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INTRODUCTION.
1.S. Wendt

The purpose of this collection of technical papers is to document what is
known about which locations are sources of lead for waterfowl across Canada. This
is an important consideration, because much of the lead exposure in wildlife is
thought to be due to hunters’ use of lead shot in their shotguns. The choice of
ammunition can be controlled fairly easily, and the studies described here will help
indicate where that control is most needed. '

Exposure to a toxic substance does not necessarily mean that the symptoms of
poisoning will follow. Poisoning, if it occurs, does not necessarily lead to death. The
papers in this collection are not intended to provide direct information about mortality
due to lead poisoning, nor to relate this mortality to the overall population dynamics
of waterfowl.

Background

Lead has been mined and used by people since ancient times. Gale and Stos-:.
Gale (1981) suggested that lead smelting began at least as early as the seventh &%
millennium B.C. They suggested that lead, because of its low melting point, could
have been smelted accidentally at a campfire. This could not have occurred with

copper...They describe the development of a metallurgical technology for the -

extraction of silver from lead-rich ores in which lead was probably produced as a .
low-value by-product. Early uses of lead included spmdle whorls for the spinning of
yarn, fishing sinkers, wires, and rivets for the repair of pottery.

Today, lead has many uses. The largest commercial use is in batteries. Until
recently, gasoline additives were the next most important (Greniger et al. 1976). The
forms of lead used in gasoline are tetramethyl lead and tetraethyl lead, which are
more toxic to humans than inorganic lead (Goyer 1988). The use of lead in gasoline
in Canada has now been almost eliminated by regulations.

A relatively minor use of lead is in ammunition (5.7% of uses in 1972 -
Greniger et al. 1976). Lead has several properties that make it attractive for making
projectiles. These include low cost, malleability (which allows it to deform rather
than shatter), softness (which reduces the potential of damage to gun barrels), high
density (which leads to high impact on the target), and workability at relatively low
temperatures. Historically, almost all small arms ammunition has used lead.

. One kind of ammunition that has been traditionally made of lead is the shotgun
shell used for hunting waterfowl. A typical shell contains several hundred pellets. In
use, most of these pellets do not strike the bird, but fall into the environment, usually




a wetland environment. The pellets, being made of inorganic lead, are relatively inert
in most environments, except for those of exceptionally high pH (Royal Society of
Canada 1986). Thus, in most cases, the toxicological significance of the spent lead
pellets is low. If a bird ingests the pellets, however, poisoning can occur.

Birds do not have teeth. When a bird ingests a hard particle such as a stone,
it often retains the particle in its gizzard where it is used to grind food. The particle
may remain in the gizzard for a month until it, too, is ground away. Thus a large
proportion of the lead in the pellet can be available for absorption into the bird’s
body. To make matters worse, birds will seek out hard particles (grit) for their
gizzards. Lead pellets from hunting may be one of the most abundant sources of grit
available to waterfowl in certain environments.

Sometimes a combination of factors has led to major mortality (die-offs) of
waterfowl due to lead poisoning (Bellrose 1959). Thousands of ducks and geese have
been found dead during such events. Major die-offs have been associated with areas
of high hunting intensity, where many lead pellets are deposited on wetland bottoms.
Other factors that are important include the climate and time of year, the diet of the
birds, the makeup of the wetland bottom, and the length of time the birds stay in the
area.

Bellrose suggested that major die-offs do not account for most waterfowl -
mortality due to lead poisoning. There is the possibility that numbers of birds
. suffering symptoms of lead poisoning withdraw from flocks to die alone, or die and. - -
are removed by predators. These losses would not often be observed by people.

There is little direct information on mortality of waterfowl due to lead -
poisoning in Canada. Major die-offs of waterfowl have not been common. Still,
there has been concern about lead poisoning here for many years. In the United
States, the higher apparent level of poisoning, and in particular some secondary
poisoning of Bald Eagles, led to a progressive ban on the use of lead shot for
waterfowl] hunting.. By 1991 lead shot could not be used for this purpose anywhere in
the U.S. ' :

In Canada, the first bans on the use of lead shot for waterfowl hunting were
instituted regionally in 1989 and 1990. Selected areas of Ontario, Manitoba, and
British Columbia were included, where it had been shown that there was a high risk
of lead poisoning in waterfowl. The Canadian reaction was tempered by two factors.
There were some perceived shortcomings of steel shot, the proposed alternative to
lead. It was argued that steel shot could lead to an increase in the number of birds
that are crippled, but not killed outright, particularly with inexpert hunters. As there
was a perception that many areas of Canada do not have appreciable lead poisoning
risk (Wendt and Kennedy 1992), the risk of increased crippling rates was an
important consideration. Since that time there have been improvements in steel shot,



and better public information on its qualities. Concerns about the possibly poorer
killing performance of steel have diminished, but not disappeared. None of the
studies in this collection provide new information on this question.

To proceed with control of lead poisoning in waterfowl, it was decided that
lead shot for waterfowl hunting would be banned in Canada wherever it was likely to
cause significant poisoning of wildlife. Still, a framework was needed to help orient
field studies and tie these to regulatory action. For this purpose, staff of the
Canadian Wildlife Service developed a set of criteria for assessing the various
measures of lead exposure in waterfowl, and relating these to regulations. This
framework was approved by federal and provincial wildlife ministers as an interim
policy in 1990. As most of the information available at that time related to gizzard
samples, that interim policy established priorities for action in different areas of the
country, based on the incidence of lead pellets in the gizzards of dabbling ducks.
Wherever the ingestion rate exceeded 10 %, non-toxic shot zones were to be
considered immediately. The next areas to be examined were to be those with over 5
% ingestion rate. The research summarized in these papers was based on this
framework.

This Report

In this collection of research papers, exposure of waterfowl to lead across
Canada is assessed by a variety of techniques. The first paper deals with a nation-

T

wide survey that,analyzed the concentration of lead in bones of young ducks of three ; )

species. Subsequent papers describe gizzard analyses, in which gizzards from dead
birds are examined for pieces of lead pellets, and other techniques for detecting lead
in tissue samples and in natural environments. The collection reveals a national .
picture of the areas where waterfowl are most exposed to the risk of poisoning from
lead pellets in Canada, and attempts to assess the degree of this risk to Canadian
wildlife in general. '

The paper by Dickson and Scheuhammer presents maps showing lead exposure
across Canada. Because of the graphic presentation, some readers may be tempted to
focus only on these results. This would be a mistake. Each of the studies refers to
samples (e.g. of waterfowl tissues like wings, gizzards and blood; of bottom
sediments; or of incapacitated eagles), and samples are subject to error. Itis .
important not to infer too much from a small amount of information, and to
appreciate underlying assumptions made by the researchers. Dickson and
Scheuhammer provide a useful discussion of the reliability of their assumptions.

Their paper should be read as a large-scale overview of lead exposure in ducks, but it
must be supplemented by the detailed information given in the other papers.

Also bear in mind that the studies in this report are not meant to quantify the
mortality of waterfowl due to lead shot, much less to compare "birds saved" from




lead poisoning with "birds lost or saved" from a change in ammunition. A complete
assessment of the overall impact on waterfowl populations of a Canadian decision to
ban or allow lead shot in a certain zone, would be difficult for several reasons. First,
the link between exposure to lead and mortality in wild birds is not well understood.
There are examples of significant exposure apparently without significant mortality
(e.g. Pintails, in Deuel 1985 - but note that in other conditions Pintails have proven
susceptible to lead poisoning). Response appears to be vary widely with diet, climatic
conditions, and species. Second, the impact of mortality from lead poisoning on the
next season’s breeding populations can probably not be measured, given the relative
lack of success biologists have had in identifying a population effect from hunting
mortality (e.g. Anderson 1976: in all estimates for hunted species, hunting mortality
is much higher than that due to lead poisoning). Third, efforts to assess crippling loss
differences among shot types have been ambiguous and controversial. The difficulties
~ come from the measurement of crippling loss itself. Some of the best experiments on
crippling loss have mostly demonstrated the high cost of obtaining samples, and the -
high variability in different hunting locations (e.g. Nieman et al. 1987). In view of -
these complications, the net effect on duck populations of lead shot vs. its alternatives
" in places with low lead exposure can only be speculated upon.

Future Directions

The advisability of establishing additional regional bans or a national ban on
the use of lead shot for waterfow! hunting is still in question. The purpose of this
~ technical report is to provide information on where there is detectable risk of lead
‘exposure in waterfowl. Public concern about the lead shot issue, the ability to
enforce regulations, and the development of new alternative kinds-of shot will all be
important additional considerations. -

The Canadian Wildlife Service will work to ensure that at least those areas that
exhibit a significant risk of lead poisoning will be included in non-toxic shot zones.
This will be accomplished through the normal process of consultations with provinces
and other groups involved in the development of annual hunting regulations for
migratory birds. This strategy will reduce lead poisoning of waterfowl to a negligible
proportion of present values. The non-toxic shot zones may also be extended to areas
where waterfowl are believed to be only minimally exposed to lead shot, according to
the approach taken in each province.
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CONCENTRATIONS OF LEAD IN WING BONES OF THREE SPECIES OF
DUCKS IN CANADA

K.M. Dickson and AM Scheuhammer, Canadian Wildlife Service, Ottawa

Abstract

Wing bones from immature Mallards, American Black Ducks, Mallard-Black duck
hybrids (total sample 8692) and Ring-necked Ducks (821) were collected as part of
the 1988 and 1989 National Harvest Survey (NHS). Dissolved wing bones were
assessed for lead concentration by flame atomic absorption spectrophotometry.
Frequency distributions of number of wings vs lead concentration were plotted and
used to determine values for elevated lead levels (= 10 mg/kg). Geographic
distribution of elevated lead was mapped using SPANS, and overlaid on a map of
hunting intensity determined from the NHS. Areas showing both high hunting
intensity and elevated lead levels were identified as being prone to problems with lead
contamination of waterfowl. Areas in each province except Saskatchewan were
identified, and could be considered for non-toxic shot zoning.

Introduction

Ingestion of lead shotgun pellets is an important source of lead for waterfowl. Lead
poisoning can cause physiological disturbances of the digestive, circulatory and
nervous systems that may eventually result in death. A detailed description of
symptoms can be found in Sanderson and Bellrose (1986). Additional sources of lead
to which waterfowl may be exposed include by-products of copper and nickel mining,
waste tailings around lead mining areas, refineries, embedded lead shot and
automobile fuel. However, ingestion of lead shot seems to be the major source of
lead intoxication in waterfowl (Sanderson and Bellrose 1986).

The objectives of this paper are to examine the geographic distribution .of elevated.
concentrations of lead in wing bones of juvenile ducks across Canada, and to identify
areas where elevated concentratxons of lead and intensive hunting co-occur.

Methods

Concentration of lead in wing bones
To evaluate the exposure to lead of wild ducks across Canada, wing bones were

collected from immature Mallards, American Black Ducks, Mallard-American Black
Duck hybrids and Ring-necked Ducks. These were submitted by hunters as part of
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‘the 1988 and 1989 Wing and Tail Parts component of the National Harvest Survey
(NHS) of the Canadian Wildlife Service. The age of the birds was determined by
experienced biologists. Each hunter provided the sample location as a distance and
direction from the nearest post office. These values were converted to a latitude and
longitude describing the location of kill for each bird.

Only juvenile ducks were used so that the concentrations of lead could be attributed to
exposure experienced in Canada during the first few months of life. Wing bones
(radii) were excised, cleaned of associated muscle tissue, freeze-dried, weighed and
digested in high-purity nitric acid under clean laboratory conditions. Any damaged
bones were discarded. The concentration of lead in the bones was measured by flame
atomic absorption spectrophotometry. These methods will be described in greater
detail in subsequent reports.

Frequency distributions were calculated to examine the differences in
concentrations of lead in wing bones among species and between the two years. The
distributions were plotted as the number of wing bones against the concentration of
lead in the wing bones. The similarity of this distribution between years for each
species was tested using the goodness of fit described by Sokal and Rohlf (1981), as
was the similarity of the distribution among species. The distributions were also used s
to determine the concentration that would be used in further analyses to indicate
"elevated" levels of lead.

The geographic distribution of the incidence of elevated concentrations of lead
in wing bones of.ducks was mapped. For this analysis, the data were summarized by
blocks measuring: 10 minutes of latitude by 10 minutes of longitude (referred to as .
"10-minute blocks"). These areal estimates were treated as point data situated at the-
- latitude and longitude of the centre of each 10-minute block.

Spatial distribution of hunting intensigy

The number of days spent hunting ducks each season is estimated as part of
the questionnaire component of the annual NHS. Hunters are asked to provide
information on their hunting habits and success (e.g. how many days were spent
hunting ducks, and the most often used location for hunting ducks). The number of
duck hunter-days for each 10-minute block was calculated from this information. It is
important to note that these estimates of hunting intensity represent only hunters that
hold a Migratory Game Bird Hunting Permit; thus, kill by native people, who do not
need permits, and illegal hunting are not included.

The average estimated hunter-days from 1972 to 1988 inclusive within each
10-minute block was used. .This data set covered a significantly longer time period
than the two years of wing collection. We wanted to minimize the number of blocks
with unknown levels of hunting so as to distinguish blocks where there is no hunting
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from those where hunting does occur but was not sampled. A block that did not
show any hunting over the 17 years of the survey was considered to never have any
hunting activity. Thus, blocks were required to have had at least 1 duck hunter-day
between 1972 and 1988 to be considered in the following analyses. Again, the data
were assigned the latitude and longitude of the centre of the 10-minute block.

A frequency distribution of the number of duck hunter-days was calculated to
help identify the level of hunting that would be described as "intensive". The.
geographic distributions of resulting categories of hunting intensity were mapped.

. Mappin

The Spatial Analysis System (SPANS) was used to examine the spatial
distributions of hunting intensity and of the frequency of elevated lead concentrations
in wing bones. SPANS interpolates point data to create a smoothed or averaged
surface that can be interpreted as a thematic map. POTMAP (Potential Mapping)
starts with the assumption that the value of any point is related to the points around it
and is less related to points farther away (Intera Tydac 1991).

- The methodology is based on overlaying sampling circles. An averaged value
is calculated for all point values falling within the circles and becomes the new value
associated with the point at the centre of the sampling circles. The user specifies the
value of parameters that describe how large the circles should be and the formula for
weighting of neighbouring points. Alpha is the radius of an inner circle wherein all. .
points are weighted equally, gamma is the radius of the sampling circle wherein all

points are not weighted equally, and beta is the function that specifies how the points

inside gamma will be weighted. The number of nearest nelghbours to.be used in the.
averaging process is also specified.

The data pomts were located at the centre of 10-minute blocks of latitude and
longitude. As one moves north, the distance between lines of longitude decreases, so
10-minute blocks in the south are slightly larger than those farther north. In the area
of the northernmost wing receipts, adjacent east-west points were separated by
approximately 11.22 km, and adjacent north-south points were about 18 km apart.
Alpha (the radius of the inner circle) was chosen to be 5.6 km (giving a diameter of
11.2 km, which was slightly less than the distance between points). This allowed the
value of each centroid point to be retained while at the same time providing the '
required sense of "area" (rather than appearing as a point) for display purposes.
Averaging, or smoothing, was not required, because each data point was a composite
of all wings in a 10-minute block. Therefore, gamma (the radius of the sampling
circle) was also chosen to be 5.6 km, and beta, the weighting factor, was equal to 1.
Because gamma was also less than the distance between points, there was no
smoothing of values according to the value of nearest neighbours.




Classification systems for the maps were based on the frequency distributions
described earlier. Interpolated maps of hunting intensity and of the frequency of
elevated concentrations of lead in wing bones were produced individually for dabbling
ducks (Mallards and American Black Ducks combined) and Ring-necked Ducks. To
compare the correspondence of hunting intensity with elevated concentrations of lead,
these maps were combined using the Overlay procedure of SPANS. Overlay maps
were created for Mallards in western Canada and for dabblers (Mallards plus
American Black Ducks) and Ring-necked Ducks in eastern Canada. Ring-necked
Ducks were treated separately from dabbling ducks because of the relatively high
concentrations of lead in their wings.

Results _
Concentration of lead in wfng bones

" In total, 5 322 Mallards, 3 300 American Black Ducks and 70 Mallard X
American Black Duck hybrids were represented in the sample. The distribution of
the total number of dabbling duck wings sampled from each degree-block is shown in
Figure 1. The sample showed good coverage of the settled portion of the country. A
total of 821 Ring-necked Ducks was submitted throughout eastern Canada (from
provinces east of, and including, Ontario). , -

The individual frequency distributions of the concentration of lead in wing
bones of both Mallards and American Black Ducks were similar in each year (for
Mallards, g=4104.82 df=4; for American Black Ducks, g=13.12 df=4) and to each
other (g=18.81 df=4).- The data for both species in both years are hereafter &
combined as "dabbling ducks" (Figure 2). Based on the shape of the distribution #-
curves, lead concentrations of =10 mg/kg (about 17% of the wing bones) were
considered to be elevated.

 The distribution of the concentrations of lead in wing bones of Ring-necked
Ducks also appeared to be similar between years (g=19.62 df=4). Figure 3 shows
the data for Ring-necked Ducks with the two years combined.

The proportional distribution of the lead concentrations in wing bones from
dabbling ducks and Ring-necked Ducks for each province is shown in Table 1.
Categories were based on the distribution of lead in the wing bones of dabbling
ducks. The first category represents the 8% of birds with very low bone lead
concentrations. The second category contained 75% of the sample and represents the
remainder of the birds that had lead concentrations below 10 mg/kg. Nationally,
about 83% of the wing bones from Mallards and American Black Ducks contained
lead concentrations of <10 mg/kg. Elevated concentrations of bone lead (=10
mg/kg) were found in 17% of the wing bones (Table 1). -




There were some differences among provinces (Table 1). The Prairie
provinces had a smaller proportion (6-11%) of wing bones with elevated bone lead
compared to the average values for Canada (g=90.49 df=1). In contrast, a higher
than average proportion of wing bones from dabbling ducks in eastern Canada (with
the exception of Newfoundland) exhibited elevated concentrations of lead (g=15.63,
df=1) (Table 1).

The sample of wing bones from Ring-necked Ducks came primarily from
eastern Canada. Only 52% of the sample had <10 mg/kg of lead in the wing bones,
and, of the remainder, 28% showed bone lead concentrations in excess of 20 mg/kg
(Table 1).

~ Hunter-days

Figure 4 shows the frequency distribution of the average number of duck
hunter-days per year in each 10-minute block. About 3% of the blocks averaged
more than 2000 hunter-days (where the plot was intentionally stopped). Break points
were not obvious in this data set. However, the shape of the curve began to level off
at about 500 duck hunter-days per year. This value was selected as the threshold
above which hunting would be considered intensive. About 30% of the blocks where
there is some hunting fell into the intensive category.

Comparison of hunter-days with incidence: of elevated lead

Maps showing the geographic distributions of incidence of elevated bone lead
concentrations and of hunting intensity were combined to show the areas where high.. .. .
incidence of elevated bone lead and intensive hunting coincided.. .As noted above,
intensive hunting was defined as an average of 500 or more duck hunter-days per -
year. Blocks with fewer than 500 duck hunter-days per year were assigned a low
level of hunting intensity. High incidence of elevated lead was indicated at locations
where at least 10% of the sample contained =10 mg/kg of lead. Otherwise, the
~ block was assigned a low lead incidence. Figures 5, 6 and 7 show the results of the
overlays of hunting intensity and incidence of elevated bone lead concentrations. More
~ detail is provided in Appendix A, page 24, for specific regions where there were
large samples. ' '
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The map illustrated in Figure 5 shows that, for immature dabbling ducks in
eastern Canada, the areas of high hunting intensity and high incidence of elevated lead
concentrations in wing bones included, by province:

Province

Areas of High Hunting and
Elevated Lead Concentrations

Newfoundland

four small areas on the east coast (the three
northernmost spots were each represented
by <5 wings)

Prince Edward Island

large parts of the island

Nova Scotia

near Sydney, around Halifax, near
Wolfville, in the southwest and the border
marsh with New Brunswick

New Brunswick

the Saint-John River Valley, the border
marsh with Nova Scotia and the area of
Neguac R

Québec

an area near Gaspé, the southeast end of
Lac Saint-Jean, in the area of Baie-
Comeau, along both shores of the St.
Lawrence River from the Ile d’Orléans and
the city of Québec to the Ontario border

Ontario

areas just west of Ottawa, around X
Cornwall, Kingston and the Rideau LaKes,
Lake Simcoe and surroundings, Long Point
and surroundings, the Lake St. Clair area,
around Sudbury and North Bay and around
Sault Ste. Marie
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In western Canada, the areas of high hunting intensity and high incidence of elevated
lead concentrations in juvenile Mallard wing bones (Figure 6) included, by province:

Province

Areas of High Hunting and
Elevated Lead Concentrations

Manitoba

an area at the south end of Lake Winnipeg,
the south parts of the Shoal Lakes, the
south end of Lake Manitoba, an area
around Hecla and Riverton and another .
around The Pas

Saskatchewan

no such areas

Alberta

four areas in the south near Calgary and
Brooks (based on <5 wings each), an area
just north of Buffalo Lake and three areas
east of Edmonton near Beaverhill and
Miquelon Lakes

British Columbia

near Duncan on Vancouver Island, in the
area of the Fraser River Delta and its
tributaries approximately as far as the town
of Hope

Figure 7 shows the overlay of hunting intensity with frequency of elevated
concentrations of lead for Ring-necked Ducks. The locations of areas showing both
intensive hunting and high incidence of elevated lead concentrations were similar to

those for dabbling ducks.
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Figure 2. Frequency distribution for the concentration of lead in wing
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Table 1. Proportional distribution of lead concentrations in wing bones (values
are percentages).
Dabbling Ducks Ring-necked Duck
Province :
No.of <2.99 3.00- 10.00- 220 No.of <2.99 3.00- 10.00- 220
wings mg/kg 9.9 19.9 mg/kg wings mg/kg 9.99 . 19.9 mg/kg
mg/ mg/kg : mg/kg mg/kg
kg
BC 1097 12 72 9 7 12 8 33 33 25
AB 690 | 7 | 86 | 4 2 1 0 100 | O 0
SK 214 8 83 4 4 0 0 0 0 0
MB 326 7 83 7 4 8 12 50 13 0
ON 2429 | 5 |75 12| 8 |[ 354 | 4 | 55| 14 | 27
QC 2408 7 75 11 8 259 8 42 27 23
NB 471 10 70 | 11 9 82 1 39 27 33
NS 787 12 73 10 4 60 7 37 25 31
PI 126 8 | 67 13 12 23 4 26 5 65
NF 120 12 78 8 2 20 5 70 10 15
NT 15 13 73 0 13 2 0 0 100
YK 9 22 78 0 0 0 0 0 0
Canada 8692 8 75 10 7 821 5 47 20 28
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Discussion

The utility and validity of defining areas of concern by overlaying patterns of
intensive hunting with high incidence of elevated bone lead depend on the following
assumptions:

Lead was ingested near the location at which the bird was killed.

Lead accumulates rapidly in bone following exposure. Stendell et. al. (1979)
reported that lead concentrations in bones became elevated within 24 hours of lead
shot ingestion. Also, lead in bone tissue is stable; once elevated concentrations have
accumulated, they will remain elevated indefinitely. This may pose a problem, in that
birds could accumulate elevated bone lead concentrations and then move to other
locations before being shot by hunters. It is unlikely, however, that the overall
incidence of elevated lead concentrations would be high in areas where substantial
shot ingestion (or other sources of elevated lead exposure) does not occur, whereas
mean lead concentrations should be elevated in areas where shot ingestion regularly
occurs. This expectation is corroborated by the fact that areas already known to be
"hot spots" of shot ingestion (e.g. Lake St. Clair, Ontario) are reliably identified in
this wing bone survey..

An incidence of >10% of samples with =10 mg/kg of lead in bone 18 1nd1cat1ve of
an area where elevated lead exposure is likely to occur.

The value of 10 mg/kg as a threshold defining "elevated" concentrations of
lead is supported from both a statistical (the shape of the frequency distribution
(Figure 2)) and an experimental perspective. Waterfowl that have not experienced
significant lead exposure generally have <10 mg/kg lead in their bones, whereas
those known to have ingested shot, as well as those purposely dosed with shot, almost
invariably accumulate > 10 mg/kg (Anderson 1975; Finley et al. 1976; Szymczak and
Adrian 1978). This principle is true for other bird species as well. Eagles dosed
with No. 4 lead shot contained an average of 10 mg/kg lead in tibias (Pattee et al.
1981), whereas a variety of seabird species sampled in areas remote from potential
sources of lead exposure had bone lead concentrations averaging <5 mg/kg (Elliott et
al. 1992).

The value of 10% incidence is based on the criteria for zoning listed by the
Canadian Wildlife Service (CWS 1990), which indicate that an area should be zoned
for non-toxic shot if the incidence of elevated blood lead or other equivalent measures
of high lead exposure exceeds 10%. For the purposes of the present study, we
considered a 10% incidence of high bone lead to be roughly equivalent to a 10%
incidence of elevated blood lead.
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There is a link between elevated concentrations of lead in bones and symptoms of lead
poisoning. - :

This assumption is ‘supported by numerous studies. For instance, adult
Mallards dosed with two No. 4 shot demonstrated acute neurological signs of lead
poisoning within 24 hours and accumulated concentrations of lead in their bones that
exceeded their pre-dosing levels by about 10 mg/kg (Mautino and Bell 1987). The
bone lead concentrations of geese that either were reared in captivity or were non-
lead-poisoned wild birds ranged from 2 to 11 mg/kg, whereas the concentrations in
birds deemed to have been lead poisoned ranged from 7 to 389 mg/kg (Szymczak and
Adrian 1978). Wing bones of Lesser Scaup found dead or dying of lead poisoning
contained 12-138 mg/kg of lead (Anderson 1975).

It should be noted that very high (> 100 mg/kg) concentrations of bone lead
frequently reported for waterfowl found dead of lead poisoning are not represented in
the present survey of dabbling ducks because: 1) all of our samples were hunter-shot
birds, thus none had died of lead poisoning; and 2) all of our samples are from

juvenile birds, therefore we expect that their bone lead concentrations should be very
~ low in the absence of shot ingestion. We would not have this expectation in the case
of adult birds, which could conceivably accumulate high bone lead concentrations
through gradual, -long-term exposure. Although we do not have access, in the present
survey, to birds that have died of lead poisoning, we assume that those areas having a
high incidence of elevated bone lead (> 10 mg/kg) are the same areas where the
relative risk of lead poisoning is also high.

e

An average of 500 hunter-days or more each year in a 10-minute block is a useful =~
ingigator of intensive hunting,

A 10-minute block covers about 234 km? at 44°N latitude and decreases in size
to about 200 km? at 55°N latitude. An average of 500 hunter-days per year represents
about 2-2.5 hunter-days for each square kilometre. Because of the effect of
decreasing size of 10-minute block with increasing latitude, the value ranges from
about 2.1 in more southerly areas to 2.5 at about 53°N.

Hunhng tends to be concentrated spanally, as good hunting spots within a
block of land are clumped rather than uniformly distributed. Given this, the true
density of hunters would be higher than that estimated above. Hunting is also
concentrated temporally, with heavier hunting intensity taking place early in the
season. This means that more pellets are deposited early and are available for
ingestion as the season progresses.

The sample size was low (<5 wings) in some 10-minute blocks. In such
areas, the blocks tended to have low hunting intensity, with either high or low
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incidence of elevated lead concentrations. However, in other cases, blocks of "high
days/high lead" were based on few wings. Examples are seen in southern Alberta

. and in coastal Newfoundland. Field studies are needed to look carefully at these
locations.

Some areas exist where the incidence of elevated concentrations of lead in
dabbling ducks was significant even though hunting intensities were relatively low
("low days/hlgh lead"). Examples are areas of metal mining activity on the Canadian -
Shield in Ontario and Quebec, and parts of Saskatchewan and Alberta. In some
cases, the high incidence of elevated lead concentrations might have resulted from
shot deposited by hunters not requiring permits (and thus not sampled) or from
harvest of immature birds that have moved away from the area where the lead shot
was ingested. Also, very localized spots of intensive hunting may not have been
detected by this analysis. In other cases, birds with high bone lead concentrations
may have been adults that were misidentified as immature birds. S. Wendt (pers.
comm.) estimated, based on rates of misclassification, that it would not be
unreasonable for 2-3% of the wings in this study to have been from adult birds that
have been exposed to lead in staging and wintering areas in the United States. Non-
hunting, as well as hunting, sources of lead in regions of "low days/high lead" are the
subject of another paper in preparation.

Concentrations of lead in wing bones of Ring-necked Ducks were much higher
than the concentrations of lead in dabbling duck wing bones. It has been observed in
gizzard samples that Ring-necked Ducks, and some other diving species, typically-
have a higher ingestion rate for lead pellets (Sanderson and Bellrose 1986), and it has
been suggested that diving ducks feeding on items rich in protein are less susceptible
to lead poisoning. Our analysis shows that lead is physiologically available to Ring-
necked Ducks and that it accumulates in bone. In fact, one-half of the Ring-necked
Duck sample had bone lead concentrations of =10 mg/kg. Areas of "high days/high
- lead" for Ring-necked Ducks appeared to coincide well with similar areas for
" dabbling ducks. '

Establishment of non-toxic shot zones should result in a substantial decline in
the frequency of elevated lead exposure in waterfowl. A second, future survey of
lead in waterfowl wing bones would be a useful tool to monitor the effectiveness of
non-toxic shot zones.
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INCIDENCE OF LEAD CONTAMINATION IN WATERFOWL AND OF LEAD
. POISONING OF BALD EAGLES FROM BRITISH COLUMBIA, 1988-91

Adapted from: Elliott et al. 1992; and Whitehead 1989; additional information
. provided by P.E. Whitehead and J.E. Elliott from Canadian
Wildlife Service, Pacific and Yukon Region

Abstract

X-ray analysis of 487 waterfowl gizzards collected in 1988 and 1989 in
southwestern British Columbia indicated 25.6% of Northern Pintail, 20.9% of
Mallard, 12.8% of Canada Goose and 10.2% of Snow Goose had lead shot present.
The overall mean for all waterfowl samples was 14%. An additional 108 gizzards
from the Fraser River estuary were examined for lead shot in the winter of 1990-91,
Of the three dabbling duck species examined, 3.7% had ingested lead pellets, and the
same percentage contained steel pellets. This is evidence that the ban on the use of
lead shot for waterfowl hunting in southwestern British Columbia during the 1990
hunting season had a positive effect. However, lead poisoning of 11 Trumpeter
Swans may indicate that species feeding deep into sediments stay at risk for a longer
period than water-column or over-bottom feeders.

- The cause of death or sickness in 267 Bald Eagles was identified from 1989 to
1991. Lead exposure was determined by evaluating clinical signs, radiographs,
pathology, aminolevulinic acid dehydratase (ALA-d) ratios in blood, and lead levels in
kidney, liver and bone for a subsample of 65 Bald Eagles. The results indicate that
37% of eagles tested were lead contaminated, with 14% classified as lead poisoned
and 23% as lead exposed. The greatest percentage of poisoned/tested birds was
received during the months of January to March, when eagles feed heavily on
wintering waterfowl. Although the majority of both lead-poisoned and subclinically
exposed Bald Eagles came from the non-toxic shot zones, substantial numbers (i.e.

4/9 poisoned birds, 4/15 subclinically exposed birds) came from outside the zones.

Introduction

Lead poisoning has long been known to affect waterfow!l populations in the
USA (Bellrose 1959; Longcore et al. 1974; Mudge 1983). Although lead
concentrations are not biomagnified along the food chain (The Royal Society of
- Canada 1986), poisoning of Bald Eagles feeding on waterfowl carrying lead pellets
was the primary incentive for the ban of lead shot in the USA. Before the present
study, the situation in British Columbia was not wejl known. After cases of lead
poisoning of B.C. Bald Eagles were documented i in 1986 (Langelier et al. 1991), a
. study of lead contamination in Bald Eagles and waterfow] was initiated.
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Methods

Waterfowl gizzards were collected from hunters in the Lower Mainland
(Westham Island, Boundary Bay, Abbotsford, Pitt River, Fraser River, Shuswap,
Creston) and on Vancouver Island near Ladysmith, Nanaimo and Courtenay/Comox,
from October 1988 through January 1989. Gizzards were packaged and frozen until
examined for the presence of lead shot. Thawed gizzards were opened and the
contents washed, dried and packaged individually in plastic bags. The bags were then
‘x-rayed and the presence of lead shot or lead fragments was recorded. Gizzards
collected during the winter of 1990-91 from the Fraser River estuary were x-rayed
whole and examined for wound channels to separate shot-in shot from ingested shot.
Following x-ray, the contents were emptied into aluminum pans and air dried. Steel
pellets were retrieved with a magnet and lead pellets were found by visual
examination. Total numbers of pellets retrieved from each gizzard were verified by
comparison to the x-rays. Ingestion rates of lead pellets were compared between
years for Mallard, Northern Pintail and American Wigeon by likelihood ratio chi-
square. Fisher’s exact test was used to compare historic ingestion rate values with
data from 1990-91 for these three species combined.

In winter 1992, 25 carcasses of Trumpeter Swans, one Tundra Swan and one
Common Goldeneye were found at Judson Lake, Abbotsford County. Twelve of
these birds were necropsied and lead levels in kidneys and livers were measured;
eight birds were examined for the presence of lead pellets in their gizzard,
acetylcholinesterase level was evaluated for the remaining five birds. -

Bald Eagle carcasses were obtained from the B.C. Ministry of Environment,
Canadian Wildlife Service (CWS) field. workers, wildlife rehabilitators and the public,
after media advertisement and communication with different agencies. Autopsies
were carried out at the Island Veterinary Hospital, Nanaimo, B.C. Blood samples
were taken from sick birds for further analyses of aminolevulinic acid dehydratase
(ALA-d) (see Scheuhammer 1989). Samples were stored in nitric acid rinsed
cryovials and frozen in liquid nitrogen. Samples from kidneys and bones were stored
in acetone/hexane cleaned jars and frozen. Tissue from a subsample of 65 birds was
shipped on dry ice to the National Wildlife Research Centre (NWRC, Hull, Que.) for
analysis. Sex was determined on post-mortem examination or by hallux claw and bill
depth measurement (Bortolotti 1984). Juveniles were distinguished from adults based
on moulting sequence (McCollough 1989).

Lead levels in bone were determined by flame atomic absorption
spectrophotometer (AAS) and in kidney by graphite furnace AAS, and are expressed
on a dry weight (dw) basis. ALA-d activity was determined by the ratio of
activated:inactivated enzyme activity to eliminate sources of variation between species
(Scheuhammer 1987, 1989).
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Results

Lead shot in waterfowl gizzards

In 1988 and 1989, the overall incidence of lead shot in waterfowl gizzards
from the Lower Mainland and Vancouver Island was 14% (Table 1). The highest-
‘proportions were in Northern Pintails (25.6%), Mallards (20.9%) and Canada Geese
(12.8%). Sites that showed the highest levels of contamination were, in decreasing
order of importance, the Fraser River, Boundary Bay, Pitt River and Westham Island.
Historic values for the Fraser River estuary are summarized in Table 2, and are
compared to values for winter 1990-91 in Table 3. Lead pellet ingestion rates for
Mallards (df=7 x*=46.0 p<0.001), American Wigeons (df=6 x?=34.0 p<0.001)
and Northern Pintail (df=6 x*=17.6 p=0.007) varied significantly between years.
Ingestion rates in Mallards were low in 1990-91 (X=5.4%) compared to previous
years (X=13.1% +5.2). Mallards ranked second-lowest in ingestion rate, but did not
contribute significantly to the chi-square (2.8 %), because of the small sample size.
For Northern Pintails, occurrence of ingested lead shot in the winter 1990-91
(X=5.9%) showed the third highest value, but with a non-significant contribution to
the x? of 2.6%. The mean ingestion rate (%) for Northern Pintails in previous studies
was X=10.04+11.8. The result for American Wigeons (X=0%) is similar to the
results of previous studies (Xx=2.2% +3.0; 11.2% of the total x*> was due to 1990-91:.
data). The lead ingestion rate for Mallards, American Wigeons and Northern Pintails

from the Fraser River estuary in 1990-91 was the lowest ever recorded (3.7%; equal

to the steel pellet ingestion rate), compared to 20.3% in 1988, 4.4% in 1987, 6.9% in
1965-67, 16.3% in 1951, 6.1% in 1949 and 10.9% in 1948. However, the total
pellet ingestion rate for these three species (lead+steel) in 1990-91 was no different
than the rates in previous studies (df=1 N=1800 p=0.334). Lead ingestion rates for
six species from selected wildlife management units are presented in Table 1; Mallard
data are isolated in Figure 1.

Of the 12 necropsied swan carcasses from Abbotsford management unit, 11
apparently died of esophageal impaction and proventricular dilatation caused by lead
poisoning. All eight gizzards screened had lead pellets (about 10.per bird). Lead
levels ranged from 5 to 28 ppm wet weight (ww) in kidneys and from 6 to 14 ppm
ww in liver; values consistent with acute lead poisoning. Brain acetylcholinesterase
levels appeared normal, ruling out cholinesterase-inhibiting pesticides as the cause of
death. These poisoned swans were located in an area where non-toxic shot has been
mandatory for waterfowl hunting since 1990. Judson Lake receives minimal hunting
pressure, and sediment samples taken by the Washington State Wildlife Service did
not contain any lead pellet. The occurrence of upland game bird hunting and
trapshooting around this particular area is under investigation.

Tissue lead levels and ALA-d activity ratios

Of the 65 eagles tested, 9 (13.8%) birds were classified as lead poisoned
(Table 4), 15 (23.1%) as exposed (Table 5), and 41 (65.1%) as free from lead
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exposure (Table 6).

Birds were classified as poisoned, if ALA-d ratios were greater than 5
(indicating a blood lead level above 80 ug/dl; similar to the 1 ppm critical value
determined by Redig (1985)), and/or if lead levels in kidney were greater than 20
mg/kg dw (evaluated as an equivalent to the 5 ppm ww of Pattee et al. (1981) from a
conversion factor of 4 between dw and ww in mammals). The mean ALA-d ratio for
the acutely poisoned birds (Table 4) was 16.7 £9.4 (N=35), while mean lead levels
were 34 +18 mg/kg dw in kidneys (N=5) and 7.3 +2.2 mg/kg dw in bones (samples
with detectable levels only: N=4).

* Table 5 reports the results for the 15 eagles that showed subclinical lead
exposure based on an ALA-d ratio greater than 2 and lower than 5, and/or lead levels
in kidney greater than 2.0 and lower than 20.0 mg/kg dw, or detectable levels in
bone. These threshold values reflect contamination beyond background levels, but
under critical values for lead poisoning. Mean ALA-d ratios for this group were
2.840.7 (N=8), while mean tissue lead levels (including only those birds with results
greater than the detection threshold) were 2.8+0.9 mg/kg in kidney (N=3) and
1.9+1.4 mg/kg in bone (N=6).

Table 6 shows the data for 41 eagles that were free from lead exposure. Lead -
levels were non-detectable in both kidney and bone for all birds analyzed (N=14 and
13, respectively), while mean ALA-d activity ratio for 27 birds was 1.2 + 0.2. The
mean ALA-d ratio was 1.2+0.1 for seven eagles kept in captivity for more than six
months and therefore not exposed to lead during that time.

Geographical distribution of lead poisoning
Figure 2 shows the collection sites for the 65 eagles tested for tissue lead

and/or ALA-d. Of the 9 birds classified as lead poisoned, 8 came from coastal areas
and one from the interior of B.C. near Kamloops. Five of the poisoned birds were
collected from areas currently zoned for use of non-toxic shot for waterfow!l hunting.
Of the 4 birds from outside non-toxic shot zones, one was the Kamloops bird, while
the other 3 came from the northeast coast of Vancouver Island.

Thirteen of the 15 birds classified as lead exposed were picked up from coastal
areas; the remaining 2 were from the interior. Most (11/ 15) were found in areas
currently zoned for non-toxic shot.

Seasonal distribution of lead poisoning

The majority of eagles in the study were collected during the months of
January to April (Figure 3). The greatest ratios of lead-poisoned and lead-exposed
birds to the total number of eagles tested per month were found in December, March
and May (Figure 4).
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Figure 1. Lead pellet ingestion rates in Mallards in selected management
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Figure 2. Geographical distribution of lead exposure in Bald Eagles collected
"~ from 1988 to 1990 in British Columbia.
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Summary of presence of lead shot or lead fragments in gizzard contents

Table 1.

of waterfowl collected in selected management units on the lower
mainland and Vancouver Island in 1988 and 1989 (Whitehead 1989).

Location Mallard N. Pintail Am, B-w. Teal Canada Snow Totals

(management Wigeon Goose Goose
unit) . '

Unknown 27 0/9 (0%) 1/5 20%) 0/4 (0%) 0/4 (0%) 329
(28.6%) ' : - (10.3%)

Nanaimo 0/1 (0%) 0/1 (0%)
(1-5)

Ladysmith 1/18 0/3 0%) 1721
(1-5) 5.5%) 4.8%)
Total 19 03 0%) 1722

(5.3%) 4.5%)

Courtenay/ 0/30 0/30

Comox (1-6) 0%) 0%)
Total 0/30 0/30

©%) 0%)

Westham Is. 14/59 4/39 7126 1/16 0/10 (0%) 26/150

24) 23.7%) (102%) 26:9%) 6.2%) (17.3%)
Boundary 1/6 3/10 (30%) /8 5124
Bay (24) (16.7%) (12.5%) (20.8%)

Abbotsford 0/2 (0%) 0/2 (0%)

24

Total 15765 4/39(10.2%) 10/36 2124 0/12 (0%) 31/176

_ (23.1%) (27.8%) 8.3%) (17.6%)
Pitt River 12 2/14 3/16

2-8) (50%) (14.3%) (18.7%)
Fraser River 3/7 3/7
(2-8) 42.8%) @2.8%)
Total - 12 5121 6/23
(50%) (23.8%) (26.1%)
Shuswap 2/50 0/2 (0%) - 2452
(3-26) “4%) . (3.8%)
Total 2/50 0/2.0%) 2/52
4%) (3.83%)
Creston (4-6) 3/47 0/2 (0%) 3/128 0/7 (0%) 6/184
: 6.4%) (3%) (3.3%)
Total 3/47 0/2 0%) 3/128 0/7 (0%) 6/184
- " (6.4%) S @2:3%) (3.3%)
Overall total 46220 11/43 5/156 0/10 5/39 4/39 68/487
20.9%) 25.6%) 32%) 0% (12.8%) (10.2%) (14%)
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Table 2. Percent incidence of ingested lead shot in waterfowl in the lower Fraser River: 1936-88 (N) (Whitehead

8¢

1989).
Author/Date
Species Munroe 1936 Tener 1948 Cottle 1949 MalyshefT 1951 Burgess 1970 Pope 1988 Whitehead mean +
1989 S.D.
Mallard 12.2 (11/90) 16.1 (10/59) 10.0 6/61) 16.5 (13/79) 11.2 (22/196) 4.8 (450) 20.7 47 13.1+5.2
Northern - 5.0 (120 0.0 {(0/16) 22.9 (8/35) 5.0 (5/100) 0.023) - 26.8 (41) 100 + 11.8
Pintail )
American - 0.0 (6/22) 0.0 {0/2D) 0.0 (0/15) 1.6 (2/7123) 4.4 (45) 7.1 (28) 22430
Wigeon
Canada - - - - - 13.5 (52 13537 135 + 00
Goose
Snow - - - - - 6.7 (15) 8.3 (48) 75+ 1.1
Goose
Table 3. Frequency of shot pellet ingestion for dabbling ducks taken by shotgun
at the Fraser River estuary during the winter of 1990-91.
Species No. of gizzards No. with ingested No. with ingested lead % steel shot/
x-rayed steel shot shot lead shot
* Mallard 37 2 2 54/54
Am. Wigeon 37 | 0 2.7/0.0
N. Pimail 34 ] 2 277159
Total 108 4 4 37131 .}
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Table 4. Statistics on the nine Bald Eagles that showed evidence of lead poisoning (Elliott et al. 1992).

- Date Age Sex Locationb Lead in kidney Lead in bone ALA-d ratio Initial diagnosis
(mg/kg) (mg/kg)
Apr 89 " Ad F Denman Is. 25 Inanition
Dec 89 1 F Bowser 24 Lead toxicosis
Jan 90 Ad F Eve R. 20 l.ct;d toxicosis
Feb 90 Ad M Duncan 8.8 ND? 6.7 Gunshot
Mar 90 1 F Port Hardy 48 6.9 Inanition
Mar 90 Ad M Coombs 49 10 - Undetermined
Mar 90 2 M Sointula 21 5.1 Lead toxicosis
Mar 90 Ad M Kamloops 42 7.0 Undetermined
May 90 Ad F Hornby Island 6.6 Interspecific
. aggression
Mean + 34 £ 18 73 422 167 £ 9.4
S.D. :
!~ Adult

2 _ Non-detectable

]
¥
1
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Table 5. Statistics on the 15 Bald Eagles that showed evidence of subclinical lead exposure (Elliott et al. 1992).

Date Age Sex Location Lead in kidney Lead in bone ALA-d ratio Initial diagnosis
(mg/kg) (mg/kg)

Jul 89 1 M Houston 2.8 Nutritional deficiency
Nov 89 Ad F Surrey ND? 1.4 Intraspecific aggression
Dec 89 Ad F Squamish ND 0.8 Undetermined trauma
Dec 89 1 M Buckley Bay 39 Lead toxicosis/water soaked
Feb 90 Ad M Powell R. 2.6 ND 2.3 Undetermined trauma
Feb 90 Ad M Sointula 38 ND Vehicle collision
Feb 90 Ad F Nanaimo ND 1.2 Electrocution

Feb 90 Ad M Richmond 2.9 Pesticide toxicosis
Feb 90 4 M Campbell R. 2.6 Oiled

Feb 90 ‘ 1 F Powell R. ND 43 1.7 Undetermined trauma
Feb 90 4 M Comox 2.0 ND Power line collision
Mar 90 3 M Ladysmith ND 2.7 Undetermined trauma
Mar 90 3 M Port Alice ND 0.8 Myositis

Apr 90 Ad " F Naﬂoose Bay 32 Undetermined trauma
May 90 Ad F Smithers 26 Intraspecific aggression
Mean + 28109 1.9+ 1.4 28 +07

!t Adult

* . Non-detectable




Table 6. Statistics on the 41 wild Bald Eagles free from lead exposure
(Elliott et al. 1992).

Date - Age Sex Location Lead in Lead in ALA-d
kidney bone ratio
(mg/kg) (mg/kg)
May 88 Ad! F Port Hardy ND? ND
Jun 88 2 M Summit Lake i ND ND
Jun 89 Ad F Port Hardy : ND
Aug 89 1 M Queen Charlotte Is. ) 1.1
Nov 89 = 1 F Port Alberni 1.8
Nov 89 1 F Unknown : 1.2
Dec 89 ~ Ad M Powell R. ND ND
Dec 89 1 'F Sandspit - 1.1
Jan 90 1 F Comox ND ND 1.1
Jan 90 4 M Squamish 1.0
Jan 90 2 M. . Minstrel Is. ND ND
Jan 90 Ad M Qualicum 1.1
Jan 90 Ad F Surrey 1.2
Jan 90 1 M Kitimat 1.1
Jan 90 Ad M Point Roberts 1.3
Jan 90 Ad M Richmond 1.7
Jan 90 Ad F Powell R. 1.3
Feb 90 2 M Sointula : 1.5 wr
Feb 90 1 F Port Hardy 1.4
Feb 90 1 F Kelsey Bay ND ND '
Feb 90 2 M Surrey ND ND )
Feb 90 2 F Mission 1.2
Feb 90 1 M Surrey - 1.3
Feb 90 Ad M Qualicum 1.1
Feb 90 Ad F Chain Is. 1.1
Feb 90 Ad M Sechelt 1.0
Feb 90 Ad " F Quadna Is. ND ND
" Feb 90 1 M Upper Squamish ND ND
Mar 90 1 F EnglishmanR. ND ND
Mar 90 1 M Nanaimo ND
Mar 90 1 F Smithers’ : ND ND
Mar 90 1’ M Nanaimo ND ND
Mar 90 3 F Woss ND ‘
Mar 90 Ad F Abbotsford 1.0
Apr 90 Ad F Campbeli R. 1.4
Apr 90 1 F Campbelil R. } 1.0
Apr 90 .Ad M Port Hardy : 1.0
"Apr 90 Unknown F Bowen Is. o1l
Apr 90 Unknown M Prince Rupert ) 1.0
Apr 90 Ad M Prince Rupert 1.1
Jun 90 Ad M Abbotsford _ 1.0
J=Mean + S.D. ‘ 1.2 +£0.2
! - Adult

2 _ Non-detectable
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Table 7. Diagnosed cause of death or illness for entire study (267 birds
included) and those tested for lead exposure (65 birds included -
Elliott et al.. 1992).

Diagnosis All birds | Tested for lead
(%) (%)
Flight collision 3.0 1.7
Power line collision 2.2 3.1
Vehicle collision 10.1 4.6
Undetermined trauma 15.7 21.5
Lead 8.6 13.9
Pesticide 3.7 6.2
Mercury 0.4 0
Undetermined 0.8 0
Electrocution 14.6 7.7
Fell from nest 6.4 0
Gunshot 6.0 1.5
Intraspecific 4.9 4.6
aggression
Water soaked 5.2 3.1
Oiled 0.8 3.1
Inanition 3.0 7.7
Trapped 3.0 0
Infectious disease 4.1 4.6
Undetermined cause 4.9 1.5
Other causes 1.5 9.2
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Discussion

Visual examination to detect lead pellets in gizzards can miss up to 20-30% of
the pellets, while almost 100% of the fragments are detected when gizzard contents
are x-rayed. However, for pooled samples of Mallards, Northern Pintails and
American Wigeons from the Fraser River delta collected in winter 1990-91, the
incidence of lead shot in gizzards evaluated by x-ray is the lowest ever reported for
this area. But if we consider all pellets present in gizzards (i.e. both steel and lead
pellets), 1990-91 results for the three species combined are not different from results
of previous studies. Data from 1990-91 represent a winter sample, which may
explain why the incidence of lead pellets is not higher. Availability of lead pellets is
known to decrease with time after deposition, due to siltation, and pellets are one to
two inches deeper into the sediments after one year (Bellrose 1959). Waterfow! are
an important winter food source for Bald Eagles on the Pacific coast (Stalmaster et al.
1985), particularly ducks that have been killed or crippled by hunters (Griffen et al.
1982). Recent studies show that lead shot crippling losses of ducks can be as high as
39% (Nieman et al. 1987), while large numbers (average 30%) of healthy ducks carry
lead pellets (U.S. Fish & Wildlife Service 1986). Eagles may also be exposed to
lead while consuming the intestinal tracts of waterfowl that were killed or deb1htated
from ingestion of lead shot. «

In British Columbia, lead shot was banned in 1990 for waterfowl hunting in
four wildlife management areas (1-5, 1-6, 2-4, 2-8) based on the data in Table 1, and
on a high incidence of chronic lead poisoning of Trumpeter Swans on Vancouver
Island (Langelier. et al. 1989). Banning of lead shot should substantially reduce the ..
number of sick and crippled ducks carrying both ingested and embedded lead shot in:
the zoned areas. Inspection of 108 duck gizzards collected from three species during
the winter of 1990-91 (the first lead-free season) from the Fraser River delta showed
that steel shot was present in amounts approximately equal to lead shot (Table 3).
This should reduce the secondary lead exposure of scavenging eagles and other birds
of prey in those areas. However, lead poisoning of waterfowl was observed in swans
despite the fact that they were found in a non-toxic shot zone. This may be due to
contaminated birds migrating into the area, or could demonstrate the importance of
the "time factor" for.eliminating the lead shot problem. Availability of lead pellets
will reduce in time as the siltation process continues, but meanwhile species feeding
deep into the sediments may remain at risk.

A higher percentage of eagles was classified as lead poisoned based on tissue
analysis and/or ALA-d ratios (13.9%) compared to classification based on clinical
signs (8.6%) (Table 7). Some of the birds that were diagnosed as having died from
other causes, especially inanition, may be classified as lead poisoned, once tissue
" analysis for lead is completed for the entire collection of eagles.

The extent to which the incidence of acute lead poisoning reported in Table 7
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is biased is not known, since the probability of finding a bird that is sick or dead as a
result of lead exposure could be different from that of finding eagles that have died of
other causes (e.g. automobile collision, shooting and trapping). Birds having
lead-induced neurological impairment may be secretive and the probability of finding
them lower than the probability of finding birds dead of other causes. The real
percentage of birds that died of lead poisoning may then have been slightly
underestimated. However, the percentage of carcasses classified as lead-poisoned
Bald Eagles peaked at 25% in March, making lead a major potential cause of the
population reduction at that time of the year.

Sublethal exposure to lead and the associated neurological effects can cause
coordination problems and effects on other essential functions controlled by the
central nervous system, such as vision and hearmg, thus increasing the chances of
dying from other causes.

Eagles may still be exposed to lead from feeding on migrant ducks carrying
embedded or ingested shot acquired in other areas. Most of the ducks that migrate
through or winter in southern B.C. come from the B.C. interior, Alberta, Alaska,
Yukon and the Northwest Territories (McKelvey and Smith 1990). The Yukon and
Northwest Territories are sparsely populated and waterfowl hunting pressure is low,

- and only steel shot is permitted in Alaska. Therefore, only in the B.C. interior and
Alberta is there enough waterfowl hunting pressure with lead shot to produce a
significant reservoir of ducks with embedded shot. Those ducks would become eagle
prey mainly if they are then crippled (by steel shot) or fall sick during winter.

Our data show that 4/9 poisoned Bald Eagles came from outside the non-toxic
shot zones. Those eagles were presumably exposed to lead shot from ducks that were
debilitated as a result of waterfowl hunting in the local areas, particularly northeastern
Vancouver Island. Additional sampling of waterfowl gxzza.rds in this region would be
useful.

In conclusion, lead poisoning is a significant mortality factor for British
Columbia Bald Eagles. Monitoring eagles for lead exposure should be continued in
order to assess the effectiveness of non-toxic shot zoning. The role of lead shot in
eagle mortality should also be considered in other areas of Canada, such as New
Brunswick, where waterfowl consumption by Bald Eagles has been reported (Wright
1953). Incidence of lead shot in waterfowl gizzards of four of the six species was
over the 5% level for considering waterfowl at risk of lead poisoning (CWS 1990).
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LEAD PELLET INGESTION IN PRAIRIE CANADA

Adapted from: Hochbaum et al. 1988; Hochbaum 1990; Hochbaum and Bain
1988; and Hochbaum and Leafloor 1988; additional information
on 1991 data provided by G.S. Hochbaum.

Abstract .

Gizzards were collected from hunted areas in Manitoba, Saskatchewan and
Alberta during the fall and from some Manitoba sites during summer. The percentage
of each species with shot present in the gizzard (ingestion rate) was calculated. Four
prairie sites had ingestion rates for dabbling ducks that indicate potential lead
poisoning problems: Delta Marsh (8.4%), The Pas marshes (15.1%) and Dauphin
Lake (5.0%) in Manitoba, and Ponass Lake (5.0% for Mallards, 3.5% for all
dabblers) in Saskatchewan. No pellets were detected in waterfowl gizzards in
Alberta. Only two of the Manitoba sites (Delta Marsh and The Pas marshes) showed
differences in fall and summer ingestion rates with those in summer being higher.
Comparison to summer ingestion rates at Delta Marsh in 1948-49 showed no
significant difference, indicating a stable situation over time.

Pellet density, as estimated from dredged sediment samples, was highly
variable from site to site. Samples from Saskatchewan contained only trace amounts
of pellets, while Alberta sites were pellet-free. All Manitoba marshes had moderate
to high pellet densities, except Oak. Hammock Marsh, where hunting effort is
restricted to adjacent fields. The Pas marshes had the highest pellet densities.

No problem is currently apparent in Saskatchewan and Alberta, although
sample sizes are limited. In Manitoba, Oak Hammock Marsh is already designated a
non-toxic shot zone, but The Pas, Dauphin Lake and Delta Marsh are still (1993)
open for the use of lead for waterfowl hunting. «

Introduction -

Lead poisoning is a known cause of mortality in waterfowl in Canada (Wendt
and Kennedy 1992). Prairie Canada, as a major waterfowl breeding area, supports
large numbers of birds which may be at risk of being poisoned by spent lead pellets.
Although the provinces of Manitoba, Saskatchewan and. Alberta are often considered
as a unit, different habitats, hunting traditions and regulations influence the risk of
lead poisoning. Data are presented for individual sites to provide details of the local
situation.

Breeding and hunting areas overlap extensively in the Prairies; ducks present
in hunted areas in the summer may be exposed to spent lead shot for several months,
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with an increased risk of ingesting pellets. The presence of hunters during the fall
disturbs birds and may force them out of preferred feeding areas into areas where
spent shot may be less prevalent. The ingestion rates in both fall and summer were
investigated in Manitoba, to determine if waterfowl on the breeding grounds showed
evidence of greater exposure to lead than migrating birds in the fall. Because lead
pellets are eliminated in about three weeks from waterfowl gizzards (Clemens et al.
1975), between season comparison of ingestion can be made without the concern that
pellets ingested in the spring may be detected in the fall.

The results presented in this paper are categorized according to the 5%
ingestion rate established in 1990 as the lowest level of concern by the Canadian
Wildlife Service. If more than 5% of the dabbling duck population in a given area
has 1ngested lead pellets, the area should be investigated to determine the hkehhood of
lead poisoning (CWS 1990).

Methods

Gizzard studies
Manitoba

In Manitoba, gizzards and wings of waterfowl were collected in summer prior
" to hunting and during the fall hunting season from 1979 to 1985. The gizzards were
to be used to assess lead ingestion, the plumage on wings was used to identify the -
species, age and sex of the bird. Collection sites were selected on the basis of two-
criteria: occurrence of heavy hunting (more than 10,000 hunting days in 100 km?),
and the availability of adequate samples for at least one species (Figure 1).
Waterfowl for the summer sample were obtained from seven sites, mainly in southern
Manitoba, as a result of accidental deaths such as drowning or predation from bait
traps operated for banding. These birds were collected between late July and mid-
September. For the fall sample, waterfowl gizzards and wings were donated by
hunters during the annual migratory bird hunt from September 1 to November 30.
All samples were kept frozen until laboratory analysis was carried out. When '
possible, samples were identified as to species, age and sex. Location and date of
collection were also recorded. In the four areas with sampling in both summer and
fall and for which lead pellets in waterfowl gizzards were detected (Delta, Oak
Hammock, Dauphin Lake and The Pas), Fisher’s exact tests were run on the null
hypothesis that ingestion rates were the same in both seasons.

Ingestion rates for Delta Marsh were compared with ingestion rates determined
by radiofluoroscoping live birds to detect the presence of lead shot in gizzards in -
1948-49 at Delta Marsh. Two-way Fisher’s exact tests were used for Mallards,
Northern Pintails and Blue-winged Teals. No correction factor for the detection rates
using fluoroscopy vs. manual examination for lead has been applied.
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Saskatchewan

Gizzards were collected in Saskatchewan from six sites (Figure 1) during the
1986 hunting season. Birds were donated by professional pluckers at the hunting sites
examined and were assumed to have been shot in the local area. In certain areas,
pluckers collected only the gizzard, with no indication of species, age and sex. These
birds are included under the category Unknown Ducks in the tabular summaries.

Alberta

Hunters in Alberta were solicited by direct contact in the field to provide
gizzards at sixteen sites during the 1987 hunting season. Sites were selected based on
traditional use for over-water shooting (Figure 1). Hunting intensity was increased
for males of selected species to improve the representation of a few homogeneous
groups. These species were Mallard, Northern Pintail, Canvasback and Lesser
Scaup. Samples were obtained from areas around Beaverhill, Cooking and Bittern
lakes near Edmonton, with some additional samples taken in the Calgary area.
Species were identified, aged, and sexed by visual examination of the fully feathered
bird. In fall 1991, 33 duck gizzards were collected from hunters at Inchent Marsh,
near Lethbridge. '

For all Prairie samples, gizzards were cut open over a white enamel dissecting
pan and the contents washed into the pan with water. Plant material and other debris
were decanted, retaining denser matter in the bottom of the pan. Less than 1 cm of
water was kept in the pan while the contents were examined for pellets. Gizzards
from fall samples that contained pellets were examined for perforations to ensure thé"
shot had been ingested rather than shot in. Only pellets that showed visible signs of:
exposure to the action of the gizzard were considered as ingested. Recently ingested
pellets may. have been omitted by this screening process, resulting in a slight
underestimate of the frequency of shot ingestion. Unidentifiable fragments were
squeezed with pliers to determine their composition; malleable fragments were
identified as lead, while those that shattered were called grit. For each species, the
percentage of gizzards found to contain lead (the ingestion rate) was calculated.

Sediment sampling . .

Sediment samples were also collected from hunted marshes in the Prairie
‘provinces. These samples are useful for determining the abundance and availability
of lead shot to waterfowl. Substrate samples were collected at 19 sites known to be
used by both hunters and waterfowl. Different sites were sampled in 1981, 1988 and
1989. At each site, substrate type, water depth, depth of dredging, number and size
of pellets found and distance from shore were recorded for samples. A 15 cm x 15
cm Flanigan Burton modified Eckman dredge was used in sampling. Ten samples
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were taken at 25-m intervals from 25 m to 175 m from shore, for a total of 70
samples at each site. Dredged material was sieved through progressively finer
screens. The smallest mesh size prevented the passage of a size 8 lead pellet.
Remaining debris was sorted and the number of pellets in each sediment sample was
recorded.

Results

Gizzard studies
Manitoba

The contents of 2 242 gizzards from Manitoba were examined. Shot ingestion
rates for different sites during the summer and the fall hunting season are shown in
Tables 1 and 2 respectively. Ingestion rates were the same in fall and summer at Oak
Hammock and Dauphin Lake (N=56 p=1 and N=80 p=0.272, respectively), but not
at Delta Marsh and The Pas (N=1372 p=0.0221 and N=150 p=0.0241 respectively)
where ingestion was significantly higher in the summer than in the fall (Figure 2).
These results allow us to pool fall and summer samples for estimation of ingestion
rate for Oak Hammock and Dauphin Lake only. Because there was no ingestion at
Oak Lake in either season, the test could not be run. Notwithstanding the difference
between summer and fall ingestion rates, data for Mallards were pooled and an
histogram was generated (Figure 3) to give a general idea of lead contamination in
various regions of Manitoba.

Three areas of Manitoba may. be. identified for further investigation for lead
poisoning: Delta Marsh, with a maximum ingestion rate of 8.4% for dabblers
(N=381 - summer), The Pas northern marshes, with a maximum of 15.1% (Pasqua
River and Pasqui lake - N=73 - summer) and Dauphin Lake, with a mean ingestion
rate of 5.0% (N=80 - fall+summer) (Tables 1 and 2). Ingestion rates of lead pellets
by ducks have not increased over time at Delta Marsh (Table 3).

No lead was found in duck samples for Big Grass Marsh or Oak Lake, and
very few pellets were fo