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ABSTRACT 
Here I review current contaminant research efforts  on birds of  prey as 

reported at the World Conferences  on Birds of  Prey and Owls. I ask the 
question: "Is the current distribution of  research effort  by chemical groups 
appropriate for  the mid-1990s and beyond?" The majority (78%) of  reported 
research in the late 1980s and early 1990s involved organochlorine (OC) 
insecticides and other persistent organics. I recognize that polychlorinated 
biphenyls (PCBs), polychlorinated dibenzo-p-dioxins (PCDDs), and 
polychlorinated dibenzofurans  (PCDFs) are also included in this grouping. 
Although there is a continued need for  some OC insecticide investigation 
(e.g., countries with limited information  and species with previously impacted 
populations), it clearly makes no sense to continue to conduct nearly 4 of 5 
studies on these banned chemicals! Bald Eagles Haliaeetus  leucocephalus 
showing below normal productivity are being studied for  possible effects  of 
PCBs, PCDDs, and PCDFs in the United States (mainly the Great Lakes 
Region) and Canada, but data continue to be confounded  by DDE. DDE 
residues have declined recently and the role of  PCBs and related chemicals 
soon may become more clear. In contrast, organophosphorus (OP) and 
carbamate (CB) insecticides have received little attention, although incidences 
of  large raptor die-offs  have occurred in many parts of  the world since the 
1970s. I endorse a procedure for  obtaining more raptor exposure information 
on OPs and CBs so that these insecticides may be better understood. Scavenger 
and flocking  species seem most vulnerable to these relatively short-lived but 
often  highly toxic insecticides. Spent lead shot from  hunting has also killed 
many Bald Eagles; this resulted in banning lead shot use for  waterfowl  hunting 
in the United States and several other countries are now doing the same. 
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Mercury has harmed raptors in both terrestrial and aquatic systems and 
several uses have been banned. New concerns about mercury involve recent 
uses for  gold mining in places like South America and increased concentrations 
recently discovered in the eastern Arctic of  Canada. Findings in the United 
States show that cyanide can kill raptors locally and rotenone can reduce 
production rates of  fish-eating  raptor populations. We need to expend more 
future  research effort  studying these and similar problems and evaluating 
new threats. 

INTRODUCTION 
We live in a dynamic world where changes occur at a rapid rate and 

we must be ready to respond to these changes. The use patterns of  toxic 
chemicals have changed too, and the question becomes, "Have we adjusted 
to these changes?" The number of  studies on the effects  of  toxic chemicals 
on birds of  prey have increased dramatically over time. For earlier reviews 
of  contaminants and birds of  prey, see Newton (1979), Wiemeyer (1991), 
and Risebrough (1994). Toxic chemicals have been discussed at conferences 
on birds of  prey and owls since at least the Caen Conference (I.C.B.R 1964). 
At the First and Second World Conferences  on Birds of  Prey (in 1975 and 
1982) a few  papers were presented concerning toxic chemicals in the various 
sessions, but by the Third and Fourth Conferences  (in 1987 and 1992), toxic 
chemicals and raptors became the subjects of  complete sessions. Twenty-three 
papers in 1987 and 1992 presented findings  on specific  contaminants. Eighteen 
(78%) papers discussed OC insecticides (DDT, dieldrin, heptachlor epoxide, 
etc.) with PCBs and mercury sometimes included. In two instances PCBs 
were presented on a congener-specific  basis, and PCDDs, and PCDFs were 
included in one paper. Those papers on persistent organics showed several 
patterns: (1) the beginning of  a concerted effort  to study OC insecticides in 
raptor populations throughout the world (e.g., Russia, Venezuela, Mexico), 
and (2) the beginning of  more sophisticated chemical analyses with 
congener-specific  PCBs, PCDDs, and PCDFs. Three papers (13%) discussed 
metals alone with emphasis on lead, mercury and fluoride,  while one paper 
(4%) discussed an anticoagulant rodenticide (chlorophacinone) and only one 
paper (4%) an OP insecticide (fenthion). 

Assuming that the above distribution of  papers somewhat reflects  the 
current contaminant research efforts  (with a slight delay), the obvious question 
is, "Do these efforts  reflect  research that should be accomplished in the 
mid-1990s and beyond?" I will discuss contaminant studies in the past and 
then provide opinions about future  research needs. I will discuss research 
concerning four  types of  contaminants and several special issues: (1) OC 
insecticides, (2) PCBs, PCDDs and PCDFs, (3) OP and CB insecticides, (4) 
lead and mercury, and (5) other contaminant issues (cyanide, piscicides). 

-484-



Organochlorine Pesticides 

The effects  of  persistent OC insecticides on raptor populations have 
been widely documented and were catastrophic for  some species (e.g., Newton 
1979, Cade et al. 1988, Noble & Elliott 1990). DDT was the product 
responsible for  many of  us (including me) entering the field  of 
raptor-contaminant studies; however, the product was banned in Western 
Europe, the United States, Canada and many other locations by the mid-1970s. 
Continuing concern reflects  the persistence of  DDT or its metabolites and 
other OC insecticides and their continued use in some countries (for  Africa 
review, see Crick 1992). Information  about specific  insecticide use is difficult 
to obtain from  many countries. These OC insecticides can cause problems 
for  resident raptors as well as for  migratory raptors which cross international 
boundaries, or those that consume migratory prey which cross international 
boundaries. 

Some unique research approaches have been used to study DDT and 
other OC insecticides in the Peregrine Falcon Falco  peregrinus,  probably the 
most adversely affected  raptor species. In many locations throughout the 
world, Peregrine Falcon breeding populations have been monitored for  decades 
(e.g., United Kingdom, Crick & Ratcliffe 1995, North America, Enderson et 
al. 1995). Eggs were collected and measured for  eggshell thickness at many 
locations throughout the world and reproductive success was evaluated in 
relation to OC concentrations and the degree of  shell thinning (Peakall & Kiff 
1988). In addition, blood plasma was collected at migration sites (Henny et 
al. 1982, Henny et al. 1988) and on the breeding grounds (Court et al. 1990, 
Jarman et al. 1994) to evaluate contaminant sources and trends over time. 
Using the same approach, Elliott and Shutt (1993) showed that DDE 
concentrations were higher in plasma of  Sharp-shinned Hawks Accipiter 
striatiis  returning to Ontario from  their wintering grounds. Henny et al. (1996) 
updated plasma DDE concentrations in Peregrine Falcon spring migrants 
captured in Texas from 1978 to 1994 and showed a substantial decrease in 
DDE concentrations. The long-term plasma data for  Peregrine Falcons 
(essentially a monitoring program) is now combined with satellite telemetry 
to locate breeding and wintering grounds of  the few  heavily contaminated 
individuals in the populations. Plans are underway in the United States to 
develop a rapid OC analytical technique to determine plasma residue 
concentrations within 4 or 5 hours of  raptor capture. Then, those individuals 
containing the highest (and perhaps the lowest) concentrations can be 
equipped with satellite transmitters to assist in evaluating continuing OC 
sources. Wintering patterns of  individuals with low concentrations can be 
compared to wintering patterns of  individuals with high concentrations. Also, 
satellite transmitters can be especially helpful  in understanding sources of 
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contaminants in migratory raptors nesting in many countries where little is 
known about migration routes and wintering localities. For example, satellite 
transmitters were placed on Peregrine Falcons in 1994 from  the Kola Peninsula 
of  Arctic Russia (a population which includes individuals with high PCBs 
[Henny et al. 1994c]) to determine wintering locations for  the breeding 
population. 

Two general types of  OC insecticide investigations are underway at 
the present time: (1) long-term monitoring of  productivity and population 
numbers of  species previously in trouble, which may include some collecting 
of  eggs or blood, and (2) evaluations of  raptor OC burdens in populations at 
locations where few  or no studies were previously conducted (e.g., Russia, 
Kazakstan, Latin America). OC pesticides persist and are still used in some 
countries. Monitoring of  previously impacted raptor populations needs to 
continue, with additional effort  focused  on populations in developing countries. 
Further OC work is justified,  but should it be 78% of  the contaminant effort  in 
view of  declining OCs reported in most studies? I think not. 

Polychlorinated Biphenyls, Polychlorinated Dibenzo-p-Dioxins, and 
Polychlorinated Dibenzofurans 

PCBs are industrial chemicals comprised of  many different  compounds. 
Like OC insecticides, they are lipid soluble, accumulate in food  chains and 
are persistent (Zinkl 1982). PCBs became the focus  of  the new U.S. Toxic 
Substances Control Act (TSCA) formulated  in 1976 and in which all further 
manufacture  of  PCBs by the U.S. was banned in 1977, effective  July 1979. 
The final PCB ban rule was implemented by the Environmental Protection 
Agency (Rice & O'Keefe 1995). 

Risebrough (1994) reviewed the literature on avian toxicology of  PCBs 
in detail and noted: (1) relatively low acute toxicity to most avian species 
even when body burdens were particularly high, and (2) modification  of 
behaviour, e.g., nest defense,  which was also shown for  DDE, dieldrin, 
toxaphene, endrin and chlordane suggesting a common mechanism of  action. 
Aroclor 1254, a commercial PCB mixture with 54 % chlorination, in the diet 
of  captive American Kestrels Falco  sparverius did not cause eggshell thinning; 
however, the study suggested an increased impact of  DDE on eggshell thinning, 
a higher rate of  egg breakage, and a lower rate of  pipping and hatching when 
kestrels were exposed to both contaminants than when kestrels were exposed 
to DDE or PCBs alone (Lincer 1972, 1994). These results support the 
hypothesis that PCBs also had a role in the population declines of  several 
species of  birds of  prey. 

Most earlier field  studies with PCBs showed strong correlations with 
DDE which confounded  understanding the effects  of  both. Typical statements 
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included reproductive success of  White-tailed Sea Eagles Haliaeetus  albicilla 
being significantly  negatively correlated with concentrations of  DDE and PCBs 
in the eggs or productively showed a much stronger correlation with DDE 
than with PCBs (Helander et al. 1982). Wiemeyer et al. (1993) stated that 
although PCBs may have contributed to adverse effects  on reproduction and 
eggshell thickness of  Bald Eagles, the major effects  were due to DDE. PCBs 
did not appear to adversely affect  shell thickness or reproductive success of 
Ospreys Pandion  haliaetus  (Wiemeyer et al. 1988); concentrations found  in 
Osprey eggs were generally lower than in Bald Eagle eggs. 

More recently several PCB congeners (those resembling dioxins in 
structure) were identified  as the cause of  most dioxin-like effects  observed in 
the environment, including among birds embryonic mortalities and deformities 
(Kubiak et al. 1989, Tillitt et al. 1992). These PCB congeners have been 
termed «coplanars» or «non-orthos» because the absence of  chlorines in the 
ortho positions permits a planar configuration  resembling that of  PCDDs and 
PCDFs. The toxicity of  specific  PCDD congeners and related compounds 
varies, the most toxic being 2,3,7,8-tetrachloro-dibenzo-p-dioxin (TCDD). 
The relative biologic potencies of  a suite of  PCDD, PCDF, and PCB congeners 
to induce hepatic aryl hydrocarbon hydroxylase have been summarized by 
Safe (1990). The transformation  of  egg concentrations, on the basis of  each 
planar halogenated hydrocarbon's induction capability relative to TCDD, 
permits the reporting of  relative contributions in a common unit of  measure, 
TCDD-equivalents (TEQs). 

Risebrough (1994) found  no evidence for  a dioxin-like effect  at the 
present time that was ecologically relevant in the sense that a threat to the 
population exists, and noted that only a few  raptor populations still experience 
depressed productivity in North America and Europe. He indicated that only 
in those affected  populations can effects  of  the coplanar PCBs be evaluated. 
Perhaps the best study location is along the shores of  the Great Lakes, where 
Bald Eagles have depressed productivity (Bowerman 1993) and beak 
deformities  (Bowerman et al. 1994). Bowerman et al. (1995) conducted a 
hazard assessment and examined concentrations of  OC insecticides, PCBs, 
TEQs and mercury in fishes  in the Great Lakes Region. He concluded that, 
although there may be some continuing effects  of  DDE, total PCBs and most 
importantly TEQs in fishes  from  the Great Lakes and rivers opening to 
spawning runs of  anadromous fishes  from  the Great Lakes currently represent 
a significant  hazard to Bald Eagles, and are most likely related to the impaired 
reproduction observed. Tillitt et al. (in prep) are evaluating addled Bald Eagle 
eggs collected in the Great Lakes Region from 1986-1991. Those eggs were 
analyzed for  congener-specific  PCBs, PCDDs, PCDFs in addition to OC 
insecticides. If  DDT and metabolites have decreased to negligible effect  levels, 
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this less confounded  data set should be most instructive in understanding the 
effects  of  PCBs, PCDDs, and PCDFs on eagles. Tillitt and associates are also 
analyzing Bald Eagle eggs from  Maine (Welch 1994), the lower Columbia 
River (Anthony et al. 1993), and Puget Sound which are three other locations 
in the United States where Bald Eagle production remains below normal. 

Elliott and coworkers have been studying exposure and effects  of 
TCDD-Iike compounds in a Bald Eagle population breeding around the Strait 
of  Georgia on the Pacific  coast of  Canada, an area dominated by industrial 
inputs from  pulp and paper mills. In that population, contribution to 
TCDD-Iike toxicity is primarily from  PCDDs and PCDFs rather than PCBs 
(Elliott et al. 1996, Elliott et al. in press [a]). As a result of  clean-up efforts  by 
industry, PCDD and PCDF levels decreased substantively in local food  chains 
by the 1980s; however, Bald Eagles breeding adjacent to the dioxin fishery 
closure area near a mill at Crofton,  British Columbia, continue to have 
significantly  lower productivity than eagles at nests outside the closure area 
(Elliott 1995). Further research is underway in investigate the causes for  low 
productivity at that site, particularly the role of  TCDD-Iike compounds in 
reproductive impairment. With new analytical chemistry techniques and new 
information,  we are beginning to better understand this group of  compounds. 

Organophosphorus and Carbamate Insecticides 

OC insecticides have largely been replaced by OP and CB insecticides 
which are generally considered non-persistent, non-bioaccumulative and 
therefore  of  low risk for  secondary poisoning of  raptors. Secondary poisoning 
occurs through eating intoxicated or dead animals. Although a chemical 
source in secondary poisoning may be the tissues of  the consumed animal, 
the unabsorbed compound remaining in the gastro-intestinal tract of  the prey 
is the usual source (Hayes 1975). Early reports of  OP secondary poisoning 
involving birds of  prey occurred in Israel where about 400 raptors died from 
eating voles and birds poisoned with monocrotophos (=AzodrinR) 
(Mendelssohn & Paz 1977). Another early report involved Swamp Harriers 
Circus  approximans killed by parathion and fensulfothion  (=DanasitR) in New 
Zealand (Mills 1973). 

My interest in OPs and raptors started in the mid-1970s when a raptor 
rehabilitator obtained several Black-billed Magpies Pica pica found  dead near 
a cattle feed  lot after  cattle were treated with famphur  (=WarbexR). He thought 
the magpies died of  famphur  poisoning and they were placed in his freezer 
and promptly forgotten.  His wife,  several months later, was looking for  food 
for  an injured Great Horned Owl Bubo virginianus. Not knowing the 
background of  the magpies in their freezer,  she fed  one to the owl. It died the 
next day. This led to controlled laboratory studies with Barn Owls Tyto  alba 
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which documented potential secondary poisoning of  predatory birds from 
eating prey poisoned by famphur  (Hill & Mendenhall 1980). Magpies and 
other species of  birds were also found  dead after  cattle were treated with 
famphur  and fenthion  in the United Kingdom and Canada (Felton et al. 1981, 
Hanson & Howell 1981). 

A 1982 field  study associated with the topical treatment of  cattle with 
famphur  at the recommended rate resulted in the deaths of  many magpies 
over a 3-month period (Henny et al. 1985). A Red-tailed Hawk Buteo 
jamaieensis found  dead on Day 10 had eaten a famphur-contaminated  magpie. 
Another Red-tailed Hawk was found  alive but immobilized, and its depressed 
plasma Cholinesterase (ChE) indicated anti-ChE exposure. Prior to this study, 
the U.S. Fish and Wildlife  Service did not routinely evaluate dead raptors for 
OP or CB poisoning. Between March 1984 and March 1985, we documented 
8 Bald Eagles, 2 Red-tailed Hawks, and 1 Great Horned Owl killed by OP 
insecticides including fenthion  and famphur  (Henny et al. 1987). The Great 
Horned Owl died from  tertiary poisoning after  eating on a Red-tailed Hawk 
that had eaten a magpie and died. Balcomb (1983) and Dietrich et al. (1995) 
documented secondary poisoning of  Red-shouldered Hawks Buteo lineatus 
and Eurasian Buzzards Buteo buteo with carbofuran  and Hooper et al. (1989) 
described intoxication of  Red-tailed Hawks by OPs applied to orchards as a 
dormant spray in winter. 

The Bald Eagle and Golden Eagle Aquila ehrysaetos have interesting 
data sets that span many years in the United States because all carcasses 
found  were processed by the U.S. Fish and Wildlife  Service. Since the early 
1960s lead poisoning was documented in 338 eagles from 34 states, while 
OP and CB insecticides killed 139 eagles in 25 states (Franson et al. 1995). 
Overall, poisonings were more frequent  in Bald Eagles (16%) than Golden 
Eagles (6%). This percentage of  poisonings is biased low, because eagles 
were not routinely evaluated for  OP and CB poisoning prior to 1984 (i.e., 
about 20 years of  the data). In another series of 164 Red-tailed Hawks 
submitted to the National Wildlife  Health Center from 1975 through 1992, 
(Franson et al. 1996), of  25 (15%) toxicoses, 20 were attributed to agricultural 
insecticides including famphur (4), fenthion (3), carbofuran (2), 
phosphamidon (2), endrin (1), and unidentified  OP compounds (8). Endrin, 
an OC, was the only exception, all others were OPs and CBs. This data set 
has the same bias as the eagle data (OPs and CBs not evaluated in early 
years). 

An active raptor contaminant programme of  the Canadian Wildlife 
Service has uncovered another OP problem in British Columbia. In 1989 
and 1990, secondary poisoning of  Bald Eagles and Red-tailed Hawks was 
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documented in Fraser River delta in the course of  a study on the health of 
Bald Eagles (Elliott et al. 1996a). Nine raptors were found  exhibiting 
symptoms of  anti-ChE poisoning. Immediate surgical removal of  crop 
contents decreased mortality and improved recovery time. Crop contents, 
which contained mainly duck parts, included two granular insecticides, 
carbofuran  and fensulfothion.  Elliott et al. (1996a) concluded that granular 
insecticides persist long enough in the wet, low pH conditions of  the Fraser 
delta to cause waterfowl  kills and secondary poisoning of  raptors several 
months after  application on agricultural lands. More recently (1992-94) five 
additional Bald Eagles and a Red-tailed Hawk in the same area died from 
phorate, an OP granular insecticide (Elliott et al. in press [b]). The dead 
eagles were usually found  at roost sites rather than in agricultural fields. 

A final  example concerns a dieoff  of  more than 700 Swainson's Hawks 
Buteo swainsoni at a single roost site in La Pampa Province, Argentina 
(Woodbridge et al. 1995). According to the landowner, the hawks died in a 
mass poisoning after  consuming grasshoppers that had been aerially sprayed 
on 21 December 1994. The insecticide was unknown but many of  the hawks 
made it back to the roost and died over a period of  several days. This would 
be expected from  an OP or CB. Satellite telemetry led the California 
investigators of  Swainson's Hawks to the site in Argentina. Concern has been 
voiced for  many years about the status of  Swainson's Hawk populations in 
North America, and adverse effects  have been hypothesized from  OPs and 
CBs used in South America (Risebrough et al. 1989), although documentation 
was lacking. In another Swainson's Hawk dieoff, 18 were found  dead in 
Young County, Texas in 1993. Their stomachs contained insect remains and 
disulfoton,  an OP used on Texas cotton (unpublished data, U.S. Fish & Wildlife 
Service). Plans are underway for  additional studies of  Swainson's Hawks in 
North America and South America. 

In summary, OCs have been or are being replaced in most locations, 
but limited research has been conducted on the effect  on raptors of  these 
replacement chemicals. These are not as persistent as OCs although the active 
ingredient in several of  the examples has remained in the environment for 
months under certain conditions. Furthermore, many are highly toxic and 
granular formulations  were involved in several incidents. Porter (1993) noted 
that the documentation of  large numbers of  nontarget species being killed by 
the application of  OPs and CBs, as well as finding  of  raptors becoming 
secondarily poisoned, gives strong indication that much closer scrutiny of 
the regulations and application procedures for  the compounds must be 
undertaken. In general, scavenger and flocking  raptors have been directly 
poisoned in most of  the incidents reported. However, we must recognize that 
locating dead raptors, or any other bird, is more likely when large numbers 
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(flocks)  die. Are the above examples isolated incidents of  secondary raptor 
poisoning, or is there a potential for  adverse effects  on local populations? 
What can we do to further  understand the magnitude of  OP and CB exposure 
and mortality? The Canadian Wildlife  Service (Suzanne Trudeau, Ottawa) is 
evaluating a kit to provide raptor rehabilitators in Canada. A drop of  blood is 
placed on filter  paper for  subsequent ChE analysis. This approach should 
provide much additional information  on exposure of  raptors to anti-ChE 
compounds. Raptor rehabilitators are a potential source of  OP- and 
CB-exposed birds in many countries. 

Lead and Mercury 

Exposure to lead may result in a number of  biochemical, behavioral 
and physiological responses in birds that may lead to death if  exposure is 
excessive (Scheuhammer 1987, Eisler 1988). Immunosuppressive effects  of 
lead exposure have been considered, but little information  is available for 
birds (Franson 1986). Bald Eagles, as mentioned earlier, have been 
particularly susceptible to lead poisoning (see Franson et al. 1995) and three 
California  Condors Gymnogyps califomianus  died of  lead poisoning between 
1980 and 1986 (Wiemeyer et al. 1988). Furthermore, elevated lead (>0.70 
pg/g) was found  in blood of 5 of 14 wild condors taken into captivity. Ingestion 
of  lead shot from  hunter-killed or crippled waterfowl  appears to be the major 
source of  lead exposure for  Bald Eagles, although ingestion of  tissue-bound 
lead from  lead poisoned waterfowl  could be contributory (Pattee & Hennes 
1983). Scavaging on various species of  shot animals was the presumable 
source of  the lead in the California  Condors. 

Although many Bald Eagles have been killed in the United States by 
ingested lead shot over the years, their ability to cast pellets that contained 
lead shot minimized lead-caused mortality. Wiemeyer (1991) summarized 
three studies which showed that 9 to 50% of  pellets cast by Bald Eagles 
contained lead shot. These Bald Eagle studies were associated with waterfowl 
concentrations. Without the pellet-casting trait, it seems conceivable that Bald 
Eagles could have been extirpated early in this century from  many portions 
of  their range in North America. 

Wildlife  biologists have generally known throughout this century that 
spent lead shot can cause sickness and death among waterfowl  ingesting it. 
During the early 1970s, steel shot (nontoxic) was required for  hunting 
waterfowl  on a few  State Management Areas and Federal National Wildlife 
Refuges.  In 1976, the U.S. Fish and Wildlife  Service initiated an effort  to 
require non-toxic shot for  all waterfowl  hunting within 10 years; however, 
opposition to use of  what was perceived to be gun-damaging and 
bird-crippling steel shot sidetracked that schedule. It was the indirect affects 
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of  Bald Eagles being potentially at risk by eating waterfowl  containing lead 
shot that allowed conversion to proceed. All states were converted to non-toxic 
shot by the 1991-92 hunting season. Several other countries are now following 
suit and have either banned or are in the process of  restricting the use of  lead 
shot for  waterfowl  hunting (Pain 1992). Persistence of  lead shot in the 
environment and some unmeasured non-compliance by hunters, makes lead 
a continuing problem for  waterfowl  and Bald Eagles in the United States. 

Another source of  lead is mining which has a more limited distribution. 
A 2-year study of  raptors in a lead-contaminated mining region of  Idaho 
showed lead exposure of  Ospreys and several other raptor species. However, 
lead exposure was low in raptors compared to Tundra Swans Cygnus 
columbianus, some of  which were lead poisoned each year (Henny et al. 
1991, Henny et al. 1994b). Clearly, waterfowl  species whose feeding  strategy 
was more closely associated with lead-contaminated sediment were more 
exposed. Although some blood parameters were significantly  affected  in 
raptors, no raptor deaths related to lead were observed, and we saw no 
significant  effect  on fledging  rates of  the Osprey (the largest data set). Lead 
did not biomagnify  up the food  chain and this lead from  mining should not 
be a problem for  most raptors. 

Mercury pollution has resulted primarily from  industrial uses and 
discharges. Forms of  mercury having low toxicity can be transformed  in the 
environment into methylmercury, which is highly toxic. Mercury can be 
bioconcentrated and biomagnified  in food  chains (Eisler 1987). 
Contamination in aquatic food  chains appears to be more frequent  than in 
terrestrial food  chains, although the past use of  mercury as a seed dressing 
has caused problems (Wiemeyer 1989). Exposure to mercury can cause 
adverse effects  on both reproduction and survival. Mercury in feathers  of 
birds, including raptors, has been used to monitor exposure (Berg et al. 1966, 
Solonen & Lodenius 1990). Eggs are perhaps more useful  for  evaluating 
mercury impacts on reproduction. Häkkinen and Häsänen (1980), Wiemeyer 
et al. (1984), and Newton and Haas (1988) concluded that in birds the first 
suspicion of  hatching failure  was reported at 0.5-0.6 pg/g mercury (wet wt.) 
in eggs and hatchability was affected  when the level reaches 1.0 pg/g. 
Therefore,  we have two useful  tools (feather  and egg concentrations) to 
evaluate mercury accumulation and effects  on raptors. 

Mercury studies with raptors have concentrated in Finland, Sweden 
and other portions of  the Baltic Region (e.g., Johnels et al. 1979, Häkkinen 
and Häsänen 1980, Solonen & Lodenius 1990), although mercury has been 
routinely evaluated elsewhere. Worldwide anthropogenic emissions of 
mercury have decreased in recent years due to the reduction in the use of 

- 4 9 2 -



mercury fungicides,  mercury-cell chloralkali processes and mercury seed 
dressings (SCOPE 1985), but see following  discussion. An important source 
of  mercury emission, until recently considered insignificant  to the global 
mercury cycle, is amalgamation used in the recovery of  gold and silver. Since 
1975, this process has been used intensively in gold-mining activities in the 
tropical areas of  South America, mainly in the Amazon. In these areas, mercury 
reaches aquatic ecosystems directly as the effluents  of  mining dredges and 
indirectly via precipitation after  volatilization and oxidation in the atmosphere 
(Pfeiffer  et al. 1989). Mercury concentrations in edible parts of  various fish 
species ranged from 0.07 to 2.7 pg/g wet wt. (Pfeiffer  et al. 1989). More 
recently, Nriagu et al. (1992) reported that gold mining in the Brazilian 
Amazon involves more than 650,000 people and results in the annual discharge 
of 90-120 tonnes of  mercury into local ecosystems. Although little is now 
known about the impact of  this mercury in South America on wildlife  including 
raptors, perhaps some lessons can be learned from  similar situations a century 
ago, but on a smaller scale in the western United States. Elevated 
concentrations of  mercury were reported in fish  from  the Carson River system 
in western Nevada in 1981; the mercury was introduced into the river during 
the Comstock gold and silver mining era (1865-1895) (Cooper 1983). During 
the 30-year peak of  the Comstock, an estimated 6.75 x 106 kg of  mercury 
was lost in the milling process (Bailey & Phoenix 1944). Nearly all of  the 
processing was carried out along the Carson River (because of  water power 
availability), and Carson Lake is located near the terminus of  the old bed of 
the Carson River. Elevated concentrations of  mercury were reported in livers 
and eggs of  White-faced  Ibis Plegadis  ehihi nesting at Carson Lake about 
100 years later in 1985 and 1986 (Henny & Herron 1989). Thus, investigations 
of  old mining sites which used mercury to recover gold and silver in the 
western United States, Canada, and elsewhere seem warranted. 

Another potential area of  concern is the Arctic of  eastern Canada where 
high mercury concentrations are common and perhaps more importantly, 
atmospheric mercury concentrations have been increasing (see Schindler et 
al. 1995; Langlois & Langis 1995). Raptors, especially fish-eating  species, 
in the eastern Arctic of  Canada and South America seem logical candidates 
for  additional studies of  mercury pollution. 

Other Contaminant Issues 

Cyanide compounds are extensively used in precious metal mining. 
Some cyanides are extremely toxic to aquatic and terrestrial animals, including 
raptors, exposed to ore leaching solutions (Henny et al. 1994a). Cyanide use 
in gold and silver mining has resulted in hundreds of  toxic ponds across the 
United States and elsewhere in the world. Mines are located in a variety of 
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habitats, but most in the United States are found  in the Great Basin and 
southwestern deserts. Mine tailings ponds are especially attractive to wildlife 
migrating through desert regions. From 1979 to 1992, the number of  gold 
mines in the western United States increased from 32 to 265, and by 1991 the 
industry was consuming 48 million kilograms of  cyanide per year (Alberswerth 
et al. 1992). Between 1986 and 1991, more than 9,500 birds, mammals, 
reptiles and amphibians were reported dead at Nevada gold mining operations. 
These included 15 species of  birds of  prey (Henny et al. 1994). Most of  the 
mortality resulted from  acute responses to ingestion of  free  and metal bound 
cyanide, but inhalation and percutaneous exposure may be also important 
for  aquatic species. Usually, when a bird lands at a cyanide pond in a desert, 
it begins drinking the cyanide-contaminated water. Sometimes ducks have 
died within 15 minutes of  landing and drinking. About half  of  the mill tailings 
ponds (some up to 150 ha) in Nevada have been chemically treated to reduce 
cyanide concentrations (the number needing treatment is uncertain) and many 
of  the smaller heap leach solution ponds and channels are now covered with 
netting to exclude birds and most mammals (as of 1990-1991). Finding dead 
birds on tops of  heaps and associated with solution puddling is a new problem, 
but management procedures for  eliminating the puddling are available. In a 
study of  acute oral toxicity of  NaCN to birds, the three predator species (Black 
Vulture Coragyps  atratus;  American kestrel, and Eastern Screech-owl Otus 
asio) were more sensitive than other species that feed  predominantly on plant 
material (Wiemeyer et al. 1986). The experience gained from  environmental 
studies of  cyanide at gold and silver mines in the United States should benefit 
others elsewhere. 

Rotenone is an effective  fish  toxicant used to improve angling by 
removing or reducing populations of  undesired or nuisance fish  species. 
Unfortunately,  these species are usually favorites  of  many fish-eating  birds 
of  prey. Rotenone kills gill-breathing vertebrates and invertebrates and has 
been used in the United States since the 1930s in the management of  freshwater 
fishery  resources. At the 0.5 to 2 mg/L (ppm) concentrations used for  fishery 
management, rotenone is nontoxic to mammals, birds and reptiles, and poses 
no lasting threat to the environment (Sousa et al. 1987). 

The concern about rotenone and birds does not relate to direct toxicity, 
but to the partial or complete loss of  fish  populations in the foraging  range of 
fish-eating  birds. Most Bald Eagle and Osprey biologists emphasize that 
foraging  areas near nesting territories should be identified  and protected from 
degradation and chemical control of  undesired fish  should not be undertaken 
until an assessment is made. With respect to Ospreys, no such investigations 
were made prior to our study in Oregon during 1987-1991 (Henny & Kaiser 
unpublished data). Compared to a reference  population at a nearby reservoir, 
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the Osprey population at the treated reservoir the year following  treatment 
produced 52% fewer  young per occupied nest, and several young died in the 
nest just prior to fledging  (apparently abandoned). Also, the number of  days 
to fledging  was extended (slower growth rates) in several nests at the treated 
reservoir. By 3 years after  treatment, productivity had recovered, but not to 
pre-rotenone rates (1.50 vs. 1.09 young per occupied nest) and I hypothesize 
that Ospreys feeding  primarily on trout cannot fledge  as many young as those 
feeding  on slow-moving bullheads and suckers. The magnitude of  effects  on 
production rates at treated reservoirs or lakes is obviously related to distances 
to alternate fish  supplies, since the Osprey returned to their previous years 
nest sites and layed eggs in spite of  no fish  being present in the treated reservoir. 
In our Osprey study, fish  were available at a large reservoir about 8 km away 
and at a very small reservoir about 3 km away. 

In the upper Peninsula of  Michigan, productivity of  Bald Eagles 
breeding at inland lakes was compared between breeding areas that were 
treated by removing fish  within 3.2 km of  the nest sites with breeding areas 
that were not treated. Eagles in breeding areas where fish  were removed 
were 56% less productive, 0.57 vs 1.30 young per occupied nest (P<0.001), 
than those breeding in areas where fish  were not removed (Bowerman 1991). 
Agencies managing bodies of  water supporting fish-eating  birds of  prey, need 
to consider these raptors before  fish  populations are altered. 

CONCLUSIONS 
No shortage of  contaminant-related problems exists for  birds of  prey 

worldwide. Admittedly, OCs caused severe population reductions, particularly 
for  fish-eating  and bird-eating raptors and they received much of  our attention 
for  many years. However the worldwide use of  most OCs is greatly reduced 
and many adversely affected  populations have now responded favorably. 
Some continued research with OCs is warranted, but we need to address new 
problems and threats, and some not so new. Some of  these threats, as I perceive 
them, are presented in this paper, although the list is not exhaustive. 
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