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Regional differences and long-term
trends in lead exposure in

mottled ducks

M. Todd Merendino, David S. Lobpries, Jim E. Neaville, J. Dale Ortego,
and William P. Johnson

Abstract We compared lead shot ingestion rates and bone lead levels in mottled ducks (Anas ful-
vigula maculosa) for regional differences and evaluated 16 years of lead shot ingestion
data for evidence of decline. Gizzards (n=6,850) of hunter-killed mottled duck were col-
lected from 1987-2002. The mean lead shot ingestion rate of mottled ducks from the
Central Texas Coast and Upper Texas Coast was 7.32%±1.13% (SE) and 18.09%±1.55%,
respectively. Lead shot ingestion rates declined gradually during the study period (P =
0.046). During the 1998-1999 hunting season, we examined lead concentrations in
wing bones of 148 hunter-killed mottled ducks from the Central Texas, Upper Texas, and
Southwest Louisiana coastal regions. Lead concentrations averaged 16.62 ppm±1.83
(SE) and did not differ among regions or age groups. Both lead shot ingestion rates and
bone lead concentrations in mottled ducks remain high. Studies evaluating the effects of
lead levels on mottled duck survival are needed.
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Lead poisoning is an important, widespread dis- Their lead shot ingestion rate was the highest of 21
ease affecting waterfowl (Sanderson and Bellrose species examined in the Mississippi Flyway
1986). Excessive lead exposure can cause atrophy (Anderson et al. 1987) and 16 species in Texas
of liver, kidneys, and other organs, dysfunction in (Moulton et al. 1988). Additionally, lead concentra-
the nervous and digestive systems, reduced disease tions in mottled ducks were the highest of 7 species
resistance, weight loss, lowered survival, and per- examined by Stendell et al. (1979); approximately
haps increased susceptibility to harvest (Bellrose 43% of the mottled ducks they examined had wing-
1959, Irwin and Karstad 1972, Rocke and Samuel bone lead concentrations >20 ppm, a benchmark
1991, Sanderson et al. 1992, Wobeser 1997). Lead level associated with clinical poisoning (Paine 1996).
exposure in waterfowl is primarily caused by inges- Mottled ducks are the only species of waterfowl
tion of lead shot (Sanderson and Bellrose 1986), that both breed and winter in large numbers along
which varies greatly by species and geographic the north-central coast of the Gulf of Mexico. They
regions (White and Stendell 1977, Gray et al. 1988, are nonmigratory and relatively sedentary within
Moulton et al. 1988). their range (Moorman and Gray 1994; Figure 1), as

Mottled ducks (Anas fulvigula maculosa} from approximately 72% of mottled ducks banded are
Texas and Louisiana perhaps have the highest rate of recovered within 97 km of their banding locations
lead exposure among North American waterfowl. (B.C.Wilson, Gulf Coast Joint Venture, unpublished
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Figure 1. The mottled duck's range in Texas and in Louisiana is
shaded. Gizzard (g) and wing (w) samples were obtained from
the following locations: 1) Cuadalupe Delta Wildlife
Management Area (g and w); 2) Mad Island Wildlife
Management Area (g and w); 3) San Bernard National Wildlife
Refuge (g); 4) Peach Point Wildlife Management Area (g and w);
5) Anahuac National Wildlife Refuge (g and w); 6) McFaddin
National Wildlife Refuge (g); 7) J. D. Murphree Wildlife
Management Area and Sea Rim State Park (g and w); 8) Sabine
National Wildlife Refuge (w); and, 9) Lacassine National
Wildlife Refuge (w). Depending on location of collection, sam-
ples were grouped either into the Central Texas Coast, Upper
Texas Coast, or Southwest Louisiana Coast. Wings were col-
lected during the 1998-1999 hunting season, and gizzards
were collected from 1987-2002.

data). Therefore, lead exposure in mottled ducks,
more so than other waterfowl, should be associated
with the region of their collection.

Our objectives were to 1) compare regional lead
shot ingestion rates and regional bone lead con-
centrations in mottled ducks, and 2) examine long-
term trends in their lead shot ingestion rates.
Moulton et al. (1988) examined lead shot ingestion
rates in mottled ducks over a 10-year span that
included the period when nontoxic shot regula-
tions were implemented; since then, the United
States Fish and Wildlife Service and the Texas Parks
and Wildlife Department have continued to moni-
tor lead shot ingestion rates. Here we analyze 16
years of lead shot ingestion data collected by the 2
conservation agencies. Additionally, our evalua-
tions of bone lead concentrations in mottled ducks
are comparable to the works of Stendell et al.
(1979) and Merchant et al. (1991), which were
based on data collected approximately 25 and 11
years earlier than ours, respectively.

Methods
Lead shot ingestion

We obtained gizzards of hunter-killed mottled

ducks at check stations on state and federal lands
along the Texas Coast (Figure 1) from 1987-2002.
Each year, we made attempts to collect gizzards
from all mottled ducks that came through check
stations. We collected gizzards throughout the
entire hunting season and froze them until exami-
nation, which occurred after the closure of each
season. Prior to opening gizzards, we examined
them for potential points of entry by shot-in pel-
lets. We then opened the gizzards and washed their
contents into a ceramic bowl. We visually exam-
ined contents and sorted pellets from other items
with the aid of a dissecting scope. We sorted steel
shot from lead with the aid of a magnet. We used a
dissecting scope to examine pellets suspected of
being "shot-in" for signs of wear, and if they showed
no signs of erosion we excluded them from analy-
sis (Moulton et al. 1988).

We determined lead shot ingestion rates for each
year based upon the number of gizzards with at
least 1 ingested lead pellet (Table 1). Historically,
ducks harvested on public areas along the Upper
Texas Coast tended to have a higher rate of shot
ingestion than those harvested elsewhere in Texas
(Moulton et al. 1988). Therefore, we grouped giz-
zards from different collection areas into either the
Upper Texas or Central Texas coastal region (Figure
1) for analyses. These regions also corresponded to
initiative areas of the Gulf Coast Joint Venture
(Esslinger and Wilson 2001). We examined lead
shot ingestion rate using analysis of covariance
(PROC GLM, SAS Institute Inc. 1990) that included
the effects of year, region, and the year-by-region
interaction. Ingestion rates are reported as meani
standard error.

Wing bones
We collected wings from hunter-killed mottled

ducks at public hunting areas (Figure 1) in Texas and
Louisiana during the 1998-1999 waterfowl season.
We labeled wings with date and location, then
placed them in a plastic bag that contained a small
amount of thymol to reduce decomposition and
odor (Merchant et al. 1991). We froze wings until
the end of the hunting season, at which time we
shipped them to Lamar University, Beaumont,Texas.
We used feather characteristics (Stutzenbaker 1988)
to age duck wings prior to their preparation for lab-
oratory analysis. For consistency, 1 individual
checked all wings.

After thawing, we removed the humerus from
the wing, stripped it of meat and connective tissue,
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washed it with deion-
ized water, labeled it, and
placed it in an oven to
dry overnight at 100°C.
We allowed the dried
samples to cool and then
weighed them in clay
crucibles to the nearest
0.0001 g. We next
placed samples in muf-
fle furnaces and ashed
them overnight at
500°C. We then cooled
and dissolved ashed sam-
ples in 3 mL of concen-
trated nitric acid. After
dissolution, we trans-
ferred samples to 25-mL
volumetric flasks and
diluted them to volume.
Earth Analytical Labs,
Inc., Beaumont, Texas,
analyzed these solutions
using the Inductively Coupled Plasma (ICP)
method. We based all calculations on lead concen-
trations in the dry bone mass.

So that comparisons with previous studies (e.g.,
Stendell et al. 1979, Merchant et al. 1991) could be
made, we considered age cohorts in analyses and
presentation of data. Values for lead concentrations
in wing bones were non-normally distributed, so
data were log-transformed and an analysis of vari-
ance (PROC ANOVA, SAS Institute Inc. 1990) that
included the effects of region, age, and the region-
by-age interaction was performed on the trans-
formed data. We calculated summary statistics pre-
sented in text and tables using nontransformed
data. Lead concentration levels are reported as
mean ± standard error.

Results
Lead shot ingestion

From 1987-2002, we examined 1,292 mottled
duck gizzards from the Central Texas Coast and
5,558 gizzards from the Upper Texas Coast for lead
shot. Average lead shot ingestion rates of mottled
ducks from the Central Texas and Upper Texas
coastal regions were 7.32%±1.13% (SE) and 18.09%
± 1.55%, respectively. However, these means were
not different (P= 0.181) when the effects of year (P
= 0.046) and interaction (year x region, P=0.186)

Table 1. Number of mottled duck gizzards examined (n) for evidence of lead shot ingestion and
number of gizzards found to have at least 1 lead shot from the Upper Texas and Central Texas
coastal regions from 1987-2002.

Year

1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

Upper Texas

No. with
lead

65
54
67
65
69
29
71
52
70
57

151
66
89
56
17
28

Coast

n

286
255
215
306
350
225
397
531
351
466
605
392
393
290
201
295

Central

No. with
lead

11
5
6
5
2
7
4
6
3
3
6
4

22
3
6
0

Texas Coast

n

71
84
98
59
28

143
120
76
54
59
92
65

114
31

108
90

Totals

No. with
lead

76
59
73
70
71
36
75
58
73
60

157
70

111
59
23
28

n

357
339
313
365
378
368
517
607
405
525
697
457
507
321
309
385

were taken into account. Lead shot ingestion rates
declined during the 16-year period (Figure 2).

Wing bones
We examined wing bones from 148 mottled ducks

collected during the 1998-1999 waterfowl season
for lead exposure (Table 2). No effects •were signifi-
cant in the initial model that included region of col-
lection, age, or the interaction of region by age. We
dropped the interaction (region x age) and repeated
the analysis. Lead levels of wing bones did not differ
by region (P = 0.180) or age (P = 0.397). For all
regions and age groups (all data combined), lead
concentration levels averaged 16.62 ppm±1.83 ppm
(SE). Comparison of our data to Paine's (1996) cri-
teria for interpreting lead concentrations in bone
suggested that 50% (ra=34) of after-hatch-year (AHY)
mottled ducks had concentrations that were normal
(<10 ppm), 22% (n = 15) had concentrations indica-
tive of lead exposure (10-20 ppm), and 28% (n= 19)
had concentrations that were clinical (>20 ppm).
Likewise, 54% (n = 43) of hatch-year (HY) mottled
ducks had concentrations that were normal, 24% (n
= 19) had concentrations suggestive of exposure, and
22% (n= 18) had concentrations that were clinical.

Discussion
Many waterfowl concentration areas are known
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Table 2. Lead concentrations (ppm) in wing bones of AHY and HY mottled ducks collected during the 1998-1999 hunting sea-
son from the Upper Texas, Central Texas, and Southwest Louisiana coastal regions. For comparative purposes, lead concentrations
and collection regions from 2 previous studies also are included.

Region

Central Texas Coast
Upper Texas Coast
Southwest Louisiana Coast
Upper Texas Coast
Louisiana Coast
Texas Coast
Louisiana Coast

n

22
30
16
31
29
32
15

AHY

Mean

18.6
20.0
13.8
75.1
37.3
54.4
36.8

SE

6.1
3.8
4.7

16.0
6.7

14.0
12.8

n

14
32
34
34
21
55
44

HY

Mean

7.2
13.5
20.5
40.0
33.2
54.4
26.7

SE

1.5
2.2
5.2
6.7

11.8
9.2
4.5

Source

This study
This study
This study
Merchant et al. 1991
Merchant et al. 1991
Stendell et al. 1979
Stendell etal. 1979

to have high densities of spent lead shot and recur-
ring problems associated with lead shot ingestion
(e.g., Catahoula Lake, Louisiana; Hohman et al.
1990); however, waterfowl that use these areas typ-
ically do so on a seasonal basis only, so exposure to
spent shot is limited. Unlike migratory species that
may be exposed to lead "hot spots" for only a por-
tion of their annual cycle, mottled ducks occur year-
round in wetlands that have experienced heavy
hunting pressure since early settlement
(Stutzenbaker 1988). Stutzenbaker (1988) estimat-
ed that over 635 metric tons of lead pellets were
deposited annually in coastal regions of Texas and
Louisiana, and Fisher et al (1986) reported more
than 1.5 million shot per hectare in a Texas coastal
marsh. Thus, mottled ducks are exposed year-round
to high densities of spent lead shot and likely have
the highest shot ingestion rate of any North
American duck (Stendell et al. 1979, Anderson et al.

1987 1990 1993 1996

Year

Figure 2. Lead shot ingestion rates (number of gizzards with lead divided by the number of giz-
zards examined) of mottled ducks collected from public hunting areas in the Central Texas Coast
and Upper Texas Coast from 1987-2002. Although the regional ingestion rates appear different,
the effect of year and year x region interaction overshadowed any regional significance.

1987, Sanderson and Bellrose 1986, Moulton et al.
1988)

Nontoxic shot regulations were in place across
most of the mottled duck's range in Texas by 1983
(Moulton et al. 1988) and in Louisiana by 1987 (R.
Helm, Louisiana Department of Wildlife and Fish-
eries, personal communication). Prior to nontoxic
shot requirements, the lead shot ingestion rate for
mottled ducks was approximately 25% in Louisiana
and approximately 33% in Texas (Anderson et al.
1987, Moulton et al. 1988). In the years
(1980-1983) coinciding with implementation, or
phasing in, of nontoxic shot requirements, lead shot
ingestion rates fell to 17% in high-harvest counties
of the UpperTexas Coast (Moulton et al. 1988). Our
data suggest that lead shot ingestion rates in mot-
tled ducks have continued to decline since then,
albeit gradually. Lead shot ingestion rates during
the most recent 5 years in Texas have averaged

14.1%±2.93% (SE), which
continues to exceed rates
that occurred in most
other waterfowl species
prior to bans on hunting
waterfowl with lead shot
in the United States
(Anderson et al. 1987,
Moulton et al. 1988).

Lead concentrations
observed in wing bones
of mottled ducks in this
study appear lower than
levels reported by Sten-
dell et al. (1979) and Mer-
chant et al. (1991). Sten-
dell et al. (1979) exam-
ined lead concentration
levels in wing bones prior

Upper TX Coast

Central TX Coast

= -0.66

1999 2002
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to nontoxic shot requirements. Although Merchant
et al. (1991) conducted their study approximately
6-10 years after bans on lead shot were phased in
along the Louisiana and Texas coasts, they found
mottled ducks had lead levels similar to those
reported by Stendell et al. (1979). Our samples
largely came from the same public hunting areas
used by Merchant et al. (1991). Although lead lev-
els appear to have declined, the concentrations we
observed were near the high end of the range
reported for mallards (Anas platyrhynchos) and
were higher than levels observed in American
black ducks (A. rubripes) and northern pintails (A.
acuta) before nontoxic shot requirements (Sten-
dell et al. 1979).

Marshes of the Upper Texas Coast have spent-
shot densities that are among the highest reported
in North America (Fisher et al. 1986). Moulton et al.
(1988) described a much higher rate of lead shot
ingestion in mottled ducks from this region com-
pared to mottled ducks collected elsewhere.
Similarly, Merchant et al. (1991) reported higher
lead levels in wing bones of mottled ducks collect-
ed from this region than in those collected in
Southwest Louisiana. We did not find regional dif-
ferences in either lead shot ingestion rates or wing-
bone lead concentrations. For lead shot ingestion
rate, the seemingly disparate differences we did
observe across regions (18.09% in the Upper Texas
Coast vs. 7.32% in the Central Texas Coast) were
overshadowed by long-term declines in ingestion
rate and the year-by-region interaction.

Growing birds can readily deposit lead salt to their
skeletons, which removes the salt from their blood
stream and perhaps reduces their susceptibility to
lead toxicosis (Anderson 1975, Stendell et al. 1979,
Sanderson and Bellrose 1986). Because the ability of
AHY and HY ducks to accumulate bone lead likely
differs, Stendell et al. (1979) suggested that AHY and
HY ducks should be considered separately in evalua-
tions of bone lead. Lead concentrations in the wing
bones of AHY and HY mottled ducks that we exam-
ined did not differ; both age groups had a high per-
centage of individuals with higher than normal lead
levels. Given that 46% of our HY birds had lead con-
centrations that were higher than normal (>10
ppm), the high incidence of (50%) of above-normal
lead concentrations we observed in AHY birds is
somewhat expected and may reflect ingestion of
spent lead shot either during the collection year or
in previous years (Stendell et al. 1979).

Lead may affect body condition of waterfowl and

consequently their vulnerability to hunting
(Bellrose 1959,Hohman et al. 1995,McCracken et al.
2000). Thus, the incidence of lead exposure that we
detected may be biased high, as we evaluated only
hunter-killed ducks. However, even if the hunter-
killed ducks that we examined were not reflective
of the general population, the rates of shot ingestion
that we detected were minimal estimates, as many
pellets likely were missed by our methods (i.e., visu-
al examination). Visual examination of gizzard con-
tents, compared to X-ray examination, likely misses
20-25% of ingested lead pellets (Montalbano and
Hines 1978, Anderson and Havera 1985).

Lead exposure in many species of North
American waterfowl, including mottled ducks, has
declined since the implementation of nontoxic
shot regulations (Moulton et al. 1988, Anderson et
al. 2000, Samuel and Bowers 2000). However,
because lead exposure in mottled ducks remains
high, the population should continue to be moni-
tored for lead exposure. Moreover, lead shot is still
heavily used to hunt mourning doves (Zenaida
macroura) in rice fields. Rice is a major agriculture
crop within the mottled duck's range, and rice
fields were located near most of our collection
areas. Because mottled ducks readily use rice fields
(Stutzenbaker 1988, Moorman and Gray 1994), the
availability of lead in these fields and its uptake by
mottled ducks need to be evaluated. Additionally,
studies are needed to determine the incidence of
lead exposure in non-hunter-killed mottled ducks.
Although limited evidence suggests that mottled
ducks, due to their diets, may have a high tolerance
for lead (Krystofik et al. 1986, Sanderson and
Bellrose 1986), studies evaluating the effects of lead
poisoning on survival, reproduction, and recruit-
ment in wild, free-ranging mottled ducks are need-
ed (e.g., Samuel et al. 1992, Hohman et al. 1995).
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