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ABSTRACT: American black ducks (Anas rubripes) wintering in Tennessee during 1986 to 1988
were tested for exposure to lead. Twelve percent of the birds had blood lead concentrations

exceeding 0.2 ppm. Significant differences in the prevalence of lead exposure were found for
adults (14.4%) and juveniles (8.2%). Exposed birds had higher blood lead concentrations at one
study site, corresponding with a lower survival index.
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INTRODUCTION

Lead poisoning long has been recog-

nized as an important disease of waterfowl

(Bellrose, 1959). Feierabend (1983) esti-

mated that lead poisoning killed 1.6 to 3.8

million North American waterfowl when

fall flights ranged between 80 and 130 mil-

lion birds. Beginning in 1976, nontoxic shot

zones were established, and in 1991 man-

datory use of nontoxic shot for hunting

waterfowl went into effect throughout the

United States in an effort to reduce the

availability of lead shot. However, decades

of hunting have resulted in high densities

of lead shot on some areas (Sanderson and

Bellnose, 1986; U.S. Fish and Wildlife Ser-

vice, 1986) which will continue to be in-

gested by waterfowl (Mauser et a!., 1990;

DeStefano et a!., 1991). In addition, non-

compliance with nontoxic shot regulations

(Simpson, 1989) and continued use of lead

shot in Canada (Schwab and Dauny, 1989)

will provide new sources of lead shot for

migratory waterfowl. Consequently, elim-

inating or reducing the effects of lead shot

on birds and monitoring changes in lead

exposure are still important aspects of wa-

terfowl management.

Ingestion of lead shot by waterfowl has

been well documented (Sanderson and

Bellrose, 1986). When investigating the

significance of lead exposure in waterfowl,

most investigators have relied on the prev-

alence of ingested lead shot in gizzards of

hunter-harvested birds. However, the use-

fulness of ingested shot to estimate lead

exposure in wild waterfowl has been ques-

tioned because birds with ingested lead

shot may be more vulnerable to hunting

(Jordan and Be!!nose, 1951; Bellrose, 1959;

Anderson and Havera, 1985; Sanderson and

Bel!rose, 1986; DeStefano, 1989). Blood

lead is a more sensitive method for mea-

suring lead exposure in live waterfowl (An-

derson and Havera, 1985), is a better in-

dicator of the amount of lead absorbed by

birds, and has been correlated with phys-

iological consequences (Dieter and Finley,

1978; Dieter and Finley, 1979; Anderson

and Havera, 1985). In addition, the ad-

sorption and toxicity of ingested lead de-

pends strongly on the type of food con-

sumed (Sanderson and Be!!rose, 1986). We

report the prevalence of lead exposure,

based on blood lead analysis, of black ducks

wintering in Tennessee (USA) prior to im-

plementation of steel shot regulations and

we also evaluate the possible effect of lead

exposure on survival.

MATERIALS AND METHODS

Cross Creeks National Wildlife Refuge (NWR)
(36#{176}20’N,87#{176}40’W)is located along the Cum-
berland River in northwestern Tennessee (USA).
The refuge extends for 16 km on either side of
Barkley Lake near the town of Dover. The ref-
uge consists of hardwood forest, cropland and
brush, and wetlands in about equal proportions.
Since the refuge was established in 1964, only
4 yr of waterfowl hunting (1984 to 1987) have
been allowed (steel shot required) on approxi-
mately 120 ha of the 3,650-ha refuge. Major
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wintering duck species include mallards (Anas
platyrhynchos), black ducks (Anas rubripes),
and American wigeon (Anas americana). Wa-
terfowl populations typically peak in December
and January at an estimated 60,000 ducks, in-
cluding about 7,000 black ducks.

Tennessee NWR (35#{176}50’N, 87#{176}5’W)contains
three separate management units along the Ten-
nessee River in western Tennessee. The Duck
River Unit includes >10,500 ha of moist soil

units, open water, upland hardwoods, and crop-
lands. A limited goose hunt was allowed on the
unit in 1967 and 1968. Otherwise, no waterfowl
hunting has been allowed since the refuge
opened in 1945. Major wintering duck species
include mallard, black duck, and American wi-
geon. Approximately 300,000 ducks use the ref-
uge during fall and winter migration, with num-
bers peaking during December and January.
Black duck counts usually peak at 10,000 to
12,000 birds annually. Combined surveys at
Cross Creeks and Tennessee NWRs have ac-
counted for approximately one-third of the mid-
winter black duck count in the Mississippi Fly-
way (Rusch et a!., 1989).

Extensive hunting with lead shot has occurred
near the boundaries of both Cross Creeks and
Tennessee NWR’s. Steel shot was required in
the vicinity of Cross Creeks NWR beginning in
1989. Beginning in 1990, steel shot also was re-
quired for waterfowl hunting in areas surround-
ing the Tennessee NWR.

Black ducks at Tennessee (Duck River Unit)
and Cross Creeks NWR’s were trapped using
cannon nets and swim-in traps baited with corn
during January, February, or March, 1986 to
1988. Age and sex of each bird were determined
according to plumage and cloacal characteris-
tics. One to 2 ml of blood was obtained from
the jugular vein with aS cc heparinized syringe.
Blood was frozen and stored for subsequent
analysis at the National Wildlife Health Re-
search Center, Madison, Wisconsin (USA), to

determine blood lead concentrations. The whole
hepaninized blood was diluted ten-fold in a mix-
ture of 0.5% alkylaryl polyether alcohol (Triton
X-100, J. T. Baker Chemical Company, Phil-
lipsburg, New Jersey USA) and 0.2% ammoni-
urn dihydrogen phosphate. The diluted samples
were stirred immediately prior to the assay. Lead
concentrations were determined using a Perkin-
Elmer HGA-400 graphite furnace with an AS-
40 autosampler coupled to a Model 2380 atomic
absorption spectrophotometer (Perkin Elmer

Corporation, Norwalk, Connecticut USA). The
method was essentially that of Fernandez and
Hilligoss (1982), except for the difference in
blood dilution.

Blood lead concentrations �0.2 ppm were
considered to represent exposure to lead above

normal background levels (Friend, 1985). Birds
were classified as either exposed (�0.2 ppm) or
unexposed (<0.2 ppm) to lead. A stepwise lo-
gistic regression (Dixon et a!., 1985) was used
to evaluate factors influencing variations in pro-
portions of exposed birds. The median blood
lead concentrations of exposed birds were com-
pared using a nonparametnic Kruskal-Wallis test
(Daniel, 1978) by analysis of variance on ranks

(SAS Institute, Inc., 1987). Because sample sizes
were generally small, statistical tests were con-
sidered significant at the 0.10 level.

Black ducks tested for lead exposure were

banded with U.S. Fish and Wildlife Service
(USFWS) aluminum legbands. Band recovery
and recapture records were obtained from the
USFWS Bird Banding Laboratory, Laurel,
Maryland (USA). The proportion of birds re-
covered and recaptured was used as an index
of birds surviving � 1 yr after banding. Recap-
tures of birds at either Tennessee NWR or Cross
Creeks NWR were not considered because of
the potential bias caused by differential retrap-
ping of local birds at each refuge. Stepwise lo-
gistic regression was used to identify factors that
resulted in significant differences in this survival
index.

RESULTS

Four hundred thirty-five black ducks

were tested for lead exposure during 1986

to 1988 (Table 1). A large percentage of

the black ducks bled at Cross Creeks NWR

were adults; 12 unexposed ducks were of

unknown age and sex and were excluded

from the statistical analyses related to lead

exposure and survival. Fifty-one black

ducks had blood lead concentrations �0.2

ppm, an 11.7% prevalence of birds ex-

posed to lead. Based on stepwise logistic

regression, age was the only variable sig-

nificantly (P = 0.05) associated with ex-

posure to lead. Adult black ducks (14.4%)

were almost twice as likely to have ele-

vated blood lead concentrations as juve-

niles (8.2%). No differences were found for

refuge (P = 0.47), year (P = 0.72), or sex

(P = 0.64), after the influence of age was

removed.

Median blood lead concentrations of ex-

posed birds were evaluated by nonpana-

metric one-way analysis of variance for

differences in age, sex, year, and refuge.

No significant differences in median blood
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TABLE 1. Number tested and percentage of adult/juvenile and male/female black ducks exposed to lead
(�0.2 ppm blood lead) at Cross Creeks and Tennessee National Wildlife Refuges 1986-88.

Year Age Sex

Cross C reeks NWR Tenne ssee NWR

Number

tested % positive

Number

tested % positive

1986 Ad Female

Male

40

28

20.0

0.0

Juv

Total

Female

Male

39

27

134

7.7

7.4

9.7

1987 Ad Female

Male

14

22

28.6

22.7

15

16

6.7

12.5

Juv

Total

Female

Male 2

38

0.0

23.7

7

12

50

0.0

8.3

8.0

1988 Ad Female

Male

23

60

17.4
11.7

26
20

15.4
15.0

Juv

Total

Female
Male

11
7

101

0.0
14.3

11.9

10
44

100

0.0
13.6

13.0

All Ad Female
Male

37
82

21.6
14.6

81
64

16.1
7.8

Total 119 17.6 145 12.4

Juv Female
Male

11

9

0.0

11.1

56

83

5.4
10.8

Total 20 5.0 139 8.6

lead concentrations were found among age

classes (P = 0.44), sex classes (P = 0.63),

or year (P = 0.42). However, blood lead

concentrations were higher (P = 0.09) at

Cross Creeks NWR than at Tennessee

NWR (Fig. 1).

Twenty-three birds tested for blood lead

concentration were either recovered by

hunters (n = 22) or recaptured (n = 1)

during banding operations at least one

hunting season after banding. Six binds

were shot in Ontario (Canada), four in

Tennessee, two each in Michigan (USA)

and North Carolina (USA), and single re-

coveries were reported in Alabama (USA),

Arkansas (USA), Ohio (USA), Kentucky

(USA), Mississippi (USA), South Carolina

(USA), Wisconsin, and Quebec (Canada).

One bird was recaptured during banding

operations in Ontario. Two of the banded

ducks with elevated blood concentrations

(0.20 and 0.21 ppm) were recovered by

hunters (one in Ontario and one in Ala-

bama) and one was recaptured in Ontario

(0.37 ppm). Based on logistic regression,

the proportion of black ducks surviving at

least 1 yr was higher (P = 0.087) at Ten-

nessee NWR (19 of 284) than at Cross

Creeks NWR (4 of 139). No differences in

FIGURE 1. Blood lead concentration (ppm) for

black ducks at Cross Creeks and Tennessee NWHs
1986-88.
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survival were found, based on sex (P =

0.26), age (P = 0.69), or blood lead ex-

posures (P = 0.37) after the effect of refuge

differences was removed.

DISCUSSION

Lead poisoning has caused mortality of

2 to 3% of the fall population of waterfowl

in North America for more than 30 years

(Bellrose, 1959). For mallards, annual losses

have been estimated at 4% in the Missis-

sippi Flyway and 3 to 4% in the other

flyways (Be!lrose, 1959). Black ducks have

similar on higher prevalence of lead in-

gestion than mallards in the Mississippi

Flyway. Both species also have similar sus-

ceptibility to lead toxicity (Rattner et al.,

1989); however, the effect of lead may be

reduced in black ducks if their diet con-

tains more animal matter than mallards

(Chasko et a!., 1984). In addition to direct

mortality from lead poisoning, lead can

cause weight loss (Sanderson and Bellnose,

1986; Finley and Dieter, 1978), neurolog-

ical dysfunction (Dieter and Finley, 1978,

1979), and reduced immunological func-

tion and disease resistance (Trust et a!.,

1990; Rocke and Samuel, 1991). Dieter

(1979) demonstrated that de!ta-amino!ev-

ulinic acid dehydratase (ALAD) enzyme

activity was inhibited in canvasbacks (Ay-

thya valisinenia) at blood lead concentra-

tions of 0.2 ppm. At lead concentrations

>0.5 ppm, canvasbacks exhibited abnor-

mal levels of blood ALAD activity (<50

units) which closely reflect liver and brain

ALAD enzyme activity (Dieter and Fin-

ley, 1979). Reduced ALAD activity in the

brain has been associated with biochemical

lesions and cenebellar damage caused by

lead poisoning (Dieter and Finley, 1979).

These direct and indirect factors probably

contribute to an increased mortality rate

of black ducks and other species exposed

to lead.

Bellrose (1959) reported that 8.3% of

black ducks obtained from hunters be-

tween 1938 and 1953 had at least one lead

shot in their gizzards, with a higher ex-

posure rate in the Mississippi Flyway

(21.0%) compared to the Atlantic Flyway

(6.1%). Black ducks collected in Tennessee

had a prevalence of 6% (Bellrose, 1959),

but sample size was relatively small (n =

17). Stende!! et a!. (1979) found an increase

in lead concentrations in wing-bones of

black ducks from north to south, and sug-

gested an increased exposure as birds mi-

grated south. The prevalence of ingested

shot in black duck gizzards for 1976 to

1984 also was greater in the Mississippi

Flyway than in the Atlantic Flyway (U.S.

Fish and Wildlife Service, 1986), but no

results were reported for Tennessee during

that time period. Longcone et a!. (1982)

found a 6.9% prevalence of ingested lead

shot in black ducks from Maine (USA) for

1976-80. Di Giu!io and Scanlon (1984)

found a prevalence of ingested lead shot

of 18% for black ducks in the Chesapeake

Bay region. In recent surveys (U.S. Fish

and Wildlife Service, 1986), the preva-

lence of lead pellets in black duck gizzards

(8.8%) has been documented for the states

of Maine, New York (USA), Virginia (USA),

Michigan, Indiana (USA), and Ohio (Rusch

et a!., 1989). Schwab and Daury (1989)

found that 4 (9.8%) of 41 gizzards from

black ducks collected by hunters in Nova

Scotia (Canada),during the 1987 hunting

season contained lead shot.

Previous studies of ingested lead in black

ducks are not directly comparable to our

results (Scheuhammer, 1989). Birds with

ingested lead can be more vulnerable (1.6

to 2 times) to hunting and are more likely

to be included in gizzard surveys than

ducks without ingested shot (Bellrose,

1959). Gizzard examination can underes-

timate exposure because shot may not be

detected in 20 to 30% of gizzards contain-

ing lead pellets (Anderson and Havera,

1985). Also, lead shot will be completely

eroded or pass through the digestive sys-

tem within 3 wk in >90% of the affected

birds (Dieter and Finley, 1978). In con-

trast, blood lead concentrations can remain

elevated for >45 days after lead ingestion

(Franson et a!., 1986). Therefore, the prev-

alence of lead we found for black ducks
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in Tennessee (11.7%) was difficult to com-

pare with values reported in earlier stud-

ies. Despite this limitation, blood lead con-

centrations represent a more realistic

measure of the potential physiological im-

pacts of lead exposure on black ducks (An-

derson and Havera, 1985).

Prevalence of exposure to lead was sig-

nificantly different between adults (14.4%)

and juveniles (8.2%). The reasons for these

differences are unknown, but possible ex-

planations include: (1) differences in food

habits, (2) differences in habitat prefer-

ence, (3) a higher mortality of juvenile

black ducks exposed to lead, (4) higher

deposition of blood lead in the bones of

juvenile black ducks. We found no pub-

lished studies of food habits of black ducks

in the lower Mississippi Flyway to evaluate

age-related feeding differences. Reinecke

et a!. (1982) found that adult female black

ducks had a higher nutrient reserve than

juvenile females. Thus, juvenile black ducks

may be more physically stressed than adults

during winter and possibly more suscep-

tible to lead poisoning mortality. Conroy

et a!. (1987) found that juvenile black ducks

in poor body condition spent more time

foraging in some habitats than did adult

or juvenile birds in good body condition.

Conroy et a!. (1989) also found that ju-

venile birds were more vulnerable to non-

hunting mortality than adults during the

winter. Stendell et a!. (1979) reported that

only juvenile black ducks had slightly

higher levels of lead in their wing bones

than adults. Sanderson and Bellrose (1986)

suggested that higher wing bone lead

means that juvenile black ducks either in-

gest more shot than adults on that the os-

sification of bone in juveniles takes up a

greater share of blood lead than occurs in

other species. Further research will be re-

quired to explain the higher lead exposure

rate for adult black ducks in Tennessee.

We found indications of lower survival

and significantly lower recovery of black

ducks banded at Cross Creeks NWR than

those banded at Tennessee NWR. Lead

poisoning is one explanation for the ap-

parent lower survival of black ducks band-

ed at Cross Creeks NWR; however, alter-

native explanations are also possible. Ducks

banded at Cross Creeks had higher median

blood lead concentrations than birds band-

ed at Tennessee NWR. Blood concentra-

tions in ducks at Cross Creeks also had

much higher values (�9.8 ppm) than birds

at Tennessee, and 33% of the lead-exposed

birds at Cross Creeks NWR had >1.0 ppm

compared to 10% of the Tennessee NWR

birds. We suspect that management dif-

ferences related to the amount and types

of food available (particularly inverte-

brates vs. grains) at the two refuges could

have influenced the absorption and tox-

icity of ingested lead. Also, the proximity

of public waterfowl hunting areas at Cross

Creeks NWR could have resulted in higher

ingestion of lead pellets.

We failed to find a statistically signifi-

cant difference in survival of ducks with
�0.2 ppm blood lead concentrations com-

pared to birds with <0.2 ppm. A positive

relationship would have provided addi-

tional evidence to support the correlation

of reduced survival with increased blood

lead concentrations at our two study sites.

However, the lack of a positive relation-

ship may have resulted from the small

sample sizes in our study. We estimated

(Zar, 1984) that a sample size of >2,300

ducks would have been needed to detect

a hypothetical difference of 0.03 in the

recovery rates of lead-exposed and unex-

posed birds (e.g., 0.02 for lead-exposed and

0.05 for unexposed birds) using a Type I

error rate (a) of 0.1 and a Type II error

rate (f3) of 0.2.

In previous studies of lead poisoning,

workers have used wild ducks experimen-

tally dosed with lead shot (Be!lrose, 1959;

Deuel, 1985) on have assessed the preva-

lence of lead exposure by examining hunt-

er-killed birds (e.g., Sanderson and Bell-

rose, 1986; Schwab and Daury, 1989).

However, few authors (Anderson and

Havena, 1985; Mauser et a!., 1990) have

estimated the exposure prevalence of ducks

based on blood lead concentrations. Use of
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this method is more likely to represent the

natural prevalence of lead exposure in

ducks without the bias associated with vul-

nerability to harvest. In addition, this

method provides a more sensitive measure

of the physiological effects of lead poison-

ing. We believe we are the first to report

differences in exposure of adult and ju-

venile black ducks and to report lower sur-

vival of birds at a site with greater expo-

sure to lead. A significant reduction in

survival also has been found for Canada

geese (Bnanta canadensis) exposed to lead

shot (DeStefano et a!., 1991; National

Wildlife Health Research Center, unpub!.

data).

MANAGEMENT IMPLICATIONS

Because American black duck popula-

tions have been declining throughout east-

ern North America (Rusch et a!., 1989),

lead exposure of black ducks wintering in

Tennessee should be of concern for several

reasons. First, a substantial proportion of

the Mississippi Flyway black duck popu-

!ation spends at least part of the winter in

Tennessee. Factors affecting the survival

and productivity of these birds could have

an important impact on black duck pop-

ulation levels within the Mississippi Fly-

way. Second, exposed birds probably rep-

resent a minimum estimate of the lead

exposure rate and the effect of lead poi-

soning on black ducks wintering in Ten-

nessee. Blood lead concentrations have

been demonstrated to measure lead ex-

posure for approximately 45 days (Franson

et a!., 1986). Some birds were undoubtedly

exposed to lead, but were able to recover

prior to banding; others were unexposed

at trapping, but became exposed to lead

during the remainder of the winter period.

In addition, some birds may have died from

lead poisoning before banding operations.

Finally, lead exposure continued to occur

after the hunting season and represents a

potentially additive source of mortality.

Periodic monitoring of black duck popu-

lations should be conducted to evaluate the

trends in lead exposure following conver-

sion to nontoxic shot.
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