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ABSTRACT 
An Osprey Pandion  haliaetus  population nesting along the lower 410 km of 

the Columbia River (94 occupied nests in 1997; increased to 103 in 1998) was 
studied to evaluate the merit in using the species for  monitoring selected 
contaminants that biomagnify  in food  chains. We collected a "sample egg" 
from 29 Osprey nests and analyzed egg contents for  residue concentrations of 
organochlorine pesticides, polychlorinated biphenyls, polychlorinated dibenzo-
p-dioxins, polychlorinated dibenzofurans,  and total mercury. Reproductive 
success was monitored at all nests, including those with an egg collected, to 
evaluate possible contaminant effects  on reproductive success. For purposes of 
this investigation, the lower Columbia River study area was subdivided into 
four  distinct reaches primarily based on locations of  major industrial areas, 
urban boundaries and other known sources of  pollution. Residue concentrations 
in Osprey eggs for  most contaminants did not vary significantly  among 
reaches. However, eggs collected from  Reach II (immediately below the 
Bonneville Dam hydroelectric facility)  contained significantly  higher 
concentrations of PCB 105 (nearly all PCB congeners were higher) compared 
to eggs collected in Reach I (upstream) or Reach III (downstream), although 
three other large hydroelectric dams are located in Reach I. An historic landfill 
of  electrical equipment containing PCBs was reported at Bonneville Dam in 
2000, two years after  completion of  this field  study. Elevated 
hexachlorobenzene in eggs collected from  Reach III appeared to be associated 
with an aluminum smelter located nearby. Osprey eggs contained the highest 
concentrations of  p, p'-DDE (DDE) (geometric mean 4872 jag kg"1 wet weight, 
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with 24% of  eggs > 8000 |ag kg 1) reported for  the species in North America 
during the late 1980s and 1990s. Furthermore, DDE adversely influenced 
eggshell thickness and success at some nests. As expected, elevated DDE 
concentrations were found  in fish  from  the Columbia River. Other 
contaminants appeared to have limited, if  any, adverse effects  on Osprey 
reproduction. The mean productivity for  this population in all four  river 
reaches was 1.64 young/active nest (nests without an egg collected) in 1997-
1998, which was considered very good. A more comprehensive study of  the 
fish-eating  Osprey on the nearby Willamette River in 2001 (subject of  future 
report) will provide a more complete understanding of  the relationship between 
residue concentrations in Osprey eggs and fish  species predominant in their 
diets. With most Osprey populations now increasing and pairs pioneering into 
more contaminated areas, with nests distributed at regular intervals (instead of 
clumped in colonies) along large rivers, with the spatial residue patterns 
observed during this and other studies and with reproductive effects  observed 
during this study, we believe the Osprey may indeed be a useful  indicator for 
the biomonitoring of  selected contaminants in the United States and throughout 
its breeding range. 

INTRODUCTION 
The Columbia River drains a vast and ecologically complex region of 

British Columbia, Canada, and the Pacific  Northwest of  the United States 
(668,220km :), having the fourth  largest water discharge of  rivers in the 
contiguous United States (Kammerer 1990). As with many rivers elsewhere, 
the Columbia has been and continues to be used for  disposal of  municipal and 
industrial wastes. The Columbia River and its tributaries also support large 
areas of  intensive agriculture, including orchards, row crops and cereal grains 
which have been historically sprayed with persistent organochlorine pesticides 
(OCs). The development of  relatively inexpensive hydroelectric power brought 
many aluminum smelters and other industries to the region, and the vast forests 
support many bleached-kraft  paper mills. 

The Osprey Pandion  IiaIiaetus  is a large piscivorus bird of  prey with a 
nearly worldwide breeding distribution (directly comparable data may be 
obtained from  many countries) and is found  nesting throughout much of  the 
Columbia River system, including the Willamette River, a major tributary 
flowing  into the Columbia River at Portland (Henny et al. 2003). Several 
Osprey life  history traits, in addition to considerable knowledge about 
contaminant-related effects,  make this species useful  for  contaminant 
biomonitoring and research (see Elliott et al. 1998), including: ( 1) a diet almost 
exclusively of  fish  which are captured within a relatively short distance of  nest 
sites, (2) long-lived and high nest fidelity, (3) readily detectable nest sites, (4) 
often  nest on artificial  structures (e.g., channel markers, power poles, light 
poles) which facilitate  access for  egg collections, (5) tolerate brief  nest 
disturbance, (6) sample egg collections have minimal effect  on nesting 
populations, i.e., removal of  one egg per nest from  small subset of  nests has 
negligible effect  on productivity (Henny & Kaiser 1996), (7) sensitive to p,p'-
DDE (DDE)-induced eggshell thinning and widely studied for  effects  of  other 

370 



chlorinated hydrocarbon and mercury pollutants, (8) nests often  spaced at 
regular intervals along rivers (i.e., not clumped in colonies like herons, egrets 
or cormorants), which permits eggs to be collected at random in various 
segments of  a river or at strategic sites (e.g., above and below known 
contaminant sources), and (9) nesting pairs now pioneering into more 
contaminated locations (e.g., lower Willamette River, Oregon: Duwamish 
Waterway, Washington [USGS unpublished data]). The Osprey also ranked 
high for  monitoring of  persistent organic pollutants and mercury in a 
systematic evaluation of 25 terrestrial vertebrates commonly found  in Atlantic 
Coast estuarine habitats (Golden & Rattner 2003). 

The use of  a fish-eating  bird as part of  the Nationwide Contaminant 
Monitoring System in the United States for  large rivers, bays and estuaries has 
been discussed for  almost a decade. In the early to mid-1990s, a cooperative 
investigation between the Canadian Wildlife  Service and the U.S. Geological 
Survey (USGS) was conducted using the Osprey as an indicator species. The 
study evaluated residue concentrations of  OCs, polychlorinated biphenyls 
(PCBs), polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated 
dibenzofurans  (PCDFs) and total mercury from  eggs of  Ospreys nesting 
throughout the Columbia River in both Canada and the United States (Elliott et 
al. 1998; Elliott et al. 2000). In addition, an artificial  incubation experiment 
with eggs from  the Columbia River was conducted to investigate contaminant 
effects  on Ospreys (Elliott et al. 2001). Data from  Osprey eggs collected along 
the lower Columbia River (in the vicinity of  Portland, Oregon) was limited, but 
provided comparisons with the upper reaches of  the river in extreme north-
eastern Washington and British Columbia. Some OCs and PCB concentrations 
were highest in the lower portion of  the river. The Biomonitoring 
Environmental Status and Trends Program of  USGS agreed to further  evaluate 
the Osprey as an indicator species for biomonitoring in 1997. 

Preliminary studies along the Willamette River in 1993 showed variable 
residue concentrations in different  species of  fish,  with Biomagnification 
Factors (BMFs) from  fish  (weighted by percent biomass of  each fish  species in 
Osprey diet) to Osprey eggs (wet weight fww])  that range from 0 to 174, 
depending upon the contaminant (Henny et al. 2003). Most contaminants 
studied had BMFs in the range of 10 to 100-fold.  Therefore,  Ospreys integrated 
residues from  the tissues of  several fish  species they preyed upon (prey species 
consumed were fairly  consistent from  nest to nest along the Willamette River), 
and their eggs have much higher residue concentrations than fish,  which result 
in far  fewer  non-detections than commonly found  in fish  or other sampling 
approaches. Note that the Osprey is used as an indicator species for  lipophilic 
contaminants, but not for  hydrophilic contaminants. We do not believe that one 
species can be used to effectively  monitor all groups of  contaminants. 

In this study, we analyzed contaminant residue concentrations in Osprey 
eggs collected from  a total of 29 nests between River Mile (RM) 31 and 286 of 
the lower Columbia River in 1997 and 1998. The objectives of  our study on a 
river reach basis were to: (1) present nesting population numbers and 
productivity rates for  Osprey, (2) evaluate spatial patterns of  OCs, congener-
specific  PCBs, PCDDs, PCDFs and total mercury residues in Osprey eggs for 
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possible identification  of  contaminant sources, and provide a baseline for  the 
long-term biomonitoring of  contaminant trends, and (3) evaluate egg residue 
concentrations and associated productivity on a nest basis via the sample egg 
technique (Blus 1984) in addition to reviewing literature to assess possible 
adverse contaminant effects  on productivity. Finally, we discuss the merit in 
using the Osprey for  the long-term biomonitoring of  selected contaminants in 
large river systems. 

STUDY AREA AND METHODS 
The lower Columbia River study area was divided into reaches (Reach I, II. 

Ill and IV) as follows: (RM 149-286, 124-143, 86-122, and 31-82) (Fig. 1). 
RM 0 is at the mouth of  the river at the Pacific  Ocean and at the time of  the 
study, no Ospreys nested below RM 31. The river reach divisions were chosen 
based upon several characteristics including industrial boundaries or known 
pollution point sources (Rosetta & Borys 1996), Bonneville Dam (river not 
free-flowing  above dam), and spatial gaps in nesting Ospreys along the river. 
The study area extended inland to Umatilla, Oregon (RM 286) with divisions in 
river reaches occurring at Bonneville Dam (RM 146), about one mile upstream 
from  the mouth of  Sandy River (prior to the river reaching urban Portland and 
Vancouver) (RM 122), at the mouth of  the Lewis River (RM 86), and at the 
upstream boundary of  the Lewis and Clark National Wildlife  Refuge (RM 31). 

Figure 1. Osprey egg collection sites, major industrial outfalls, 
hydroelectric dams and river reach boundaries, Columbia River, Oregon 
and Washington, 1997-1998. 
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We located occupied Osprey nests by boat and aircraft  along the Columbia 
River study area in 1997 and in 1998. Classification  of  occupied vs. active 
nests followed  the criteria of  Postupalsky (1977). Nests were generally visited 
2 to 4 times during the breeding season to determine activity and success 
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(number large young [40-45 days] at each nest). One partially incubated egg 
was collected from 13 nests in 1997 and 16 different  nests in 1998 to determine 
contaminant concentrations. The nearest RM was recorded for  each nest site. 
Egg contents were placed in chemically cleaned jars and frozen  for  subsequent 
contaminant analysis. 

Eggshells were rinsed and dried for  several months at room temperature. 
Eggshell thickness (including membranes) was measured at three sites on the 
equator with a rounded contact point micrometer (model 1010 M, L.S. Starrett 
Co.) and values were averaged. 

Osprey eggs were sent to the Great Lakes Institute of  Environmental 
Research (GLIER) at the University of  Windsor, Windsor, Ontario, Canada for 
contract chemical analyses. Organic chemical analyses for 29 Osprey egg 
samples were conducted using methods of  Lazar et al. (1992), which are 
described in detail in GLIER (1995). Analyses were conducted for 20 OC 
pesticides, 42 PCB congeners including 4 co-planar congeners, 7 PCDDs, 10 
PCDFs, and total mercury. The £ PCBs equals the sum of 42 congeners. 
Quantification  was accomplished by comparing sample-peak area against 
standard-peak area of  three standards supplied by the Canadian Wildlife 
Service. OCs and PCB fractions  were analysed separately on an electron-
capture gas Chromatograph. The detection limit for  OCs and PCBs was 0.1 /jg 
kg 1 ww. OCs 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 varied from 0.06 to 2.8 ng kg 1 ww. 
Methodology for  extraction and cleanup was checked by running sample 
blanks, replicate samples and certified  reference  samples provided by the 
Canadian Wildlife  Service for  OCs and PCBs, and a [13C]-surrogate spike for 
each sample ran 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. Eggs were analysed for  total mercury by atomic absorption 
spectrophotometry with a dry weight (dw) detection limit of 0.07-0.10 jjg g 1 . 
We converted contents of  eggs to fresh  ww (Stickel et al. 1973); all egg 
residues are reported as fresh  ww, except mercury (reported as dw). 

Residue concentrations were summarized as geometric means and log-
transformed  for  statistical analyses. For statistical purposes, the lower 
quantification  limit was halved for  eggs in which a contaminant was not 
detected. This value was used to calculate geometric means when > 50% of  the 
eggs contained detectable residues. When < 50% of  eggs from  a river reach 
contained the contaminant, no statistical test was conducted with data from  that 
reach. Because of  unequal sample sizes, the General Linear Models Procedure 
(SAS Institute 1999) was used for  analysis of  variance. Tukey's Studentized 
Range Test (a = 0.05) was used to separate means. Unless otherwise noted, 
differences  were considered significant  when P < 0.05. 
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