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ABSTRACT: Three morphologically distinct types of sarcocysts (I, II, and III) were identified by
light microscopy in tongues from 403 white-tailed deer (Odocoileus virginianus) collected in

Florida (USA) over a 7-yr-period. Based on electron microscopy of representative examples of
these sarcocysts, there were four distinctive wall structures. We concluded that one of these (Type
I) was representative of Sarcocystis odocoileocanis and another (Type III) was representative of

an unnamed species previously described from white-tailed deer in Montana. Type II could be

divided further into two forms (IIA and IIB) that may represent two undescribed species or

developmental stages of the same species. Sarcocystis odoi, another previously recognized sarcospo-
ridian from white-tailed deer, was not found. Sarcocysts of Types I and II were distributed
nonrandomly in tongue muscle, being more common in the basal portion, whereas Type III was

distributed randomly throughout the tongue. Single infections (one of the three types) accounted
for 63% of the infected deer, while double infections occurred in 28% and triple infections in 4%.
Types I and II were found in deer throughout the state, but Type III occurred only in deer from

southern Florida. In 1988 and 89, the statewide preva!ences for Types I, II, and III were 57, 20,

and 6%, respectively. Prevalences of Type I ranged from 94% in the panhandle region (northern
Florida) to 34% in the southern part of the state. Prevalences of all three types increased with

age.
Key words: White-tailed deer, Odocoileus virginianus, Sarcocystis odocoileocanis, Sarcocystis

spp., morphology, prevalence, distribution, Florida.

INTRODUCTION

Species of Sarcocystis are coccidian par-

asites that infect a variety of mammals,

birds, and cold-blooded vertebrates (Du-

bey et a!., 1989). Two named (S. odoco-

ileocanis and S. odoi) and one unnamed

species have been described in white-tailed

deer from North America (Crum et a!.,

1981; Dubey and Lozier, 1985). Surveys

of this host have resulted in the identifi-

cation of high prevalences of infection

throughout North America, but few stud-

ies have been conducted on the ultrastruc-

ture of the sarcocyst wall to distinguish

individual species (Pond and Speer, 1979;

Mahrt and Co!well, 1980; Crum and Prest-

wood, 1982; Dubey and Lozier, 1985). In

this study, we document the u!trastruc-

tural morphology, preva!ences, and distri-

bution of Sarcocystis spp. in a sample of

white-tailed deer from Florida.

MATERIALS AND METHODS

The study consisted of two phases. The first

phase was an intensive 7-yr study conducted in

southern Florida (USA) from 1984 to 1990. The

second was a statewide survey in which deer
were sampled throughout Florida during 1988

and 1989 (Fig. 1).
In the first phase, 307 deer were collected

from seven locations within Collier (26#{176}00’N,

81#{176}20’W), Monroe (25#{176}45’N, 81#{176}00’W), and Dade

(25#{176}27’N, 80#{176}47’W) counties in southern Florida
(Sites 9 to 11, Fig. 1). Sites in Collier County
included land owned by Collier Enterprises (CE),

the Florida Panther National Wildlife Refuge
(FPNWR), Fakahatchee Strand State Preserve
(FSSP), and the Bear Island (BIU) and Corn
Dance Units (CDU) of the Big Cypress National
Preserve (BCNP). The Stairsteps Unit (SSU) of

BCNP in Collier and Monroe counties and Ev-
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FIGURE 1. Distribution of white-tailed deer samples collected in Florida from 1984 to 1990: (1) Escambia

County (30#{176}42’N, 87#{176}24’W), n = 10; (2) Bay County (30#{176}18’N, 85#{176}36’W), n = 5; (3) Gulf County (30#{176}00’N,

85#{176}16’W), n = 5; (4) Calhoun County (30#{176}17’N, 84#{176}56’W), n = 5; (5) Gadsden County (30#{176}35’N,84#{176}40’W),
n = 7; (6) Osceola National Forest (Columbia and Baker Counties) (30#{176}21’N, 82#{176}28’W), n = 18; (7) Marion

County (29#{176}10’N, 81#{176}48’W), n = 26; (8) Palm Beach County (26#{176}34’N, 80#{176}34’W), n = 20; (9) Collier County

(26#{176}00’N, 81#{176}20’W), n = 280; (10) Monroe County (25#{176}45’N, 81#{176}00’W), n = 15; (11) Dade County (25#{176}27’N,

80#{176}47’W), n = 12.

erglades National Park (ENP) in Monroe and
Dade counties were also included.

The SSU and ENP are sawgrass habitats in
the Everglades physiographic region. The other

sites include various mosaics of cypress swamps,

hardwood hammocks, pine-oak forests, saw pal-

metto-wiregrass prairies, freshwater marshes and
agricultural lands in the Big Cypress physio-
graphic region. Detailed descriptions of these

areas have been provided by Davis (1943),

Duever et al. (1986), and McPherson (1973).
Deer were collected in August, October,

March, and June from August 1984 to June 1986

at BIU and CDU. Subsequently, through 1990,

deer were collected annually during October
and November beginning in 1986 for BIU and
FSSP, and in 1987 for CDU, CE, and FPNWR.

Samples were taken in SSU and ENP in October
of 1988 and 1989. A sampling bias was created
due to preference for collecting adult does for
other objectives of the study. However, the col-
lections were supplemented with hunter-killed
bucks taken primarily from BIU and FPNWR.
A sample of 241 does and 66 bucks, which con-
sisted of 56 fawns (<13 mo of age), 79 subadults
(13 to 24 mo), and 172 adults (>24 mo), was

examined. Ages were determined by the pat-
terns of toothwear and replacement in the lower
jaw (Harlow and DeFoor, 1962).

From 1984 to 1987 sections were taken only
from the distal third of deer tongues. In 1988,

tissues from the distal, medial, and basal por-
tions of the tongues were examined from 10

randomly selected deer to determine if the dis-
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nis. The sarcocyst walls were composed of

tribution of sarcocysts was nonrandom; in the

remainder of the deer, a sample was taken only

from the basal portion. In 1989, only the basal
portion was examined, while in 1990 sections

were taken from the basal, medial, and distal
thirds of the tongue for all 40 deer collected.

Tissues were fixed in 10% neutral buffered for-
malin, embedded in paraffin, sectioned at 6 �m,

and stained with hematoxylin and eosin (H&E)

for examination by light microscopy.

Twenty-two sarcocysts from 10 different deer
from southern Florida were examined by trans-
mission electron microscopy (TEM). Both light
microscopy and TEM were done to correlate

morphology by light microscopy with structures
seen by TEM. Formalin-fixed sarcocysts were
located on the cut surface of paraffin-embedded

blocks by using the corresponding H &E-stained
slide as a guide. Small (5 mm) cubes of tissue

containing the sarcocysts were trimmed from
the surface of the paraffin blocks with a sharp
razor blade, deparaffinized with xylene, rehy-
drated, fixed with osmium and glutaraldehyde,

dehydrated, and embedded in Spurr’s epoxy
resin as described by Greiner et al. (1989). As
fixation of sarcocysts processed by this proce-
dure was poor, frozen tongues were thawed at

20 to 24 C and processed for TEM. A 1-cm thick
section of the basal portion of each tongue was

cut into 0.5 cm thick slabs with a sharp razor
blade. One half of each slab was fixed in 10%
neutral buffered formalin, embedded in paraf-
fin, sectioned at 6 �m, and stained with H&E.
The corresponding slab of tissue was fixed and

stored at 4 C in a solution of 2% paraformal-

dehyde and 2.5% glutaraldehyde in 0.1 M cac-

odylate buffer, pH 7.4, with 4% sucrose. Areas

containing large numbers of sarcocysts were

identified on paraffin sections stained with H&E.
Corresponding areas on the cut face of the para-
formaldehyde-glutaraldehyde-fixed tissue were

identified under a dissecting microscope and 5
mm cubes of tissue were trimmed from the sur-
face of the slabs with a sharp razor blade. These
blocks were washed with 0.1 M cacodylate buff-
er (pH 7.4) and post-fixed with 1% osmium te-

troxide in 0.1 M cacodylate buffer (pH 7.4) with
4% sucrose. The tissue was rinsed subsequently

with distilled water, stained en bloc with 1%

aqueous uranyl acetate, dehydrated with etha-
nol, and infiltrated and embedded in Spurr’s

epoxy resin. Thick sections were cut with glass
knives to locate sarcocysts. Ultrathin sections

were then cut with a diamond knife (Diatome

Inc., Ft. Washington, Pennsylvania, USA),
mounted on nickel grids, and stained with 2%
uranyl acetate in 50% methanol and Reynolds’
lead citrate (Reynolds, 1963). The sections were

coated lightly with carbon in a vacuum evap-

orator (Hayat, 1981) and examined with a JEOL

100CX electron microscope (JEOL Limited, To-
kyo, Japan).

In the second phase, tongues from 96 deer
were collected and frozen at check stations at
eight sites in three areas (Sites 1 to 8, Fig. 1)

during the 1988 to 89 deer hunting season (Oc-
tober to January) to determine the geographic
range of morphological types of sarcocysts in

Florida. Sites 1 to 5 were in the panhandle re-
gion (PH), sites 6 and 7 in the north central
region (NC), and site 8 in the southern region.
Later, the tongues were thawed and complete

transverse sections from the basal portions were
fixed in 10% neutral buffered formalin or para-

formaldehyde-glutaraldehyde as described
above for light microscopy or TEM. A total of
21 sarcocysts from four deer from PH (n = 6

sarcocysts) and NC (n = 15 sarcocysts) was ex-

amined by TEM. Data obtained by light mi-

croscopy were analyzed with those collected in
1988 from the other southern sites (9 to 11) to

examine regional differences.
The Statistical Analysis System (SAS Institute,

1988) was used for data analysis. Prevalence
data were compared using Fisher’s exact test for

sampling methodology, sex, and locality and
Kendall’s Tau-b test for age. The Chi-square

test was used to assess the distribution of sar-
cocyst types within the tongue. Significance
means a statistical significance of P � 0.05. Par-

affin blocks containing representative sarcocysts
have been deposited in the Registry of Com-

parative Pathology, Armed Forces Institute of
Pathology, Washington, D.C. 20306, USA (Ac-
cession No. 2180034).

Morphology

RESULTS

Three different morphological types

could be distinguished by light microscopy

in H&E stained paraffin sections. Type I

sarcocysts averaged 88.5 �m in cross sec-

tion (range = 57 to 147 �m; n = 27) and

81.2 �m (range = 45 to 170 j.im; n = 58)

along the short axis of oblique sections.

One apparently complete longitudinal sec-

tion measured 1,449 x 165 �tm. Septae

were distinguishable in more than half of

the sarcocysts measured. Sarcocysts lack-

ing discernible septae by light microscopy

had slightly smaller dimensions. Based on

ultrastructural examination, twelve Type

I sarcocysts had morphological character-

istics identical to those of S. odocoileoca-
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FIGURES 2 to 4. Light and electron micrographs of Sarcocystis odocoileocanis (Figs. 2, 3) and an un-

identified S. odocoileocanis-like sarcocyst from the tongue of a white-tailed deer collected in the Florida

Panhandle (Fig. 4). Figure 2. 1 �sm thick section of resin-embedded tongue that was stained with methylene

blue-borax. Sarcocyst has a very thin striated wall (arrows). Bar = 25 tim. Figure 3. Ultrathin section of the

sarcocyst wall. Short, broad villi of the sarcocyst wall are bounded by a parasitophorous vacuole membrane

(Pv) and an underlying electron-dense layer (EDL). Convoluted invaginations of the Pv at the base of villi

(arrows) are characteristic of S. odocoileocanis. Villi contain granular material that merges gradually with

the ground substance (Gs) of the cyst wall. Bar = 1 �zm. Figure 4. Ultrathin section of an S. odocoileocanis-

like sarcocyst. Villi (V) are smaller, more numerous, and lack convoluted invaginations at their bases. Mor-

phological similarities with S. odocoileocanis, i.e., villar shape and presence of an electron dense layer, suggest

that it may be a younger form of the same species. Bar = 1 �sm.

evenly spaced striations (Fig. 2) and av-

eraged 2.04 �m in thickness (range = 1.4

to 2.65 tim; n = 25 measurements from

five sarcocysts) in ultrathin sections with

short, broad villibounded by a parasitoph-

orous vacuole membrane (Pv) and an un-

derlying electron-dense layer (Fig. 5). Vil!i

contained fine to coarse granular material

merging gradually with the ground sub-

stance of the cyst wall. At the base of villi,

the Pv formed shallow convoluted invag-

inations in the ground substance (Gs),
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which is characteristic of this species (Du-

bey and Lozier, 1985; Entzeroth et a!.,

1982). One deer collected from the pan-

handle area of northern Florida had nu-

merous sarcocysts with a wall morphology

similar to that of S. odocoileocanis, sug-

gesting they may be immature forms of

this species (Fig. 4). These sarcocysts con-

tained mature bradyzoites, but had thin-

ner walls, vi!!i that were shorter and nar-

rower than other examples of S.

odocoileocanis, and lacked convoluted in-

vaginations of the Pv between villi.

Type II sarcocysts had mean diameters

of 77.6 �m (range = 47 to 121 ��m; n =

23) in cross sections, averaging 71.4 �zm

(range = 59 to 80 �tm; n = 10) along the

short axis of oblique sections. Sarcocysts

that lacked discernible septae by light mi-

croscopy had smaller dimensions. The walls

of Type II sarcocysts were approximately

twice as thick as that of Type I cysts and

were composed of narrow, irregularly

spaced striations that, by light microscopy,

occasionally appeared to have two or three

separate layers (Fig. 5). However, a single

layer, which had appeared more complex

due to orientation of the tissue, was seen

when correlative electron microscopy was

performed on these sarcocysts. Using ul-

trastructura! examination, 25 Type II sar-

cocysts had two structurally similar forms

indistinguishable by light microscopy.

Type hA sarcocyst walls averaged 3.56 �m

(range = 2.7 to 4.59 � n = 15 measure-

ments from four sarcocysts) with ground

substance averaging 0.66 �im in thickness

(range = 0.38 to 0.86 �m, n = 25 mea-

surements from four cysts) (Figs. 5,6). Nu-

merous narrow villar protrusions averag-

ing 0.30 �tm in diameter (range = 0.16 to

0.58 �tm, n = 25 measurements from four

cysts) were often curved, folded, and twist-

ed around one another and adjacent host

cell mitochondria (Figs. 6, 7). Villi were

bounded by a thickened undulating Pv and

filled with densely packed, coarsely stri-

ated filaments originating in the ground

substance of the cyst wall and extending

to the ends of the protrusions (Fig. 7). The

FIGURES 5 to 7. Light and electron micrographs

of Type IIA sarcocysts from tongues of white-tailed

deer in Florida. Figure 5. 1 �sm thick section of resin-

embedded tongue that was stained with methylene

blue-borax. Sarcocyst has a thick striated wall com-

posed of numerous densely-packed narrow protru-

sions (arrows). Bar = 25 �m. Figure 6. Ultrathin sec-

tion of the sarcocyst wall. The wall has numerous

narrow villi (V) that are bent and folded around one

another. The villi are continuous with the ground
substance (Gs) of the sarcocyst wall. Note coarsely

striated filamentous cores (arrows) of the villi. Bra-

dyzoites (B) are beneath the ground substance of the

sarcocyst wall. Bar = 1 �m. Figure 7. Higher mag-

nification of the sarcocyst wall. Note coarsely striated

filaments (arrows) within the villi, the undulating par-

asitophorous vacuole membrane (Pv) that bounds the

villi, and the fine granular material of the ground

substance (Gs). Host cell mitochondria (m) are often

surrounded by villi. Bar = 1 sm.

walls of Type IIB sarcocysts also had nu-

merous narrow villar protrusions, but these

were much smaller in diameter (i = 0.12

�zm, range = 0.04 to 0.26 �tm) and lacked

the coarsely striated cores characteristic of

Type hA sarcocysts (Fig. 8). These often

had a hair-like appearance and either were

apposed closely to the ground substance of

the sarcocyst wall or extended away from

the wall into the host cell cytoplasm (Fig.
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FIGURE 8. Light and electron micrographs of a

Type IIB sarcocyst from the tongue of a white-tailed
deer in Florida. The wall has numerous hair-like villi

(V) that are bent or twisted around each other and

adjacent host cell mitochondria (M). The villi lack

the coarsely striated cores that are characteristic of

Type hA sarcocysts. Bar = 1 �rn Inset: 1 �m thick

section of resin-embedded tongue that was stained

with methylene blue-borax. Hair-like villar projec-

tions (arrows) of the sarcocyst wall are barely dis-

cernible. Bar = 5 �m.

8). The walls of Type IIB sarcocvsts were

thinner (1 = 2.6 �m, range = 0.92 to 5.84

�m, n = 23 from five sarcocvsts) than those

of Type IIA, only slightly thicker than Type

I sarcocyst walls, and had a ground sub-

stance averaging 0.73 �tm in thickness

(range = 0.35 to 1.62 �m, n = 25 mea-

surements from five cysts) (Fig. 8).

Type III sarcocysts were larger than

Types I or II, averaging 166 j.tm (range =

117 to 317 �m; n = 6) in cross sections and

111.7 �im (range = 60 to 156 �m; n = 3)

along the short axis of ob!iq tie sections (Fig.

9). Sarcocysts lacking discernible septae by

light microscopy were slightly smaller. The

wall of Type III sarcocysts was approxi-

mately 7 �im in thickness and composed

of coarse, evenly spaced striations (Fig. 9).

Based on ultrastructural examination, four

Type III sarcocysts (Figs. 10, 11) had char-

acteristics similar to those of an unnamed

species of Sarcocystis described by Dubey

and Lozier (1983) from the esophagus of

a white-tailed deer collected in Montana

(USA). The cyst wall averaged 6.39 �m

.-.--- V ‘ .

.. ‘.,“�. � 1-. ..: ‘�‘.

“p. - .., �. . ,� #{149}- .�..
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FIGURES 9 to 11. Light and electron micrographs

of a Type III sarcocyst from the tongue of a white-

tailed deer in Florida. Figure 9. 1 �m thick section

of resin-embedded tongue that was stained with

methylene blue-borax. Sarcocyst has a thick striated

wall composed of broad, closely spaced villi (arrows).

Bar = 50 �m. Figure 10. Ultrathin tangential section

of the sarcocyst wall. Villi (V) are broad and contain

a mixture of coarse granular material and filaments.

The contents of the villi merge abruptly with the fine
granular material of the ground substance (Gs) to

form a clear line of demarcation. Bar = 1 �m. Figure

11. Higher magnification of the sarcocyst wall. Villi

(V) are broad at their bases where they merge with

the ground substance (Gs) and taper toward their tips.

Villi are bounded by a thickened parasitophorous

vacuole membrane (Pv) and contain coarse granular

material and filaments. Note absence of coarse stri-

ations in the filaments (arrows). Bar = 1 �m.

thick (range 5.41 to 9.16 �tm, n = 23 mea-

surements from four sarcocysts), with a

ground substance averaging 1.46 �m in

thickness (range = 0.7 to 2.86 tim, n = 31

measurements from four sarcocysts). A

secondary cyst wall was absent. Villi of this

type of sarcocyst averaged 2.09 �im in di-

ameter at their bases (range = 1.67 to 3.0

� n = 22 measurements from four sar-

cocysts) where they joined the fine gran-

ular ground substance and were bounded

by a thickened undulating Pv with inter-

digitating lateral margins (Figs. 10, 11).
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TABLE 1. Distribution of sarcocyst type by region

of the tongue in 50 white-tailed deer collected in 1988

and 1990 from southern Florida.

Type

Numbers of sarcocysts/secti on of tongue

Basal Medial Distal

1 23 9 3
II 16 9 3

III 1 3 4

Determined by light microscopy.

Depending on the plane of section, villi

appeared to have broad flattened tips or

to taper gradually to narrow points. Villi

contained a mixture of coarse granular

material and fine filaments clearly distin-

guished from the fine granular ground

substance of the cyst wall. Filaments in the

villi were scattered singly or in bundles

and lacked coarse striations. None of the

sarcocysts examined with TEM in this study

resembled S. odoi.

Prevalence and distribution

Beginning in 1988, sampling method-

ology was changed to include tissues from

the base of the tongue rather than only

from the distal third because of the higher

prevalence of sarcocysts in that area. Based

on samples collected in 1988 (n = 10) and

1990 (n = 40), Type I sarcocysts occurred

more frequently in the basal and less fre-

quently in the distal portions of the tongues

than expected (x2 = 11.6, P < 0.005), as

did Type II (x2 = 9.1, P < 0.025). Type

III cysts were distributed randomly; how-

ever, few cysts of that type were observed

(Table 1). Therefore, data on prevalences

by host sex, host age, and locality were

analyzed by year-group (1984 to 87 and

1988 to 90) to reflect the change in meth-

odology.

For the 307 deer studied in the first

phase, 99 (32%) were positive for at least

one type of sarcocyst. There was a highly

significant difference (P < 0.002) in over-

all prevalence of Sarcocystis spp. between

the 162 samples collected in 1984 to 87

(24%) and the 145 collected in 1988 to 90

(41%). For 1984 to 87, Type I prevalence

TABLE 2. Prevalence of sarcocyst types from white-
tailed deer in southern Florida by host age group,
1984 to 87 and 1988 to 90.

Sarcocyst type

Age gr oup in months

<13 13-24 >24

1984 to 87

n 30� 51 81

I

II
III
All type&’

0

0
3

3

6

2
10
24

12

11
12
32

1988 to 90

n 26 28 91

I

II

III
All types”

4

0

8
8

21

18

11
32

40

27

20
54

Number of deer in this age group.

These values include sarcocysts which could not be assigned

to Types I, II. or III.

was 8%, significantly lower than the 30%

for 1988 to 90 (P < 0.001). For Type II,

1984 to 87 prevalence was 6%; the 1988

to 90 prevalence was significantly greater

at 20% (P < 0.001). Type III prevalences

did not differ significantly by year (10 vs.

16%). Of the 99 positive deer, 55 had only

one identifiable type of sarcocyst (Type I:

23; Type II: 18; Type III: 14), 29 had two

identifiable types (Types I and III: 13;

Types I and II: 12; Types II and III: 4),

seven were infected with all three types,

and eight were infected only with sarco-

cysts unidentifiable as to type.

There were no significant differences

between females and males for all types

of sarcocysts collectively, nor for any of

the three types individually, within either

year-group.

For analysis of prevalence by host age,

the southern sample was divided into three

groups by estimated age in months (Table

2). Based on an analysis of the 1984 to 87

data, there were significant increases with

age for prevalence of a!! sarcocyst types

combined (3 to 32%, P < 0.0002), of Type

I (0 to 12%, P < 0.001), of Type II (0 to

11%, P < 0.0001), but not of Type III.

Based on an analysis of the 1988 to 90 data,
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TABLE 3. Prevalence of sarcocyst types identified by light microscopy in white-tailed deer from localities

throughout Florida, 1988 to 89.

Area

Number of deer Prevalenc e (%) by sarc ocyst type

Examined Positive % Positive I II III

Panhandle (1 to 5)� 32 30 94 94 9 0

North Central (6 and 7) 44 30 68 68 32 0

So. Florida (8 to 11) 74 43 58 34 18 12

Totals (ito ii) 150 103 69 57 20 6

Numbers in parentheses refer to sites in Figure 1.

there were similar increases for all types

combined (8 to 54%, P <0.0001), for Type

I (4 to 40%, P < 0.0001), for Type II (0

to 26%, P <0.0001), and also for Type III

(8 to 20%, P < 0.025).

Sarcocyst prevalence was examined for

two physiographic regions (Big Cypress

and Everglades) in the three southern

counties (Sites 9 to 11, Fig. 1). The only

significant difference among regions was

the low prevalence in deer from the Ev-

erglades (ENP and SSU) (4 vs. 35%, P <

0.005). There were no significant differ-

ences among the five Big Cypress sites.

For the second phase, tissues were col-

lected in 1988 and 89 from 74 deer at

southern sites (8 to 11, Fig. 1) and from

76 deer at seven northern sites (1 to 7, Fig.

1). These were examined by light and elec-

tron microscopy to determine the geo-

graphic distribution of different types of

sarcocysts (Table 3). Using light micro-

scopic examination of tissues, we observed

the presence of Types I and II in deer

throughout the state, but Type III only

from southern Florida. Using electron mi-

croscopy, we observed Type I sarcocysts

in deer from all areas. Type IIA sarcocysts

were observed in tissues collected in the

panhandle (PH, Sites 1 to 5) and southern

Florida (SF, Sites 8 to 11), while Type IIB

sarcocysts were found only in tissues col-

lected in the north central region (NC,

Sites 6 and 7). Type III sarcocysts were

detected only by light microscopy.

There were no differences in prevalence

by locality among the SF sites for 1988, so

these data were combined. Deer taken in

PH had an overall sarcocyst prevalence of

94%, significantly higher than the 68% in

NC (P < 0.02), and the 58% in SF (P <

0.001). There was no significant difference

among deer between NC and SF. Type I

prevalences and significances were the

same as the overall values for PH and NC,

but much lower for SF (34%). The differ-

ence between NC and SF was significant

(P < 0.001) for Type I. Type II prevalence

was lower in PH than in NC (9 vs. 32%,

P < 0.05), but neither differed from the

prevalence in SF (18%). Type III preva-

lence was greater in SF than in PH and

NC (12 vs. 0%, P <0.05). In PH, 27 deer

were infected with only Type I, while three

deer carried both Types I and II. In NC,

16 deer had only Type I, and 14 were

infected with both Types I and II sarco-

cysts. For SF, 13 deer had only one iden-

tifiable type (Type I: 8; Type II: 4; Type

III: 1), six had two types (Types I and III:

4; Types I and II: 1; Types II and III: 1),

and three deer had all three types of sar-

cocysts.

In SF there were no differences in prey-

alences between sexes for all types collec-

tively nor for any of the three types in-

dividually, even though no males (n = 15)

were infected with Type III sarcocysts (fe-

male n = 51, 16%; P < 0.08). However,

in the north, females (n = 36) showed

greater prevalences than males (n = 34)

for all types combined and for Type I (97

vs. 59%, P <0.001). The NC deer (female

n = 13, male n = 26) mirrored those values

(92 vs. 54%, P < 0.03). Although the PH

females (n = 23) also had higher preva-

lences than males (n = 8) overall and of

Type I sarcocysts, these were not quite
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significant (100 vs. 75%, P < 0.06). This

may have been due to a sampling artifact.

Females from NC and PH did not differ

from each other, but had higher preva-

lences than SF females overall (97 vs. 56%,

P < 0.001) and of Type I sarcocysts (97

vs. 29%, P <0.001), while SF females had

a higher prevalence of Type III (18 vs. 0%,

P <0.03). For Type II, 42% of NC males

were infected, compared to none in PH (P

< 0.03). Females did not have a similar

difference (NC: 23%; PH: 13%).

DISCUSSION

Previous surveys of white-tailed deer in

North America have been based primarily

on light microscopy to identify species or

describe morphological types based on

characteristics of the sarcocyst wall. We

initially attempted to classify sarcocysts at

the light microscopic level by wall thick-

ness and morphology, but in studies with

TEM, we found a more diverse range of

wall structures than could be resolved with

the light microscope alone. We identified

four types of sarcocysts by electron mi-

croscopy, which may represent three or

possibly four separate species of Sarcocys-

tis.

Type I sarcocysts were identical in mor-

phology to sarcocysts formed by S. odo-

coileocanis and had convolutions in the Pv

at the bases of villi characteristic of this

species (Entzeroth et a!., 1982). They also

were ultrastructurally similar to the sar-

cocysts of S. hemionilatrantis from mule

deer (Odocoileus heinionus) (Dubey and

Speer, 1986). Sarcocysts from a deer col-

lected in the Florida Panhandle were sim-

ilar to S. odocoileocanis in the general

shape of villi, suggesting that they may be

immature forms of that species. Metro-

cytes were not observed, however, leaving

the possibility that these may be mature

sarcocysts of another undescribed species.

The walls of Type hA appear to rep-

resent a new morphological type (Dubey

et a!., 1989). Both Type IIA and Type IIB

sarcocysts were unlike any previously re-

ported from North American cervids and

may represent new species. Villi of these

sarcocysts were longer and narrower than

S. odoi and more similar in morphology

to S. arieticanis of sheep (Dubey et a!.,

1988). Wall thickness varied considerably

by light microscopy, depending on wheth-

er villi extended into the host cell cyto-

plasm away from the sarcocyst wall or were

flattened around its periphery. Final de-

termination of the taxonomic status of these

two types will depend on experimental

studies to identify the definitive hosts and

to determine whether morphological

changes occur in the sarcocyst wall during

development of the parasites. Dramatic

changes in wall structure during matura-

tion of some species of Sarcocystis have

been documented (Meh!horn et a!., 1976;

Dubey et a!., 1983; Munday and Oben-

dorf, 1984), raising the possibility that the

walls of Type hA and Type hIB sarcocysts

are different chronological forms of the

same species.

Type III sarcocysts found in our study

were similar to an unnamed species re-

ported by Dubey and Lozier (1983) from

white-tailed deer in Montana and were

structurally similar to sarcocysts of S.

youngi from mule deer in Montana (Du-

bey and Speer, 1986). Based on our data,

the range of this unnamed species is ex-

tended to include Florida. Sarcocystis odoi

was described from white-tailed deer in

areas with sympatric populations of mule

deer and their morphologically similar

species, S. hemioni (Dubey and Speer,

1985, 1986). Because of the apparent ab-

sence of S. odoi in our study, this species

may require a definitive host or ecological

conditions not found in Florida.

Sarcocystis infections in white-tailed

deer in North America are common, with

prevalences ranging from 44 to 88% (Lind-

say et a!., 1988). The prevalence in Florida

is probably higher than our estimates in-

dicate because we did not use more sen-

sitive digestion techniques. The apparent

preference of Type I (S. odocoileocanis)

and Type II sarcocysts for basal regions of

the tongue also created a sampling bias
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that led us to underestimate prevalences

overall and for those two types during the

early years of the study. As only the basal

portion of the tongue was collected for

most of the 1988 sample and all of the

1989 sample, Type III prevalence may

have been underestimated for those years.

Previous workers have demonstrated the

value of tongue tissue for detecting infec-

tion with Sarcocystis by histological sec-

tion, but the procedure has not been re-

fined to examine the distribution of

individual species within this organ (Kar-

stad and Trainer, 1969; Mahrt and Col-

well, 1980; Crum and Prestwood, 1982;

Dubey et al., 1988). From our work, it

seems clear that different types of sarco-

cysts develop preferentially in different

regions of the tongue, although the mech-

anisms responsible for this nonrandom dis-

tribution are unknown. Standardized sam-

pling techniques are important for

comparing prevalences among different

geographic areas, age classes, and studies.

Crum and Prestwood (1982) found sig-

nificantly higher prevalences of Sarcocys-

tis spp. in adult deer (45%) than in fawns

(26%), but did not find differences in prev-

alence among different physiographic

provinces or between sexes. We found sim-

ilar increases in prevalence during the first

two years of life for S. odocoileocanis and

Type II sarcocysts, which are consistent

with transmission by continual exposure to

contaminated forage. However, we also

found differences in prevalences between

the sexes, for different regions of the state,

and for different physiographic provinces

within a region. The differences between

sexes may be based on differential use of

macro- or micro-habitats within regions,

and need to be explored further.

There are several possible explanations

for the geographic differences. Prestwood

and Smith (1969) reported that deer in

Collier County originated from deer trans-

planted from Wisconsin (USA) in 1948 af-

ter the native deer were exterminated dur-

ing a cattle fever tick eradication program

in the 1930’s. As Type III sarcocysts were

found only in that area, they may have

been introduced from Wisconsin. If deer

from Wisconsin also were relocated to the

PH, Type IIA sarcocysts may have come

in with them. But if Type III originated

in Wisconsin, it should tolerate environ-

mental conditions in northern as we!! as

southern Florida. Therefore, it is possible

that Type III is endemic to SF, and cannot

withstand conditions further north. Alter-

natively, O’Brien et a!. (1990) presented

strong evidence for a recent (<50 years

ago) introduction of Latin American pu-

mas into SF, and this could have been the

route for introduction of Type III sarco-

cysts. The reason why Type IIA was found

in PH and SF and Type IIB was found

only in NC is not clear, and the possibility

that both types are the same species needs

investigation. The almost total lack of sar-

cocysts in deer collected in the sawgrass

habitats (ENP and SSU) may be due to

inhospitable environmental conditions in

that specific habitat.

The definitive host of S. odocoileocanis

is the domestic dog (Canis familiaris)

(Crum et a!., 1981). Emnett (1986) dem-

onstrated sporocysts of Sarcocystis spp. in

the scats of experimentally infected timber

wolves (Canis lupus) and from free-rang-

ing wolves in northeastern Minnesota

(USA). Because wolves are the primary

predator of deer in northeastern Minne-

sota, Emnett (1986) suggested that they

were a likely natural definitive host of Sar-

cocystis spp. In Florida, feral dogs, coyotes

(Canis latrans), and gray foxes (Urocyon

cinereoargenteus) may serve as definitive

hosts of S. odocoileocanis. Many parts of

Florida have a history of dog use for hunt-

ing, which may have played a part in dis-

seminating S. odocoileocanis throughout

the state.

Dubey and Lozier (1983) reported that

felids, specifically the domestic cat (Felis

catus), were definitive hosts for S. odoi,

although their experiment did not rule out

possible contamination with the thick-
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walled sarcocysts similar to the Type III

parasites we found. Significantly, Crum

and Prestwood (1982) detected a species

of Sarcocystis infective to cats and differ-

ent from S. odocoileocanis, but the sar-

cocysts were not described. Thus, there is

circumstantial evidence that felids may be

definitive hosts for the Type III parasites

in our study, but this will need to be es-

tablished by experimental studies. In ad-

dition to domestic cats, including feral cats,

there are two species of wild felids living

in Florida, the Florida panther (Felis con-

color coryi) and the bobcat (Felis rufus).

Both species prey on white-tailed deer

(Maehr and Brady, 1986; Maehr et a!.,

1990).

Assuming that environ mental condi-

tions necessary for survival of infective

sporocysts are similar among different spe-

cies of Sarcocystis, the prevalence of each

Sarcocystis sp. should remain constant

within a physiographic region if all are

cycling through the same definitive hosts,

or if the hosts have similar densities and

distributions. Emnett and Hugghins (1982)

noted a positive correlation between den-

sity of the definitive host and prevalence

of infection in white-tailed deer from South

Dakota (USA). We failed to find significant

changes in the prevalences of any type of

sarcocysts at different study sites in the Big

Cypress region, suggesting that all types

may cycle through hosts which have wide

distributions and relatively uniform den-

sities in that area. The differences in prey-

alences among PH, NC, and SF may be

related to densities of canids and felids in

those areas.

Crum et a!. (1981) infected deer exper-

imentally with S. odocoileocanis and ob-

served inflammation in association with

apparently intact sarcocysts. In the present

study, host inflammatory responses were

not observed in tongue tissue in association

with the sarcocysts. While we did not find

any direct evidence implicating sarcocys-

tosis as a limiting factor in deer popula-

tions in southern Florida, its potential im-

pact on predator-prey cycles, particularly

those involving the endangered Florida

panther, should be studied further in

greater detail.
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