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Absiract

Increasing concemns about the exposure of mouming doves (Zenalda macroura) fo spent lead shot may fead to a review of lead-shot
restrictions. Policy reviews regarding current restrictions likely will irvolve debates about whether nontaxic-shof requirements will result in
increased crippling foss of mouming doves. We evaluated waterfow! crippling rates in the United States prior 6, during, and afer
Implementation of nontoxic-shot regulations for waterfow! hunting. We use this information to make inferences about moumning dove crippling
rates if nentexic-shot requiations are enacted. We found differences in moving average crippling rates among the 3 treatment periods for ducks
(F=23.232, P < 0.001, n=48). Prenontaxic-shot-period crippling rates were fower than 5-year phase-in period crippling rates (F = 0.043) but
higher (P < 0.001) than nontoxic-shot-period crippling rates. Similarly, we observed differences in moving average crippling rates among the 3
treatrment perfods for geese (F = 9.385, P < 0.001, n=48}. Prenantoxic-shot- and 5-year-phase-in-period crippfing rates were both greater than
(P < 0.001) nontoxic-shot-period crippling rates but did not differ from one another (F = 0.299). Regardfess of why the ocbserved Increases
occurred in reported waterfowl crippling rates during the phiase-in period, we believe the dacline that followed full implementation of the
nertoxic-shot reguiation is of uitimate importance when considering the impacts of lead shot restrictions for mourning doves. We argue that
jong-term mourning dove crippling rates might nat increase as evidenced from histarical waterfow! data. (WILDLIFE SOCIETY BULLETIN

34(3):861-865; 2006)
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Although lead shot was completely banned for waterfowl hunting
in the United States by 1992 (U.S. Fish and Wildlife Service
[USFWS] 1988, Belanger and Kinnane 2002), it continues to be
used extensively for upland game bird hunting, Despite its
continued use, there is growing concern about the risks related to
exposure of upland game birds to spent lead shot resulting from
hunting activities (Franson 1996, Keel et al. 2002), and much of
the concern is focused on mourning doves (Kendall et al. 1996,
Schulz et al. 2002, 20064). Given this heightened awareness of
lead exposure and toxicosis in mourning doves, further nontoxic-
shot regulations will be 2 contentious policy debate (Franson 1996,
Kendall et al. 1996, Belanger and Kinnane 2002).

Unlike other upland-game-bird hunting opportunities, mourn-
ing dove hunting can deposit large quantities of lead shot on
refatively small areas {e.g.,, 1.2-4.0 ha). Many wildlife manape-
ment agencies manipulate upland crop fields annually to provide
small grain and weed seeds scattered on relatively bare ground,
which in turn results in heavy use by feeding mourning doves
(Baskett 1993, Tomlinson et al. 1994, Schulz et al. 2003).
Previous research has shown that 860,185 lead pellets’ha were
deposited on a managed field in New Mexico {Best et al. 1992),
27,515 pellets/ha in Indiana (Castrale 1989), and 6,342 pellets/ha
in Missouri (Schulz et al. 2002). Mourring doves feeding in these
managed fields ingest lead shot because the spent shotgun pellets
appear similar to weed and grain sceds (Conti 1993, Mirarchi and
Baskett 1994), Samples of hunter-killed doves from these popular
hunting and feeding areas have shown lead pellet ingestion rates
for mourning doves varying from <1% to 6.5%. During 1995
2000, peliet ingestion rates were 2.5% of 4,229 mourning dove
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carcasses collected from 7 states where lead shot was permitted;
ingestion rates among areas ranged 0.0-20.8% with considerable
year-to-year variation among areas (Franson 2002). Along with
the information on exposure and ingestion of lead shot, there is
substantial information documenting the ultimate linkage to lead
toxicosis in mourning doves (Kendall et al. 1996, Schulz et al.
20064).

Opposition to nontoxic-shot regulations for waterfowl hunting
centered on numerous issues that were often unrelated to the
negative population effects of lead toxicosis (Belanger and
Kinnane 2002). We believe similar issues will surface when
nontoxic-shot tegulations are discussed for mourning doves.
Historically, concerns have been voiced about the availability of
ballistically suitable alternatives to lead shot, availability of shell
sizes other than 12-gauge, damage to older firearms, and increased
cost of nontoxic shotgust shells (USFWS 1988, Belanger and
Kinnane 2002). Many concerns have been addressed with the
development and availability of nontoxic-shot alternatives (e.g.,
iron/steel, bismuth, tungsten, tin, and nickel alloys), increases i
productior. and distribution of nontoxic ammunition, and
corresponding decreases in price for some nontoxic-shot alter-
natives (USFWS 1988).

One of the most contentious issues in the waterfowl-lead debate
was related to ballistic differences between lead and nontoxic shot
{i.e., steel shot at the time). This debate led many stakeholders to
believe that mandatory nontoxic-shot regulations would result in
increased crippling losses that would be equal or larger than those
caused by lezd poisoning (Humburg and Babcock 1982, USEFWS
1988). This same issue has become a point of discussion with
stakeholders reluctant to see further restrictions on lead shot
enacted for mourning dove hunting. Our objectives, therefore,
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Figure 1. There are several outcomes each time a hunter shosts at a game
bird, and not every bird that Is perceived te be shot is actually kiled. A hunter
couid miss the bird completely, or provide a mild, intermediate, or fatal wound.
Also, not all wounded birds die, and not all dead birds are retrieved. Therefore,
we suggest reperted crippling rates provide a relative, but consistent, measure

“of hunters' perceptions of unretrieved ki,

were to 1) evaluate crippling rates reported by waterfowl hunters
prior to the nontoxic-shot requirement (prenontoxic-shot period),
during the 3-year period over which all states implemented
nontoxic-shot regulations (phase-in period), and after nontoxic
shot was required nationwide (nontoxic-shot period), and 2) use
this information from waterfow! to make inferences to future
mourning dove crippling rates if additional nontoxic-shot
regulations are enacted.

Methods

Crippling Rates

Each time a hunter shoots at a flying bird there are several possible
outcomes (Iig. 1). Although shots that are complete misses and
those that sesult in retrieved birds have unambiguous outcomes,
the fates of birds that are hit but not killed and retrieved are rarely
known. The number of birds that are not harvested but die as a
result of hunters’ shots (hereafter called cripples) is necessary to
estimare realized kifl rates (Brownie et al. 1985) and may be an
important element in understanding the impacts of hunting on
game bird populations. Estimating crippling rates, however, is a
difficult task due to the numerous outcomes (Fig. 1). Fstimates of
acfual crippling rates can be obtained on z local scale by
monitoring a sample of radiomarked birds during the hunting
season {Berdeen 2004). An alternative is using trained observers
{or “spy blinds™} to watch hunters to obtain estimates of observed
crippling rates (Flaas 1977}, but the ultimate fate of birds that are
hit is still unknown. Usually, however, crippling rate estimates are
obtained by asking huaters about the number of birds shot but not
retrieved, Ever when survey or interview questions about crippling
are explicitly stated, uncertainty still exists in the interpretation of
the data (Fig. 1). Thus, these estimates are routinely known as
reporied crippling rates because they represent what husters
perceived happened in the field rather than objective and empirical
dara. Nevertheless, we believe that reported crippling rates provide
a valid index that accurately reflects trends in actual crippling rates.

Waterfowl crippling rates
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Figure 2. Duck and goose reported crippling rates from the U.S. Fish and

| —Ducks

- Wildlife Service (USFWS) Waterfowl Harvest Survey, 1952-2001.

The reported crippling rates used were derived from the
USFWS mail questionnaire survey conducted annually from
1952 to 2001 to estimate the harvest of waterfowl and other
migratery game birds. Each year, the USFWS randomly selected a
sample of post offices that sold federsl duck stamps and asked
them to give each duck stamp purchaser a postage-paid name and
address postcard. We sent the potential waterfowl hunters who
filled out and returned the posteards a harvest questionnaire at the
close of the hunting season {Martin and Carney 1977, Voelzer et
al. 1982). We asked sampled hunters to report the number of
ducks and geese they killed and retrieved, from which the USFWS
estimated refricved kilf, and also how many birds they dnocked
down in sight but could notf refrieve, from whick the USFWS
estimated wmretrieved kill. About 40,000-60,000 waterfow]
hunters were sampled in sost years, and the questionnaire
response rates averaged about 65-70%,

Data Analysis
We computed crippling rates (CR) as:

UK
CR= ASN + amv

where UK = unretrieved kill and RK == retrieved kil We
compared duck and goose crippling rates during the prenontoxic-
shot (1952-1986), the 5-year phase-in (1987-1991), and the
nontoxic-shot (1992-2001)-peziods (Fig. 2). We assumed that
crippling rates were similar among Byways and computed overall
U.S. crippling rates.

We computed simple 3-year moving averages () of the
crippling rates to smooth the trend lines. The # year simple
moving average for year ¥ was computed as:

MU CRiy i1
Ay=5 <y
n
That is, a 3-year moving average value for year 3 was computed as
As={CR3+ CRy - CRy)/3. We transformed the moving average
data using an arcsine transformation and used analysis of variznce
to compare transformed erppling-rate datz among the 3 treat-
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Figure 3. The 95% confidence intervals of untransformed maving average
crippling-rate values for ducks during prencntoxic-shot (1952-1986), phase-in
{1987-1991), and nontoxic-shot (1892-2001) periods.

ment periods. We used Tukey’s honestly significant difference test
to discern differences by treatment period {Zar 1996). All tests
were considered significant at P < 0.05.

Results

‘We found differences in moving average crippling rate among the
3 treatment periods for ducks (F=23.232, P < 0.001, n =49).
Prenontoxic-shot crippling rates were lower than 5-year phase-in
crippling rates (P=0.043) but higher (P < 0.001) than nontoxic-
shot crippling rates (Fig. 3). Moreover, 5-year phase-in crippling
rates were higher than nentoxic-shot crippling rates (P < 0.001;
Fig. 3).

Similaly, we observed differences in moving average crippling
rates among the 3 treatment periods for geese (F = 9.385, P <
0.001, 7= 49). Prenontoxic-shot crippling rates and 5-year phase-
in crippling rates were greater than (P < 0.001) nontoxic-shot

crippling rates (Fig. 4) but did not differ from one another (P =.

0.299).

Discussion

Nontoxic Shot and Increased Crippling?

We believe several possible explarations exist for the observed
increases in reported duck and goose crippling rates during the 5-
vear nontoxic-shot phase-in period and the subsequent decline
after the regulations became fully implemented (Fig. 2). One
possibility is that the ammunition available during implementa-
tion of nontoxic-shot regulations may have been so ballistically
different from traditional lead shotgun shell loads that hunters
were indeed shooting differently and crippling more ducks and
geese. If this scenario is correct, we believe waterfowl hunters
likely learned to adjust their shooting, and apparently became
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Figure 4. The 85% confidence intervals of untransformed moving average
crippling-rate vaiues for geese during prenontoxic-shot (1952-1986), phase-in
(1887-1981), and nontoxic-shot {1982-2001) periods.

better shooters and hunters after implementation of the nontoxic
regulation. Alternatively, waterfow] hunters may have developed a
self-fulfilling prophesy in their own minds (Freedman et al. 1978,
Burke 1982, Myers 1996) where they cxpected to cripple more
birds and, thus, reported crippling more birds. If so, then hunters
may have forgotten about the “increased crippling” prophesy after
full implementation of the nontoxic-shot regulation, and reposted
crippling rates dropped to previous or lower levels.

Regardless of the explanation for the observed increases in
reported crippling rates by waterfowl hunters, we argus the decline
that follewed full implementation of the nontoxic-shot regulation
is of ultimate importance when considering further lead-shot
restrictions for mourning dove hunting. In other words, we might
not expect increases in reported mourning dove crippling rates if a
nontoxic-shot regulation is implemented. We acknowledge the
connection between histoficzl waterfowl and anticipated mourn-
ing dove crippling rates has.not been tested. However, we believe
the inference is reasonable because it is based upon the best
available data. Given more time and funding, an alternative
approach would be a series of experiments measuring lethality
differences among currently available shotgun pellet types. These
experiments will be costly and current animal care and use
protocols may be difficult (if not impossible) to obtain.

Historically, one of the earliest estimates of mourning dove
crippling rates reported by hunters was 32% (Southeastern
Association of Game and Fish Commissioners 1957). In South
Carolina, estimated crippling rates ranged 27-41%, based on the
observations of trained observers in the field and exit interviews
{Haas 1977). We believe these rates are overestimated because not
all birds thought to be shot and not retrieved are actually killed
(Fig. 1). Furthermore, modern estimates of retrieved and
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unretrieved kill from the Harvest Information Program (HIP; Ver
Steeg and Elden 2002) result in reported mourning dove crippling
rates of 10~14% across the 3 mourning dove management units
(USFW5 Division of Migratory Bird Management, enpublished
data).

Lead Shot versus Increased Crippling: Which Is The
Lesser of 2 Evils?
As previously noted, waterfowl hunters generally believed that
crippling rates would increase with the mandatory use of
nontoxic-shot ammunition (Humburg and Babecock 1982) and
that the number of waterfowl saved from lead poisoning would
likely be no greater than the increased number of crippled ducks
and geese resulting from the use of nontoxic shot (USFWS 1988).
Stakeholders framed the nontoxic-shot discussions as a Jesser of 2
evili point of debate (ie., which negative impact is more
palatable?). Our review of zﬁ historical waterfowl harvest datz
showed that, although reported crippling rates did actually
increase at first, the rates returned to levels similar to or lower
than prenontoxic-shot estimates.

~ Hunters, however, are not the only constituency group with a
stake in the nontoxic-shot debate. Nonhunting stakeholders have
drawn attention to the toxic effects of lead shot and have taken
advantage of its continued use to attempt: to ban dove hunting
altogether in some states. For example, since dove hunting was
approved in g&:w»n in 2004, several groups {e.g., Humane
Sodety of the United States, Michigan Audubon Society, and
Fund for Animals) have obtained >275,000 voter signatures for a
baflot initiative in the November 2006 election te stop dove
hunting {http://www.savethedoves.org/news/news_033005.html
and http://www.stopshootingdoves.org/). The most effective and
compelling arguments in press releases from these groups have
suggested that Michigan voters should support the referendum to
protect the environment from dangerous amounts of lead resulting
from dove hunting. Peggy Ridgway, president of the Michigan
Audubon Sodiety, stated, “We have gone to great lengths to
remove this environmental toxin from our gasoline, paint, solder,
and even shotguns when shooting near wetlands. Our stewardship
of Michigan’s land and water resources necessitates the efimi-
nation of further use of lead, and the confinued effort to clean up

what remains” (http://www.savethedoves.org/news/news_080504.
html).

‘Historical estimates place mourning dove autumt populationsiat.:
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Available information indicates that most dove hunters would
not favor additional lead shot restrictions for dove hunting
(Levengood et al. 1999, Schulz et al. 20064). We contend the
continued use of lead shot may be indefensible from an increased
crippling rate argument. Therefore, we suggest that the first step
in contemplating nontoxic-shot restrictions for mourning dove
hunting should be a detailed strategic plan for outlining the
development and implementation of the policy and 2 detailed and
reasonable timetable. The planning process must include partic-
ipation by all stakeholders for the ultimate outcome to be
successful.

Acknowledgments
We thank J. A. Roberson, D. L. Qtis, D. D. Dolton, and an

anonymous reviewer for early comments of the manuscript. We
acknowledge the cooperation and willing participation of all the
waterfowl harvest survey respondents during 1952-2001. Funding
and support for this investigation were provided by the Missouri
Department of Conservation's Resource Science Center and the
University of Missour’s Department of Fisheries and Wildlife
Sciences and Veterinary Medicine Diagnostic Laboratory.

Burke, W. W. 1882, Organization development: principlss and practices.
Harper-Calling, New Yark, USA.

Castrale, J. 8. 1889. Avallability of spent lead shot in flelds managed for
mouming dove hunting. Wildlife Scciety Bulletin 17:184-180, )
Contl, J. A. 1988, Diseases, parasites, and contaminants, Pages 205-224 in T.
S. Baskeft, M. W. Sayer, R. E. Tomlinson, and R, E. Mirarchi, editors.
Ecology and management of the mourning dove. Widife Management

Institute, Washington, D.C., USA.

Delton, . D, and R, D. Rau. 2005. Mourning dove population status, 2008,
U.S. Fish and Wildlife Service, Laurel, Manyland, USA.

Dunks, J. H., R, E. Tomlinson, H. M. Reeves, D. D. Dolton, C. E. Braun, and T.
P. Zapatka. 1982. Migration, harvest, and popuiation dynamics of mourming
doves banded in the Central Management Unit, 1957—77. Special Scientific
Report-Widlife No. 249. U.8. Fish and Wildlife Service, Washington, £1.C.,
USA.

Franson, J. C. 1996. Interpretation of tissue lead residues in birds other than

864

Wildlife Society Bulletin « 34(3)

This content downloaded from 128.173.127.127 on Thu, 2 Oct 2014 08:54:43 AM
All use subject to JSTOR Terms and Conditions




watarfowl. Pages 265-279 in W. N. Beyer, G. H. Heinz, and A. W. Redmon-
Norwoed, editors. Environmantal contaminants in wildife: interpreting tissue
concentrations. Lewis, CRC, Boca Raton, Florida, USA.

Franson, J. C. 2002. Lead exposure in mouming doves. Final Report-Webless
Migratory Game Bird Research Program, unpublished. U.S. Geclogical
Survey National Wildife Health Center, Madison, Wisconsiry, USA.

Freedman, J. L., D. O. Sears, and J. M. Carlsmith. 1978. Social psychology.
Third edition. Prentice-Hall, New York, New York, USA.

Haas, G. H. 1977. Unretrieved shooting loss of moumning doves in north-
central South Carolina, Wildlife Society Bulletin 5:123-125.

Humburg, B. D., and K. M, Babcock. 1882. Lead poisoning and lead/steel
shot: Missouri studies and a historical perspective. Terrestrial Series No. 10.
Missouri Departrment of Conservation, Jefferson City, USA.

Keel, M. K., W. R. Davidson, G. L. Deoster, and L. A. Lewis. 2002, Northern
bobwhite and lead shot deposition in an upland habitat. Archives of
Environmental Contamination and Toxicology 43:318-322.

Kendall, R. J., T. E. Lacher, Jr., C. Bunck, B. Daniel, G. Driver, C. E. Grue, F.
Lelghton, W, Stansley, P. G. Watanbe, and M. Whitworth, 1996. An
ecaological risk assessment of lead shot exposure in non-waterfowl avian
species: upland game birds and raptors. Environmental Toxicclogy and
Chemistry 15:4-20.

Levengood, J. M., W. L. Anderson, and L. M. David. 1989, Results of the 1987
llinois mourning dove hunter survey. Final Report, Project W-112-R. llinois
Department of Natural Resources, Federal Ald in Widiife Restoration,
Springfield, USA.

Rartin, E. M., and 8. M. Camey. 1977. Population ecology of the maliard IV. A
review of duck hunting regulations, activity, and success, with special
reference to the mallard, Resource Publication 130, U.S. Fish and Wildlife
Service, Washington, D.C., USA.

Mirarchi, R. E., and 7. S. Basketi. 1894. Mourning dove &Zenaida macroura).
No. 117 in A. Poole and F. Gill, editors. The birds of North America. The
Acadermny of Matural Sciences, Philadelphia, Pennsylvania, and The
American Omitholegists’ Union, Washington, D.C., USA.

Myers, D. G. 1998. Sccial psychology. Fifth edition. McGraw-Hill, New York,
New York, USA,

Schulz, J.-H., J. J. Millspaugh, A. J. Bermudez, X. Gao, T. W. Bonnot, L. G.
Britt, and M. Paine. 2008a. Expefimental acute lead toxicosis in mourning
doves. Journal of Wildlife Management 70:413-421.

Schulz, J. H., J. J. Millspaugh, B. E. Washbum, G. R. Wester, J. T. Lanigan, lil,
and J. C. Franson. 2002. Spent-shot availabllity and ingestion on areas
managed for mouming doves. Wildiife Society Bulietin 30:112-120.

Schulz, J. H., J. J. Millspaugh, D. T. Zekor, and B. £ Washbum. 2003,
Enhancing sport-hunting cppertunities for urkanites. Wildife Society Bulletin
31:565-573.

Schulz, J. H., R. A. Reitz, S. L. Sheriff, and J. J. Millspaugh. 20066, Attitudes of
Missouri small game hunters toward nontoxic shot restrictions. Wildlife
Society Bulletin 34:in press,

Southeastemn Association of Game and Fish Commissioners. 1857, Mourning
dove investigations, 1948-1956. Technical Bulletin No. 1. Columbia, South
Caroling, USA.

Tomlinson, R. £, D. D. Dolton, R. R. George, and R. E. Mirarchi. 1994,
Mouming dove. Pages 5-26 in T. C. Tacha and C. E. Braun, editors.
Migratory shore and upland game bird management in North America.
International Association of Fish and Wildlife Agencies, Washington, D.C.,
USA.

Tomilinson, R. E., D. D. Dolton, H. M. Reeves, J. ©. Nichols, and L. A
MeKibben. 1988, Migration, harvest, and population characteristics of
mouming doves banded in the Western Management Unit, 1864—1977, U.S,
Fish and Wildlife Technical Report 13. U.S. Fish and Wildlife Service,
Washington, D.C., USA.

U.S. Fish and Wildlife Service. 1988. Appendix 13: a synopsis of the nontoxic
shot issue. Pages 317-318 /n Final supplemental environmental impact
staternent: issuance of annual regulations permitting the sport hunting of
migratory birds (SEIS 88). U.S. Government Printing Cffice, Washington,
D.C., USA.

Ver Steeg, J. M., and R. C. Elden, compilers, 2002. Harvest information
program: evaluation and recommendations. {ntemational Assodiation of Fish
and Wildliife Agencies, Migratory Shore and Upland Game Bird Working
Group, Ad Hoc Committee on HIP, Washington, D.C,, USA, )

Voelzer, J. F., E. Q. Lauxen, S. L. Rhoades, and K. D. Nomnan. 1882
Waterfowl status report 1979. Special Scientific Report-Wildlife No. 248,
1.8, Fish and Wildlife Service, Washington, D.C., USA.

Zar, J. H. 1998. Biostatistical analysis. Third edition. Prentice Hall, Upper
Saddie River, New Jersey, USA,

John H. Schulz {photo) Is resource scientist for the Missouri Department of
Conservation and is primarily involved with research geared toward improving
regional and national mouming dove harvest management decisions. He
received his B.S. and M.A. in biology from Minnesota State University
{formerly Mankato State University). He is a member of The Wildiife Society
{TWS), past-president of the Missouri TWS Chapter, and past-president of
TWS North Central Section. Pauf L. Padding is a wildiife biologist for the
U5, Fsh and Widlife Service's Division of Migratory Bird Management and
currently is serving as chief of the Division’s Branch of Harvest Surveys, He
oversees the cooperative, state—federal migratory bird Harvest Information
Program. He received his B.S., M.S., and Ph.D. in wildiife blology from
Michigan State University and is a member of TWS. Joshua J. (Josh)
Milispaugh is an associate professor of wildliife conservation at the
University of Missouri (MU). Prior to joining the MU faculty, he was a
postdoctoral researcher in the School of Fisheries at the University of
Washington {UW). He received his Ph.D. in widlife science from the UW, his
M.S. from South Dakota State University, and his B.S. from State University
of New York College of Environmental Science and Forestry. His research
focuses on the design and anaiysis of radiotracking studies, population
dynamics, large mammal ecology and management, and the refinement and
application of noninvasive hormmane assays in wildlife conservation.

Schulz et al. * [n My Cpinion: Dove Crippling Rates and Nontoxic Shot

865

This content downloaded from 128.173.127.127 on Thu, 2 Oct 2014 08:54:43 AM
All use subject to JSTOR. Terms and Conditions




