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HEMATOZOA OF WILD TURKEYS FROM THE MIDWESTERN

UNITED STATES: TRANSLOCATION OF WILD TURKEYS AND ITS

POTENTIAL ROLE IN THE INTRODUCTION OF PLASMODIUM KEMP!

Marc D. Castle12 and Bruce M. Christensen

Department of Veterinary Science, 1655 Linden Drive, University of Wisconsin,
Madison, Wisconsin 53706, USA
2 Present address: USDA, ARS, LPSI, Biosystematic Parasitology Laboratory,
Beltsville, Maryland 20705, USA

ABSTRACT: Twenty-three of 310 blood samples taken from live-trapped eastern wild turkeys

(Meleagris gallopavo silvestris) from Missouri (USA), and hunter-killed birds from Wisconsin,
North Dakota and Minnesota (USA), and inoculated into domestic broad-breasted-white turkey

poults were positive for two species of Plasmodium. Twenty-one of the positive samples were
infected with P. (Nov yella) kempi, and two samples from Wisconsin were infected with P.
(Giovannolaia) lophurae. Twenty percent of 310 blood smears were positive for Haemoproteus

melagridis, while only 3% were infected with Leucocytozoon smithi. A statistically higher prev-

alence of Plasmodiuni spp. from 1983 to 1984 was observed in Wisconsin, and in the samples
from Minnesota when compared with both Missouri and Wisconsin. Turkeys from Wisconsin and

Minnesota had both a statistically higher prevalence and mean intensity of H. meleagridis than
birds from Missouri. Evidence indicates that P. kempi has been introduced into other states along
with the vertebrate hosts. It is suggested that greater care should be exercised when translocated
wild turkeys are introduced into areas where there are other endangered or threatened avian

species.
Key words: Eastern wild turkeys, Meleagris gallopavo silvestris, Plasmodium kempi, trans-

location, Plasmodiurn lophurae, Haemoproteus meleagridis, Leucocytozoon smithi, prevalence.

INTRODUCTION

With the exception of Alaska, wild tur-

keys are found in every state, with eigh-

teen of those states actively involved in

acquiring turkeys from other states or from

Mexico (National Wild Turkey Federa-

tion, 1986). In Wisconsin, a concerted ef-

fort has been made in the past to establish

eastern wild turkeys (Meleagris gallopavo

silvestris) by the translocation of wild-

caught birds from Missouri. The effort

proved highly successful, and the wild tur-

key population reached harvestable levels

in the southwestern area of the state by

1983. Consequently, Spring turkey hunts

were initiated by the Department of Nat-

ural Resources beginning in April and May

of 1983, and have continued thereafter.

Reports of Plasinodium spp. in wild tur-

keys of North America have increased in

recent years, due mainly to the use of isodi-

agnosis as a sampling technique. Using this

technique, Telford and Forrester (1975)

isolated the first Plasmodium sp. from wild

turkeys in North America, P. (Huffia) her-

rnani from native wild turkeys in Florida,

Christensen et al. (1983) first isolated P.

(Novyella) kempi from Iowa, and Castle

et al. (1988) recently reported a P. (N.)

hexamerium-like species from Rio Grande

wild turkeys (M. gallopavo intermedia) of

southern Texas.

The wild turkey population in Iowa was

established through the translocation of

birds from Missouri. Therefore, it is pos-

sible that P. kempi was introduced into

Iowa along with its vertebrate host. The

initiation of turkey hunts in Wisconsin,

along with the active release of binds from

Missouri, provided an opportunity to de-

termine if Plasmodium sp.-infected birds

were being introduced and/or had been

established in Wisconsin. In addition, a

small number of blood samples from North

Dakota and Minnesota were received and

tested during this same time.

Herein, we report (1) the isolation of P.

kempi from turkeys translocated into Wis-

consin from Missouri, and from hunter-
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killed birds from Wisconsin, North Dakota

and Minnesota; (2) the isolation of P. loph-

urae from established Wisconsin flocks;

and (3) the prevalence and intensity of

Haemo proteus meleagridis and Leuco-

cytozoon smithi.

MATERIALS AND METHODS

Study area-Wisconsin

Ninety-seven hunter killed turkeys were sam-

pled from Wisconsin (47#{176}7’to 42#{176}30’N, 92#{176}54’
to 86#{176}45’W) at five check stations in 1983, and

57 blood samples were obtained from six check

stations in 1984 (Fig. 1). The Tower Hill station
was added in 1984. Turkeys sampled at each
station were killed in that general area of the
state, but exact locations were not determined.
Weight and approximate age (juvenile or adult),
based on spur length and weight (Williams,

1981), were determined for each bird.

Sample collections and parasite isolation

Using a heparinized syringe, blood samples
were taken from hunter-killed wild turkeys from

Minnesota (49#{176}23’to 43#{176}30’N,97#{176}15’to 89#{176}30’W),

North Dakota (49#{176}to 45#{176}56’N, 104#{176}3’to 96#{176}33’W)
and Wisconsin, and live-trapped turkeys from
Missouri (40#{176}37’to 36#{176}N,95#{176}47’to 89#{176}6’W).Birds
from Missouri were bled immediately prior to

their release into Wisconsin. Thin blood smears
were made and the remaining blood (0.2 to 2.0
ml) was refrigerated (4 C) and later inoculated

either intraperitoneally (IP) or intravenously (IV)
into 5- to 31-day-old domestic turkey poults
(Nicholas broad-breasted-white; obtained at 1

day of age from Jerome Foods, Barron, Wis-
consin 54812, USA). Time between collection
of blood and inoculation ranged from 1 to 8
days. There was no significant difference in the
percentage of positive samples due to the age

of collected blood. All recipient birds were
housed in the Charmany Farm semi-isolation

facilities operated by the Department of Vet-
erinarv Science (University of Wisconsin, Mad-

ison, Wisconsin 53706, USA). All studies were

done in winter or early spring when accidental
feeding b� indigenous mosquitoes would not
take place.

Beginning 1 wk postinoculation, blood smears
were made twice weekly for 6 to 9 wk, and were

stained with Giemsa’s stain at pH 7.2 to 7.3 (1:

10 dilution for 1 hr). A minimum of 20,000
erythrocytes were examined per slide using oil
immersion optics (1,250x). Erythrocyte num-
bers were estimated by counting the number of
erythrocytes in ten random fields per slide, tak-
ing the average, and then counting the number

of fields observed until a minimum of 20,000

FIGURE 1. Map of Wisconsin showing hunter-
check stations where blood samples from wild turkeys
were obtained, 1983-1984. Shaded area indicates

range of wild turkeys in Wisconsin. Study sites in-

clude (1) Necedah, Juneau County; (2) Romance Tav-

ern, Vernon County; (3) Gays Mills, Crawford Coun-

ty; (4) Tower Hill, Iowa County; (5) Boscobel, Grant

County; (6) Cassville, Grant County.

erythrocytes had been viewed. Counts of H.

meleagridis were all based on 10,000 erythro-
cytes.

Representative specimens of L. smithi, H.
rneleagridis, P. kempi, and P. lophurae were

deposited in the International Reference Centre
for Avian Haematozoa (Memorial University of
Newfoundland, St. Johns, Newfoundland, Can-
ada A1B 3X9; accession numbers 107649-
107652) and in the U.S. National Parasite Col-
lection (Beltsville, Maryland 20705, USA; as
accession number 80968-80971).

Statistical analysis

Prevalence data for H. meleagridis were ana-
lyzed using Chi-square analysis of 2 x 2 con-
tingency tables, and intensity data were ana-
lyzed by Students t-test. After testing intensity

data for normality, log transformations were

performed and the data again retested for nor-
mality. All analyses were done from statistical

packages on a Hewlett-Packard HP 86 micro-
computer system (Hewlett-Packard Co., N.E.
Circle Blvd., Corvallis, Oregon 97330, USA).
Differences were considered significant at P <

0.05.
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FI�REs 2-5. Ervthrocytic stages of Plasmodium

lophurae isolated from two eastern wild turkeys from
Wisconsin, 1984. 2. Mature trophozoite. 3. Mature

sclsizont. 4. Mature sclsizont. 5. Mature macroga-

metocyte.

RESULTS

Prevalence and intensity

Two species of Plasmodium were iso-

lated in blood samples taken from birds in

Wisconsin, P. lophurae and P. kempi (Ta-

ble 1). Only the latter species, however,

was identified in birds from Missouri, North

Dakota and Minnesota. Haemoproteus

meleagridis and L. smithi were found in

binds from Wisconsin, Missouri and Min-

nesota (Table 1). A statistically significant

difference was observed in the prevalence

of Plasmodium spp. from 1983 to 1984 in

Wisconsin, and in the samples from Min-

nesota (29%) when compared to both Wis-

consin (7%) and Missouri (4%). Both sam-

ples from North Dakota birds were positive

for P. kempi.

Turkeys from Wisconsin and Minnesota

had both a statistically higher prevalence

and intensity of H. meleagridis than birds

from Missouri (Table 1). Direct smears

were not made from blood samples from

Wisconsin in 1983 or from the two samples

TABLE 1. Prevalence and intensity of hematozoan parasites of eastern wild turkeys from four states in the
midwestern USA, 1983-1984.

State Plasmodiurn spp. Haemoproteus rneleagrldls Leucocytozoon srnithi

Wisconsin

3983

1984

:3 (:3/97)’

12(7/57)’

NDSb

34(42/125)

(8.8 ± 2.3; 1�87)’

NDS

2(3/125)

(1.0; 1)

Missouri

1983

1984

10(3/30)

:3(3/107)

8(2/25)

(1.0; 1)

4(2/25)

(1.0; 1)

4(1/25)

(1.0; 1)

4(4/111)

(1.0; 1)

North Dakota

1983 100(2/2) NDS NDS

Nliisnesota

1984 29(5/17) 44(8/18)

(7.2 ± 2.5; 1-19)

6(1/18)

(1.0; 1)

Total 7 (23/310) 20 (56/279)

(7.8 ± 1.8; 1-87)

3 (9/279)

(1.0; 1)

‘� prevalence (number positive/ number examined).

NDS = No direct smear.

Two P. lophurae, five P. keozpi.

Number parasites/10,000 ervthrocytes ± SE; range.
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received from North Dakota. Nine sam-

ples were positive for L. smithi, with no

significant difference in prevalence or in-

tensity from any state or within a state

from year to year.

Plasmodium Iophurae erythrocytic stages

Erythrocytic stages of Plasmodium

lophurae are presented in Figures 2-5.

Measurements were made using a cali-

brated ocular micrometer and are ex-

pressed in �zm. Only mature erythrocytes

were infected by the stages of the parasite,

with little or no nuclear displacement ex-

hibited by any stage. Only rarely was there

multiple invasion of an erythrocyte.

Mature trophozoites were large, vacu-

olated, averaged 2.3 to 3.6 j�m (1.5 to 3.6
x 2.9 to 5.2 �tm; n=10), and exhibited little

to no ameboidicity (Fig. 2). Distribution

within the erythrocyte was apparently

random, but most were found polanly lo-

cated. Pigment granules were present in

one localized area.

Nuclei of mature schizonts were prom-

inent, with a range of 7 to 15 and a mean

of 10, while schizonts averaged 3.3 to 8.2

�m (2.2 to 4.4 x 5.8 to 12.4 �m; n10)

(Fig. 3-4). Schizonts were often found

looping around the erythrocyte nucleus,

but never completely surrounded it (Fig.

4). Pigment granules were clumped.

Mature gametocytes were often found

filling the entire cytoplasm of the eryth-

nocyte (Fig. 5). Microgametocytes either

stained very poorly or were brick red color,

and averaged 2.1 to 14.7 � (1.5 to 2.2 x

9.5 to 17.5 �tm; n=10), while macnoga-

metocytes typically stained a dank blue,

and averaged 2.3 to 12.5 �m (1.5 to 3.6 x

9.5 to 16.8 �m; n=10). Pigment granules

were numerous and scattered throughout

the parasite.

DISCUSSION

With the exception of North Dakota, all

states sampled have received wild birds

from Missouri, and although the preva-

lence of P. kempi was low in translocated

birds sampled from Missouri (4%) and re-

leased into Wisconsin, it was present. These

data do not incriminate positively Missouri

as the source of P. kempi infections in wild

turkeys, but they provide evidence that P.

kempi is being translocated along with its

host. Because no birds from Missouri were

tested for Plasmodium sp. infections prior

to the first report of P. kempi from Iowa,

it is impossible to determine definitively

that Missouri was the initial focus for P.

kempi. The isolation of P. kempi from all

four states indicates that this species, re-

gardless of its origin, is being maintained

and transmitted in the populations of wild

turkeys. Kentucky was another state that

received wild turkeys from Missouri, but

22 blood samples from hunter-killed wild

turkeys in the western pant of the state and

inoculated into domestic turkey poults were

negative for any Plasmodium sp. infection

(Castle and Christensen, 1984). The pos-

sibility exists that environmental and/or

biological conditions in Kentucky may not

be favorable for the maintenance of P.

kempi.

Potential effects of P. kempi on wild

turkeys are at this time unknown. How-

ever, although there are no controlled

studies on its pathogenicity, domestic tur-

key poults inoculated with P. kempi seem-

ingly have no apparent difficulty in deal-

ing with the infection. Infected birds are

thrifty, active and exhibit no outward signs

of distress. Possible sublethal effects or syn-

ergism with other pathogens have not been

assessed.

Castle et al. (1988) discussed character-

istics and problems associated with several

reported species in the subgenus Novyella,

including P. kempi, P. hexarnerium and

P. vaughani. They also postulated that P.

kempi could be included in a species-com-

plex which includes P. hexamerium and

P. vaughani. Evidence for this included

minor morphological and biological dif-

ferences of the three species, as well as a

report by Conradetti et al. (1963) which

stated that P. vaughani is still undergoing

speciation, making correct identifications

difficult.
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If our diagnosis of the second Plasmo-

dium sp. is correct, it marks the first iso-

lation of P. lophurae from a wild host in

North America. The species was first re-

ported from a Borneo fire-backed pheas-

ant (Lophura igniti igniti) at the New York

Zoological Park (Coggeshall, 1938). There

has been one erroneous report of this species

in North America in an abstract of a paper

presented to the American Microscopical

Society in 1966, which was later identified

as P. circumfiexum by Folz (1968). Of the

avian species of Plasmodium, only P.

lophurae and P. circumfiexum possess ga-

metocytes which encircle completely the

erythnocyte nucleus (Laird and Lan, 1957;

Garnham, 1966). These two species can be

differentiated further by menozoites of P.

circumfiexum invading enythroblasts,

whereas those of P. lophurae do not (Laird

and Lan, 1957). This, coupled with the

absence of erythrocytic schizonts sur-

rounding the host cell nucleus, are the cri-

teria used in calling this parasite P. lo-

phurae. Unfortunately, the isolate was lost

before vertebrate host specificity and lab-

oratory vector studies could be performed,

which would have identified conclusively

the Plasmodium sp. in question.

Reports of H. meleagridis and L. smithi

infecting wild turkeys are numerous (see

Bennett et al., 1982; Castle and Christen-

sen, 1984; Castle et al., 1988). Lesions re-

sulting from infections with L. smithi,

documented mainly from domestic tur-

keys (Hinshaw and McNeil, 1938; Banks,

1943; Savage and Isa, 1945; Bieren, 1954;

Wehr, 1962), occur in the hepatic system

including an increase of lymphocytes in

the liven and hepatic hemosiderosis, lung

congestion (Newberne, 1955) splenomeg-

aly, and hemorrhagic entenitis (Simpson et

al., 1956). The pathology associated with

experimental H. meleagridis infections was

discussed by Atkinson et al. (1986), where

they described extensive myopathy and

lameness with associated alterations in liv-

er and spleens of infected domestic turkey

poults. Atkinson and Fonresten (1987) re-

ported recently similar lesions in a natu-

rally infected wild turkey; these may have

contributed to the death of the bird.

Because avian species of Plasmodium

are usually capable of infecting several

species of birds, translocations of Plas-

modium sp.-infected turkeys pose a po-

tentially serious problem. Although both

the domestic turkey poults and the wild

turkeys are capable of handling the infec-

tions with no apparent difficulty, other gal-

linaceous birds such as quail (Colinus vir-

ginianus) and pheasants (Phasianus

coichicus), or even endangered species like

the lessen prairie chicken (Tympanchus

cupido attwateri), may be severely af-

fected by one on more of the Plasmodium

species. With this in mind, we believe

greater care should be taken when trans-

locations of wild birds bring them into con-

tact with threatened on endangered avian

species.
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