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ABSTRACT.—A more complete understanding of nonhunting and harvest mortality for Mourning Doves 
(Zenaida macroura) will be critical to improving regional and national harvest management decisions. Poi-
soning from ingested lead shot is of particular concern in Mourning Doves, which are often hunted on 
managed shooting fields where lead shot densities can be high, potentially increasing the risk of lead expo-
sure. Previous studies of lead exposure in Mourning Doves have been local in scope and sample sizes have 
varied widely among areas. We provide an evaluation of lead exposure in 4,884 hunter-harvested Mourning 
Doves from Arizona, Georgia, Missouri, Oklahoma, Pennsylvania, South Carolina, and Tennessee. Overall, 
the frequency of ingested lead pellets in gizzards of doves on hunting areas where the use of lead shot was 
permitted was 2.5%, although we found a high degree of variability among locations. On areas where non-
toxic shot was required, 2.4% of Mourning Doves had ingested steel shot. Hatch year (HY) doves had a 
greater frequency of ingested lead and steel pellets than after hatch year (AHY) birds, suggesting that they 
either ingested pellets more frequently or that young birds with ingested shot were preferentially harvested 
over older birds with ingested pellets. In doves without ingested lead pellets, bone lead concentrations were 
lower on an area requiring the use of nontoxic shot than on areas allowing the use of lead shot. Received 3 
June 2008, accepted 8 August 2008. 
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THE MOURNING DOVE National Strategic Harvest 
Management Plan (National Plan) provides a long-
range vision for Mourning Dove management by 
development, implementation, and continuous im-
provement of harvest strategies based on mecha-
nistic population models. The National Plan was 
adopted in 2003 by the four Flyway Councils, in 
2004 by the Association of Fish and Wildlife 

Agencies (AFWA), and Migratory Shore and Up-
land Game Bird Working Group, and subsequently 
published by the US Fish and Wildlife Service (US 
Fish and Wildlife Service 2005).  
 
The use of quantitative population models that  
synthesize knowledge of life history parameters, 
and the effects of intrinsic and extrinsic factors, has 
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a long history in wildlife management (Shenk and 
Franklin 2001). This modeling approach provides a 
framework for tracking population change as a 
function of changes in factors impacting life his-
tory. Thus, the model fulfills a dual role of provid-
ing a rigorous context for harvest management and 
improving our understanding of the population dy-
namics of the species by evaluating vital population 
rates as functions of extrinsic factors such as 
amount of available breeding habitat, climatic con-
ditions, nonhunting mortality, or hunting pressure. 
Within this context, a better understanding of spe-
cific causes of nonhunting mortality and their rela-
tive importance for Mourning Doves contributes 
critical information to the modeling process and 
requires empirically based input data. Poisoning 
from ingested spent lead shot in Mourning Doves 
has been identified as a conservation and manage-
ment issue, with a need for better understanding of 
its potential population effects (Mirarchi and 
Baskett 1994, Tomlinson et al. 1994). Although the 
magnitude of lead exposure and poisoning in 
Mourning Doves is unknown, a risk assessment of 
lead shot exposure in upland birds and raptors con-
cluded that Mourning Doves are particularly likely 
to ingest spent lead shot (Kendall et al. 1996), and 
Schulz et al. (2006b) have suggested that the num-
ber poisoned may approach the number harvested 
on an annual basis.  
 
In the United States, Mourning Doves are com-
monly hunted in selectively managed fields. In 
2007, 5–6 shots per dove bagged were reported for 
managed shooting fields in Missouri (Missouri De-
partment of Conservation, unpublished report), and 
an earlier study in Tennessee found as many as 
eight shotshells were expended per bird taken 
(Lewis and Legler 1968). Lead shot densities of 
greater than 860,000 pellets per hectare have been 
reported from heavily hunted fields after the end of 
the dove hunting season (Best et al. 1992). In sev-
eral regional studies, ingested lead shot were found 
in 0.3% to 6.4% of Mourning Doves (Castrale 
1991, Kendall et al. 1996, Schulz et al. 2002). Ken-
dall et al. (1996) suggested that a conservative es-
timate of the frequency of ingested lead shot in up-
land game birds, based largely on data for 
Mourning Doves, is about 3%. 
 

Lead poisoning in birds is typically a chronic dis-
ease which often results in the development of 
clinical signs that include weakness, emaciation, 
and anemia. Although the relationship between in-
gested lead shot and toxicological effects depends 
on many factors, including species, diet, body con-
dition, and environmental factors, one #7.5 or #8 
ingested lead pellet may cause acute mortality in 
Mourning Doves (Buerger et al. 1986, Schulz et al. 
2006a). Even in the absence of direct mortality 
from lead toxicosis, one ingested lead pellet may 
result in sublethal effects on physiology and behav-
ior that can lead to death from starvation, predation, 
or disease (Scheuhammer and Norris 1996, Schulz 
et al. 2006a). Liver is the tissue often used as an 
indicator of recent lead exposure. Liver lead con-
centrations of 2 parts per million (ppm) wet weight 
(about 6 ppm dry weight) or greater are generally 
considered elevated in birds, including Mourning 
Doves, while concentrations of 6 ppm wet weight 
(about 20 ppm dry weight) or greater are potentially 
toxic (Franson 1996, Pain 1996). In a recent ex-
perimental lead shot dosing study in Mourning 
Doves, surviving birds had a mean liver lead con-
centration of 3.4 ppm, wet weight, while the mean 
of those that died was 49.2 ppm (Schulz et al. 
2006a). Bone lead concentrations are often used as 
a measure of chronic exposure, because lead is lost 
from bone very slowly (Sanderson and Bellrose 
1986, Pain 1996). Doves experimentally dosed with 
lead shot may accumulate up to 400–500 ppm dry 
weight of lead in bone (Kendall et al. 1983), 
whereas bone lead concentrations in apparently 
normal doves from rural areas usually average less 
than 50 ppm dry weight (Kendall and Scanlon 
1979, 1982). 
 
To evaluate the prevalence of lead exposure in 
Mourning Doves, we studied the frequency of in-
gested lead shot and lead concentrations in liver 
and wing bones in a sample of hunter-harvested 
birds from locations in seven states where lead shot 
was permitted for hunting. In addition, we exam-
ined hunter-harvested doves from two areas where 
nontoxic shot was required for hunting Mourning 
Doves. We studied the frequency of ingested pellets 
at both of these locations and liver and bone lead 
concentrations at one.  
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METHODS 

 
Sample Collection and Processing.—With the as-
sistance of personnel from State natural resource 
agencies, we examined 4,884 dove carcasses (after 
the breast was removed in most cases) collected 
from cooperating hunters during 1998–2000 in Ari-
zona, Georgia, Missouri, Oklahoma, Pennsylvania, 
South Carolina, and Tennessee. Carcasses were 
shipped to the USGS National Wildlife Health Cen-
ter (NWHC), Madison, Wisconsin. Age (i.e., hatch 
year (HY) and after hatch year (AHY)) was deter-
mined for 4,758 birds by plumage characteristics 
(Mirarchi 1993, Schulz et al. 1995). Sex was de-
termined for 4,535 birds by visual examination of 
gonads, and the gizzard, liver, and one wing were 
removed from each carcass. All gizzards were indi-
vidually identified and radiographed in groups, and 
those that contained metallic densities were exam-
ined visually for the recovery of metal. Pellets in 
the gizzard lumen that had penetrated the gizzard 
muscle as a result of gunshot were differentiated 
from ingested pellets by confirming the presence of 
entry wounds in the gizzard, by finding feathers en-
veloping the pellets and carried into the gizzard lu-
men, and by the examination of pellets for deformi-
ties (in the case of lead shot) indicating that they 
had contacted hard tissues. Steel pellets were iden-
tified by visual examination and the use of a mag-
net. Nonmagnetic pellets were evaluated for charac-
teristics of lead (such as softness; tendency to 
deform or be cut, rather than to flake; appearance of 
a sheen on a cut or scratched surface) by pressing 
the pellet with the tip of a stainless steel scalpel 
blade or scissors. 
 
Lead Analysis.—Livers and wing bones (ra-
dius/ulna) were examined visually and those with 
damage indicative of penetration by pellets were 
trimmed or discarded. Livers were stored frozen at 
–20ºC until analysis. Wing bones were stored in 
paper envelopes until preparation for lead analysis, 
when skin, feathers, and flesh were removed. Lead 
concentrations were measured in all livers and wing 
bones (except four wings damaged by pellets) from 
doves with ingested lead shot. In addition, we ana-
lyzed livers and wing bones from 1,989 and 691, 
respectively, doves without ingested lead or steel 
pellets. Although the majority of these samples 
came from areas where lead shot was permitted, we 

also analyzed livers and wing bones from one area 
(Hackberry Flat in Oklahoma) that required the use 
of nontoxic shot. Livers and bones for lead analysis 
from birds without ingested pellets were selected at 
random from within individual shipments, such that 
all states were represented in the sample. Lead 
analysis of tissues was done by atomic absorption 
spectroscopy (AAS) at the Illinois Department of 
Agriculture Animal Disease Laboratory, Centralia, 
Illinois and the NWHC. Most (95%) of the livers 
and all wing bones were analyzed for lead by 
graphite furnace AAS (Varian SpectrAA 220 FS, 
Varian, Inc., Palo Alto, CA or Thermo Jarrell Ash 
Scan 1 Thermo Jarrell Ash, Franklin, MA), using 
methods described by Ihnat (1999). Samples were 
dried to constant weight, digested in 1–5 ml trace 
metal grade nitric acid, and diluted with reagent 
grade deionized water to 50 ml. For the remaining 
5% of the livers, samples were prepared and ana-
lyzed for lead according to Franson and Smith 
(1999), using flame AAS (Thermo Jarrell Ash Scan 
1, Thermo Jarrell Ash, Franklin, MA). Quality as-
surance and quality control procedures for all 
analyses included the preparation of one sample 
spiked with a known amount of lead per each batch 
of 12–24 samples. Lower limits of detection were 
0.05 ppm dry weight (Illinois Department of Agri-
culture) and 0.15 ppm dry weight (NWHC) for 
graphite furnace AAS and 0.70 ppm dry weight for 
flame AAS (NWHC). Mean recoveries from spiked 
samples were 100.5% for graphite furnace AAS 
and 100.1% for flame AAS. Average moisture con-
tent for livers and bones were 70.3% and 7.9%, re-
spectively. All results are expressed as ppm on dry 
weight basis. 
 
Statistics.—We calculated frequencies of liver and 
bone concentrations of ≥6 ppm and ≥20 ppm, re-
spectively, as indicators of lead exposure (Franson 
1996, Pain 1996). All liver data (from graphite fur-
nace and flame AAS) were used in these calcula-
tions and in data summaries from doves with in-
gested lead shot. However, because of the much 
higher limit of detection, we excluded liver flame 
AAS data (n = 89) from calculations of summary 
statistics and comparisons of liver concentrations in 
doves without ingested lead shot. For those analy-
ses, we used only the graphite furnace AAS data (n 
= 1,900). For analysis of bone data, we excluded 
three samples that fell below the NWHC detection 
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limit of 0.15 ppm dry weight, yielding n = 688. 
Thus, our lower limit of detection was effectively 
0.05 ppm dry weight and we assigned a concentra-
tion of 0.025 ppm dry weight to those samples be-
low the lower limit of detection (8.0 % of liver 
samples and 0.6 % of wing bones). We used non-
parametric statistics as these methods require only 
the relative order of the lead concentrations and be-
cause samples below the detection limit of 0.05 
ppm were assigned a value of 0.025 ppm, they were 
consistently ranked lowest (Helsel 2005). We used 
the Wilcoxon rank sums test to evaluate differences 
in lead concentrations by age and sex, Fisher’s ex-
act test to compare categorical data, Spearman cor-
relation coefficient to compare lead concentrations 
in liver and bone, and factorial analysis of variance 
(ANOVA) to compare bone lead concentrations in 
doves without ingested shot by age and area (lead 
shot or nontoxic shot) (SAS Institute, Inc. 1996).  

 
RESULTS 

 
Samples Collected.—Most Mourning Dove car-
casses (4,229) came from areas where the use of 
lead shot was permitted, but 655 were collected at 
two areas where nontoxic shot was required (Ta-
bles 1, 2), and the overall frequency of ingested 
pellets (lead and steel) was 2.5%. The majority of 
dove carcasses (2,832 from lead shot areas and 
580 from nontoxic shot areas) were collected from 
September 1 through September 7, with the re-
mainder (1,397 from lead shot areas and 75 from 
nontoxic shot areas) collected from September 8 
through December 24 (Table 3). Of the dove car-
casses for which age and sex were determined, 
69.9% were HY, 30.1% were AHY, 55.5% were 
males, and 44.5% were females. 
 
Ingested Pellets on Lead Shot Areas.—Combining 
results from all areas where lead shot was allowed 
for hunting, we found 106 (2.5%) doves with in-
gested lead pellets (Table 1). Frequencies of in-
gested lead pellets ranged from 0% at many of the 
areas sampled to 19.9% and 13.3% at Gila Valley 
and Yuma Valley, Arizona, respectively (Table 1). 
The number of ingested lead pellets per dove 
ranged from one, in 42% of birds with ingested lead 
pellets, to 43 (Table 3). Gizzards of two doves col-
lected from lead shot areas (one each from North-
ampton County, Pennsylvania and Lake Wallace, 

South Carolina) contained ingested steel pellets, but 
no ingested lead pellets. All doves with ingested 
lead pellets, except one, were HY birds. The fre-
quency of ingested lead pellets did not differ by sex 
or by early versus late sampling period (Table 4). 
 
Ingested Pellets on Nontoxic Shot Areas.—At two of 
the areas sampled, nontoxic shot was required because 
of the presence of relatively newly constructed and 
restored wetlands. Ingested pellets were found in 16 of 
655 (2.4%) Mourning Doves on these areas (Table 2). 
All 16 birds had ingested one or more steel pellets and 
gizzards of two doves contained ingested steel and 
lead pellets. The number of ingested steel pellets 
ranged from one to 23 (Table 3). Of the 12 doves hav-
ing ingested shot for which age was determined, all 
were HY. The frequency of ingested steel pellets was 
similar for males and females and none of the doves 
collected after September 7 had ingested shot in their 
gizzards (Table 4). 
 
Liver and Bone Lead Concentrations.—Liver and 
bone lead concentrations of doves with ingested 
lead pellets (Table 5) did not differ by sex (P = 
0.4524 and 0.1055, respectively). Lead concentra-
tions in tissues of birds with ingested lead pellets 
were not compared by age because all but one were 
HY birds. Liver and bone lead concentrations were 
significantly correlated in birds with (r = 0.328, n = 
103, P = 0.0007) and without (r = 0.337, n = 598, P 
<0.0001) ingested lead pellets. Combining the data 
from all doves (with and without ingested pellets), 
frequencies of elevated liver (>6 ppm dry weight) 
and bone (≥20 ppm dry weight) lead concentrations 
were 8.3% and 26.8%, respectively, on areas where 
lead shot was allowed and 2.0% and 11.1%, respec-
tively, on the area requiring nontoxic shot. 
 
In doves without ingested lead pellets, lead concentra-
tions in liver differed by sex (females >males, P = 
0.0053), but not age (P = 0.0666), and concentrations 
in bone differed by age (AHY >HY, P = <0.0001), but 
not sex (P = 0.1917) (Tables 6, 7). Lead concen-
trations in wing bones of Mourning Doves without 
ingested lead pellets were greater in birds from areas 
where lead shot was allowed than from the area where 
nontoxic shot was required (P <0.0001) (Table 8), but 
concentrations of lead in liver did not differ between 
lead and nontoxic shot areas (P = 0.2198).  
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Table 1. Number of hunter-harvested Mourning Doves collected from areas where the use of lead shot was 
permitted and the number with ingested lead pellets, 1998–2000.  

State/Place name Location 
No. doves  
collected 

No. with ingested 
pellets (%) 

Arizona    
 Buckeye Granary  33°22’N, 112°35’W  10 0 
 Curtis Road 32°36’N, 111°34’W 100 4 (4.0) 
 Gila Bend (14 mi SE) 33°09’N, 112°44’W  24 0 
 Gila River  32°43’N, 114°31’W  6 0 
 Gila Valley 32°46’N, 114°31’W  221 44 (19.9) 
 Hog Canyon (Unit 43-A) 31°40’N, 111°43’W  8  0 
 Milligan Road  32°44’N, 111°29’W  141  1 (0.7) 
 Robbins/Powers Butte 33°19’N, 112°38’W  128  0 
 Wilcox (12 mi SE)  32°07’N, 109°59’W  10  0 
 Yuma Mesa  32°41’N, 114°36’W  30  2 (6.7) 
 Yuma South 32°35’N, 114°38’W 20 0 
 Yuma Valley 32°40’N, 114°43’W 83 11 (13.3) 
 Arizona Total  781 62 (7.9) 
Georgia    
 Di-Lane 32°57’N, 82°04’W 90 0 
 Rum Creek 33°04’N, 83°52’W 204 0 
 Georgia Total  294 0 
Missouri    
 James Reed 38°53’N, 94°20’W 574 2 (0.3) 
 Missouri Total  574 2a (0.3) 
Oklahoma    
 Beaver 36°49’N, 100°31’W 91 1 (1.1) 
 Blue River 34°19’N, 96°35’W 96 0 
 Council Hill (1 mi NE) 35°38’N, 95°38’W 53 1 (1.9) 
 Harper Co. Ranch 36°41’N, 99°41’W 198 0 
 Keefeton (2 mi SW) 35°38’N, 95°21’W 16 0 
 Love Co. 33°58’N, 97°11’W 111 0 
 Packsaddle 36°20’N, 96°15’W 103 1 (1.0) 
 Skiatook 35°56’N, 99°44’W 80 1 (1.3) 
 Oklahoma Total  748 4 (0.5) 
Pennsylvania    
 Bedminster 40°26’N, 75°11’W 36 0 
 Girard (2 mi NE) 41°59’N, 80°14’W 19 0 
 Lancaster Co. 40°02’N, 76°15’W 144 3 (2.1) 
 Lebanon Co. 40°22’N, 76°28’W 31 0 
 Lehigh Co. 40°37’N, 75°35’W 25 0 
 Northampton Co. 40°45’N, 75°18’W 59 1b (1.7) 
 Oakville 40°07’N, 77°27’W 9 0 
 Pennsylvania Total  323 4 (1.2) 
South Carolina    
 Lake Wallace 34°39’N, 79°41’W 498 9c (1.8) 
 Oakland Hunt Club 33°25’N, 80°06’W 348 17 (4.9) 
 Westvaco-Walworth 33°21’N, 80°16’W 359 9 (2.5) 
 South Carolina Total  1205 35 (2.9) 
Tennessee    
 Hermitage Field 36°14’N, 86°36’W 4 0 
 Larry Kent Field 36°11’N, 86°32’W 264 0 
 Percy Priest 36°01’N, 86°31’W 36 1 (2.8) 
 Tennessee Total  304 1 (0.3) 

Total  4229 108d (2.6) 
                  Total with ingested lead pellets 106 (2.5) 
aSee Schulz et al. (2002). bThis dove had two ingested steel shot, no ingested lead shot.  
cOne of the nine doves had one ingested steel shot, no ingested lead shot.  
dIncludes two doves with ingested steel shot only. 
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Table 2. Number of hunter-harvested Mourning Doves collected from areas where the use of nontoxic shot 
was required and the number with ingested pellets, 1998–2000.  

State/Place name Location 
No. doves  
collected 

No. with ingested 
pellets (%) 

Missouri    
 EBCA 38°50’N, 92°30’W 310 15a,b (4.8) 
Oklahoma    
 Hackberry Flat 34°17’N, 98°58’W 345 1c (0.3) 
                             Totals  655 16 (2.4) 
aSee Schulz et al. (2002).  
bOne of the 15 doves had 17 ingested steel shot and 4 ingested lead shot.  
cThis dove had 18 ingested steel shot and 2 ingested lead shot. 
 
 
 
 
Table 3. Frequency of one or more ingested pellets in Mourning Doves collected on areas where lead shot 
was permitted and where nontoxic shot was required, 1998–2000.  

Lead shot permitted  Nontoxic shot required 
No. lead pellets No. doves (%) No. lead pellets No. doves (%)  No. steel pellets No. doves (%) 

1 45 (42.45) 10 1 (0.94)   1 5 (31.25) 
2 20 (18.87) 11 2 (1.89)   2 2 (12.50) 
3  8  (7.55) 13 2 (1.89)   3 2 (12.50) 
4 11 (10.38) 14 1 (0.94)   7 2 (12.50) 
5  1  (0.94) 15 1 (0.94)   8 1  (6.25) 
6  4  (3.77) 17 1 (0.94)  20 1  (6.25) 
8  4  (3.77) 23 1 (0.94)  21 2 (12.50) 
9  3  (2.83) 43 1 (0.94)  23 1  (6.25) 

 
 
 
 
Table 4. Frequency of ingested pellets (%) in Mourning Doves on areas where lead shot was allowed, and 
on nontoxic shot areas according to age, sex, and time of carcass collection, 1998–2000. 
 Lead shot permitteda Nontoxic shot requiredb 
HYc (hatch year) 3.5 (105/2982) 2.9 (12/409) 
AHY (after hatch year) 0.08 (1/1218) 0 (0/149) 
HY maled 3.4 (52/1519) 2.8 (6/217) 
HY female 3.0 (37/1244) 3.5 (6/172) 
September 1–7 2.3e (64/2832) 2.8 (16/580) 
September 8–December 24 3.0 (42/1397) 0 (0/75) 
aTwo doves collected on lead shot areas, each with one ingested steel pellet (but no ingested lead pellets) were ex-
cluded from these summaries. Sex was not determined for 16 doves with ingested pellets. 
bTwo birds collected on nontoxic areas had ingested both lead and steel pellets. Because ingested steel was present, 
they were included in the summaries. Sex was not determined for four doves with ingested pellets. 
cThe frequency of HY (hatch year) doves with ingested shot was significantly greater than the frequency for AHY (after 
hatch year) on lead shot areas (Fisher’s exact test, P <0.0001) and nontoxic shot areas (Fisher’s exact test, P = 0.0424). 
dFor HY doves, the frequency of ingested pellets did not differ by sex on lead shot areas (Fisher’s exact test, P = 0.5182) 
or nontoxic shot areas (Fisher’s exact test, P = 0.7716).  
eNot significantly different (Fisher’s exact test, P = 0.1446) than the frequency of ingested lead pellets in doves that were 
collected between September 8 and December 24.
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Table 5. Lead concentrations (ppm dry weight) in livers and wing bones of Mourning Doves with ingested 
lead or steel pellets (all hatch year birds, except one after hatch year dove from Arizona), 1998–2000. 

 Liver  Wing bones 
State n Median Q1a Q3b  N Median Q1 Q3 

Arizona 62 45.64 15.42  67.44  60  66.69 29.56 195.60 
Missouri  2  0.22  0.11   0.32   2  70.21 48.30  92.11 
Oklahoma  5 20.23 14.06 106.85   4  24.97 12.23  62.68 
Pennsylvania  3 19.05 13.60  22.85   3 236.89 27.71 457.39 
South Carolina 34 36.79 19.38  73.80  33 187.94 63.49 405.76 
Tennessee   1c       1d    

Total 107e 36.89 14.22  72.03  103f  89.33 33.04 236.89 
aQuartile 1, 25th percentile. 
bQuartile 3, 75th percentile. 
cLiver lead concentration = 11.96 ppm dw.  
dBone lead concentration = 27.29 ppm dw. 
eIncludes livers from 106 doves with ingested lead shot from areas where lead shot was allowed for hunting doves, and 
one dove with ingested lead shot from a nontoxic shot area (Hackberry Flat, OK). 
fWing bones from four doves were not analyzed because they were damaged by pellets. 
 

Table 6. Lead concentrations (ppm dry weight) in livers of Mourning Doves without ingested lead or steel 
pellets, by sex (excludes 37 doves of undetermined sex), 1998–2000. 

 Male  Female 
State n Median Q1a Q3b  n Median Q1 Q3 
Arizona 228 0.26 0.13 0.59  115 0.29 0.16 0.60 
Georgia 103 0.17 0.08 0.38   85 0.25 0.10 0.71 
Missouri  74 0.33 0.14 0.98   65 0.30 0.11 0.52 
Oklahomac 110 0.21 0.08 0.47   90 0.22 0.09 1.44 
Pennsylvania 141 0.28 0.16 0.75  149 0.33 0.19 0.65 
South Carolina 283 0.34 0.16 0.73  319 0.44 0.20 0.86 
Tennessee  52 0.24 0.14 0.43   49 0.31 0.16 0.61 

Total 991  0.27d 0.13 0.62  872 0.34 0.15 0.73 
aQuartile 1, 25th percentile. 
bQuartile 3, 75th percentile. 
cIncludes samples from 100 Mourning Doves (55 males and 45 females) collected at an area where nontoxic shot was 
required. 
dSignificantly different than females (P = 0.0053). 
 

Table 7. Lead concentrations (ppm dry weight) in wing bones of Mourning Doves without ingested lead or 
steel pellets, by age (excludes one dove of undetermined age), 1998–2000. 

 HY (hatch year)  AHY (after hatch year) 
State n Median Q1a Q3b  n Median Q1 Q3 
Arizona 34 2.70 1.00 53.03   27  2.09 1.33  5.44 
Georgia 61 1.31 0.74  2.96   50  2.61 1.64  4.88 
Missouri 66 1.94 1.14  5.26   63  2.92 1.78  6.22 
Oklahomac 80 0.57 0.28  1.32   36  1.30 0.78  2.86 
Pennsylvania 65 5.30 2.73 21.34   15 11.33 6.42 43.52 
South Carolina 62 1.88 0.87 11.75   58  2.91 1.44 14.38 
Tennessee 52 1.16 0.68  2.06   18  2.04 1.35  3.21 

Total 420   1.56d 0.75  6.14  267  2.67 1.44  9.65 
aQuartile 1, 25th percentile. 
bQuartile 3, 75th percentile. 
cIncludes samples from 62 Mourning Doves (52 HY and 10 AHY) collected at an area where nontoxic shot was required. 
dSignificantly different than AHY (P <0.0001). 
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Table 8. Lead concentrations (ppm dry weight) in wing bones of Mourning Doves without ingested lead pel-
lets by age and area (excludes one dove of undetermined age)a, 1998–2000. 

 Lead shot permitted Nontoxic shot required 
 n Median Q1b Q3c  n Median Q1 Q3 
HY (hatch year) 368 1.74 0.89 6.88 52 0.56 0.24 1.12 

AHY (after hatch year) 257 2.74 1.51 9.65 10 1.05 0.61 1.55 
aSignificantly different by age and area (factorial ANOVA, P <0.0001). 
bQuartile 1, 25th percentile. 
cQuartile 3, 75th percentile. 
 
 

DISCUSSION 
 
In our study, the combined frequency of ingested 
lead and steel pellets (2.5%) was the same as that 
found in an Indiana study (Castrale 1991) and the 
frequency of ingested lead pellets found in our 
study (also 2.5%) is within the range (<1% to 6.4%) 
previously reported in studies of lead exposure in 
Mourning Doves that were more restricted in geo-
graphic scope (see Kendall et al. 1996). However, 
we found considerable variation among locations. 
Although our study was not designed to compare 
managed versus unmanaged dove hunting fields, it 
is interesting to note that the greatest frequencies of 
ingested lead pellets (13.3% and 19.9%) were on 
two agricultural areas (Gila Valley and Yuma Val-
ley in Arizona) not specifically managed for dove 
hunting and that frequencies of ingested pellets on 
managed areas varied considerably. For example, 
no ingested pellets were found in doves from two 
managed areas in Georgia (Di-Lane and Rum 
Creek), although lead poisoning has been reported 
in a Northern Bobwhite (Colinus virginianus) 
found dead at Di-Lane (Lewis and Schweitzer 
2000). At another managed area, Oakland Hunt 
Club in South Carolina, 4.9% of doves had ingested 
lead pellets. Variation in the types of agricultural 
and management practices, particularly the fre-
quency and timing of cultivation in relation to the 
hunting season, are among the factors expected to 
influence the availability of shot for foraging doves 
(Kendall et al. 1996). 
 
Some previous studies have indicated that the pro-
gression of the hunting season was accompanied by 
increased densities of spent shot and greater fre-
quencies of ingested lead pellets in Mourning 
Doves (see Kendall et al. 1996). On areas where the 
use of lead shot was allowed, we found no differ-

ence in the frequency of ingested pellets in doves 
collected during the first week of the hunting sea-
son (September 1 through 7) compared with the 
frequency in doves collected in the latter part of the 
season (September 8 through December 24) (Table 
4). Although we sampled large numbers of doves 
early (n = 2,832) and late (n = 1,397) in the hunting 
season, few areas were sampled during both peri-
ods. Thus, variation in frequencies of ingested pel-
lets among locations may have masked variation 
within locations through time. 
 
Of the Mourning Doves for which age was deter-
mined, 69.9% were HY and 30.1% were AHY 
birds, but 105 of 106 doves with ingested lead pel-
lets and 12 of 12 doves with ingested steel pellets 
were HY birds (Table 4). Previously published 
studies of ingested shot in Mourning Doves, where 
age was determined, include reports of ingested 
pellets in immature doves only (Best et al. 1992, 
Locke and Bagley 1967) and a report in which 
adults and immatures had ingested pellets, but with 
no significant difference between the age classes 
(Castrale 1991). It is unknown why HY doves in 
our study had a higher frequency of ingested pellets 
than AHY birds, but it is possible that a collection 
bias occurred because HY doves with ingested pel-
lets, of either lead or steel, were more likely to be 
harvested than AHY birds with ingested pellets. A 
similar bias could occur if adult doves were more 
susceptible to the effects of lead exposure than HY 
birds and thus became incapacitated more quickly 
and were not available for harvest. If that were the 
case, we would expect to see different patterns of 
age-related pellet ingestion on areas where lead 
shot was allowed vs. nontoxic shot areas. Thus, of 
these two hypotheses, our limited results from non-
toxic shot areas support the former, because we 
found no AHY doves with ingested steel shot. It is 
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also possible that HY doves simply ingest pellets 
more frequently than older doves. 
 
The liver and bone lead concentrations (Table 5) 
that we found in Mourning Doves with ingested 
lead shot were generally lower than the lead con-
centrations reported in experimental dosing studies 
and in field cases of lead poisoning in Mourning 
Doves, where liver and bone lead concentrations 
have ranged from about 80 to >200 ppm dry weight 
and 115 to >400 ppm dry weight, respectively 
(Locke and Bagley 1967, Kendall et al. 1983, 
Buerger et al. 1986, Schulz et al. 2006a). It is not 
surprising that the hunter-harvested doves with in-
gested lead pellets in our sample had lower concen-
trations of lead in their tissues than birds that died 
of lead poisoning, because the severity of poisoning 
would not have progressed to a near-terminal stage 
in birds still able to take flight. Although sample 
sizes were small, we found that bone lead concen-
trations in HY and AHY doves without ingested 
lead pellets were lower on the area where nontoxic 
shot was required than on the areas where lead shot 
was allowed (Table 8). This finding suggests a 
lower level of lead exposure may occur in doves on 
areas where nontoxic shot is required, at least based 
on lead concentrations that we found in bones from 
a hunter-harvested sample of doves. 
 
In two studies where doves were dosed with multi-
ple lead shot, mortality started to occur after two 
and six days (McConnell 1967, Buerger et al. 
1986). In Mourning Doves receiving 2 to 24 lead 
pellets, each additional pellet increased the hazard 
of death by 18% and the 19 to 21 day survival esti-
mate for doves with 13 to 19 pellets was 8.3% 
(Schulz et al. 2006a). Even in doves with ≤2 in-
gested pellets, survival estimates were reduced to 
57% (Schulz et al. 2006a). The results of these re-
ports suggest that the doves in our study with lead 
pellets in their gizzards had recently ingested them. 
However, 92.5% had elevated liver lead concentra-
tions (>6 ppm dry weight) and 85.4% had elevated 
bone lead concentrations (>20 ppm dry weight), 
and it is likely that they were experiencing physio-
logical effects of lead exposure. Possible adverse 
effects include changes in the hematopoietic sys-
tem, including increased heterophil/lymphocyte ra-
tios and reductions in heme synthesis and packed 
cell volume (Pain 1996, Schulz et al. 2006a). Based 

on results of the dosing studies and the likelihood 
of physiological effects, we suspect that many of 
the doves with ingested lead pellets in our study 
would soon have succumbed to lead poisoning, or 
causes related to lead poisoning morbidity (such as 
predation), had they not been harvested. 
 
The frequencies of elevated liver (≥6 ppm dry 
weight) and bone (≥20 ppm dry weight) lead con-
centrations (8.3% and 26.8%, respectively) in doves 
from areas where lead shot was permitted for hunt-
ing were greater than the frequency of ingested pel-
lets (2.5%). Concentrations of lead in the blood, 
liver, and other soft tissues are somewhat mobile 
and reflect relatively recent exposure. Lead also 
moves quickly from the bloodstream into bone, but 
it tends to remain there and to accumulate in bone 
over time (Pain 1996). Experimental studies have 
shown that a portion of Mourning Doves may sur-
vive exposure to lead shot, and that some of the 
lead pellets will be passed in the feces (Buerger et 
al. 1986, Marn et al. 1988, Schulz et al. 2006a, 
Schulz et al. 2007). Thus, it is possible that some 
wild doves could have elevated concentrations of 
lead in their tissues caused by ingested lead shot 
which had been voided from the gizzard by the time 
the birds were collected. Because shot may be 
voided, it is to be expected that estimates of lead 
exposure based on frequency of ingested pellets 
will be lower than estimates based on tissue con-
centrations of lead. Previous work with waterfowl 
indicates that lead surveys based only on the preva-
lence of ingested lead shot will underestimate the 
extent of lead exposure when compared to other 
testing criteria, such as analysis of blood samples 
for lead (Anderson and Havera 1985), and our re-
sults suggest that a similar situation exists for 
Mourning Doves.  
 
Our results include findings that frequencies of in-
gested shot in Mourning Doves were highly vari-
able among locations, hunter-harvested HY doves 
were more likely to have ingested pellets than AHY 
birds, and that concentrations of lead in bone of 
doves without ingested lead pellets were lower on 
an area where nontoxic shot was required than on 
areas where lead shot was permitted. A number of 
questions remain to be addressed, however, for a 
better understanding of the full significance of lead 
shot ingestion by doves. First, what is the true fre-
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quency of ingested lead pellets in Mourning Doves? 
The answer to this question requires investigation 
of possible biases associated with hunter-harvested 
samples of birds. The fact that studies have shown 
that even small numbers of lead shot can kill doves 
raises the question of the role that Mourning Doves 
play in secondary lead poisoning of scavengers and 
predators that consume doves dead or dying of lead 
poisoning. A variety of raptor species has been re-
ported to have died of lead shot poisoning, pre-
sumably from the consumption of shot in prey 
items (see Fisher et al. 2006). The poisoning of 
these and other avian and mammalian scavengers 
may be the result of consuming lead pellets in-
gested by doves or embedded in muscle. Finally, 
how many doves actually die of lead poisoning an-
nually? If we assume a frequency in the range of 
3% lead shot ingestion, as proposed by Kendal et 
al. (1996) for upland game birds, and supported by 
this study for Mourning Doves, what is the impact 
on dove numbers? Based on the toxicity of lead 
shot for Mourning Doves and reported frequencies 
of ingested lead pellets, Schulz et al. (2006b) sug-
gested that annual losses due to lead poisoning may 
approach annual harvest estimates. 
 

ACKNOWLEDGMENTS 
 
Major funding support was provided by the US 
Fish and Wildlife Service, Webless Migratory 
Game Bird Research Program. We thank personnel 
of the following agencies for their assistance in ob-
taining dove carcasses: Arizona Dept. of Game and 
Fish, Georgia Dept. of Natural Resources, Missouri 
Dept. of Conservation, Oklahoma Dept. of Wildlife 
Conservation, Pennsylvania Game Commission, 
South Carolina Cooperative Fish and Wildlife Re-
search Unit, South Carolina Dept. of Natural Re-
sources, Tennessee Wildlife Resources Agency. We 
also thank the following individuals for their assis-
tance: M. Baughman, J. Berdeen, L. Blewett, R. 
Bredesen, B. Carmichael, T. Creekmore, D. Dolton, 
B. Dukes, J. Dunn, R. Engel-Wilson, D. Finely, K. 
Fitts, D. Forster, F. Granitz, M. Gudlin, J. Hann, J. 
Hanna, S. Hansen, J. Heffelfinger, R. Henry, T. 
Hollbrock, A. Hollmén, D. Jochimsen, S. Kasten, 
L. Kent, W. Mahan, K. Miller, K. Morris, C. 
Muckenfuss, M. O’Meilia, D. Otis, A. Schrader, P. 
Smith, and S. Stokes, Jr. P. Flint and L. Locke pro-
vided helpful comments on the manuscript. 

LITERATURE CITED 
 
ANDERSON, W. L. AND S. P. HAVERA. 1985. Blood 

lead, protoporphyrin, and ingested shot for de-
tecting lead poisoning in waterfowl. Wildlife 
Society Bulletin 13:26–31.  

BEST, T. L., T. E. GARRISON, AND C. G. SCHMITT. 
1992. Availability and ingestion of lead shot by 
Mourning Doves (Zenaida macroura) in south-
eastern New Mexico. The Southwestern Natu-
ralist 37:287–292. 

BUERGER, T. T., R. E. MIRARCHI, AND M. E. LI-
SANO. 1986. Effects of lead shot ingestion on 
captive Mourning Dove survivability and repro-
duction. Journal of Wildlife Management 50:1–
8.  

CASTRALE, J. S. 1991. Spent shot ingestion by 
Mourning Doves in Indiana. Proceedings of the 
Indiana Academy of Science 100:197–202. 

FISHER, I. J., D. J. PAIN, AND V. G. THOMAS. 2006. 
A review of lead poisoning from ammunition 
sources in terrestrial birds. Biological Conserva-
tion 131:421–432. 

FRANSON, J. C. 1996. Interpretation of tissue lead 
residues in birds other than waterfowl. Pages 
265–279 in W. N. Beyer, G. H. Heinz, and A. 
W. Redmon-Norwood (Eds.). Environmental 
Contaminants in Wildlife: Interpreting Tissue 
Concentrations. Lewis Publishers, Boca Raton, 
Florida, USA.  

FRANSON, J. C. AND M. R. SMITH. 1999. Poisoning 
of wild birds from exposure to anticho-
linesterase compounds and lead: diagnostic 
methods and selected cases. Seminars in Avian 
and Exotic Pet Medicine 8:3–11.  

HELSEL, D. R. 2005. Nondetects and Data Analysis. 
John Wiley & Sons, Hoboken, New Jersey, 
USA. 

IHNAT, M. 1999. Metals and other elements at trace 
levels in foods, method 9.2.20A. Pages 20–20B 
in P. Cunniff (Ed.). Official Methods of Analy-
sis of AOAC International. AOAC Interna-
tional, Gaithersburg, Maryland, USA. 

KENDALL, R. J. AND P .F. SCANLON. 1979. Lead 
concentrations in Mourning Doves collected 
from middle Atlantic game management areas. 
Proceedings of the Annual Conference of the 
Southeastern Association of Fish and Wildlife 
Agencies 33:165–172. 

http://dx.doi.org/10.2307/3671871
http://dx.doi.org/10.2307/3801479
http://dx.doi.org/10.1016/j.biocon.2006.02.018
http://dx.doi.org/10.1016/S1055-937X(99)80030-9


‐ LEAD EXPOSURE IN MOURNING DOVES ‐ 

 11 

KENDALL, R. J. AND P. F. SCANLON. 1982. Tissue 
lead concentrations and blood characteristics of 
Mourning Doves from southwestern Virginia. 
Archives of Environmental Contamination and 
Toxicology 11:269–272. 

KENDALL, R. J., P. F. SCANLON, AND H. P. VEIT. 
1983. Histologic and ultrastructural lesions of 
Mourning Doves (Zenaida macroura) poisoned 
by lead shot. Poultry Science 62:952–956. 

KENDALL, R. J., T. E. LACHER, JR., C. BUNCK, B. 
DANIEL, C. DRIVER, C. E. GRUE, F. LEIGHTON, 
W. STANSLEY, P. G. WATANABE, AND M. 
WHITWORTH. 1996. An ecological risk assess-
ment of lead shot exposure in non-waterfowl 
avian species: upland game birds and raptors. 
Environmental Toxicology and Chemistry 
15:4–20. 

LEWIS, J. C. AND E. LEGLER, JR. 1968. Lead shot 
ingestion by Mourning Doves and incidence in 
soil. Journal of Wildlife Management 32:476–
482.  

LEWIS, L. A. AND S. H. SCHWEITZER. 2000. Lead 
poisoning in a Northern Bobwhite in Georgia. 
Journal of Wildlife Diseases 36:180–183.  

LOCKE, L. N. AND G. E. BAGLEY. 1967. Lead poi-
soning in a sample of Maryland Mourning 
Doves. Journal of Wildlife Management 
31:515–518.  

MARN, C. M., R. E. MIRARCHI, AND M. E. LISANO. 
1988. Effects of diet and cold exposure on cap-
tive female Mourning Doves dosed with lead 
shot. Archives of Environmental Contamination 
and Toxicology 17:589–594.  

MCCONNELL, C. A. 1967. Experimental lead poi-
soning of Bobwhite Quail and Mourning Doves. 
Proceedings of the Annual Conference of the 
Southeastern Association of Game and Fish 
Commissioners 21:208–219.  

MIRARCHI, R. E. 1993. Aging, sexing and miscella-
neous research techniques. Pages 399–408 in 
T. S. Baskett, M. W. Sayre, R. E. Tomlinson, 
and R. E. Mirarchi (Eds.). Ecology and Man-
agement of the Mourning Dove. Stackpole 
Books, Harrisburg, Pennsylvania, USA.  

MIRARCHI, R. E., AND T. S. BASKETT. 1994. 
Mourning Dove (Zenaida macroura). In A. 
Poole and F. Gill (Eds.). The Birds of North 
America, no. 117. Academy of Natural Sciences, 
Philadelphia, and American Ornithologists’ Un-
ion, Washington, DC, USA. 

PAIN, D. J. 1996. Lead in waterfowl. Pages 251–
264 in W. N. Beyer, G. H. Heinz, and A. W. 
Redmon-Norwood (Eds.). Environmental Con-
taminants in Wildlife: Interpreting Tissue Con-
centrations. Lewis Publishers, Boca Raton, 
Florida, USA. 

SANDERSON, G. C. AND F. C. BELLROSE. 1986. A 
Review of the Problem of Lead Poisoning in 
Waterfowl (ed 2). Illinois Natural History Sur-
vey, Champaign, Illinois, USA.  

SAS INSTITUTE, INC. 1996. SAS/STAT User’s 
Guide, Version 6.12. Cary, NC, USA.  

SCHEUHAMMER, A. M. AND S. L. NORRIS. 1996. 
The ecotoxicology of lead shot and lead fishing 
weights. Ecotoxicology 5:279–295. 

SCHULZ, J. H., S. L. SHERIFF, Z. HE, C. E. BRAUN, 
R. D. DROBNEY, R. E. TOMLINSON, D. D. 
DOLTON, AND R. A. MONTGOMERY. 1995. Ac-
curacy of techniques used to assign Mourning 
Dove age and gender. Journal of Wildlife Man-
agement 59:759–765. 

SCHULZ, J. H., J. J. MILLSPAUGH, B. E. WASH-
BURN, G. R. WESTER, J. T. LANIGAN III, AND J. 
C. FRANSON. 2002. Spent shot availability and 
ingestion on areas managed for Mourning 
Doves. Wildlife Society Bulletin 30:112–120.  

SCHULZ, J. H., J. J. MILLSPAUGH, A. J. BERMUDEZ, 
X. GAO, T. W. BONNOT, L. G. BRITT, AND M. 
PAINE. 2006a. Acute lead toxicosis in Mourning 
Doves. Journal of Wildlife Management 
70:413–421. 

SCHULZ, J. H., P. I. PADDING, AND J. J. MILL-
SPAUGH. 2006b. Will Mourning Dove crippling 
rates increase with nontoxic-shot regulations? 
Wildlife Society Bulletin 34:861–865. 

SCHULZ, J. H., X. GAO, J. J. MILLSPAUGH, AND A. 
J. BERMUDEZ. 2007. Experimental lead pellet 
ingestion in Mourning Doves (Zenaida mac-
roura). American Midland Naturalist 158:177–
190.  

http://dx.doi.org/10.1002/etc.5620150103
http://dx.doi.org/10.2307/3798925
http://dx.doi.org/10.2307/3798133
http://dx.doi.org/10.1007/BF00119051
http://dx.doi.org/10.2193/0091-7648(2006)34[861:WMDCRI]2.0.CO;2
http://dx.doi.org/10.1007/BF01055827
http://dx.doi.org/10.2193/0022-541X(2006)70[413:ALTIMD]2.0.CO;2
http://dx.doi.org/10.2307/3801953
http://dx.doi.org/10.1674/0003-0031(2007)158[177:ELPIIM]2.0.CO;2


‐ FRANSON ET AL. ‐ 

 12 

SHENK, T.  M. AND A. B. FRANKLIN. 2001. Models in 
natural resource management: an introduction. 
Pages 1–8 in T. M. Shenk and A. B. Franklin 
(Eds). Modeling in Natural Resource Manage-
ment: Development, Interpretation, and Applica-
tion. Island Press, Washington, DC, USA.  

TOMLINSON, R. E., D. D. DOLTON, R. R. GEORGE, 
AND R. E. MIRARCHI. 1994. Mourning Dove. 
Pages 5–26 in T. C. Tacha and C. E. Braun 

(Eds.). Migratory Shore and Upland Game Bird 
Management in North America. International 
Association of Fish and Wildlife Agencies, 
Washington, DC, USA.  

US FISH AND WILDLIFE SERVICE. 2005. Mourning 
Dove National Strategic Harvest Management 
Plan. US Department of the Interior, Washing-
ton, DC, USA. 

  




