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Sarcocystis AND RELATED ORGANISMS IN AUSTRALIAN
WILDLIFE: II. SURVEY FINDINGS IN BIRDS, REPTILES,
AMPHIBIANS AND FISH

B. L. MUNDAY, Mt. Pleasant Laboratories, P.O. Box 46, Launceston South, Tasmania
W.J. HARTLEY, Department of Veterinary Clinical Studies, University of Sydney, Camden, New South Wales

K. E. HARRIGAN, P. J. A. PRESIDENTE and D. L. OBENDORF, Department of Veterinary Paraclinical
Sciences, Veterinary Clinical Centre, Werribee, Victoria, AUSTRALIA

Abstract: Sarcocystis was found in 105 (44 species, 25 families) of 832 (12.6%) (129
species, 43 families) avian muscle samples. Muscle sarcocysts were most prevalent
(16-29%) in certain carnivorous, omnivorous or insectivorous birds. Lower
prevalences (6-13%) were recorded in other carnivorous, ground-feeding omnivorous
and insectivorous birds. In waterfowl, prevalence of infection was only 3.5%.
Generally, sarcocysts in bird muscle were thin-walled (<0.5 um) with small zoites.
However, those in little pied cormorants (Phalacrocorax melanoleucos), hoary-
headed grebes (Podiceps poliocephalus) and a pelican (Pelecanus conspicillatus)
examined in Victoria had thicker (0.5-1 um) walls.

Three of 53 (5.7%) muscle samples from reptiles (14 species, four families) had
Sarcocystis. Greatest prevalence was found in goannas (Varanus spp.) where two of
three specimens were positive.

Ninety samples from nine amphibian species (two families) and seven from five
species of fish (five families) were negative for muscle sarcocysts.

Sporocysts and oocysts of Sarcocystis or Frenkelia were found in intestinal
scrapings from eight of 18 (44.4%) barn owls (Tyto spp.), two of five (40.0%) spotted
owls (Ninox novaeseelandiae), and two of seven (28.6%) brown falcons (Falco
berigora). Mucosal scrapings from five of 12 (41.7%) elapid snakes (one Austrelaps
superba and four Notechis ater) were positive for sporocysts and oocysts.

INTRODUCTION

In their recent review of the literature,
Kalyakin and Zasukin!?2 found
references for Sarcocystis in muscle from
71 avian species in 28 families, and from
11 reptilian species in nine families. Host
records were of Sarcocystis sp., with few
named species, and there was no inclu-
sion of prevalence data, or life cycle
investigations. Sarcocysts in muscle

found in only three (0.5%) birds; the
species harboring Sarcocystis were not
listed.!3

There are no published records of
Sarcocystis in muscle from wild birds in
Australia, but infection recently has
been reported in chickens.!® Among rep-
tiles, muscle sarcocysts have been record-
ed in carpet pythons (Morelia spilotes).?!

from amphibians and fish were not
recorded.!?

Later, two psittacine species? and the
cowbird (Molothrus ater)?'° were added
as hosts for muscle sarcocysts. In a
recent survey of 636 ducks, geese and
swans, comprising 32 species, in British
Columbia, Canada, sarcocysts were
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Sexual stages of Sarcocystis occur in
the intestinal mucosa of predators,
resulting in production of sporulated
sporocysts, either free or enveloped in
pairs within a fine oocyst wall.
Sporocysts and oocysts, typical of those
of Sarcocystis or Frenkelia, have been
seen in feces and intestinal mucosal
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scrapings from predatory birds!»®-7»14,15
and reptiles. 419,24

The lack of published information on
Sarcocystis in Australian wildlife
prompted a survey of available collection

material for its prevalence. Results of our 5]

findings in mammals were presented & = RN S § &

recently,'” and survey data for birds, gl N § 3 @

reptiles, amphibians and fish are &’ ~

presented herein.

MATERIALS AND METHODS ~

Examination for Muscle Cysts E g cooco & —~ o
Muscle samples were obtained from 3| g

832 birds (129 species, 43 families), 53 &l =

reptiles (14 species, four families), 90 5

amphibians (nine species, two families), 2 3 »

and seven fish (five species, five families) E ;‘5 V2R a e -

(Table 1). Most samples were obtained Z

during various scientific collections, as
part of pest-control programs, or for-
tuitously as road kills, in Tasmania,
Victoria and New South Wales.
Skeletal muscle samples from pectoral
and limb muscles from each animal were
usually examined. Heart muscle and gas-
trointestinal smooth muscle also were
examined from many specimens. Tissues
fixed in 10% formol saline or 70% alcohol
were paraffin embedded, sectioned at 6-

TABLE 1. Prevalence of thin-walled sarcocysts in muscle of some Australian birds, reptiles, amphibians and fish.

10 um and stained with haematoxylin %
and eosin (H & E). Samples were not = a8 -
examined by squash preparation or £ ] TEeamd
digestion techniques. g 'a ‘g E _§ 3 § 2 2
Scrapings from intestinal mucosa were g £ iv S &8 = 8 2
examined for sporocysts of Sarcocystis g g vﬁ @ m § ) 5‘ 3
and/or Frenkelia in 69 birds (14 species, g 2 g Aaa2 g $ *-"5’5
seven families) and 17 reptiles (four 2 3 o =) a g a3 % s
species, two families) (Table 2). sl 2 g g 28 85 £8 §
. A aan. =~
%8 SzEcgISiZ:
RESULTS %m SESERNHAL <
[*4 >
Examination for Muscle Cysts Ix (=) % ﬁ oo} 8 E 5
Birds: Of the 832 bird samples ex-
amined, Sarcocystis was recorded in 105
(12.6%), representing 44 species in 25 wl =
families (Table 1). Greatest prevalences gJ]
of infection occurred in certain car- g >
nivorous birds (cormorants, herons, ol «
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kookaburras, pelicans, hawks and
falcons), and in omnivorous or insec-
tivorous birds (honeyeaters, coots and
native hens, grass finches, gulls and
swallows). Lower prevalences of
Sarcocystis infection was recorded in
other carnivorous birds (magpies,
currowongs and ravens), ground-feeding
omnivores (wrens, scrub-wrens, shrike-
thrushes, parrots, ibis and spoonbills)
and insectivorous species (pardalotes,
silvereyes and robins). Of 85 samples
from waterfowl, only three (3.5%) were
positive, but many of the birds examined
were very young. Positive findings also
were recorded in the small numbers of
grebes, darters and skuas examined
(Table 1). Negative results in many
families simply may be due to the small
sample size. However, for certain birds
where reasonable numbers were exam-
ined, the absence of Sarcocystis may be a
valid observation.

Generally sarcocysts were uniform in
appearance, having a thin (<0.5 um),
sometimes imperceptible wall, and small
zoites. The maximum cyst size was 2000
by 90 um (Figs. 1,2). Most appeared to be
Sarcocystis but it was not possible to
positively differentiate them from
Hammondia or Toxoplasma in all in-
stances. Sarcocysts with more definite
walls, 0.5-1 um thick, and measuring up
to 2500 by 150 um, were found in three of
10 little pied cormorants, Phalacrocorax
melanoleucos, and two of two hoary-
headed grebes, Podiceps poliocephalus,
and one of three pelicans (Pelecanus
conspicillatus) examined from eastern
Victoria (Fig. 3). Cysts with walls like
these were not detected in any Tasma-
nian waterbirds. An additional finding
in the parasites in the pelican was the
presence of very fine trabeculae.

Sarcocysts usually were not found in
the myocardium, even in those birds with
heavy infections in their skeletal
muscles; however, the myocardium of
every bird was not examined. Myocar-
dial sarcocysts were found in a southern
skua, Stercoraria skua, two white-backed
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TABLE 2. Prevalence of oocysts or sporocysts of Sarcocystis or Frenkelia species in the intestines of Australian birds and

reptiles.

Prevalence

Number Examined

(Common name)

FAMILY

(%)

Infected

Total

Species

CLASS
AVES*

ACCIPITRIDAE (hawks and kites)

(28.6)

FALCONIDAE (Falcons and kestrels)
Falco berigora

(16.7)

Totals
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FIGURE 1. Thin-walled sarcocyst in
skeletal muscle of Pardalotus striatus.
Note that the cyst wall is practically
imperceptible. H&E X 375

FIGURE 2. Thin-walled sarcocyst in
skeletal muscle of Fulica atra. Note the

thin, but definite, cyst wall (arrowed).
H&E X 1500
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magpies, Gymnorhina hypoleuca, and
one hoary-headed grebe (Fig. 4). In each
of these instances sarcocysts were not
found in muscles other than the myocar-
dium. Even so, the organisms did not
appear to differ markedly from those in
skeletal muscles except that the contents
of some cysts in magpies had a rather
homogeneous appearance; these may
have been immature cysts containing
metrocytes.

A limited number of smooth muscle
samples (gastro-intestinal wall) were ex-
amined, but sarcocysts were not detected,
even in those birds with Sarcocystis
elsewhere in the musculature.

Reptiles: Sarcocystis was seen in
three of the 53 reptilian muscle samples
examined (Table 1). Numerous sar-
cocysts were found in a metallic skink,
Leiolopisma metallica. These cysts were
1100 by 160 um with no visible trabeculae
on light microscopic examination. Sar-
cocysts in two goannas, Varanus gouldii
and V. varius, were thin-walled and had
small zoites. A cyst in skeletal muscle of
V. gouldii measured 220 by 165 um, while
one in the myocardium was 30 by 27.5
um. A cyst, 45 by 37 um, was located in
the myocardium of V. varius.

Amphibians and Fish: Muscle
samples from 10 specimens of each of
nine amphibian species were all negative
(Table 1). Negative results also were
obtained from examination of a small
number of fish, representing five families
(Table 1).

Examination for Oocysts and
Sporocysts

Sporocysts typical of Sarcocystis or
Frenkelia were found in intestinal
mucosal scrapings of four avian and two
reptilian species (Table 2). Although the
number of specimens examined was
small, positive findings were confined to
predatory birds (hawks and owls), and
two species of elapid snakes, the
copperhead, Austrelaps superba and
black tiger snake, Notechis ater.
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FIGURE 3. Sarcocyst in skeletal muscle
of Podiceps poliocephalus. Note definite
cyst wall approx. 1 um thick (arrowed).
H&E X 1500

FIGURE 4. Sarcocyst in myocardium of
P. poliocephalus. Note definite cyst wall
(arrowed). H&E X 1500
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Sporocysts from brown falcons, Falco
berigora, measured 12-14 by 7.25 um and
contained four sporozoites, as well as
scattered residual granules. A few
sporocysts occurred in pairs surrounded
by a fine oocyst wall.

The organisms from three species of
owls, Tyto alba, T. novaehollandiae and
Ninox novaeseelandiae, appeared to be
identical. Oocysts measured 15-19 by 12-
14 um and sporocysts, 12-15 by 7-10 um.
Each sporocyst contained four
sporozoites and a residual body 6 um in
diameter (Fig. 5).

Sporulated oocysts in mucosal
scrapings of the copperhead were ap-
proximately 15 um in diameter. Oocysts
from the black tiger snake measured 14-
15 by 11-14 um, while sporocysts were 10-
11 by 7 um with four sporozoites and
numerous residual granules (Fig. 6).
Oocyst development appeared to occurin
the lamina propria of the small intestine,
but this was difficult to determine
because the mucosa was autolyzed.

DISCUSSION

Our findings agree with published
data'? that Sarcocystis occurs in the
musculature of birds and reptiles, but not
in amphibians or fish. Theavian hosts in
which we found muscle sarcocysts are all
new records for Sarcocystis. These in-
clude 18 new hosts in six families
(Ardeidae, Anatidae, Accipitridae,
Rallidae, Psittacidae and Corvidae) for
which records from other countries have
been reported.'2 We also add 26 new host
records for 19 additional families (Table
1). To the list of reptilian hosts for
Sarcocystis,'* we add three new records
representing two additional families.

Additional definitive hosts for
Sarcocystis and/or Frenkelia also were
found (Table 2). One new owl host has
been added to previous records,’!® as
well as the brown falcon. Prevalence of
infection in these birds of prey was very
similar to data reported recently in
Czechoslovakia.” The copperhead and
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FIGURE 5. Unsporulated (large arrow) and sporulated (small arrow) oocysts in
intestinal scraping from Tyto novaehollandiae X 1500. Inset; sporulated oocyst X
3750

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 03 May 2024
Terms of Use: https://bioone.org/terms-of-use



70 Journal of Wildlife Di Vol. 15, Ji y. 1979

FIGURE 6. Sporocyst (small arrow) in intestinal scraping from Notechis ater. Note
relative size of red cell (large arrow) X 1500. Inset; sporocyst X 3750
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black tiger snake are now added to the
known reptilian definitive hosts. 9,24

The bird sarcocysts seen usually were
thin-walled and resembled those
recovered in skeletal muscle of canaries
fed sporocysts from sparrow hawks,
Accipiter nisus.! In this type of cycle,
certain predatory birds are definitive
hosts with a variety of other avian
species serving as potential intermediate
hosts. Widespread dissemination of
Sarcocystis sporocysts in the environ-
ment can occur by fecal contamination
from infected raptors, particularly
beneath the nesting sites of predatory
birds. Ground feeding birds (i.e. wrens,
grass finches and parrots), attracted to
these sites by discarded carcasses, fecal
material, or the variety of arthropods
congregating there, may acquire infec-
tion by accidental ingestion. Temporary
transport hosts such as flies, beetles,
other arthropods and earthworms might
concentrate sporocysts. It has been
shown that two genera of filth-flies and
cockroaches can transport Toxo-
plasma,???? and more recently that
cockroaches can carry S. muris.2® This
may explain the moderate prevalence of
Sarcocystis in insectivorous birds (i.e.
pardalotes, silvereyes, robins and
swallows). However, even arboreal
species may acquire infection while
collecting materials for making nests.
Since females often are responsible for
nest building, this behaviour may ex-
plain the greater prevalence of
Sarcocystis in female grackles compared
to that in males.!!

Sarcocysts with thicker walls were
found in little pied cormorants, hoary-
headed grebes and a pelican from Vic-
toria, but not in waterbirds from
Tasmania. Thick-walled sarcocysts have
been found in some macropodid and
dasyurid marsupials from mainland
Australia, but not Tasmania. A car-
nivorous mammal, not present in
Tasmania, has been suggested as a possi-
ble definitive host.!” A similar situation
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may explain the observed differences
between the sarcocysts seen in these
three avian species and organisms seen
in other birds. The fox, Vulpes vulpes, or
dingo, Canis familiaris dingo, may bethe
definitive host. Dogs recently have been
suggested as the definitive host for a
Sarcocystis found in a domestic fowl.!6

All sarcocysts found in avian tissuesin
the present survey were microscopic, the
largest measuring 2500 mm by 150 um.
No large macroscopic cysts were seen.
Visible sarcocysts have been described in
various strigiform,!? psittaciform? and
passeriform birds.3 Macroscopic cysts of
S. rileyi are common in dabbling ducksin
North America®'? and heavily infected
carcasses frequently are discarded for
aesthetic reasons, but this is not known
to occur in mainland Australia or
Tasmania. In this survey the three
anatids infected with microscopic sar-
cocysts were two dabbling ducks and the
magpie goose, another shoreline feeder.
The absence of macroscopic sarcocysts
in birds of Australia may be explained by
the absence of the definitive host,
probably a carnivorous mammal, on this
continent. A recent observation regard-
ing the macroscopic S. leporum in cotton-
tail rabbits strongly suggests that the
raccoon (Procyon lotor) is the definitive
host.® Raccoons and certain mustelid
carnivores are widely distributed in
North America and may prove to be
definitive hosts for macroscopic sar-
cocysts in mammals and birds. These
carnivores, except for small numbers of
ferrets, are not free-ranging in Australia.

Both the copperhead and black tiger
snake are crepuscular and nocturnal dur-
ing warm weather. These feeding habits
would permit predation on a variety of
nocturnally active rodents in this area,
and also allow for sporocyst contamina-
tion of this environment. The results of
experimental infection studies using
sporocysts from owls and snakes will be
presented in a subsequent com-
munication.!®
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