successful nests 31 8 17 NA 0 NA 1 NA 49 8 57

Adv. young 67 14 38 NA 0 NA 1 NA 106 14 120

Yg/Occ. nest 1.49 NA 1.90 NA 0.00 NA 1 NA 1.58 NA NA

Yg/Active nest 1.63 1.27 2.00 NA 0.00 NA 1 NA 1.71 1.27 NA

Yg/Succ. nest 2.16 1.75 2.24 NA 0.00 NA 1 NA 2.16 1.75 NA

1998

Occupied nests 97 NA 34 NA 6 NA 5 NA 142 NA 151

Active nests 92 7 34 NA 6 1 5 1 137 9 146

Successful nests 76 5 26 NA 6 0 5 1 113 6 119

Adv. young 167 8 57 NA 13 0 10 2 247 10 257

Yg/Occ. nest 1.72 NA 1.68 NA 2.17 NA 2.00 NA 1.74 NA NA

Yg/Active nest 1.82 1.14 1.68 NA 2.17 0 2.00 2.00 1.80 1.11 NA

Yg/Succ. nest 2.20 1.60 2.19 NA 2.17 0 2.00 2.00 2.19 1.67 NA

1999

Occupied nests 126 NA 36 NA 9 NA 4 NA 175 NA 178

Active nests 118 NA 34 NA 9 NA 4 1b 165 1b 167

Successful nests 93 NA 18 NA 9 NA 4 1 124 1 125

Adv. young 208 NA 39 NA 22 NA 10 1 279 1 280

Yg/Occ. nest 1.65 NA 1.08 NA 2.44 NA 2.50 NA 1.59 NA NA

Yg/Active nest 1.76 NA 1.15 NA 2.44 NA 2.50 1.00 1.69 1.11 NA

Yg/Succ. nest 2.24 NA 2.17 NA 2.44 NA 2.50 1.00 2.25 1.67 NA

2000

Occupied nests 146 NA 36 NA 12 NA 5 NA 199 NA 202

Active nests 126 1c 34 1 11 NA 5 NA 176 2c 179

Successful nests 108 1 23 1 11 NA 3 NA 145 2 148

Adv. young 248 2 46 2 20 NA 5 NA 319 4 323

Yg/Occ. nest 1.70 NA 1.28 NA 1.67 NA 1.00 NA 1.60 NA NA

Yg/Active nest 1.97 2.00 1.35 2.00 1.82 NA 1.00 NA 1.81 2.00 NA

Yg/Succ. nest 2.30 2.00 2.00 2.00 1.82 NA 1.67 NA 2.20 2.00 NA

2001

Occupied nests 163 NA 31 NA 10 NA 6 NA 210 NA 234

Active nests 145 11d 29 5 9 5 6 4 189 25d 213

Successful nests 122 8 19 4 7 4 5 4 153 20 172

Adv. young 276 13 50 6 14 8 10 6 350 33 383

Yg/Occ. nest 1.69 NA 1.61 NA 1.40 NA 2.00 NA 1.67 NA NA

Yg/Active nest 1.91 1.18 1.72 1.20 1.56 1.60 2.00 1.50 1.85 1.32 NA

Yg/Succ. nest 2.26 1.62 2.63 1.50 2.00 2.00 2.00 1.50 2.29 1.65 NA

Note: NA = Not applicable
a Data for all nesting pairs in a given year
b Excludes 1 nest with single egg laid & collected, therefore nest fate undetermined
c Excludes 1 successful nest with sample egg collected (see footnote d)
d Includes 1 successful nest with egg collected in Year 2000
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[2002a]) was not as obvious with the more limited osprey

data, although a threshold may be present at *3 lg/g THg

ww (Fig. 4). Young and adult ospreys with lower THg

concentrations contained mostly the MeHg form.

Biomagnification factors (fish to osprey eggs)

Estimation of Biomagnification Factors (BMFs) from fish

to osprey eggs requires understanding the diet of the fish-

eating osprey. The percentage of each fish species repre-

sented in the diet (biomass basis) of nesting ospreys on the

Upper River in 1993 was based upon prey remains col-

lected below 24 osprey nests and perches from the same

river segment (Henny et al. 2003), which was similar to the

percentage of fish species observed delivered to the same

nests. In 2001, prey remains and osprey eggs were again

collected in the same area. The fish species represented in

the larger sampling of prey fish remains (reciprocal of

Simpson’s Diversity Index) collected in 1993 (24 nests) did

not differ significantly from the smaller sampling effort (12

nests) in 2001 (Johnson et al. 2008). The sucker remained

the dominant prey among the eight species recorded in

2001. With no significant dietary difference among the two

time periods in the Upper River, biomass data from the

larger series collected in 1993 was again used to empiri-

cally estimate BMFs.

In 1993, although at least nine fish species were repre-

sented in the osprey’s diet, only three fish species were

collected for residue analyses, representing three different

feeding guilds. Species collected and their feeding guilds

and tropic levels included: (1) sucker (omnivore), (2)

pikeminnow (piscivore), and (3) mountain whitefish

(insectivore). The three fish species collected represented

82.8%, 7.3% and 0.4%, respectively, of the fish biomass

eaten by ospreys (total 90.5%). The two most important

species in the osprey diet (in terms of biomass) were rep-

resented by similar-sized fish collected for residue analysis

with fish size also consistent among collection sites. Con-

taminants in the remaining 9.5% of the diet were estimated

by assigning fish species not analyzed for contaminants to a

species collected based upon diet similarity (see Li et al.

1987; Henny et al. 2003). Contaminant intake of osprey in

1993 was estimated by weighting residue concentrations by

the adjusted fish biomass with three types of feeding

guilds: (1) omnivore (sucker, carp) 89.2%, (2) piscivore

(pikeminnow, largemouth/smallmouth bass) 8.8%, and (3)

insectivore (mountain whitefish, black crappie, white

crappie, bullhead species, bluegill) 2.0%.

In 2001, a fish species representing the insectivore

feeding guild was not collected for residue analyses,

because it represented only 2.0% of the biomass ingested

by ospreys. The relative concentrations of contaminants in

the mountain whitefish in 1993 were more often similar to

pikeminnows than suckers (see Henny et al. 2003).

Therefore, of the 2.0% insectivores in the diet, we assigned

1.2% to piscivores and 0.8% to omnivores for weighting

purposes with the total diet 90.0% omnivores (represented

Table 9 Summary of nesting success for ospreys at Headwater Reservoirs of the Willamette River, 2002

Category Cottage Grove

Egg collected

Dorena

Egg collected

Hills Creek

Egg collected

Combined

Egg collected

No Yes No Yes No Yes No Yes

Occupied nests 1 NA 3 NA 3 NA 7 NA

Active nests 1 3 3 2 3 3a 7 8a

Successful nests 1 2 3 2 3 3 7 7

Adv. young 3 2 4 3 6 5 13 10

Yg/Occ. nest 3.00 NA 1.33 NA 2.00 NA 1.86 NA

Yg/Active nest 3.00 0.67 1.33 1.50 2.00 1.67 1.86 1.25

Yg/Succ. nest 3.00 1.00 1.33 1.50 2.00 1.67 1.86 1.43

NA = Not applicable
a Includes 1 egg broken during collection and not analyzed
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Fig. 4 Relationship between percent methylmercury in liver and

concentration of total mercury (lg/g) in liver of adult and fledgling

ospreys from the Willamette Valley, 1999–2005
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by sucker) and 10.0% piscivores (represented by pike-

minnow). The mercury BMF estimate required slightly

different weighting factors. Mountain whitefish THg con-

centrations were more similar to sucker concentrations.

Thus, THg in the insectivore portion of the osprey diet was

all assigned to the omnivores totaling 91.2%, with pisci-

vores 8.8%.

Estimated Biomagnification Factors for 1993 and 2001

are presented on both a wet weight and lipid weight basis

(Table 10). The lipid weight BMF calculations are gener-

ally higher because the percent lipid in eggs was usually

lower than in fish; the lipid value normalizes for lipid

content. In spite of major decreases in residue concentra-

tions (in both fish and osprey eggs) between 1993 and 2001

(Tables 3 and 4), the BMFs show good consistency for the

various contaminants during the two sampling periods in

the Upper River with the exceptions of PCB126, PCB169

and PCB105. The decrease in PCDDs and PCDFs during

the 8-year interval was a positive finding, but also elimi-

nated the opportunity to make BMF calculations for 2001

(concentrations below detection limit in either osprey eggs

or at least one of the two fish species).

Conclusions

This study concerned: (1) changes in nesting osprey pop-

ulation numbers, (2) changes in residue concentrations

Table 10 Biomagnification

Factors (BMFs) from fish

(whole body) to osprey eggs for

organochlorine pesticides,

PCBs, PCDDs and PCDFs (wet

weight and lipid weight) and for

mercury (dry weight) from the

Upper Willamette River (Upper

River)

Note: HE = heptachlor

epoxide;

HCB = hexachlorobenzene;

NC = not calculated, residue in

fish or osprey eggs below

detection limits. No BMFs

calculated for PCDDs or PCDFs

in 2001; either egg

concentrations and/or at least

one of the fish species

concentrations was below

detection limit
a From Henny et al. (2003)
b Osprey eggs not analyzed for

contaminant in 1993

(NA = Not analyzed)
c Based on dry weight

concentrations, lipid not

appropriate for mercury
d BMF estimated using one-half

the detection limit value when

‘only one’ fish cell with NC or

ND

Contaminant Biomagnification factors

1993 2001

Wet weighta Lipid weight Wet weight Lipid weight

HCB 1.2 1.4 1.5 2.3

p, p0-DDE 87 103 79 112

p, p0-DDD 23 28 18 25

Mirex 35 49 NC NC

Total Chlordanes 4.3 5.7 2.8 4.0

p, p0-DDT 47 62 NC NC

HE 25 28 NC NC

Dieldrin 6.7 7.9 3.2 5.0

Mercury NAb NAb 0.60c c

PCB77 3.3 4.0 2.2 3.2

PCB81 NAb NAb 12 18

PCB126 15 18 1.3 1.7

PCB169 12 12 34 48

PCB99 7.4 9.2 7.5 11

PCB118 11 13 15 22

PCB153 16 19 14 20

PCB138 16 19 11 16

PCB105 13 16 3.5 5.3

PCB182/187 14 18 14 20

PCB183 15 18 16 23

PCB180 19 22 17 24

RPCBs 11 13 8.4 12

2378 TCDD 10d 24d NC NC

123678 H6CDD 154d 290d NC NC

Total H6CDD 125 225 NC NC

1234678 H7CDD 154 211 NC NC

Total H7 CDD 110 149 NC NC

OCDD 174 206 NC NC

2378 TCDF 0.42 0.46 NC NC

Total TCDF 5.7 7.4 NC NC

Total H6CDF 15 18 NC NC

OCDF 5.7d 5.9d NC NC
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from the Upper River for two important fish species

reported in the osprey diet (1993 and 2001) and in osprey

eggs from the Upper River (1993, 2001 and 2006), (3) a

comparison of spatial residue concentrations in fish and

osprey eggs along the four reaches of Willamette River

system in 2001, plus osprey eggs from Headwater Reser-

voirs in 2002, (4) an evaluation of osprey productivity and

contaminant effects on productivity, (5) development of a

second empirical estimate of biomagnification factors (fish

to osprey eggs) for various contaminants in 2001 for

comparison with 1993 estimates (Henny et al. 2003) to

evaluate consistency of the findings, and (6) exploration of

possible explanations for low mercury concentrations

reported in osprey eggs.

Temporal changes in osprey population

Osprey numbers (occupied nests) along the Willamette River

(including a portion of the Santiam River) increased from 78

in 1993 to 151 in 1998 (13.2% annual rate of population

increase), to 177 in 1999 (15.9%), to 202 in 2000 (13.2%), to

234 in 2001 (14.7%). The nearby osprey population (occu-

pied nests) on the lower Columbia River increased 9.6% (94

to 103 occupied nests) between 1997 and 1998, and then

increased at a 13.0% annual rate (103 to 225 occupied nests)

between 1998 and 2004 (Henny et al. 2008). The higher rate

on the lower Columbia River in later years was associated

with a higher reproductive rate and significantly lower egg

concentrations of most OC pesticides, PCBs, PCDDs and

PCDFs. Few, if any, nesting pairs along the lower Columbia

River were adversely affected by the legacy contaminants

studied in 2004. The annual rate of population increase along

the Willamette River between 1993 and 2001 was 13.7% and

between 1998 and 2001 was 14.6%, i.e., slightly higher than

along the Columbia River between 1998 and 2004 (13.0%).

Average reproductive rates along the Upper River and

Santiam River combined (nests with no egg collected) from

more recent years (1998–2001) was slightly higher (1.63

young/occupied nest and 1.78 young/active nest) than along

the lower Columbia River in 1997, 1998 and 2004 (1.52

young/occupied nest and 1.69 young/active nest) (Henny

et al. 2004, 2008). Associated with the population increase

along the Upper Willamette River and Columbia River, was

a substantial population increase in the Newberg Pool and

Tidal Portland reaches where only two pairs nested in 1993.

By 2001, 15 occupied nests were present at the Newberg Pool

and 10 at Tidal Portland.

Contaminant trends and spatial patterns in fish

and osprey eggs

Historically, perhaps the best long-term data set (1969–

1980) for DDE concentrations in whole body fish

(composites of 3–5 largescale suckers) was reported for

one site along the Willamette River near Oregon City

(Station 45, located at RM 26) (Schmitt et al. 1981; Sch-

mitt et al. 1985). Geometric means (no. composites) for

whole body largescale suckers were as follows: 1969–

1970, 380 lg/kg ww (3); 1971–1972, 334 (4); 1973–1974,

264 (4); and 1980, 177 (1). Although no directly compa-

rable fish data from the site were collected in recent years,

the consistent decrease in DDE concentrations from 1969

to 1980 in the dominant fish species in the osprey diet was

readily apparent and the osprey population responded with

dramatic increases between 1976 and 2001 (Fig. 3). DDE

in whole body largescale suckers at nearby Newberg Pool

and Tidal Portland in 2001 were 33.0 and 157 lg/kg ww

(Table 5).

Contaminant trends Upper River

Concentrations of OC pesticides, PCBs, PCDDs and

PCDFs were generally lower in suckers, pikeminnows, and

osprey eggs from the Upper River in 2001 than in 1993.

The most dramatic decreases, often in excess of 80%, were

noted for PCDDs and PCDFs. An additional series of

osprey eggs collected and analyzed in 2006 from the Upper

River (Table 3) indicated that most OCs and PCBs con-

tinued to decline from 2001 levels. THg was the lone

exception to the general residue decline in the Upper River

between 1993 and 2001 and actually increased in suckers

(0.29 to 0.42 lg/g dw, P = 0.16) and pikeminnows (1.12

to 1.91 lg/g dw, P = 0.005). Osprey eggs from the Wil-

lamette River were not analyzed for THg in 1993 or 2006,

but concentrations in osprey eggs from the nearby lower

Columbia River increased from 0.29 to 0.45 lg/g dw

(P = 0.0028) between 1997/1998 and 2004 (Henny et al.

2008). THg concentrations in osprey eggs from the Upper

River in 2001 (0.33 lg/g dw) were similar to those from

the Columbia River in 1997/1998 (0.29 lg/g dw).

Spatial patterns of contaminants in fish

Data collected in 2001 (fish and osprey eggs) permitted the

first spatial evaluation of residue concentrations along the

entire main stem Willamette River. Residue data were not

collected at the Newberg Pool and Tidal Portland in 1993

because only two osprey pairs nested there. With only two

or three fish composites for each species collected from the

Santiam River, Newberg Pool, and Tidal Portland in 2001,

only a qualitative assessment could be made with the larger

series of fish composites from the Upper River. Generally,

OC pesticides and PCBs increased in fish from the Upper

River downstream to the Newberg Pool. PCDDs and

PCDFs were both infrequently encountered in fish from the

Newberg Pool in 2001 and generally at similar
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concentrations to those in the Upper River. OC pesticides

and PCBs again generally increased in fish from the

Newberg Pool downstream to Tidal Portland. When PCDD

and PCDF geometric means in fish could be calculated,

they were both generally higher in Tidal Portland than in

the Newberg Pool. THg in suckers (the primary species in

the osprey diet) remained within a relatively narrow range

(0.27 to 0.70 lg/g dw) with no obvious spatial pattern

among all river reaches, while THg in pikeminnows was

again quite consistent in the Upper River, Santiam River,

and Newberg Pool (1.91, 2.13, 2.08 lg/g dw, respectively),

but perhaps increased in Tidal Portland (3.33 lg/g dw).

Spatial patterns of contaminants in osprey eggs

With many contaminants in fish generally increasing

downstream from the Upper River to Tidal Portland in

2001, a similar pattern was anticipated for osprey eggs. OC

pesticide concentrations in osprey eggs generally increased

from the Upper River to Tidal Portland, but sample size

limited the ability to show significant differences among

reaches. Several PCB congeners and RPCBs were signifi-

cantly higher in osprey eggs from Tidal Portland than from

the Upper River with others following the same general

pattern. PCDD and PCDF concentrations were very low

and showed no significant difference among reaches for

osprey eggs, with many fish composites below the detec-

tion limit. Five additional osprey eggs collected in Tidal

Portland in 1997/1999 showed only dieldrin with a sig-

nificant difference by 2001 (a decline from 4.93 to 1.63 lg/

kg ww).

Biomagnification factors (fish to osprey eggs)

Empirical estimates of Biomagnification Factors based

upon egg and fish residue data collected in 2001 from the

same portion of the Willamette (Upper River) as sampled

in 1993 provided the first opportunity to evaluate con-

sistency of BMF estimates. These estimates are of special

interest because residue concentrations in both fish and

osprey eggs did not remain static, but decreased over the

8-year interim. If BMFs remain consistent, in spite of

residue decreases over time, the usefulness of the BMF

concept is further enhanced and supported. The precipi-

tous residue declines over time eliminated the opportunity

to calculate some BMFs in 2001, especially for PCDDs

and PCDFs. These declines were associated with changes

in the bleaching process at pulp mills that used elemental

chlorine to bleach wood pulp, a process that produced the

unwanted by-product 2,3,7,8-TCDD. In 1993, a bleach

kraft pulp mill at RM 148 reduced its use of elemental

chlorine by 40% and implemented other changes that

eliminated elemental chlorine bleaching in 1996 (Bonn

1998). BMF values presented on a lipid and wet weight

basis differ slightly because lipid content of fish and

osprey eggs were not equal. Generally, good agreement

for the independent BMF empirical estimates was noted

for the OC pesticides for the two time periods. BMF

values for PCB congeners calculated on a wet weight

basis ranged from 3.3 to 19 in 1993 and 1.3 to 34 in 2001,

with RPCBs 11 in 1993 and 8.4 in 2001. BMFs calculated

on a lipid basis were similar and ranged from 4.0 to 22 in

1993 and 1.7 to 48 in 2001, with RPCBs 13 in 1993 and

12 in 2001. Generally, individual congeners for the two

time periods were also in close agreement; however,

PCB126, PCB169 and PCB105 differed by more than

2-fold for both wet weight and lipid weight BMF values.

These congeners represented some of the lower residue

concentrations reported for both time periods. Therefore,

slight residue changes due to sampling error would have

more influence on these BMFs. More caution is advised

when using empirically derived BMFs based on extremely

low residue concentrations in fish and/or eggs. THg was

not analyzed in osprey eggs in 1993, but was evaluated on

a dry weight basis in 2001 (lipid not appropriate) and

showed no biomagnification (BMF = 0.60) from fish to

eggs (see more details below).

Although both suckers and pikeminnows from the Upper

River showed an increase in THg concentrations between

1993 and 2001, with the pikeminnow increase significant

(P = 0.005), the suckers with lower concentrations domi-

nate in the osprey diet. Thus, generally low THg

concentrations in osprey eggs in 2001 were expected,

especially with no indication of biomagnification from fish

to osprey eggs. We hypothesize that the low mercury BMF

was at least partially due to the osprey’s ability to deme-

thylate much of the MeHg ingested in fish to an inorganic

form much like reported earlier for herons, egrets, and

cormorants (Henny et al. 2002b). Then, the inorganic form

was sequestered in the liver and kidneys with selenium

which reduces the opportunity for MeHg to be transferred

to eggs. To test whether a similar concentration-related

demethylation response (i.e., lower percentage of MeHg as

THg concentrations increase) occurred in ospreys from the

Willamette Valley, a series of fresh livers from osprey

carcasses found dead were analyzed for THg and MeHg

(Fig. 4). The expected concentration-related findings were

readily apparent. Thus, demethylation occurred in ospreys

and helped the species cope with MeHg in the environ-

ment. The earlier study with herons, egrets, and cormorants

also showed that concentrations of MeHg in blood (mea-

sured as THg, but essentially 100% MeHg) were strongly

correlated with the MeHg component in the liver and not

the inorganic component (Henny et al. 2002b), thus, sup-

porting the concept that the inorganic mercury was

sequestered in the liver and probably the kidneys too.
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