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Little is known about host specificity of avian

sarrncvstis species; and nothing was previously known

about the prevalence of the parasite in African oirco.

Skeletal muscle from 1512 individuals of 280 species

(representing 64 families) was examined histologically.

Sarcocvstis was found in 40 individuals of 2: species

(representing 20 avian families). Cardiac muscle rtom

a number of the infected birds was subsequently

screened, but in no case was the parasite detectec 1in

the neart as well.

At least seven different species of COCJ S ~-ould
be distinguished by means of electron microscopy. xhe
ultrastructural findings indicate, therefore, that a

number of avian SaiSflCXS1l &5 species have evolved.
Morphologically similar cysts of a particular type
occurred in unrelated hosts. Thus, evidence that

species of avian £AIf£<2£y££iS may have a loose host

specificity, is provided.
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It was found, furthermore, that freezing and prolonged

fixation did not affect the gross morphology of the

cyst wall.
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e limiting membrane
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*micronemes
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osmiophilic layer of primary cyst wall
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INTRODUCTION

The protozoan organism is a coccidian

parasite belonging to the Phylum Apicomplexa (Levine f{Ifc

ai., 1980) . For Dbasic information concerning the

Cocc idia, the reader is referred to Long U 98 2,

Species of sarcocvstis typically occur intracellularly

in the skeletal and/or cardiac musculature of

vertebrates and have an intestinal phase 1in meat-eating

animals or man.

The 1life-cycle of SaJL&GSy&Lla. was elucidates omy

recently (Markus, 1978) . It is now known to 1nvolve

two vertebrate hosts which have Dbecome evolutionarily

adapted to the predator-prey relationship existing

between them (Figure 1). The cysts 1n muscle (p),

containing cystozoic merozoites (B) , are ingested by

the predator. Macrogametocytes and microgametocytes

usually develop at the Dbase of the intestinal

epithelium. Fertilisation of the macrogametes results

in development of oocysts containing two sporocysts,

each having four sporozoites after the oocysts have

sporulated. Oocysts and sporocysts are shed in the

faeces (D) . If the intermediate host swallows a

sporocyst, at least two generations of schizogony take

place (B) , primarily in the wvascular endothelium,
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FIGURE 1. Life-cycle of Tissue cysts (B)

containing merozoites (B) are ingested by the predator.
These merozoites grow directly to sexual stages (C) 1in
the intestine of the predator (the parasites in diagram
C have Dbeen enlarged in relation to the epithelial
cells). Oocysts sporulate in Biill in the subepithelial
tissue and are released into the lumen of the gut;
forms in the faeces are mainly free sporocysts (D)
which have broken out of the fragile oocysts. When
ingested by the prey, the sporozoites from sporocysts
initiate cycles of asexual multiplication (E) in
reticulo-endothelial cells in most tissues. Merozoites
from schizonts give rir to the cysts in muscle.
(Different stages not drawn to scale). (After Mar kus
et al., 197 4; reproduced Dby permission from the

Jfluinal £f Tropical Medicine and Hygiene.) From Markus
(1978)
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before invasion of muscle cells occurs,

The sarcocysts are limited by a primary cyst wall which
consists of a unit membrane and underlying osmiophilic
material (Mehlhorn al., 197¢6). A layer of amorphous
ground substance 1is present beneath the primary cyst
wall. Septa, which divide the cyst into compartments,
are formed 1in many species when the ground substance
traverses the interior of the cyst. Each species of
Sarcocystis possesses a characteristic primary cyst
wall. Species of Sarafiiysiis which are
indistinguishable at the 1light microscope 1level can
differ in terms of their fine structure; electron
microscopic study of cysts 1s often required to

distinguish between the different types of cyst wall.

Sarcocystis is worthy of study not only because it is
of basic protozoological interest, but also because it
has recently Dbeen shown to <cause previously
unrecognised disease in domestic animals and in man
(Markus, 1978) . There is 1little published information
on the prevalence and host specificity of this parasite
in birds. Nothing was previously known about the

occurrence of Sarcocystis in African birds.

The aims of the present tudy were primarily to

determine:-

1). the prevalence of S&xcfisyskis infection 1in a



sample of African birds.

2). whether sarcocvstis also occurs extra-intestinaliy
in predatory African birds (which are final hosts
of

3). the diversity or otherwise of species of

ftarcocystis which infect birds.

4). the degree of host specificity (as far as can oe
judged by cyst wall types).

5). the site specificity of aaCGOGyStlS in Dbirds.

6). obvious deleterious effects (if any) which avian
farrocystis species may have on their hosts.

7). the effects of deep-freezing and prolonged fixation

on cyst wall morphology.

The purpose of this preliminary report is to consider
the points 1listed 1in the previous paragraph (and not to

describe in detail +the fine structure of cysts and

their contents).



HISTORICAL RE£VILEM

Included 1in this review are summaries of the more
important publications on avian Sarcocystis which have
appeared since the 1life-cycle of the organism was
eluidated; and summaries of those papers which are
considered to be relevant, for one reason or another,
to the present study. Additional relevant papers are

referred to 1in the discussion.

Sarcocystis was recorded in an African bird for the
first time by Fantham (1913) , who found it in the
*redfaced mousebird Colius indicus. The sarcocysts were
macroscopically visible as elongate, white, opagque
streaks in the muscles. The most heavily parasitised
region of the h”dy was the pectoral area, and cardiac
muscle also contained sarcocysts. In section, the
cysts were seen to be chambered. In view of the
polymorphism and small size of the merozoites, the
apparent absence of marked metachromatic granules and
the presence of a definite polar vesicle, Fantham
(1913) decided to give the parasite the new specific

name Sarcocystis colli.

* The modern practice of omitting hyphens in common
names of birds has been followed (Southern African
Ornithological Society List Committee, 1980) .



Sarcocvstis was reported in a predatory bird by Darling
(1915), who saw microscopic cysts 1in the skeletal and
heart muscle fibres of a **haw k LE.UE<1lpf£f£.EILiS SP* The
cyst was divided into compartments by septa and its

wall was 6pm thick.

Levine al. (1970) described Sarcocvsils-like cysts
in the skeletal and heart muscle of domestic chickens
Callus gjallilsS. Infected birds developed diarrhoea and a
peculiar gait, and several of them died. The cysts

were not considered by these authors to belong to the

genus SAXfiSSiiailS. because: (1) the cysts had a
single-layered wall which lacked cytophaneres; (2)
septa divided the cysts into compartments; (3) the

merozoites were rounded rather than elongate; and (4)
extensive tissue damage was associated with cysts.
Cysts of galli n. gen., n. sp. (Levine el
al., 1970) are one millimetre or more in length, with
one to four or more compartments; the latter contain
spherical merozoites about 1lpm 1in diameter. The
validity or otherwise of the genus Arthrocystis has not

been considered in this dissertation.

Payer (1970) observed the development of Sarcocystla
sp. from wild grackles Qulscalus gqulscula 1in avian and

mammalian cell cultures. "Multinucleate" and "cyst-

** Both the common and scientific names of non-southern
African birds and mammals are given in Appendix I.



like" stages were formed.

Payer and Kocan (1971) found a high prevalence of
Sarcocvstis in wild grackles in Maryland in the United
Spates of America. Adult female grackles were more
often infected with Sarcocvstis than were adult males,
but the number of cysts per bird was greater 1in males
than in females. In both males and females the leg and
thigh muscles contained more cysts than the pectoral

muscles. Neither heart nor tongue muscle was 1infected.

Merozoites from sarcocysts in the leg and thigh muscles

of wild grackles were 1noculated into cultured

embryonic bovine kidney cells (Payer, 197 2). Thirty
hours after inoculation, mature microgametes and
macrogametes were observed. Cyst-like forms were found

after 42 hours.

A raptor-passerine cycle for Sarcocystis was suggested
by the results of Ashford (1975) . Sporocysts
resembling those of bulfisnifi Henry, 1932,
obtained from faeces collected below the nest of a
European sparrowhawk Accipiter infected one of

two canaries Serinus

Dabbling ducks were found to contain macroscopic cysts
of Sarcocvstis. whereas no diving ducks were infected
(Hoppe, 1976). This may be explained by the fact that

dabbling ducks feeding 1in shallower wetlands are more

<«



likely to ingest faecal material of other animals than
are divers. No significant difference in the number of
cysts present was found between the sexes, and the
lower numbers of cysts 1in Jjuvenile dabbling ducks was
possibly attributable to the time needed for the

maturation of the cysts.

Mehlhorn &£ aJl. (19 76) used electron microscopy to show
the structure of the cyst wall of 13 £ £ Y-SJLiS.
species, including those from a domestic fowl and a
wild grackle. The macroscopic cysts in the domestic
fowl contained fibrillar elements which extended into
palisade-1like protrusions of the cyst wall.
Invaginations were found on and between the protrusions
and septa from the cround substance compartmentalised
the cyst. The sarcocysts from the grackle were also
macroscopic, and the primary cyst wall was folded into
wave-like protrusions into which bundles of
microtubules extended. There were invaginations of the
surfaces of the protrusions and septa were present in
the cysts. The study showed that +the parasite (as
opposed wo the host) determines the structure of the
cyst wall, but that the primary wall morphology cannot
be used exclusively as criterion for species
identification; this 1s because a similar type of
primary wall can be present in several different
ggjgocystis species, particularly those having thin-

walled cysts. Transmission experiments would oe



r g ;.. 1 order tc differentiate Dbetween these

spec A

r my cgq chickent :r Papua New Guinea were found to
;. 4 r ent overall frequency of infection with
.. cov. * Munday al.f 1977). The body weight and
ie cd .tion oi the infected Dbirds were not
n .#keatlL: different those of the wuninfected
iiinically, hv ver, 1infected birds showed
muscular weakness. In these cases, a
te i a us type >f myositis was seen histologically,
W .-L, numerous sarcocysts 1in the muscle; cysts
= - 1 and in the myocardium. A dog-fowl 1life-
>i—n uossib:- since sporocysts we eeetected in
:ir . Of a Kuw Caulalaaillirls. which was fed

jhk -n . However, attempts to produce
x u-e<—-ntal infections 1in chickens were not
The authors suggested that the sporocyst

ised a have been too small.

.r ..2zy ki (1977) surveyed the occurrence of

—a.iv iiyAti- ®n adult brownheaded cowbirds
aei m; r;ng three different methods for detection
of wocv * . Macroscopically negative birds were
hwr. to b< positive using two techniques other than
-1 e opic xamination of muscle, with pepsin
d; J slion being more sensitive than microscopic
-Xamination oi abdominal muscle. Sarcocysts were most

Cc >n r. in the upper and lower leg and back muscles. No



cysts were seei

Duszynski and Box (19" w tr..-1 th< ope.

Didelphis virginiana was a good & fimtlve he * i

Sarcocyst is of three species of icter id birds. ThH;r
results also indicated that the opossum wo. a p<.:
final host for one species of duck Sarco.cys' . . C e
islis dja.Bf£Sticua> rats sati.ua and

failed to act as final hosts for the lasf-m=.nt

species of Sarcocystis.

Box and Duszynski (1978) have shown that Sarcocystis

not necessarily host specific, as had previously beet
thougnt. The authors obtained sporocysts by feeding
opossums muscle ¢. ts fro.a infected brownheaded
cowbirds and great-tailed grackles Cuiscalus mexicar.us.
which belong to the same passerine family, the
Icteridae. The sporocysts were 1infective for house
sparrows Passer domesticus and canaries which represent
two other families (Ploceidae and Fringillidae,
respectively) of the order Passeriformes. The
sporocysts were not, however, infective for ma 1liras

hn&s. platyrhynchos (Family Anatidae).

The 1light and electron microscopic structure or the
cyst wall of in the plush-crested a\
Cyanoccr ax chrysops was compared in i1 paper by Tad rot

and Laa rman (197 8). The cyst wall as seen under the

10



light microscope appeared fairly smooth with only

slight ridges, whilst electron microscopy revealed a

cyst wall with a deeply fjorded outline. Long bundles
of fibrils extended into irregular cyst wall
projections, and the relatively thick ground substance

underlying the primary cyst wall was granular and
contained wvesicles. This study, which included work on
iilaffi2fyjfi.if in mammals and a reptile, confirmed the
earlier conclusions of Mehlhorn al. (1976) : the
fine structure of the cyst wall should not Dbe used
exclusively to distinguish between different species of
Sarcocystis. since there can be similarities in the
fine structure of the cyst wall of different species as
well as differences in the cyst wall structure of some

species during different stages of development.

Golubkowv (1978) was unaf to d1dnfect chicks and
goslings with "Sarcocystis fusiformis" in minced beef.
However, it was stated that fusiformis" sporocysts

in the faeces of cats and dogs successfully infected
"experimental Dbirds". One bird died and the others
became thin and their muscles were pale in colour.
There 1is some doubt as to the wvalidity of the results
given 1in this paper (personal communication in 1983 to
M.B. Markus from T.V. Beyer, who did not consider it

worth providing a copy of the paper).

Golubkov (1979) reported the successful transmission of

hSLLyAtl from chickens and lilexi from geese to



dogs and cats. The prepatent period for dog and cat
was 10 and 11 days, respectively, with the infection
lasting 21 to 23 days in dogs and 19 days in cats. The
sporocysts from cat and dog faeces were morphologically
similar and endogenous stages of developing sporocysts

were present in the mucosa of the small intestine of

both final hosts. There are some guestions arising
from this paper (N.D. Levine, personal communication to
M.B. Mar kus, 1982) and the results need to Dbe

confirmed.

Garnham st al. (1979) described a new species,
Sarcocystis Klxmssi/ from the brains of two tropical
birds, a Siamese firebacked pheasant LaphilLLa dlaJLé&i
from Thailand and an unidentified bird from Panama,
respectively. The sizes of the cysts from the two
birds differed, but they were structurally similar,
both containing merozoites and the remnants of sept

Electron micrographs of the cyst wall of the Siamese
firebacked pheasant, showed projecting spines with an
apparently simple structure, having longitudinal
strands along the spines. Polar rings and micronemes
were present in the merozoites. The material wused for
electron microscopy was 1in the form of sections lifted
from microscope slides which had been prepared for
light microscopy and, consequently, the results of the
fine structural examination leave something to Dbe

desired. Whether this organism was, in fact,

12



Sarcocystis, 1s not certain; nor, in the absence of
transmission experiments, 1is it certain whether only

one parasite species was involved.

The deaths of captive blue and yellow tanagers Xhcaugl$
bonariensis in the Memphis =zoo in the United States of
America was considered to be due to sarcocystosis, as
no other significant lesions were found and invasion of
the musculature was particularly severe (Douglass and
Hansen, 1979). Compartmentalised cysts were present in

both cardiac and skeletal muscles.

Sarcocystis was found by histological examination of

muscle in 25 of 43 families of Australian birds (Munday
£1 ad.., 1979). Muscle from a total of 832 birds of 129
species was screened. The organism was prevalent in
certain carnivorous birds (cormorants, herons,
kookaburras, pelicans, hawks and falcons) and
omnivorous or 1insectivorous birds (honeyeaters, coots,

native hens, grass finches, gulls and swallows) .

other carnivorous birds (magpies, cCur rowongs and
ravens), ground-feeding omnivores (wrens, scrub-wrens,
shrike thrushes, parrots, ibis and spoonbills) and
insectivorous species (pardalotes, silvereyes and
robins), was 1 S common. The differences
in the frequency of Samocyalia. 1infection 1in these

birds are possibly due to their different feeding
habits. Two morphological types of sarcocysts were

found by 1light microscopy (the fine structure of cysts



was not examined) : thin-walled cysts, which were the
most common type; and thick-walled cysts, which were
found in cormorants, grebes and pelicans. Cysts were
not found in the myocardium except 1in the case of a
southern skua Catharacta skua, two white-backed magpies
Gymnaihina hj:P21l£ftilfa and one hoary-headed grebe
Pcdiceps poliocephalus: in all of which sarcocysts were
found 1in the myocardium only and not 1in skeletal
muscle. Munday al. (1979) commented that the
absence of macroscopic cysts in Australian birds was
probably related to the absence of a suitable
definitive host on that continent. Only predatory
birds contained sporocysts in dintestinal mucosal

scrapings.

A survey by Markus and Munday (1979) indicated that
vultures are probably final hosts of more than one
species of Sarcocysfis of large game animals, since
sporocysts have been found in white-backed wvultures
Gyps which were thought not to have fed on
domestic animals; or if so, only on rare occasions.
Other than the report by Fantham (1913), discussed
earlier, this appears to have been the only work
carried out on SaiCPCysPi > African birds prior to

commencement of the present study.

The frequency of SaiCflcystis infection in the

musculature of certain birds 1in western Canada was

14



established by Drouin and Mahrt (1979) . Nine hundred
and thirty individuals of 58 species were examined.
Macrocysts and microcysts were found in some host
species (mallards, pintails Anas acula and wild
shovelers Anas clypeata) , although not concurrently in
the same individual. Sarcocysts were recorded in
skeletal muscle from the great horned owl

ylxalnianns and the snowy owl Sfandlatfa. The
method of checking for cysts 1in histological sections
of one muscle sample proved to be reliable, as
duplicate samples vyielded the same result in most
cases. Microcysts 1in a red-winged Dblackbird Agelaius
phoeniceus and a yellow-headed blackbird Xanthoceshalus
xanthocephalus were evenly distributed throughout the
body, and cysts were not found in the cardiac muscle of
any of 112 individuals examined. Attempts to transmit
sarcocyst; from ducks to wvarious <carnivores were
unsuccessful, which probably means that the parasite 1is
transmitted by a different host(s) in a different

area (s)

Drouin and Mahrt (1980) described, by light microscopy,
five kinds of microcysts from birds in
western Canada on the Dbasis of the thickness of the
cyst wall, and on the lent 1 o0of the radial spines and
their proximity to each other. Different host species
harboured similar cyst types and different cyst types
were found 1in the same host species, as well as

concurrently in the same individual. The authors

15



speculated that differences in cyst type may be a
function of the host species infected. It is possible
that protrusions of the primary cyst wall are a
function of the age of the cyst? "cauliflower-1like"
structures were found on the primary cyst wall in wild
shovelers and a gadwall Stl1SPS-LA collected in
spring, but were absent from a wild shoveler and
several mallards collected in autumn. The authors
suggested that the projections may be resorbed into the
wall as the cyst ages. Young and old ducks harboured

macrocysts with different cyst walls.

Box and Duszynsk i (19 80) studied the sexual stages of
Sarcocystis 1in opossums after feeding them muscle cysts
from brownheaded cowbirds and great-tailed grackles.
Macrogametocytes and microgametocytes were observed
throughout the small intestine, as were, at a later
stage, sporocysts containing sporozoites. The
sporocysts were examined by Box si (1980) wusing
phase contrast microscopy and scanning and transmission
electron microscopy. Cowbird and grackle-infected
opossums, respectively, showed sporocysts with similar

patterns of ridges on the surfaces.

The striped skunk Ksphilis mephilis served as a final
host for macroscopic cysts of SaiPfiPXSlls 11l1fiyi from
wild shovelers (Wicht, 1981) . The skunk shed both

sporulated oocyst: and free sporocysts in the faeces;
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the prepatent 'period was 15 days and the patent period
was 50 days. The oocysts were fully sporulated when
shed, with each of the two sporocysts containing four

sporozoites and a granular residuum.

Experimental transmission of macroscopic <cysts of
Sarcocystis sp. from naturally infected wild shovelers
to striped skunks was also achieved by Cawthorn al.
(1981) . Sporocysts from the skunk were administered
orally to laboratory-reared shovelers and gave rise to
microscopic cysts 1in a shoveler examined at 85 days
post infection; and macroscopic cysts in a shoveler
examined at 154 days post infection. A skunk fed
subsequently on muscle containing the macroscopic
cysts, passed faeces containing sporocysts. The
sarcocysts from both the natural and experimental
infections had a primary cyst wall with "cauliflower-
like" projections. However, the cyst wall projections
of the microscopic cysts of the experimentally infected
duck were shorter and less elaborate than those of the
macroscopic cysts. The cysts probably belonged to the

same species, since their walls were similar.

Wobeser al. (1981) examined cardiac and skeletal
muscle from snow geese £. a* .QaaxJULfiSSLSJ1S» Ross's
geese ADSSI Jwsissl and Canada geese Cdfldileasla by
means of 1light microscopy. Two morphological
Sarcocystis types were found in the skeletal muscle of

the three species of geese. The type occurring more



commonly had finger-like ©protrusions (containing
numerous fibrils) of the primary cyst wall, arranged in
palisade fashion. The primary cyst wall was
invaginated and septa extended from the peripheral
ground substance into the cyst. The cyst type found in
both cardiac and skeletal muscle had a relatively
smooth primary cyst wall, with only a few small
invaginations? septa were present. One snow goose had

both cyst types concurrently in its skeletal muscle.

Wobeser and Caw thorn (1981) found macroscopic and
microscopic cysts in wild ducks, with focal
granulomatous myositis present only in association with
macroscopic cysts. Yellowish-white nodules which were
at first thought to be cysts were seen in the muscle
fibers, Dbut histological examination showed that many
of these nodules were granulomas. A series of
degenerative changes and a subsequent inflammatory
response to the degeneration could be seen 1in cysts in

the wild shoveler and the mallard.

Kaiser and Markus (1981) showed that the gross
structure of the <cyst wall of the spotted dikkop
BJUI.hifl.US CSPSDSiS was not ffected by freezing at -
20°C. Protrusions of the cy t wall contained fibrillar
elements, and infcldings of the primary wall gave the

cyst an 1irregular outline.



Wenzel (1981) examined 373 individuals of 14 different
bird species 1in south-western Germany for the presence
of Saccocystis. The identity of the parasite 1in the
neck and thigh muscles of chickens was probably

horvathi? cysts were weakly chambered and cyst wall
protrusions were ©present. These cysts were not

experimentally infective to cats, dogs or northern

goshawks Accipiter gentilis. A clearly-chambered cyst
with cyst wall projections was recovered from
pectoral, neck and thigh muscles. This species of

Sarcocystis was successfully transmitted to a cat and a
dog, with prepatent periods of six and nine days
respectively, and patent periods of 23 and 32 days
respectively. Sporocysts obtained from these
infections were successfully .ransmitted to chickens.
A ring-necked pheasant Zbaaiaaiia colchicus contained
distinctly-chambered cysts with large cyst wall
protrusions. Although this species of Sarcocystis was
morphologically similar to the one found in chickens,
it could not be transmitted to the latter host by means
of sporocysts from a dog infected with the pheasant
cysts. Cysts found in a common coot Eullsa ztid were
distinctly chambered and the cyst walls were smooth.
Neither the cat nor the dog proved to be the final

host.

Sarcocysts were recrlded in the myocardium of a raptor,
namely a bald eagle Halla.e&LllS Leusesspiialaja (Crawley

£.£ al., 1982). The cysts had thin walls and were non-
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septate. Smooth-walled cysts were also found in the
pectoral muscles, but these cysts had not yet Dbeen
positively identified as It is possible

that the eagle was infected with two types of cysts.

Box and Smith (1982) fed naturally-infected brownheaded
cowbirds and great-tailed grackles (Family Icteridae)
to opossums, and the sporocysts thus obtained were used
to infect sparrows. The latter, in turn, infected
opossums. To determine the intermediate host range,

sporocysts from I} ese opossums were given orally to six

species of Dbirds representing four orders, namely
Passer iformes (canary, zebra finch fé&gphila ,
Psi ttacif ormes (budgerigar undulafcas),
Columbiformes (domestic pigeon CallllDha and
Galliformes (chicken, helmeted guineafowl Huaida

mfi-lsaaxis) * Schizogony occurred in the lungs in all
birds but the Galliformes. Muscular cysts developed in
bot;. the Passer iformes and the Psittaciformes, but the
Columbiformes were not susceptible to development of
cysts in muscle cells. This indicates that four avian
species cf tv > additional* orders are susceptible to
infection with iirpacilLSiia. The cysts were divided

into compartments by septa and their walls had similar

* Sporocysts of the same species of Sarsseystis had
previously been found :0 give rise to muscular cysts
in various passeriform hosts (Box and Duszynski,
1978). In the subsequent study (Box and Smith, 1982)
stages were located in experimental psittaciform and
in the columbiform hosts as well.
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protrusions 1in all the experimentally infect ad birds.
The results of this work indicate that at least one
species of avian Sarcocygtig is not completely host
specificy; ant that this parasite can develop to
varying d j;rcc. in nurnter of potential intermediate

host speci s.



MATERIALS ABC METHODS

Two hundred and eighty species of wild southern African

birds, representing 64 families, were examined
histologically for the presence of Sarcocystis; the
total sample size was 1512 individuals. However, 21
additional birds %re checked for macroscopic
sarcocysts. Mos c vi the material came from the
Republic of Scuth Africa. A number of muscle samples
were collects - in South West Africa (Namibia) and
Zimbabwe. Muscle from 10 species of exotic birds was

also screened, but the results have not been included
in this dissertation. Muscle samplfs were obtained
mainly from road casualties; fixed specimens; birds
which had died in the Bird Hospital at the Johannesburg
branch of the Society for the Prevention of Cruelty to
Animals; and deep-frozen birds at the Transvaal
Museum, Pretoria. No birds were killed specially for

this study.

Fresh material was fixed whenever possible, but- many
muscle specimens were from birds which had been frozen
at -20°C. Several pieces of pectoral muscle and several

pieces of leg muscle (each 5mm3) were dissected from
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the birds and fixed in neutral-buffered formal-saline”
for at least 24 hours. Two pieces of pectoral muscle
and or” piece of leg muscle (each 5mm") were used for
initial screening and were embedded in the same
paraplast block. In some cases, muscle samples from
birds that had been fixed in formalin, injected with
glycerine and kept in 70 per cent alcohol, were used.
All samples were dehydrated in a graded series of
alcohols, cleared 1n chloroform and embedded in
paraplast”. Sections 6pm thick were cut with a metal
knife on a Leitz Wetzlar 1512 microtome and stained by
means of a modified Mayer's haematoxylin and eosin Y¥Y*
method. Sections were examined for <cysts wusing a
compound light microscope. Approximately 30 sections

from each Db’rd were normally screened by 1light

microscopy. The above procedure was repeated, as a
double check, for biris with moderate to heavy
infections. Some of the remaining muscle samples from

birds which were found to contain cysts, were utilized
for electron microscopy. Small pieces of tissue
(cross-sections less than 1mm-) were post-fixed 1in

osmium tetroxide, dehydrated in a graded acetone series

and embedded 1in araldite”. Semi-thin sections (lpm
1. See Appendix III.
2. See Appendix IV.

3. See Appendix V.



thick) were cut on a Porter-Blum ultramicrotome and
stained with a toluidine blue and pyronin Y solution4,
to locate the sarcocyst s. Ultrathin sections (60 -
90nm thick) of the cysts were then prepared on a
Reichert OMU 3 ultramicrotome and mounted on copper
grids. Sections were stained wich uranyl acetate and
lead citrated, and examined under a JEM-10 0OS
transmission electron microscope. Images were recorded

on a Kodak CAT film.

If the carcasses of birds in which sarcocysts were
found were still available, three tissue samples (each
approximately 5mm-) were cut from each of the following
body regions:- abdomen, back, breast, brain, heart,
oesophagus, thigh and wing. The material was examined
histologically, and the total number of cysts located
in approximately 30 sections of tissue from each region
was recorded to give an indication of the site

specificity of Sarcocystis.

4. See Appendix VI.
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RESULTS

BRE-gva/.-gpgg @+ SarcQcystis dinfection

Of the 1512 birds that were microscopically examined

(Table 1) , 40 individuals of 25 species (representing
20 families) were found tc be infected with Sarcocystis
(Table 2). Except where otherwise indicated, the Dbirds
examined were adults. Species are classified according
to s..R.0.5, Chagklial Ssu-thsin Afrigan Biids.
(Southern African Ornithological Society List
Committee, 19 80). Some birds which were not collected

by the author were not identified to the specific level
by the collectors, and these Dbirds have been 1listed in
Table 1 as RLanggJdUnus sp., UsLtgxciz sp., CamajLUBlgJLa
sp., Rnthgs. sp. and LaggngS-fclgla sp., respectively.
Scientific names of birds only have been used in Tables
1 to 4. For the sake of clarity, both scientific and
common names are given on first mention of a species in
the text; thereafter, only common names are used. See
Appendix 1T for a 1list of Dboth the <common and
scientific names of the southern African birds

mentioned 1in this dissertai n.



TABLE 1: Species of birds examined microscopically for

&EX:
+/- + indicates that Sarcocystis was present (the
number of individuals found to be infected is
gi.’en in brackets behind the + sign).
- indicates that Sarcocystis was not seen.
No. number of individuals of a particular species
examined.
juv.: juvenile - birds still in the nest or recently
fledge”™.
imm.: immature - birds older than Jjuveniles (usually
as judged by the plumage) Dbut not yet adult.
sub. subadult - birds which are almost mature.
Z&§UILX S2££I£S
Diomedeidae Diomedea exulans 1
Phoebetria 1
gjalf-ebiata 1
Procellar iidae Macionectes tiaill 1
ZLeu2ji52.i1 waciapLeia 1
Pterodroma 'Ollia 9
ZLeuedismii ineeiua 4
PLexodroma 9
lialsbaena caeuilea 10
viltala 2

Sarcocystis infection.

26

+ (1)



Oceanitidae

Phalacrocoracidae

Ardeidae

Scopidae

Ciconiidae

Plataleidae

TABLE 1 leant...)

1
Zachyptilf, tuxlui 1
aiavls i
asslB11ijB 6
Fiegetta grallaria 1
ghalacrocorax carlo 1
fhalaelgggrax africanus 2
Ardea cinerea 2
Aidea melanocephala (imm.) 2
Ardea mslanocephala 5
Ardea purpurea 2
E&r&tla aarxetta 2
Egietta intermedia 2
Butmiene 1ibis 22
Nvcticorax nvctlcorax 1
Ixoprychus StilLrmii 1
Seeqgus umbretta
Ciconia eicenia
Threukiornla 6
Elegadis ialeinellns 1
Dostrychia hagedash 6
Elataiva alba 2
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Anatidae

Sagittariidae

Accipj.tr idae

Falconidae

IMLE 1

vifuata

Alopocben asgypiiacys

Ma s erythroihyncha
Anas

Plgg.ti—gpllexjis sambé&nsj.”.
Plectropterus gambensis

Oxyuia maé&soa

Gyps africanvs

Mi1VUS mlsi5J15 (imm.)
wlsianz

EJlanus. caeruleus (sub.)

£1AMS5 ZASLU1S11S.

Aguila iapax

galllPiis

Bptec bul.eo

Bubeo JLulpiufipjjs

ApcipiPax TiBullyp
AsICipilfiP las-hiis
".acfiits

GlppiiS xanlyppus

faJLcp biaxmiciis

falgp apiulensls

28

(imm.)
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Phasianidae

Numididae

Turnicidae

Gruidae

Rallidae

faltfi
Falco jLUPlsolsidss

Faic.o0 n&amé&nnl

sp.
Franc.Qlinus gggui
Francolinus aaphagaa
Francolinus shellevi
Francolinus leYaillant.
Francolinus a”SEé&LSias.
Francolinu ~ gapsns”s
Francolinus naPalansls
Francolinus sysinssnii
.Cglamix sp.

CPiULD1S PgLtUXiiU

Coturnix lelagsiaJdisi

Mumija mfilsjasiis

luinix sxlYadliea

Anthropoldea pai.iilisaa

Ciex fiisx

Cxsx as sla

I/iBLB 1

(Juv.)

oidaa

Amauxpiius HaYliPstila

Esiphyiis poiptoifl

Gallinula chloroous

29
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TABLE 1 ILgfl-t .J.

Charadriidae CLaxadJLiua gjj.sglla.iib5 1
Yansllss sgfgnadya (imm.) 3

Vaneiliis GOigaadJus 11

Vanelius armatus 2

Yanellus senegallus 2

Scolopacidae Ixlnsa 1
lalldils fare.usinga 2

EMlemashua pugr.ax 1

Gallinaso nlsripennig. 1

Burhinidae ByuLinus capensia (juv.) 1
Bjubinus 10

Glareolidae Rhinoptilus shalcoptcsus 4
Glaieola pratlncola 1

Laridae Lus paiasitisus 2
an.taisij.sa 2

Lauuua 1

Columbidae Gslumba guinea (juv.) 3
Cslnmba wulosa (imm.) 3

Calumba guinea 12

Cfilumba ausuatjix 2

SbjepbQpelia semlbsjquata 4

Slispispelia saplssla 7
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Psittacidae

Musophagidae

Cuculidae

Tytor.idae

Strigidae

Capr imulgidae

1AHLE 1 .gontJd

Streptopelia ser.eqalensis

Streptopelia senegalensis
Oeaa gapenais

lujltiix ghalgospilé&a

Psittacula jsramaii

Agapomis [ggeiggllis

Goiythaixoides gongalai

solitary,

Claisa.tgi layaili ulII

(imm.)

ChrvsQCOOCVx caprius (juv.)

ChiySQgyggyx Qapxlaa (imm.)

Chryzoggg.gyx aapiiaa
Centropus supeiciliosua

C.enttggus supergiliosua

Tyto alba

Ty.to gapaaaia

Asia capapaia

Qius leucotis

Glaucid. m paxlabaffi

Babe

CapiliDulaufi

31

(Juv.)

22

70

13

13

14

+ @)

+(i;

+ (1)



Apodidae

Coliidue

Halcyonidae

Meropidae

Coraciidae

Upupidae

AEH& barbatus

LsUJi SLallSJL (irnm.)

Apus zzitex.

APilk hsitila

Amis

iffinis (juv.)

Apzd. Alilnls

Cp LLuUs

CoJiiis

Callus

Callus

Callus

Callus

Callus

striatus (juv.)

striatus (imm.)
sliia-tus
colius (imm.)
callus

Indicus (imm.)
indicus

Cexyle mM1JDS

Malayan seneyalensis

Malayan albi.ven.tris

Malayas chelicuti

Msiaps aaiaster

Maaaps puslllus

Coracias garrulus

Caiaal>

caudala

Cpupa epops

32
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(cont.)
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Phoeniculidat-

Bucerotidae

Capitonidae

Indicatoridae

Burylaimidae

Alaudidae

Hi rundinidae

IMLE 1 1&IDjLil

Phoeniculus purpureijs 2
Tockus nasutus 4
Tockus erythrorhynchus 14 +(3)
Tochus flavirpstris 4 +(2)
Lxblus torguatus 5
Fogoniulua chxysQconus 1
Ifacbypbzaua yaiiiaiilil 22
Indicator miapC 1
He”Lgplcgs 1
Smithornis capensis 1
Mirafra africana 1
UllA1LA 3
£x.eD IfiAJSPIDiS 3
Hirundo rustica 9
Hljumds albj”uUjLris 1
Hirundo semirufa 1
Hiruiidg £n.cuilal;a (imm.) 2
liilunde wucullata 7
iUxundp abvssinlca 2
DsligJbpn uilbijEa 4
IUpaiia paljudlpplz 2
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IABL.C 1 ISLgnXud

Dicruridae adslmll”v ' . 1
IIUlejJdulus aaeimllis

Dicrurus ludviflii

=
Orxolidae QxiilIllJJ £LE.1S1UH
=
CdLifiljus 1.5Cvg 1115
Corvidae Corvus capensiz
R
CGix.yng altmx (juv.)
0
C.PL.YUL
A%
Paridae Parus jilasx

Aatboscopua eajlGll

Timaliicae Turdoides Jjardineii (imm. n
lurdoideg jardineii =
Turdoides bicolor &

P cnonotidac Eignongtus baxJBAtus (imm..
PYcnonotus 11
PJdyllasXxsEbiis H avssXx;51u. 1
Ajidxppadtis X
ChlPXPiligjbla £1iLY1Y£fDl 1il 3

Turdidae Tuxdus 4
T'lxdus allyaxpux (juv.) 6

fillYAtSJUS  (imm.) 15



Sylviidap

1 lgg.fetd.

Ifcxiiis. aliyagfigs
luidus 1llfcjifeslijjg”
Ognsiifchfi monfciggla
Ofinaafciie bifasciata
Cercomela laffiiliAtls
Ibaaiiglaea glnnafflflinei¥Ygntilg
MycmecQcichia IgXEigiVQia
Cgssypha dichroa

Cossvpha natalensis
Cossypha caffra (imm.)
Cgfsygha sallla

ggggypla kumsialls

Pogonocichla stellata
Erythrcpygia leucophrys

Ea.ena

Parisoma
Agiflgggbaluw baaligafcia.
Agfcggfghaliia galuaficia
Acrocepbalus schoenobaenus
As.£g(3Phfllus

CklgJLggsfca natalsnsls
Bradypterus babofigala
Plylicsggpus fcjlLggbilua
Agalls :gca.giga
sxlylelfca lufjs’siejia
£XglDSiDfla UfillgSIILS
Camajggfcsila sp.

Spbgng®agus alsi

35
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IA£LE 1 1-SLg*I

iuflsldls

lalg

cbiniana

Cislisala
Giilicola f£
Pxinia sublla”a
pijlnia fl&Yicané

ZL1lDla cia”jjJssa

Muscicapidae Muacicapa aliiala

MxlepajLus sluab”us
MalasLauils Easfflalalna
Melaenafé&éis maiiqueasis
Edllldus
fillfiBA
BsLtlS SJ-BfiJDfllfl

Terpsiphone vjrldia

Motacillidae HQbac ilia eapsns-la 6
Mthns sp. 2
Anbims filmllia 1
AlTE1IHG JEti£5571t7E 1
Maai.gr.jA saEsnsia (imm.) i
Laniidae Lanlaa mlimx 1
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Malaconotidae

Prionopidae

Sturnidae

IMLE 1
Laniua egllails (Juv.) 7
Lanius collaris (imm.) 10
Lanius. collaiis (sub.) 8
Lanius collaris 12
LanJus collviig i
9
2
Laniarius atrococcin.eus (sub.) 1
LaniaiiiiS atroccccin”us 3
SLUbla 4
3
Tehagia asnsaala 1
TslgEhsjLus seylon.us (juv.) 2
Telophorus isylanjis (imm.) 1
Telophoius =zevlonus 5
filongps plwmalua
(Juv.) 2
Aglldglkeigg I11S-LLS (imm.) 5
Agiidoihgies lilslla 12
Sgigg bleglei (juv.)
Spigg bleslgi
Cigalfiphgia glneiga
Clnnyi; inglus leucogaster (imm.)
Cinnyricinclus leucogaster (sub.)
Limyiiginglus Igugsaasbgi 6
Lampigtgxnis auilralis 10

3V

+ (1)



TABLE 1

Lamprotoinls (imm.)
LamprQ.tQinls nilsns

Onycl ognathug mpilfl (juv.)

Prcmeropidae Promerops cafer

PigiDfX.Qps gurngyi

Nectariniidae Nectarinia famcsa
Nectarinia afra
ligs®axiilia taialala

tiesLaiinia amethystina

Zosteropidae Zoster ops paXLi®iiS

Ploceidae Bubalornls pigax
Zlfipspaaasj: mahali
Philetalias ssalaa
Passer dor.esticus (imm.)
Sasser demasllPUS. (sub.)
Eassaj: dfimesxiaus
fafiigx melajiurus (juv.)
fas.aex melanurus (imm.)
Passfii. melanurus
Pajsaix aii.sauis
PaXLCnia superclliaris
Sporopipes spuamiixpjis
Plsxaas PUPuXlalaa

Plpaaus cappBsXa

38
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TABLE 1 (cont.)

P10?eu$§ YflalML (Juv.) 1
£] -ceus islflijis (imm.) 9
P, .0”.eus vyglatua 16
Quslsa auelea 8
Fuplssiaa orix (imm.) 1

ELBiasLea afax
FEuplectes capensis
EUBle”LLes albor.otatus

Euplestss EXBgne

Estr ildidae PyLilia melba
Lagonosticia sp.
Uraeginthus angolensis
illaeaaillbus aianallmis
Ertrilda aatilld
Lalxllila mslanolia
Sporaeginthus subflavus

Amadlna erythrocephala

Viduidae Yldua macroura 8
Y idua issia 2
Vidua paradisaea 2
Fringillidae SAxImus aiezam L lgus 4
E eiinus i“LQUtila ilIs. 12
SaLLiLuUS Isllu a 2
Sarinuf flayiyaD Ifla 2

SsL im s S-ulaxla
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TABLE 1 (cont.)

yelatua (Juv.) 1

Ploceus yglfl.tlia (inun.)

Ploceus yslAtua 16
Quelea quels&a 8
fUE1S£1£5 Orix (irnm.) 1
Fuplectea 2JLL& 8
Fuolectes ZLZL 1
Euplectes capensis 1
FEuplectea aidJ?onQtaf.ua 1
£1.a3B£ 1
Estr ildidae Pvtilia melka 2
Lagonostigma sp. 1
Uraeainthus anoolensls 3
Uraealnthus granatimis 1
Estrilda .a&tliid 2
Estriida melanolis 1
Sporaeglnt-bua subt'lavas 1
Amadlna erythr”cachala 9
Viduidae y.idua

Yldua Jleai>

Vidua pajlidlsaéa

Fringillidae Ssilbus icifiiajiiiTics
Saxlnus aixaaulaxis
Eerinu” Dallas
fexiaus flaviventxia

Saxinas qulaxis
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li~vj.ventris

BsldaMn 4 marina
CaiXfidia nereis
BflffanfJj£”" urinatrix
E&lwntLa liyia (Juv.)
Eslumha livia (imm.)

Efiltimba 1ivi3

A summary of host species found to be

ZdfCQCystis. is given in Table 2.

TABLZ 2: Summary of species of birds
Sarcocysilis infections.
1M 11X SPECIES

Procellariidae Maciaagflaa halli

Ardeidae Eai-eJita gv _ .tta
Eaxailta i&Lsfaadia

EULUil£ti5 11iLU

40

1 Iccnk.)

72

infected with

found to h
ave

MS-EB miB££
EXAMIMEC INFECTFp

2 1
2 1
22 4



IMLE 2

My-gticocax ay”*iggca” i
Plataleidae &&s.tiychia Lagedash 6
Anatidae &BAS5 exvthrorhyncha 1
Phasianidae Francolinus swainsonii 8
Rallidae Pflxphycid porphyrio 3
Burhinidae Buibinus c.aoe.isis 10
Laridae Calhaiacta Antarctica 2
Columbidae Streptcpelia ser.egalensis 70
Cuculidae ChrvsocQccvx caprius 4
Tytonidae lytp x1La 13
SLrigidae Bubo africanus 14
Apodidae ApilS 31
Halcyonidae Halcyon albiventris 8
Coraciidae Cfijxasias ffaildAla 4
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IMLE 2 Icoiit.)

Bucerotidae Tockus ervthrorhvnchus 14 3

Iflgilus -flavirostris 4 2
Turdidae iiatalensis 1 1
Laniidae Corvinella melanoleuca 9 1
Malaconotidae Telophorus =zeylonus 5 %
Sturn-"'dae Lampiotocnis australis 10 1

Laipprotgrnis nitens 9 1

Twenty-one waterfowl were examined macroscopically
only, for obvious macroscopic sarcocysts; no cysts

were seen (Table 3).

TABLE 1: Waterfowl examined macroscopically (but not
microscopically) for obvious macroscopic

sarcocysts*.

ZM1LX NUMBER MU&BLB
£>XAfHHLL inLZQ0im

Anatidae Anas undulata 9

Anaa ervthrorhyncha 11

Rallidae BilLilca cristata 1

* Information provided by Mr H.K. Morgan of Baberspan
Ornithological Research Station, at the request of
the author.



IMLE 2 igont.)

Bucerotidae lockas ervtMorhvr 14 3
25£.J111£ flavirostiis 4 2

Turdidae

Laniidae CfiJLZ1njeUU melanoleuca

Malaconotidae Telophorus =zeylonus

Sturniuae Lampcotocnis australis io i
Lamsiaiornis nitens 9 1

Twenty-one waterfowl were examined macroscopically

only, for obvious macroscopic sarcocysts; no cysts

were seen (Table 3).

TABlf 1: Waterfowl examined macroscopically (but not
microscopically) for obvious macroscopic

sarcocysts*.

£2£MI11£E INFECTED

Anatidae Mas tiMulala 9
Mas fixxlhx*riiyiisJia 11
Rallidae Fulica crictata 1

* Information provided by Mr H.K. Morgan of Baberspan
Ornithological Research Station, at the request of
the author.
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X&BL: A

Ab Ba Br H Ce Pe Th

E&rgfcta g arzetta - + - - ++ i m 44
F-t iDlé&rmedia - - - - - + -
- + - - - +-M+ 44

ibis - - - - - L _
ErL. ibis ++T+ +4+4++ - - - ++++ aaa+
Mycticorax nycricorax - ++ - - - + a
Bushinus capensis - ++ - - - T a
Bj. capensis + + - - - T4 a+
Bbisptcpelia ssnsgalsasi”- - - - - + -
Chrvsococcyx caprius - - - - - 4 -
Bubo africanus - + +* - - 4 )
AbUS caffer - - - - 44 _
&L ssiles - ++++ - - - 4444 a- wsr
Csracias caudata - + - - a .
IslbPhorus =zeylonus - - - 4
* See Discussion.
Electron microscopy
Sarcocysts from 19 individual Dbirds (17 specie

representing 12 families were examined by electr-r
microscopy (Figures 2 - 65; 68 - 87). Abbreviation,

used for structures shown ;n the electron micrograph,

have been listed on page wv.

The measurements of sectioned cysts as well as th<

dimensions of cystozoic merozoites are given in Tafcl*



5. Because of poor fixation of the contents of cysts

found in the redbilled hornbill Tockus erythrorhvnchus

(discussed 1later), 1t was not possible to obtain

measurements of the merozoites.

The morphology of the cyst walls of a type of sarcocyst

found in two whiterumped swifts Apys caffer (Apodidae)

(Arduidae) was similar (Figures 1 - 6; 8 - 11). The

undulating primary cyst wall had many small

invaginations of the outer 1limiting membrane, which
resulted in the formation of vesicular pockets (Figures
5 and 11:. The ground substance beneath the primary

cyst wall (Figures 3 and 8) traversed the interior of

the cysts, forming septa which gave rise to chambers.

Typical apicompiexan conoids were seen 1n cystozoic

merozoites of the whiterumped swift (Figures 6 and 7).

Tne cyst found 1in the little egret Egrett& garzettg
(Ardeidae) had irregularly shaped protrusions of the
primary cyst wall of wvarying diameter and length
(Figures 12 - 15). In some places the outer membrane
was seen to be invaginated through the osmiophilic

layer (Figure 13). Septa compartmentalized the cyst

(Figure 147 .
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Z218£(+x7Z sajtla

msXISJZIAx

Angii ftiythrotl.yiiciia
“"ranc”iims fwalasonii
~ P hyria ps”juola

Duf.,ir,id s gspensis

iMsrcr”®
IDd1YidUAl C.vst (pm)
90 - 94,5
53,2 64,4
33,6 - 35
103,5 - 135
358,4 - 425,6
84 - 95,2
117, 6 - 131, 6
61,6 — 75,56
70 - 92,4

aumaiiaa

Slaspgapaiia aar”aalensis

~ £ L1£X
Caiaai&s aaadaia

Tagdms axythrorhvnchus
L. sxytlifgrhynchug
T- UAyjuUOStris

CaSisXPlia natalens.a

LaffiCiaaaxais aasiifllla

” III£silS

36,4 - 50,4

64,4 -57 ,4
36,4 - 44,8
40,5
28-33,6
19,56

53,2 64, 4
36,4 - 47,6
78,4 - 86,8
28
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m ™ \
5,9 - 7 x 1 1,5 (n-7)
7,7 - 10,7 x 2 (n-8)

3 -4x 1,5 1,7 (n-4)

4 - 5 8x 1,1 - 1,6 (n-4)

1,6 x 4,67 (n-3)

i,67 x 8,3 (n-7)

6,3 — 71 X 2,1 — 2,3 (n-sj
9 X1 (n*3)

1,7 X 6,3 (n=7)

6,5 — 7 X 1,7 n-5)

3 -3,6 x 1,1 -1,5 (n-3)
4 - 5,6 x 1,3 - 1,5 (n-4)
4,5 - 6,5 x 1 1,2 (n-4)
?

?

7,7 — 10,7 X 2(n-3)

2 X 6,5 (n—3)

6,7 - 13 X 1 ,5-2 (n-4)

1,7 x 1,5 (n-5)



The cyst wall of was morphologically
similar in members of five families of birds, namely
Turdidae (Natal rob 'm Cossypha r.atalensis), Burhinidae
(spotted dikkop Euxbiniifi saeensifi) , Coraciidae
(lilacbreasted roller fp.xafiAf caudaia), Bucerotidae
(yellowbilled hornbill TIfisKjUS flayixaaixla and two
redbilled hornbills) and Columbidae (laughing dove
SXXSBtflpsJdUa sanesalficsifi) (Figures le - 43).
Infoicings of the primary wall gave vhe cyst an
irregular outline. Fibrillar elements with a diameter
of up to 25nm could be seen within palisade-like
protrusions of the cyst wall. In the laughing dove, the
fibrillar elements were seen to extend into the ground
substance beneath the protrusions (Figures 41 and 43).
The fibrillar elements were curved at their Dbases
(Figure 43). Protrusions of the cyst wall in the Natal
robin were up to 1,5pm in length, with a diameter of
approximately 0, 5pm. Protuberances 1in the laughing
dove were up to 1,1lpm in length, with a diameter of
0, 5pm. In the spotted dikkop, lilacbreasted roller,
yellowbilled hornbill and redbilled hornbills, the

protrusions were 0,4 to 0,8pm long, with diameters of

between 0,5 and 0,9%pm. Sections through the
protuberances of cysts frci these four host species
were oblique rather than completely longitudinal, and
their actual lengths were probably closer to those of
cysts from the Natal robin and the laughing dove,

bepta, formed by the ground substance, were present in
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all cases.

The cyst wall of SjulSi " .vis in the purple gallinule

Pfixpliyiifi (Railidae) had palisade-like

projections into which fibrillar elements with a

diameter of approximately 29nm extended (Figures 44 -

49). The protuberances were up to 3,5pm in length, with

a ailameter of 1,5pm. An osmiophilic layer was not

visible and, when viewed in c¢cross-section,

invaginations of the outer limiting membrane appeared

to be circular, with a spot of darkly-staining material

inside them (Figures 46 and 49). Septa were present

(Figure 45).

The cyst walls of an immature (Figures 50 - 55) and a

mature (Figures 54 and 55) sarcocyst found in a c-ttle

ajjinj—sijs ibis (Ardeidae) both appeared tn be

e-ret

smooth; no protuberances were present on the primary
Ccys wall. Infoldings of the limiting membrane formed
pockets. An osmiophilic layer was present (Figures 53
and 54). The ground substance traversed the cysts,

forming septa (Figures 51, 53, and 54).

A Swainson's francolin Eiansslinp.; s»aloa2Dii

Phasianidae) harboured cysts n which the primary cyst

wall, which consisted of an outer limiting membrane and

a tr,lexer underlying osmiophilic layer, was composed of

villus-1like protrusions (Figur



protrusions were up to 6pm long, with the diameter of

the widest region up to 0,9pm and having a narrower
base with a diameter of approximately O0,45pm.
Filamentous elements wup to 30nm 1in cross-section
extended from the ground substance into the cyst wall
protrusions. Invaginations of the outer membrane
formed pore-like structures which appeared circular in
cross—-section, with a spot of darkly staining material
in the centre (Figures 56, 57and 60). Septa were
formed by the ground substance.
Macroscopic cysts in the redbilled teal Aaaa
6 [ythallliynch& (Anatidae) measured up to 8mm in length
and had a diamecer of 1Imm (Figures 66 and 67). The

primary cyst wall nad palisade-like protrusions (up to

~P1' in -ength, with a diameter of 0,7pm) at irregular

intervals (Figures 68 - 71). Indentations of the outer
limiting membrane formed pockets (Figure 71). The cyst
was compartmentalised by pta formed by the ground

substance (Figure 69).

Some birds contained cysts which were difficult to
categorise. The wall of a cyst in a Cape glossy

starling LaaBiatOinis nilé&ns (Sturnidae) (Figures 72 -
75) had protrusions of approximately 0,67pm in length,
with a diameter of 0,3pm. These protrusions occurred
at dirregular intervals, as was the <case with the
from the redbilled teal. However,

macroscopic cysts

cysts 1in the Cape glossy starling were microscopic.
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They were possibly immature cysts of the type seen in

the Natal robin group. The organisms within the cyst

were apparently in a state of deterioration and it was

not, therefore, possible to judge what the age of the

cyst might be. Septa, formed by the ground substance,

were present.

Bure hell's glossy starling LdQf£££.£££ILLS

(Sturmdae) and a yellowbilled egret £gJLfilta intermedia

(Ardeidae) harboured cysts with similar cyst walls

(Figures 76 - 33). The outer limiting membrane was

irregular in both cases. Palisade-like protrusions of

the primary cyst wall, which were up to 1,2pm in

length, with a diameter of 0,5pm, were similar to the

type seen in the Natal robin group. However, whether

any nbrillar elements are present within these

protrusions, is not clear. Cysts were

compartmentalised by septa (Figures 76 and 80).

A subant arctic skua Calhaia&la aniilESti.SILa (Laridae)

contained cysts with an irregular primary cyst wall

Figures 84 - 87). An osmiophilic layer was present

beneath the outer limiting membrane. Portions of the

cyst wall were similar to that seen 1in the 1little

egret, but no definite prot usions of varying length

were visible a: in the little egret cyst. Septa were

present.



treakS Seen 1In the "“eletal musculature of a

immature speckled mousebird £21iys anj
juvenile masked weaver £122f£11s wer
viewed under the 1ighl

~ " m - 1 i k e when
microscope. Electron microscopy later showed the,

these were not S2x222M212 infections (Figures 88 anc

89)

miiiLju af voxzrn and namusn

Muscle from the BurchelVs glossy starling, th,
laughing dove and Swainson's francolin was freshl,

whilst all the other birds had been froten at

fixed,

/0CC and thaved to use. The gross structure of

he cyst wall was not affected by freezing (Figures 2 -

~ "™ 55; 68 - 751 60 - 97). The general morphology

'W”1" 01 CyStS in two tedbilled hornbills that had

been fixed in formalin, injected with glycerine and
(for longer

subsequently kept in 70 per cent alcohol

*'Bn five years) was still discernible, even though the

c.n er,ts ot the cysts and the surrounding host tissue

were either in a state of degeneration or had not been
fixed properly (Figures 36 - 39). This was also true
and the Cape glossy

the yellowbilled hornbill

30 - 35, 72 - 175), the entire

starling (Figures
carcasses of which had been immersed in formalin for a

period of about 15 years.
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gathocgnifi.tx

The 1light and electron microscopic studies would seen,

to indicate that the chronic SaJL&Ga0lliS infections had
little or no effect on the infected hosts. Often the

host cytoplasm surrounding the cyst wall was devoid o

myofibrils, and numerous vesicles, vacuOi.es and

mitochondria were present (Figures 2 -4, 10, 11, 20,

29, 34, 41, 42, 44 , 48, 56, 58, 60, 62). The degree of

myositis and necrosis of the muscle fibres was not

severe enough to account for the death of the bxids.
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£IGUELE 2 iQ 7. SdlCficystJlLs from a wh iterumped swift

ApilS caflet. Note the wavy appearance of the primary
cyst wall (CW) . The 11 ting membrane (LM) forms
vesicular pockets. A septum (s) , which
compartmentalises the cyst, can be seen as an inward
extension of the ground substance. Conoids (C) are
visible in the anterior regions of cystozoic merozoites
(M) . Fixation: formal-saline after freezing and

thawing. Stain: uranyl acetate and lead citrate.



FIGUEGS 6 irg 11. Ultrast ructura 1l details of
Saicflj-yiilis of a night heron .NyfftissjAx nyctlesiax,
showing the undulating cyst wall (CW). Small pockets
are formed by the limiting membrane (LM) . Vesicles
(Vh) occur in the host cell (HC) as a response to the
presence of the cyst. Fixation: formal-saline after
freezing and thawing. Stain: uranyl acetate and lead

citrate.



FIGURES 12 tfi IS. Saicecyftia sp., showing irregular

<yst wall protrusions (PR), 1"om a little egret £fajletla
(GS) extends into the

yujjcuttd. The ground substance
cyst to form septa (S). Conoids (®)] are apparent
merozoites (M) . Fixation:

m ' -rioi !,y in cystozoic
lo it i] daline after freezing and thawing.
i I e ,fe and lead citrate.

Stain:



£1GtiKLS 16 to 21. from a Natal robin
C&ssyplia nalkalanals. There are fibrillar elements (?)
within the cyst walJd protrusions (PR) . The primary
cyst wall (CW) 1is invaginated. Septa (S) extend from
the ground substance (GS) into the cyst. Fixation:
formal-saline after freezing and thawing. Stain:
uranyl acetate and lead citrate.
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SaiCficys”ifi in the lilacbreasted
the cysts wall protrusions
(F) . The primary

fIGtiBES 26 tfi 25.
roller Co/acifls ffapUiiita?
(PR) contain filamentous elements
cyst wall (CW) show invaginations of the limiting

membrane and septa (S) traverse the cyst. Fixation:
formal-saline after freezing and thawing. Stain:
uranyl acetate and lead citrate.
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f1GUBJES 26 1C 35. Sections through the periphery of a
cyst 1in skeletal muscle of a iedbilled hornbi 11 Tfiflsiis
f£iythlfilhynehUfi. The primary cyst wall (CW) has
protrusions (PR) into which fibrils (F) extend. Septa
(S) traverse the cyst. Fixation: formal-saline after
freezing and thawing. Stain: uranyl acetate and lead
citrate. (Examined after storage for more than five
years in 70 per cent alcohol after fixation in formalin

and subsequent injection of glycerine).



I £fen 1m

£1GUB£5 40 to 4J. A sarcoc ;£ in the laughing dove
gtreptopelia senegalensis, located intracellularly in
a skeletal muscle fibre (HC). Fibrillar elements (F)
within palisade-like protrusions (PR) of the cyst wall
are curved at their bases (X). The osmiophilic 1layer
(OL) 1s apparent between invaginations of the limiting
membrane (LM) . Fixation: formal-saline (freshly
fixed) . Stain: uranyl acetate and lead citrate.
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f.IGUBLE 44 tfi 45. Sections through a sarcocyst in a
purple gal linule PpiphyjLifi Pfilfihyilfl, showing palisade-
like projections (PR) of th< primary cyst wall (CW),
containing fibrillar tie nts (F) . Invaginations
(short arrows) of the limiting membrane (LM) appear
circular in cross section, with a spot of darkly-
staining material in the centre. Fixation: formal-
saline after freezing and thawing. Stain: uranyl
acetate and lead citrate.
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f1CUBfiS 5f1 to 55. 5aif0fy6tir from a cattle egret

ibis. Both the immatu cyst (Figures 50 -
53) and the mature cyst (Figures 54 and 55) have a
relatively smooth cyst wall (CW). An osmiophilic layer
(OL) is present. The limiting membrane (LM) forms
vesicular pockets. Parasites (PA) are present in
compartments formed by septa (S). Fixation: formal-
saline after freezing and thawing. Stain: uranvl

acetate and lead citrate.
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£1GUBL5 tfi fil. Sections through a sarcocyst of
Swainson's franco!in franf£QlinU6 SMdinflfinii. (For
explanation, see caption to Figures 62 to 65).



£1£Ktiff 62 dIfl 65. Sections through a sarcocyst of
Swainson's francolin flaneolillUfi fivainsenjif showing
villus-like protrusions (PR) of the primary cyst wall
(CW) . Filamentous elements (F) extend from the ground
substance (GS) into the cyst wall protrusions.
Invaginations (short arrows) of the limiting membrane
(LM) appear circular in cross section, with a spot of
darkly-svraining material in the centre. Fixation:

forma -saline (freshly fixed). Stain: urany) acetate
and lead citrate.
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FIGURE 66. Macroscopic cysts (white arrows) 1in the
skeletal muscle of a redbilled teal Anas

filEythioshyimM.

,10.2mm

f1GJJBE 67 . Macroscopic cyst (white arrow) in the
skeletal muscle of a redbilled teal Anat
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E1G1J&ES fifl to S2. SMSfiC”Stig from a yellowbilled

egret f£giftla iniaimedia. Protrusions (PR) of the cyst
wall are evident, and an osmiophilic layer (OL) is
found. Fixation: formal-saline after freezing and
thawing. Stain: uranyl acetate and lead citrate.
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FIGURES 84 to B7. Saicssys”ls from a subantarctic skua
Cfithaiaslfl antaietica. It is not clear whether the

structure soon in F 6
a protrusion. Fixation: totmal-saline after freezing
and thawing. Stain: uranyl acetate and lead citrate.
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EIGJJL£E fif. Section through an elongated nodule located
in the skeletal muscle of an immature speckled
mousebird Callus fitlldtUfi. (Macroscopically, the
structure looked 1like a cyst ol Saifscyslis)e
Fixation: glutaraldehyde after freezing and thawing.
Stain: uranyl acetate and lead citrate.
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£IGUBLE 39 Section through skeletal muscle of a
juvenile masked weaver PloeeuB YfildtUE, showing the
Saicocystis-like appearance of certain muscle fibres at
low magnificat ion. Fixation: formal-saline after
freezing and thawing. Stain: uranyl acetate and lead
citrate.



DISCUSSIQH

iatlflsmis has not hitherto been reported from 10 of

the 20 families in which it was found during the course

of the present Investigation. These 10 families are

the Procellar iidae, Burhinidae, Tytonidae, Apodidae,

Haleyonidae, Corrciidae, Bucerotidae, Laniidae,

Malaconotidae and Sturnidae. Cysts have previously

been recorded from 10 of the 20 families in which they

were found in the present study, namely the Ardeidae,

Plataleidae, Anatidae, Phasianidae, Rallidae, Landae,

Columbidae, Cuculidae, Strigidae and Turdidae (Kalyakin

and zasukhin, 1975; Drouin and Mahrt, 1979; Munday

f11., 1979; Wenzel, 1981). 5a££9£y5£1iS has Db.en

observed in the musculature of birds belonging to a

number of other families in which it was not found by

the present author, namely the Phalacrocoracidae,

Accipitridae, Falconidae, Charadrlidae, scolopacidae,

Psittacidae, Upupidae, Coliidae, Picidae, Hirundinidae,

Oriolidae, Corvidae, Sylviidae, Museicapioae,

zosteropidae, Ploceidae and Fringillidae (Kalyakin and

Zasukhin, 197 5; Drouin and Mahrt, 1979; Munday £1

*1.. 1979: Wenzel, 1981).

Judging from the results of Drouin and Mahrt (1979), it

appears that a fairly reliable diagnosis of SU£2£YSUL



infection can be made on the basis of examination of
three muscle samples from each bird, this being the
procedure adopted here for southern African birds.
Drouin and Mahrt (1979) screened 125 duplicate muscle
samples histologically; 121 of these samples gave the

same result as for the original muscle specimens.

In the present study, heart muscle was not initially
screened 1in addition to skeletal muscle from each bird
as too many individuals were due to be examined for
this to have Dbeen feasible in terms of time.
Furthermore, many of the birds obtained as road kills
were decomposing; and this would have made the task of

opening the body cavity unpleasant.

SSITISLEd fil

Birds Dbelonging to most of the families in which
SaJLSfiSyfilifi has been found, feed to a greater or a
lesser extent on insects; exceptions being the
Procellariidae and the Laridae, which are mainly
scavengers, and the Tytonidae which capture,

alia, rodents (McLachlan and Liversidge, 1978). Most
of the birds concerned also spend a certain amount of
time on the ground, taec, contamination from infected
carnivores must cause widespread dissemination of
Sarcocystis sporocysts in the environment, making them

available to birds which feed on the ground.
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Arthropods congregating at sites of faecal deposition
might attract ground-feeding birds which could perhaps
become infected by accidentally ingesting sporocysts
in the vicinity or Dby feeding on insects to which
sporocysts are adhering. Temporary transport hosts
such as flies, beetles, other arthropods and earthworms
may convey sporocysts to other sites (Markus, 197 4).
It has Dbeen shown experimentally that cockroaches can
carry sporocysts of Sarcocystis muris in the laboratory
(Smith and Frenkel, 197 8). Markus (1980) has found
that flies transport sporocysts under natural
conditions after wvisiting carrier dog faeces and
disperse these infective stages in the wvicinity of

cattle and elsewhere.

Further evidence that insects may be natural transport

hosts of was provided Dby the finding of
sarcocysts 1in the whiterumped swift. Swifts feed
exclusively on insects caught on the wing. If flies,

for example, carrying sporocysts from carnivore faeces
were to be ingested, the parasite could be transmitted.
The alternative source oi infection for swifts 1is the
water they drink by skimming the surface; however,
depending on the quantities of dissolved salts present,
this might only be 1likely to occur if the water was
disturbed, since the sporocysts would normally sink to

the bottom.

Arboreal species may acquire infection while collecting
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nesting material. The higher frequency of

infection in female wild grackles compared to that in
males could perhaps Dbe explained Dby the fact that
females are often responsible for nest building (Payer

and Kocan, 1971).

Sa .;2jeybJLifi has been reported a number of times from
the Anatidae (Kalyakin and Zasukhin, 1975; Drouin and
Mahrt, 1979). Hoppe (1976) recorded a high frequency

of macroscopic sarcocysts from dabbling ducks, whilst
no diving ducks were infected. This suggests that
faecal transmission of Sarcocystis of waterfowl occurs,
because dabbling ducks feed in shallower wetlands and
even upland regions, an., would be more likely to ingest
faecal material of other animals than would divers.
This suggestion 1is perhaps supported Dby the present

study in which a redbilled teal, which favours shallow

temporary water and flooded grasslands (McLachlan and
Liversidge, 1978), was found to harbour macroscopic
cysts. It is surprising that no cysts were found in

the other dabbling waterfowl, comprising mainly
spurwing geese gaEbfllsif and Egyptian
geese AlSSflCllfin aegyptlacus. However, this may be
explained by the fact tha he. e geese feed to a large
extent away from water in open fields, where there is
less chance of a concentration of viable sporocysts
occurring than in shallow water. Also, the sample of

dabbling ducks examined Dby the present author

""7



(whitefaced duck Dendrocygna viduata, Egyptian geese,
redbilled teal, pintail, spurwirg geese and maccoa duck
Oxyura masssa) was small. A further 21 waterfowl did
not contain macroscopic sarcocysts when they were
examined, but since these birds were not checked
microscopically, it cannot be stated with certainty

that cysts were not present.

The absence of cysts in juvenile and immature southern
African birds is a finding similar to that of Chabreck
(1965) who reported that only 0,4 per cent of immature
ducks ere infected with 5arcocystt s. None of the
juvenile birds examined by Payer and Kocan (1971) and
Drouin and Mahrt (1979) harboured muscular cysts.
Munday al. (197 9) did not distinguish Dbetween
immature and adult birds 1in their prevalence data, but
they explain the low percentage of infection of
waterfowl by the fact that many of the birds examined
were very young. The absence of muscular cysts 1in
juvenile and dimmature birds may be explained Dby the
shorter period which these birds have had to come in
contact with sporocysts; and the time required for
sarcecysts to develop in muscle cells following

ingestion of sporocy'ts.

Eledalfixy l&L&im&dialg hE

It has been thought that carnivores, which are final

hosts of many species of rarely harbour
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sarcocysts 1n their muscles. However, Markus and Daly

(1980) found that muscular sarcocystosis is common in
various carnivorous mammals in South Africa.
Similarly, there have Dbeen several reports of

i:1&i;££>9;v£.k.is in  the musculature of predatory Dbirds
(Kalyakin and Zasukhin, 19757 Munday ££ al., 19797
Crawley £ & al., 1982) . Sarcocysts were, likewise,
found in the present study in the barn owl and in the
spotted lagle owl. This is further evidence that
extra-intestinal Sarcocystis infection is not wunusual
in the avi i final host. Fundamental revision of our
current concept of the life-cycle of Sarcocystis would
be requir should it be shown that both intestinal
tr 1 extra-intestinal infection can be caused in the
came host species by a particular species of

Sarcocystis (Markus and Daly, 19 80).

iits apsicltisiti

The distribution of muscle cysts 1in birds has Dbeen
found to vary between species. Payer and Kocan (1971)
found that in 91 great-tailed grackles infected with
Saifiticys-fcis., both males and females had heavier
inf ctions in the leg and thigh muscle than in breast
muscle? tongue and heart muscle did not <contain
SerC.Qcystj.5. S.aiefifiyslis infection occurred only in
p«ctoral muscle of a blue and yellow macaw Aia
ajlLaiaima, whilst a Tovi-parakeet Brotogeris Jjugular is

contained large numbers of cyst.F 1in all cross-striated
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muscle; muscle of the tongue, myocardium and
connective tissue around the origin of the aorta also
harboured cysts (Borst and Zwart, 1973). Box and
Duszynski (1977) reported that in br nhead- d cowbirds,
cysts were more common in the upper and lower leg and
back muscle, and no cysts were seen in heart muscle.
Drouin and Mahrt (1979) found that seven out of 112

birds had sarcocysts 1in skeletal muscle but no cysts

were present 1in the myocardium. Site specificity tests
on a red-' iged blackbird and a yellow-headed blackbird
showed .C sarcocysts were evenly distributee
throughout tho skeletal musculature, with no cysts
prr . it in the myocardium (Drouin and Mahrt, 1979).
Garnham si aL* (1979) described a new species of

Sarcocystis (although it 1is not certain that this is
the generic identity of "“he organism) from the brains
of two presumably unrelated tropical birds (one was not
identified) . Monday si al. (197 9) found that
sarcocysts 1in a southern skua, two white-backed magpies
and a hoary-headed grebe occurred only in the
myocardium, and Crawley si al. (1982) reported numer
sarcocysts in the myocardium of a bald eagle.
Sarcocysts have also been reported in the myocardium
a redfaced mousebird (Fantham, 1913), a hawk (Darl,r.u,
1915), a pintail (Erickson, 1940), a great blue h-:
Aldfia Isildlas. (Clark, 1 ,8), srow Jgeest “nd Ross'
geese (Wobeser si al., 1981). In all instances in

present study, cysts were located in the ;-ec r .



muscle, and this was wusually the preferred site.
However, Sarcocystis in both spotted dikkops examined
for the site specificity of Sarcocystis showed a
distinct preference for wing muscle. Cysts were not
located 1in the heart or the Dbrain in the present
investigation, except i the case of a spotted eagle
owl, which had at least one <cyst in the Dbrain.
However, the low intensity of infection in the brain of
the spotted eagle owl did not make identification by
means of electron microscopy possible. Consequently,

the generic identity of the cyst remains in doubt.

flinal M sILS

Levine and Tadres {1980) 1listed 12 named species of
Sarcocystis of birds but the definitive hosts of most
are unknown. Muscle cells of canaries became infected

when the birds were fed sporocysts from faeces of

naturally infected European spar rowhawks (Ashford,
197 5). Experiments carried out by Duszynski and Box
(1978) with wvarious carnivores and omnivores showed

that only the opossum was a suitable definitive host
for sarcocysts obtained from cowbirds and grackles.
Sarcocystis horvatl was successfully transmitted from
chickens to dogs and cats (Golubkov, 197 9; Wenzel,
1981; Wenzel £1i al., 1982) and riieyi from geese to
dogs and cats (Golubkov, 197 9). Cysts from a ring-
necked pheasant were successfully transmitted to a dog

(Wenzel, 1981) . Caw thorn ££ al. (1981) and Wicht
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(1981) reported transmission of to the
striped skunk when the latter was fed infected muscle
from the wild shoveler. The skunk, therefore, served
as a definitive host for Sg. 1ilSyi. Sporocyst
production was good: this suggests that the striped
skunk 1s a main host for waterfowl SaiSfisSyYfiJtis*
Sporocysts collected from masked owls Tyia
novaehollandiae produced sarcocysts in rats, Dbut not
mice (Munday, 1983). Birds could be the intermediate
hosts of sporocysts from masked owls which are not

infective to rats or mice.

Transmission experiments were not carried out during
the course of the present study because no intermediate
hosts which were consistently infected with Sarcocystis
were avalilable for experimental work. Attempts to use
a spotted dikkop were unsuccessful as none of the fresh
birds obtained from the S.P.C.A. bird hospital proved
to be infected. The redbilled teal which had
macroscopic sarcocysts could have served as a source of

aterial for experimental use but the bird concerned
had unfortunately been accidentally deep-frozen Dby the

donor.

£1££UL&n microscopy

The ultrastructure of th- c¢cyst wall is characteristic
for each species of Sarcocystis and frequently provides

the only means of distinguishing between them (Daly and
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Markus, 1980). However, morphology alone cannot be
used conclusively for specific identification since
similar types of primary wall can be present in
different Sarcocystis species (Mehlhorn al.. 19706) .
It is clear from light microscopic studies that a given
bird species may sometimes harbour more than one cyst
type concurrently (Drouin and Mahrt, 1980; Wobeser sx.
al., 1981). Electron microscopy 1s necessary to
determine the ultrastructural characteristics of a cyst
wall, since species which 1look identical by 1light
microscopy may, in fact, be found to differ at the fin-

structural level.

Only six species of avian Sarcocystis have previously

been studied under the electron microscope (although
the organism(s) examined by Garnham al. (1979) may
have been Saif2.cy511{%) . Mehlhorn ££ al. (1 9706)

published details of Sarcocystis in a domestic fowl and
a wild grackle; Tadros and Laarman (1978) examined the
wall of Saicocyst.la Of a plush-crested jay; Kaiser and
Markus (1981) described the morphology of the wall of
Sa_C£2£y£115 from a spotted dikkop and Wobeser al al.
(1981) examined the walls "™f two types of Sarcocystis

occurring in a snow goose.

Electron microscopy proved useful in establishing that



structures seen macroscopically as white streaks*, and
appearing Sarcocystis-like under the 1light microscope,

were not, in fact, Sarcocystis (Figures 80 and 89).

The walls of sarcocysts 1in the Natal robin, spotted
dikkop. lilacbreasted roller, yellowbilled hornbill,
redbilled hornbill and laughing dove (Figures 16 - 43)
were all similar to that of the cyst from the domestic
fowl examined by Mehlhorn ££ (19706) . Fibrillar
elements occurred within palisade-like protrusions of
the primary cyst wall. Wobeser et (19 81)
illustrated a morphologically similar cyst wall, having

protrusions of similar dimensions, from a snow goose.

The walls of cysts from the whiterumped swift and the
night heron (Figures 2 - 11) were similar to that 1in a
sSnow goose (Wobeser f£ijfc al.. 1981). Wobeser ££ al.
(1981) apparently included the ground substance in the
measurement of the cyst wall, which they gave as being
0,5pm thick. If the ground substance 1s included in
B.he measurements of the cyst walls of the whiterumped
swift and night heron parasites, then the latter walls
are of similar thickness to that in the snow goose
(0,64pm and 0,4pm, respectively, 1in a cyst chosen at

random from “ach o' the two infected whiterumped

* in skeletal muscle of a isked weaver and a speckled
mousebird.



swifts; and 0,88pm in the night heron).

The irregularly-shaped cyst wall protrusions in the

little egret (Figures 12 - 15) were similar to those
found in a plush-crested Jay (Tadros and Laarman,
1978) . However, the wall projections 1in the plush-
crested jay contained bundles of fibrils; the latter
did not occur in the little egret. In both cases the
ground substance was coarsely granular, but scattered

vesicles which occurred in the ground substance of the
plush-crested Jjay parasite were not seen 1in the little
egret. It is not <certain whether the cyst from a
subantarctic skua (Figures 84 - 87) can be included in

this category.

The types of cyst walls found in the purple gallinule

(Figures 44 - 49), cattle egret (Figures 50 - 55),
Swainson's francolin (Figures 56 - 65) and redbilled
teal (Figures 68 - 71) have not previously been seen by

electron microscopy 1in any avian species.

The cyst type found in Burchell's glossy starling
(Figures 76 - 79) and the yellowbilled egret (Figures
80 - 83) could belong to a separate category, Dbut if
fibrillar elements are present (no firm conclusion was
reached on the basis of the material studied), these
cysts would be fxmilar to those found in the Natal
robin group. Since the age of the cyst from the Cape

glossy starling (Figures 72 - 75) cannot be determined
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because of degeneration c.' the contents of the cyst, it
is not certain what type of cyst was present in the

infected bird.

The type of cyst wall seen in the wild grackle
(Mehlhorn .ei al., 1976) was not seen by electron
micrcscopy 1in any avian species 1in the present study.
The ends of protrusions of the primary wall in the
grackle were bubble-1like swellings into which

microtubules extended.

Kunmcer sz avian Saiaocystia agasias

In the present study, the seven different cyst types
distinguished by electron microscopy on the basis of
their cyst wall morphology indicate that a number of
avian £aaf£2£V51i5 species have evolved. Further
evidence is provided by Kalyakin and Zasukhin (1975),
who distinguished approximately 11 species of avian
Saxcocystis by light microscopy on the basis of the

size of merozoites.

fcusi spgcifisLiix

The type of SaiiPCilfiiifi occurring in the Natal robin
has been found in seven families of Dbirds (i.e.
including the families to which the domestic hen and
snow goose belong) and th t found in the whiterumped

swift was present in three families of birds (if the
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one snow goose cyst described by Wobeser al. (1981)
is included). Although the cyst wall morphology of
different species of Sarcocystig may prove to be
similar, the findings as regards southern African birds
would nevertheless seem to support previous work which
showed (experimentally) that at least one species of
avian fai.f2fys.tis has a broad intermediate host
spectrum (Box and Duszynski, 197 8; Box and Smith,

1982)

Many avian host species may be physiologically
susceptible to infection with a given species of
Sarcocyslis since the same cyst type, as judged by the
fine structure (and, therefore, possibly the same
partite species), was found in different bird species.
Ecolcjical factors may provide a partial explanation
for which host species are susceptible; that is, due
to differences in feeding ecology, some species may
have had more opportunity than others to ingest
infective sporocysts and become evolutionarily adapted
to particular species of Sarcocystis (if they were not
initially susceptible to infection with the parasite
species concerned). Box and Duszynsk 1 (1978) suggest
that a light infection of Sarcocystis may lead to
adaptation of a given predotor-ptey relationship in an
"abnormal" host when the infection is sustained over a
period of time. Intensif ation of this relationship
between a partially susceptible prey species and the

predatory host could widen the spectrum of intermediate



hosts in nature and select for parasites more fully
adapted to the prey species in question (Box and Smith,

1982)

£lfgc,tg .of figg.zin.g and pi-Qlcngod fixation on oxs . Mali

aifiaafiucturs

Broad categories of cyst wall types can Dbe
distinguished after freezing of dead birds at -20°C;
the gross structure of the cyst wall 1is not affected by
this process. This means that muscle samples can be
taken at museums from deep-frozen specimens awaiting
skinning. The gross features of the cyst wall were
also distinguishable even after birds containing cysts

had been kept in formalin for a period of more than 15

years - as was the case with the yellowbilled hornbill
(Figures 30 - 35) and the Cape glossy starling (Figures
72 - T751. The same comment applies to the redbilled
hornbills (Figures 36 - 39): they had been frozen and

thawed before being fixed in formalin and were then
injected with glycerine and subsequently kept in 70 per
cent alcohol for an unknown period but for more than

five vyears.

Preliminary screening of frozen or preserved material

by 1light and electron microscopy identifies host

species suitable for more |‘'Mtailed study.
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Zaibogenicily

Acute infection

Markus (1981) Dbelieves there 1is a possibility that
severe mortality due to a respiratory condition in
muscovy ducks Cairina moschata in Canada was caused by
schizonts of Sarcocystis and not Haemoproteus, as was
thought by Julian and Galt \980) . In peninsular
Malaysia, Opitz ££ al. 1° :2) found a myopathy

associated with protozoa: lizonts in chickens, which

they thought could have oeen Sarcocvstis. However,
whether most of the stages they described were, in
fact, schizonts rather than <cysts of the "chronic

infection", 1is not clear.

Chronic infection

Monday £t al*. (1977) found that sarcocystosis caused
severe myositis in five fowls. The authors considered
that the relatively high prevalence of clinical
sarcocystosis 1in fowls makes it a major consideration
in the differential diagnosis of leg or muscle weakness
in these Dbirds 1in Papua New Guinea and perhaps
elsewhere. Douglass and insen (1979) Dbelieved that
sarcocystosis played a major role in the death of Dblue
and yellow tanagers which they studied. Other reports,
however, indicated that SaiCOCYatla had 1little or no

effect on the avian host (Fantham, 1913; Riley, 1931;
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Beaudette, 1941; Salt, 1958; Chabreck, 1965) .
Quortrup and Shijlinger (1941) found that most birds
with muscu.T sarcocystosis had died from some other
cause. Quortrup and Shillinger (1941) believe, however,
that they have ample proof that this parasite can and
frequently does kill its host, as was the case with a
green-winged teal Anas Chabreck (1965) showed
that there was no significant difference in body weight

between parasitised and non-parasitised ducks.

Stewart and Giannini (1982) stated that a young cyst
causes little or no disruption to the highly ordered
sarcoplasm but that displacement of myofibrils with
loss of register is frequently seen as the cyst
enlarges. The present study confirms that the host
cytoplasm surrounding the cyst wall is often devoid of
myofibrils, although numerous vesicles, wvacuoles and
mitochondria may Dbe present in spaces between
projections of the cyst wall (Stewart and Giannini,

1982) .

The death of the infected birds examined by the present
author cannot be ascribed to £LajLfviXf.fcif infection as
the birds had, in many ca S, been killed by accident
(cars, cats, 'etc.) or they had been shot and taken to
the S.P.C.A. bird hoenital for that reason. However,
it is not impossible that Sarcocystis may sometimes

cause weakening of muscle, with the result that the



movements of the birds become slower, making them more

suscepti! le to capture by cats.

As the cyst becomes older, the muscle cell undergoes
t:urther degenerative changes, i.e. thinning and
separation of myofibrils (Stewart and Giannini, 1982) .
Wobeser and Cawthom (1981) found that a progression of
changes was evident in the degeneration of the cyst,
beginning with degeneration of the cyst wall and ending
with granuloma formation. Inflammation of the host
tissue was proportional to the amount of degeneration
which had taken place within the cyst (Mathews, 1930;

Wobeser and Cawthorn, 1981).



Specific sames. cf ncBrsc.ufJbeiB Aincan

S-axgocystis Jp.eati.oned in the text

Birds

Bald eagle - Haliaeetus 1leucocephcilus

Blue and yellow macaw - Ara ararauna

Blue and yellow tanager - Thrauois bonarlensi
Brownheaded cowbird - Molothrus ater
Budgerigar - Melopsittacus undulatus

Canada goose - BJL&ntS canadensis

Canary - canaxiut

Common coot - Fulica atr

Domestic fowl - Callus callus

European sparrowhawk - Accipiter nisus
Gadwall - Anas strepera

Great Dblue heron - Ardea herodias

Great horned owl - Bubo vjrginianus
Great-tailed grackle - Ouiscalus mexicanus
Green-winged teal - Anas crecca
Hoary-headed grebe - Podiceps poliocophalus
House sparrow - P~SCSt domesticus

Mallard - Mat pidtyitynehc
Masked owl - Tyto nc.vcshoiicnditc
Muscovy duck - Caitina moschata

Northern goshawk - Accipiter gentilis



Plush-crested jay - Cvanocorax chrysops

Red-winged blackbird - Acelaius phoeniceus
Ring-necked pheasant - Pnasianus colchicus
Ross's goose - Ansey rossi

Siamese firebacked pheasant - Lophura diardi
Snow goose - caerulescens

Snowy owl - fjyctea scandiaca

Southern skua - Catharacta

Tovi-parakeet - Brotoaeris iuaularia
White-backed magpie - Gvmnorhi na hvpoleuoa
Wild grackle - Quiscalus gjiiscula

Wild shoveler - Anas clyreata

Yellow-headed blackbird - Xanthocpphallia xant

Zebra finch - Poephila guttata

Mammals

Cat - domestici i
Dog - cauls lajnlHails
Opossum - ILLdelpiiis yirginiana
Rat - 2a.ttUS norvegicus

Striped skunk - Mephitis mephitis



APPENDIX II

£s5jdid2ii and scientific nam.ec o1l “cutbein African

mentioned in tie text

DIOMEDEIDAE
Wandering albatross - Diomedea exulans
Sooty albatross - Phoebetria fu sca

Lightmantled sooty albatross - Phoebetria

PROCELLARIIDAE
Northern giant petrel - Macronectes halli
Greatwinged petrel - EteiOdté&ma macroptera
Softplumaged petrel - Pterodroma mollis
Atlantic petrel - Pterodroma incerta
Kerguelen petrel - Pterodroma brevirostris
Blue petrel - baicbaena caerulea
Broadbilled prion - Pachvptila
Antarctic prion - Pachvptila

Fairy prion - fa.cbyptilfl turtur

Great shearwater - Puffinus gravis

Little shearwater - Puffinus ansJjBiiin
OCEANITIDAE

Whitebellied storm petrel - Fregetta
PHALACROCORACIDAE

WhitebrvdSted cormorant - Phalacrocorax carbo

Reed cormorant - Phalacrocorax airicanus
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AEPm>IX 1II

Is&nmsn snd ssieptific ol southern African birds

asuJLiepsd Ip tke tszl

DIOMEDEIDAE
Wandering albatross - Diomedea exulans
Sooty albatross - Phoebetria fusca

Lightmantled sooty albatross - Phoebetr ia palpebrata

PROCELLAKIIDAE
Northern giant petrel - Macrcnectes halli
Greatwinged petrel - Pterodroma macroptera

Softplumaged petrel - Pterodroma mollis

Kerguelen petrel - It.sr.ffidlOPa brevirostris
Blue petrel - Halobaena caerulea

Broadbilled prion - Pachyptila vittata

Antarctic prion - Pachyptila desoiata

Fairy prion - Pachyptila turtur

Great shearwater - Puffinus gravis

Little shearwater - Puffinus assljnULls
OCEANITIDAE

W'hitebellied stcrm petrel - Frecetta grallaria
PHALACROCORACIDAE

Whitebreasted cormorant - Phalacrocorax carbo

Reed cormorant - Phalacrocorax africanus
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Azmmzx II

CSLIDIDsn snd

mentioned in Ike text

DIOMEDEIDAE

Wandering albatross -

Sooty albatross -

Lightmantled sooty albatross -

PROCELLAJRIIDAE
Northern giant petrel -
Greatwinged petrel -
Softplumaged petrel -
Atlantic petrel -
Kerguelen petrel -
Blue petrel -
Broadbilled prion -
Antarctic prion -
Fairy prion -

shearwater -

Great

Little shearwater -

OCEANITIDAE

Whitebellied storm petrel

PHALACROCORACTDAE
Whitebreasto i cormorant -

Reed cormorant -

94

0jUIic nsmfS Qi

southern African birds

Hiomedea exulans

Phoebe'cria fusca

Phoebetria palpebrata

Macrcnectes halli
Pterodrcma macroptera
Pterodroma mollis
Pterodroma ir.certa
Pterodroma br.evirostris
Halobaena caerulea
Pachvptila wvittata
Pachvptila desolafa
Pachyptila turtur
Puffinus gravis

Puffinus assimilis

- Fregetta arallaria

Phalacrocorax carbo

PhalaciOOAiax africanus



ARDEIDAE

Grey heron - Ardea cinfcie.a
Blackheaded heron - Ardea melanocephala
Purple heron - Ardé&a purpurea

Little egret - Egfatla oarze .ta
Yellowbilled egret - Egretta intermedia

Cattle egret - Bubulcus Ibis

Blackcrowned night heron - Nycticorax nyct
Rail heron - Ixobrychus stu*™-roii
SCOFTDAE
Hamerkop - Scopus umbretta
C1CONIIDAE
White stork - Ciconia ciconia
PLATALEIDAE
fact'd ibis - ULLesKiPinis aethiopicus

Glossy 1ibis - Zlegadls

Hadeda - Bostrychia haoedash
African spoonbi 1 - Platalea alba
ANATIDAE

Whitefaced duck - Dendrocygna viduata
Egyptian goose - AJLcpsc n aegyptiacus
Redbilled teal - Anas erythrorhyncha
Pintail - A-.uS acuta

Spurwinged goose - Plectropterus gambensia



Ammia II

Maccoa duck - Qxyura maccoa
SAGITTARIIDAE

Secretarybird - Sagittarius serpentar;'.us
ACCIPITRIDAE

Whitebacked vulture - Gyps africanus

Black kite - Milvus migrans

Blackshouldered kite - Elanus caeruleus

Tawny eagle - Agquila raoax

Ayres' eagle - Hiera*etus ayresii

Blackbn -.ted snake eagle - Circaetus callicus

Steppe buzzard - Buteo buteg

Jackal buzzard - fiitleP. rufof, .scus

Redbreasted sparrowhawk - Accip.iter

Little sparrowh. v.c - Accipiter minullus

African goshawk - Accipiter tachiro

Pale chanting goshawk - Melierax canorus

African marsh harrier - Circus ranivorus
FALCONIDAE

banner - £aIP-Q biaiaicilg

Eastern redfooted kestrel - LaliQ amurensis

Common kestrel - Falcp

Greater kestrel - Falco

Lesser kestrel - Falco n"umanni



A2PENDIX IT

PKASIANIDAE
Fiancolin - Francolinyis sp.
Coqui francolin - : ancolinus coqui
Crested francolir - Francolinus

Shelley's francolin -

Orange river francolin MBEcajisolinus levaillantoides
RedbiJled francolin - Francolin is adsperscs

Cape francolin - Francolinus capensis

N.-tal francolin - Francolinus natalensis

Swainson's francolin - Francolinus swainsonii

Quail - CoturniK sp.

African quail - Coturnix

Harlequin quail - Cocurnix
NUMIDIDAE

Helmeted guineafowl - humida meleacris
TURNICIDAE

Kurrichane buttongquail - Turnix sylvatica
GRUIDAE

Blue crane - Anbhropoides oaradisea
RALLIDAE

Corncrake - &&&%

African crake - egr‘gia

Black crake - Amauifliniii llavirostris

Purple gallinule - Porphyrlo porphyrio

Moorhen - Gallinula chloropus
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APmmx 11 igg.n”i

Redknobbed coot - Fulica cristata
CHARADRIIDAE

Threebanded sandplover - Charadrius tricoliar is

Crowned plover - Vanellus coronatus

Blacksmith plover - Vanellus arHiatus

Wattled plover - Vanellus senegallus
SCOLOPACIDAE

Wood sandpiper - Tringa alareola

Curlew sandpiper - Calidris ferruainea

Ruff - Philomachus pugnax

Ethiopian snipe - gallinago niaripenris
BURHINIDAE

spotted dikkop - Bmhinus capensis

GLAREOLIDAE
Bronzewinged courser - ahiflPPUlns chalcooterus
Collared pratincole - Glareola pratincola
LARIDAE

Arctic skua -+ St-excojarius parasiticus

Subantarctic skua - Cat “ragdta antarctica

Greyheaded gull - Lams cirrocephalus
COLUMBIDAE

Speckled pigeon - Columba guinea
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Rameron pigeon - Columba arquatrix

Redeyed dove - Streptooelia seuiitorquata
Cape turtle dove - Streptopelia capicola
Laughing dove - Streptopelia sene”®alensis
Namaqua dove - Qena capensis
Emeraldspotted dove - Turtur chalccopilos
PSITTACIDAE
Roseringed parakeet - Psittacula
Rosyfaced lovebird - Aocapornii
MUSOPHAGIDAE
Grey loerie - Coivthaixoides
CUCULIDAE
Redchested cuckoo - Cuculus
Striped crested cuckoo - Clamator levaillantii
Didric cuckoo - Chrysococcyx cap:ius

Whitebrowed couc'l -

TYTONIDAE
Barn owl - Tyto alba
Grass owl - Tyto capensis

STRIGIDAE
Marsh owl - Asio capensis
Whitefaced owl - Qtus leucotis
Pearlspotted owl - Glaucldium per latum
Spotted eagle owl - Bubo africanus
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APPENDIX II (cont

CAPRIMUI3IDAE

Nai-'l nightjar - Caprimulgus natalfDSiS

APCDIDAE
African black swift - Apus barbatus
Whiterumped swift - Apus caffer
Horus swift - Apuu horus

Little swift - Apus affinis

COLIIDAE
Speckled mousebird - Colius striatus
Whitebacked mousebird - Colius colius
Redfaced mousebird - Colius indicus
HALCYONIDAE
Giant kingfisher - Ceryle maxima
Halfcollared kingfisher - Alcedo semitorqu
Woodland kingfisher - Halcyon senegalensis

Brcwnhooded kingfisher - HalsLyfiD albiventr

Striped kingfisher - Halcyon chelicuti

MEROPIDAE
European bee-eater - Mprops apiaster

Little bee-eat r - Merops pLUSillJiS

CORACI1DAE

European roller - Coracias garrulus



Affm>XX IJ (cont.)

Lilacbr- isted roller - Copacias caudata

UPUPIDAE

Hoopoe - TIlpjAPii epops

PHOENICULIDAE
Redbilled wocdhoopoi - Phoeniculus purpureus
3UCEROTIDAE
Grey hornbill - Tockus naauw :g
rodbi hornbill - T.ockus ervthrorhvnchus
l'ellowbilled hornbill - Tcckus flavirostr is

CAP ITONIDAE

Blackcollared ,et - corquatus
Y llowf- nted tinkerbird - Epganiulwa chrvsoconus
Crested barbet - vailla.,tii

DKATORIDA-

Lesser honeyqu ide - Indicator minor
P :CI DAE

1live woodpe r - Mesopicos griseocephalus
MMRYLATMIDAK

Ai.i -an broadir.. 11 - iaJdDilD.PPI1PS capensis
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ALAUDIDAE

Rufousnaped lark - Mirafr a afr -can

Sabota lark - Mirafra

Chestnutbacked finchlark - “rcmopcerix leucoL.
HIRUNDINIDAE

European swallow - Hirundo rustica

Whitethroated swallow - Hirundo albiguj.’ru

Redbreasted swallow - Hirundo semirufa

Greater striped swallow - Hirundo cucullata

Lesser striped swallow - Hi., unde abyssinicc

House martin - Delichon urbica

Brcwnthroated sand martin - Rip”na oaludico:”

DIG 'RIDAE

Forktailed drongo - Dicrurus adsimilia

Squaretailed drongo - Dicrurus ludwigi:
ORIOLIDAE

Golden oriole - Qriolus oriolus

Blackheaded oriole - Qriolus larvatus
CORVIDAE

Black crow - Corvus capensi:

Pied crow - Corvus albu
PARIDAE

Southern black tit - Parus mger

Grey penduline tit - Anthoscopus carolx
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AfELI,DIX 11 LCQHtJI

TIMALIIDAE
Arrowmarked babbler - Turdoides iardineil
Pied babbler - Turdoides bicolor

PYCNONOTIDAE
Blackeyed bulbul - Pycnonotus barbatur
Yellowstreaked bulbul - Phvllastrephus flavcstriatus
Sombre bulbul - Andropadus importunus

Yellowbellied bulbul - ChlQIPdichld flaviventris

TURDIDAE
Kurrichane thrush - Turdus libonyana
Olive thrush - Turdus olivaceus

Groundscraper thrush - Turdus litsitsirupa

Buffstreaked chat - Cenanthe bifasciata

Familiar chat - Cercomela familiar is

Mocking chat - TIThamnplaga cinnamoiaeiventris
Anteating chat - Myxm.eco.cichla formicivora
Chorister robin - Cossypha dichroa

Natal robin - Cossypha natalensis

Cape robin - Casaypla fiallxA

White throated robin - Cossypha tuamexalls

Starred robin - Pogono' ilia st.ellata

Whitebrowed scrub robx.n - Ervthropygia leucophrys

Kalahari scrub robin - Erythropygia paena
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APPENDIX II (COnt¥)

SYLVIIDAE
Chestnutvented titoabbler - Parisoma subcaeruleum
African reed warbler - Acrocephalus baeticatus

Marsh warbler

Sedge warbler -

Lesser swamp warbler - Acrocephalus

Luteous warbler - Chloigpeta natalensis
Little rush warbler - Bradypterus baboecala
Willow warbler - Phylloscopus trochilus
Barthroated warbler - Apa.lis thoraclca
Crombec - gyjyi.tla rufescens

Burntnecked eremomela - Eremomela usticollis
Warbler - Camaroptera sp.

Grassbird - Sphenoeacus al2%

Fantailed cisticola - Cisticola iuncidis
Cloud cisticola - Cisticola textrix

Wailing cisticola - Cisticola laia

Rattling cisticola - Cisticola chiniana
Levaillant's cisticola - Cisticola tinniens
Croaking cisticola - Cisticola natalensis
Neddicky - Cisticola fulvicaoilla
Tawnyflanked prinia - £jlLinla subflava
Blackchested prinia - Prinia flavicans

Karoo prinia - PjLilUd maciilasa

MUSCICAPIDAE
Spotted flycatcher - Muscicapa
Bluegrey flycatcher - Muscicapa caerulescens

Leadcoloured flycatcher - Myloparus plumbeus
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APEENPIX II I1g{Ht4l,

Black flycatcher - Melaenornis pammelaina

Marico flycatcher - Melaenornis mariquensis

Mousecoloured flycatcher - Melaenornis pallidus

Fiscal flycatcher - Si,.elus silens

Cape batis - BiLSLiS caoensis

Paradise flycatcher - Terpsiphone viridis
MOTACILLIDAE

Cape wagtail - Maiacilla capenais
Pipit - Anthus sp.
Longbilled pipit - Anthus similis

Plainbacked pipit - Anthus leucophrvs

Orange-throated longclaw - Macronyx capensis
LANIIDAE
Lesser grey shrike - Lanius minor

Fiscal shrike - Lahius cillaris
Redbacked shrike - Lanius collurio

Longtailed shrike -

MALACONOTIDAE
Southern boubou - Lanlarius fsrrugineus
Crimsonbreasced shrike - Lanlarius atrpcoccineus

Puffback - Dryoscopus cubla

Threestreaked tchagra - TIchagra australis
Blackcrowned tchagra - Tchagra senegala
Bokmakierie - Telophorus
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APPSMDIX II L

PRIONOPIDAE

White helmetshrike - Prionops pltiUialilS

STURNIDAE
Indian myna - Acndotherec. Liiscis
Pied starling - Spreo bicolor
Wattled starling - Creatophcra cinorea
Plumcoloured starling - Cinnyricinclus leucocaster
Burchell's glossy starling - Lamprotornis australis
Cape glossy starling - La;pexfl.tP.rnis nlLsiiS

Redwinged starling - Cnychognathus msx1lQ

PROMEROPIDAE
Cape sugarbird - Pxomerops cafer
Gurney's sugarbird - Promerops qurneyi
NECTARINIIDAE
Malachite sunbird - Nectarinia famosa
Greater doublecc lared sunbird - Nectar inia aira
Whitebellied sunbird - Nectarinia talatala
Black sunbird - Nectarinia amethystina
ZOSTEROPIDAE
Green white-eye - Zosterops pallidus
PLOCEIDAE
Redbilled buffalo weaver - Bubalornis niger
Whitebrowed spar row-weav .r - Plocepasser mahali
Sociable weaver - .hiletairus socius
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APPENDI& II Irsn”J.

House sparrow - Passer domesticus

Cape sparrow - Passer melanurus

Greyheaded sparrow - Passer griseus
Ye3lowthroated sparrow - Petronia superciliaris
Scalyfeathered f£inch - Sporopipes squamifrons
Spottedbacked weaver - Ploceus cucullatus

Cape weaver - Ploceus capensis

Masked weaver - Ploceus

Redbilled gquelea - Quelea quelea
Red bishop - Euplectes orix

Golden bishop - Euplectes afer

Yellowrumped bishop - Euplectes capensis

Whitewinged widow - Euplectes albonotatus

Longtailed widow - Euplectes progne
ESTRILDJDAE

Melba finch - Pytilia melba

Firefinch - Laconosticta sp.

Blue waxbill - Uraeginthus a:_ )lensis
Violeteared waxbill - Uraeginthus granatinus
Common waxbill - Estrilda aalrild

Blackfac”d swee - Estrilda melanotis
Orangebreasted waxbill - Sporaeginthus subflavus

Redheaded finch - Amadina

VIDUIDAE
Pintailed whydah - Vidua

Shaft-tailed whydah - Vidua regia
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M?f£NPIX 11 1£on*

Paradise whydah - Vidua paradisaea
FRINGILLIDAE

Yelloweye canary - Serinus mozambicus

Blackthroated canary - Sjeijjius atrogularis

Cape siskin - Serinus tottus

Yellow canary - Sfiiinus flaviventria

Streakyheaded seedeater - Serinus cularis

Goldenbreasted buntin; - Emberiza flaviventris

HYPOTHETICAL LIST*

Whitefaced storm petrel - Pelagodroma marina
Greybacked storm petrel - Garrodia nereis
Diving petrel - Pelecanoides iLcjlaaiXia
Domestic pigeon - Columba livia

* There was a pxiaa lasls. case for inclusion of these
specie:? in the South African 1list when each was
first recorded in the literature. However, their
inclusion 1is now unacceptable for a reason stated in
each case in the S.A.0.S. CtesklixX si SCJliiLSXH
AlXXCan Bixds (Southern African Ornithological
Society List Committee, 1980).
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APPENDIX III

Liva-tisji ana ai tlsaaa lax light

1)

9)

10)

11)

12)

Neutral-buffered formal-saline (@) for at least 24

hours.

70% alcohol for 1 hour.

95% alcohol for 2x30 minutes.
100% alcohol for 3x3 0 minutes.
Chloroform for 2x30 minutes.
Paraplast 1 for 1 hour.
Paraplast 2 overnight.

Embed in paraplast.

Cut sections at 6]|im.

Place sections on to 30% alcohol, and float them on

to water heated in waterbath to 40°C.

Place sections on slide which has been coated with

albumen.

Allow to dry.

Ppxaalrsflline iix,a.tiye Igti hé&al

Formalin 250ml
Distilled water 1750m1l
NaCl 19,139
NaH2PO 4 9g
Na2HP04 14, 6g

109



AffEND1X 11

Plaining ol zestisns £ssi light microscopy

1) Xylene for 10 minutes.
2) 100% alcohol for 2 x1 minute.
3) 95% alcohol for 1 minute.
4) Water for 1 minute.
5) Mayer's haematoxylin (a) for 5 minutes.
6) 1% acid alcohol (B) for 5 seconds.
7) Water for 10 minutes.
8) Eosin Y (C) for 15 seconds.
9) Water for 1 minute.
10) 95% alcohol for 1 minute.
11) 100% alcohol for 2 x1 minute.
12) Xylene for 1 minute.
13) Mount in Entellan.
A) Mssiiile d Hazer.'s
Haematoxylin 4 ,0g
Distilled water 1000m1l
Sodium iodate 0,3g
Ammonium or potassium alum 50, Og
Citric acid 1,5g
Chloral hydrate 75, Og
Dissolve alum in water (heat not wused); add
haematoxylin, iodate, cit c acid and chloral hydrate,
in that order. Filter haematoxylin solution through

coarse filter paper.
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AEEmiLX II

11 Acid Alecsbal

1% HC1 n 70% alcohol.

£ssln 1
5g eosin in 500ml distilled water
2,59 phloxine in 250ml distilled water

Add 750ml distilled water.

I11
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APPENDIX 2

Eixalian and pificassina si Pisana Ist =zlsslLsn

microscopy

1) Glutaraldehyde (@) for 3 hours at 0°C.

2) Waih in 0,2M cacodyla te buffer (B) for 2 x 15
minutes at 4°C.

3) IS CuOj (© in 0,2M cacodylate buffer for 1 hour at
4°C.

4) Rinse in 0,1M sodium acetate fD) for 2x1 0 minutes
at 4°C.

5 0,25% aqueous uranyl acetate (E) for 1 hour at 4°C.

6) Rinse 1in 0,1M oodium acetate (D) for 2 x 10minutes
at 4°C.

7) 35% acetone for 5 minutes at 4°C.

8) 50% acetone for 5 minutes at 4°C.

9) 70% acetone/1% uranyl acetate for 1 - 3 hours or
overnight at 4°C.

10) 90% acetone forl0 minutes at roomtemperature.

11) 100% acetone for 3 x 15 minutes at room
temperature.

12) Araldite (F) /acetone (25:75) for 2 hours at room
temperature.

13) Ara ldite/acetone (50 :50) for 2 hours at room
temperature.

14) Araldite/acetone (75:25) for 2 hours at room
tevperature.

15) Araldite for 24 hours at room temperature.

16) Allow to polymerise for 2 days at 60°C.
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AzeaaDia iv ;

Dut aidehvdh 25% 5ml
duudylath oufrt- - u 9: 15ml
water 20ml

lis= with ir -4 :h :.11.

v,Z2fi vacodylate BtiXlLSi

W' odiun dcody ate Na CH7 ,,As0«.3H20) 42, 8g
N.HC1 6,9ml
Water t 1000ml
J'aniunt fcetroxide 2ml
Cacodylate buffet oml

0,1IM Sodium acetate is 1,3608g/100mj water.

B 50 wranyl acetate i; 100ml water.

Aialaidle
Thut wughly mix 500g araldite resin and 50Cg DDSA

nardener .

Add 15ml accelerator (DMP 30) and 50ml dibutyl

phthalate.

Mix for it least 6 hours, avoiding excess air

bubbles.
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Staining sections tor electron microscopy
Staining fit asmirthtn sections fox elefitxsn

1) 1% pyronin in distilled water (Solution A
2) 1% toluidine blue in 1% borax (Solution B

3) Mix 1 part c¢1 Solution A and 4 parts of So.it: n /

well and filter before use.

Staining si gltxattin ssctisns fax e”sgttsx
microscopy

1) Saturated wuranyl acetate (Solution A : .——a
spatula uranyl acetate + 50% ethanol.

2) Lead citrate (Solution B) 4,33a lead r .or.
1,76g sodium citrate placed in :0ml v .HN
dissolve. After 30 minutes add 8,0ml K.NaO!-"
make up to 50ml.

3) Centrifuge Dboth (1) and (2: at 3650 rpm ,
minutes.

4) Stain grids in Solution A for 10 minutes.

5 Rinse grids in 3 beakers of 50% ethanol.

6) Stain grids in Solution B for 10 minutes

dish contains NaOH pellets).

7) Rinse grids 3times with distilled water,
first container of di. riled water contain.-
of N.NaOH.
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