








submitted for publication in
specialist scientific literature,

To prevent the unwitting
spread of the infection by
abalone divers it was
recommended that infected
abalone or parts thereof not be
returned to the sea, but rather
brought ashore and buried.

In an earlier article (A4ustralian
Fisheries, September 1978) 1
mentioned some ambitious
overseas schemes designed to
decrease the prevalence of a
parasite in natural populations of
fish. Many parasites have
complex life cycles involving an
obligatory series of different
hosts. Increasing or decreasing
the numbers of one host may
-have a dramatic effect on the
numbers of parasites in another.

In Australia a parasite that
appeared to lend itself to this
approach was Gymnorhynchus
thyrsitae, the cause of ‘wormy
‘couta’ in Tasmania, Victoria and
South Australia, The parasite
affects the marketability of the
fish to the degree that in South
Australia, ’couta {Leionura
atun ,officially known as ‘snoek’),
because of the worms, are
sold only as bait for cray pots.

The total value of the fishery
_in Australia is $150 000 to
$300, 000 annually. It would be
much more valuable if the fish
was free of the parasite.

The worm is a larva that
matures in the gut of some type
of shark, If we knew which
shark, a small change in the
management of the shark fishery
could have a big effect on the
prevalence of 1he parasite. ] have
since dissected over 70 sharks but
to date the adult worm has not
been found.

Because of the potential
benefit to southern fishermen, let
us hope that in the not too
distant future someone will find
the species and size of shark
responsible for transmitting the
infection. :

A second project along similar
lines had a quite different
outcome. The tropical scallop
Amusium balloti in Queensland
and in Western Australia
sometimes contains a brownish
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“*in their stomachs,
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blemish on the side of the
muscle, which makes scallops
unsuitable for export. This
blemish is caused by a parasite.

An outbreak in scallops at
Shark Bay, Western Australia,
early last year, costing $120 000
in lost markets during the year,
prompted an examination of the
offending parasite. It was
tentatively identified as the larva
of the nematode Sw/cascaris
sulcata which is parasitic in
turtles,

Two of us then visited Shark
Bay to see what turtles were
present and whether indeed they
were carrying adult S. sulcata.
We found that loggerhead turtles
(Caretia caretia) were numerous .
in the Bay, and some of them
had hundreds of adult S. sulcata

Manipulating the population
of these huge yet gentle animals,
considered by the World Wildlife
Fund to be in danger of
extinction, is obviously out of
the question.

Very little is known about
loggerheads in terms of their
growth rates, population sizes
and migrations, Until more work
is done it is difficult to see how
the prevalence of the parasite

" could be reduced, though when

more information about the
turtles-becomes available, with
the results of work on the
parasite currently underway at
the University of Queensland, we
may be able to see ways 10
alleviate the problem.

In the meantime two other
approaches are being considered:
the development of a stimulus to
make the parasite leave affected
muscles during processing; and
the introduction of the nematode
hyperparasite Urosporidium
spisuli,

During the three years of the
Unit's operation 78 inquiries
regarding parasites or
abnormalities in fish and shellfish
have been handled by the
consultancy service, mostly from
the managers of fish processing
plants and government fisheries
officers.

Some could be answered
immediately. Others required

microscopy and histological
sections, One enquiry led to the
discovery last vear that the soft
floury texture of some of the
vellowtail kingfish (Seriola
grandis) in Queensland when
cooked was due to infection in
the muscle by the rare and
vnusual protozoan Unicapsula
Sp.
To increase the value of
kingfish in Queensland, where
they are worth much less than in
other States, we have merely to
sort out and discard those fish
that are parasitized before they
get to the consumer. The parasitt
is not visible macroscopically but
now we know the cause of the

" trouble it should be possible to

work out a practicable procedure
for sorting the fish.

Other problems raised, such as

- a disease in bream in oyster

ponds in South Australia (a
problem 1 think we have solved)
and the cause of a muscle disease
in barramundi, are the subjects
of current research,

In addition to research, and
the consultancy operation, a
course on the parasites and
parasitic diseases of marine
animals was given each year to
about 20 students in the Faculty
of Science at Queensland
University.

The one-semester course was
designed (o meet the needs of
future fisheries biologists in
Australia, No equivalent course
is given elsewhere, At least one
student has since joined CSIRO’s
Fisheries and Oceanography
Division, and five students have
gone on to specialize in marine
parasitology at postgraduate
level.

Marine parasitology is in its
infancy in Australia. Without the
support of FIRTA funds
allocated by the Fishing Industry
Research Committee it would
have been many years before the
work I have described would
have been carried out.

Adequate funding being
available, the unit at the
University of Queensland will
continue to provide the industry
with information and expertise in
this area,
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anteriorly as far as the vitellaria reach, descending
again and reaching 143 (136) posterior to the ootype
before tuming anteriorly, narrowing abruptly about
halfway between the intestinal bifurcation and the
anterior end and then continuing to the genital
pore. Eggs oval, 15 X 12 um in the terminal uterus.

Vitellarium, tubular with multiple branches, ex-
tending from about the anterior bend of the uterus
to near its posteriormost bend; a small vitelline res-
ervoir evident or not.

Excretory vesicle, originating anteriorly in two
arms which fuse 455 (442) um from the anterior
end; terminating in a subterminal excretory pore at
the end of the retractile part. In the holotype and
paratype the end of the retractile part, the true end
of the worm, is within the excretory vesicle about
20 mm from the apparent end. In a third specimen
it extends 86 mm from the rest of the worm. Lying
in the parenchyma and within the lumen of the gut
caeca were unidentified structures thought to be
hyperparasites.

One cyst contained the holotype and the para-
type. A second contained only one worm (gravid),
and a third three worms. Three other cysts con-
tained an undetermined number of worms and the

remaining 15 only eggs, pieces of dead worm, and

host connective tissue. A formalin-fixed cyst con-
taining worms was 39 x 23 x 18. A cyst containing
eggs and dead worm tissue was 22 x 10 x 3°

Type host: Acanthocybium solandri.

Site: Encapsulated in body musculature,

Type locality: Point Lookout, Brisbane, Austra-
lia (27°25'S; 153°35'W), .

Specimens deposited: Holotype and paratype
USNM Col. No. 75166-7 (nine slides). Pieces of other
worms British Museum (Natural History) Col. No,
1979.3.20.5-6 (seven slides).

Etymology: Named in honor of Mr. Peter Spin-
ner, commercial fisherman, who directed attention
to the worm and provided many of the specimens.

Diegnosis

The occurrence of the worms in pairs in the mus-
cles of a marine fish, and the general features of
their anatomy place this species in the family Di-
dymozoidae Poche 1907. As the worm is hermaph-
roditic and filariform, and as it has an acetabulum,
seminal vesicle, and the ovary and testes lie ante-
rior to the shell gland it belongs in the subfamily
Nematobothriinae Ishii 1935 as defined by Yama-
guti 1971. Within the subfamily it does not conve-
niently fit into any existing genus because the
testes, ovary, and vitellarium are branched, and the
posterior part of the worm is retractile.

The closest genus appears to be Nematobothrium
van Beneden 1858, and it is into this genus that the
worm is tentatively placed. It differs from all other
members of the genus, in addition to the branching
reproductive organs and the retractable posterior
part mentioned above, in that the vitellarium ex-
tends anteriorly as far as the testes, and the uterus
first descends on leaving the ootype.

Remarks

Evidently, the worm is able to retract its
posterior part within the main body. In this
respect, it resembles the ecsoma of hemiurids.
However, as Dr, J. C. Pearson (University of
Queensland) pointed out, the walls of a con-
tracted ecsoma are folded, whereas in N. spin-
neri they appear to be uncompressed.

The mechanism producing the contraction
is unclear. There are no large muscles that
could withdraw the tail located within the ex-
cretory vesicle. Perhaps smaller muscles in
the wall cause the section to turn inside out,
thereby withdrawing it. A reduction in pres-
sure within the excretory duct could have the
same effect. The solution to this problem
awaits study of additional material, as also
does the question of the function of the tail,
though presumably it is involved in some
form of exchange or absorption as in the hemi-
urid ecsoma. That this type of organ should
have developed in a didymozoid is interesting
because of the probable close relationship of
the didymozoids to the hemiurids (Cable,
1974).

Neometadidymozoon helicis sp. n.
(Figs.. 8-12)

Based on live material and five flattened speci-
mens. Measurements from 10 specimens fixed in
hot 5% formalin given as the mean followed by the
range in parentheses.

Worms invariably encysted in pairs, forming a
double spiral. In life cysts usually yellowish in col-
or, oval, visible in wall of buccal cavity, approxi-
mately 3.5 X 2.0 mm in size.

Body clearly divided into 2 parts—a filiform
forebody 1.1 (1.0-1.7) long by 0.19 (0.15-0.24)
wide; hindbody 0.5 (0.4-0.7) wide, a spiral 3.3 (2.7~
3.8) long, 1.5 (1.2-2.0) wide, formed of 4 to 5 tumns,
outer wall thrown into folds.

Oral sucker terminal, 50 (45-56) by 30 (28-36)
um followed by a subspherical pharynx 22 (17-24)
pm in diameter. Oesophagus 350 (200-450) um
long, ventral sucker 48 (38-87) um in diameter.
Caeca thick walled to about level of the ootype,
then thin walled almost to posterior extremity of
worm,

Testes 2, ventral, elongate, extending almost full
length of worm, average width about 50 um, wider
at anterior and posterior ends. Sperm ducts join im-
mediately anterior to testes and the common sperm
duct accompanies uterus to the ventral genital pore
at about midlevel of oral sucker. Ovary dorsal, full
length of hindbody, average width about 40 gm. A
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large seminal receptacle overlaps the ootype. Vi-
tellarium single, like ovary in size and extent. Uter-
us alternately descends and ascends 3 times before
continuing to the genital pore. Eggs embryonated,
13 (11-14) by 6 (5-7) um in final loop of uterus.

Type host: Platycephalus fuscus.

Site: Gill-arches, walls of buccal cavity and un-
derside of head.

Type locality:
lia.

Specimens deposited: Holotype and four para-
types USNM Col. No. 75168-9. Four paratypes Brit-
ish Museum (Natural History) Col. No. 1979.3.20.14.
Five other specimens Queensland Museum, Bris-
bane, Australia Reg. No. G12103-7,

Moreton Bay, Brisbane, Austra-

Diagnosis

The worms belong in the subfamily Didymozoi-
nae (Ishii 1935) as defined by Yamaguti (1971).
They are most closely related to members of the
genus Neometadidymozoon Yamaguti 1971, though
differing from his definition of the genus in that the
hindbody is not cylindrical, the testes do not extend
into the forebody, and the uterus forms three rather
than two loops. In several additional respects the
worm differs from N. polymorphis, the only other
member of the genus. The forebody length and oral
sucker diameter are about one-fifth those of N. poly-
morphis, and the pharynx and ventral sucker are
much larger relative to the size of the oral sucker.
Also, the shape is consistent, paired worms always
forming a double spiral, and worms were not found
in the body cavity.

- e P
Remarks

The probable life cycle of many didymo-
zoids involves the death of the adult worm in
the tissue and the release of the eggs on the
death of the host. The first worm described
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above, N. spinneri, evidently falls into this
pattern as.the majority of cysts examined con-
tained eggs with only a few traces of the adult
worms. This contrasts with observations on N.
helicis as no dead worms or masses of eggs
were found. Preliminary observations indi-
cate that infections of N. helicis in Moreton
Bay are annual, and that the adult parasites
are shed from the walls of the buccal cavity
of the flathead each spring.
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appeared as a hemispherical cream or
brown swelling (Fig. 1). Lesions over 3 mm
in diameter contained pus. Those adjacent
to the shell caused the formation of a brown
scar on the shell’s internal surface.

Both live and dead parasites were found
in fresh smears of the pustule contents
(Figs. 2—5). Live trophozoites, each having
a large vacuole and 50 to 100 smaller drop-
lets, were commonly encountered in pus-
tules of abalone kept at 20°C. Dividing
cells, termed schizonts, were also fre-
quently observed. In one abalone, the vac-
uole of some trophozoites contained a solid
inclusion body of irregular shape, the vac-
uoplast (Fig. 2). Such an inclusion was not
seen in the trophozoites from other ani-
mals. -
Dead trophozoites, appearing as empty
cells except for material clumped in the
cenfer, and dead schizonts which con-
tained a few droplets and no evidence of a
vacuole (Fig. 3), predominated in abalone
kept at 15°C.

A very large type of cell was occasionally
found in the debris-filled center of lesions
over 3 mm in diameter. The cells were five
to seven times larger than trophozoites, had
prominent cell walls, and frequently con-
tained a central group of large droplets.
" They stained blue-black with iodine and
were considered to be developing prezoo-
sporangia, though most of the ones exam-
ined appeared to be dead.

Sections of the pustules revealed a well-
defined cellular organization. Adjacent
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muscle was normal except for the presence
of leukocytes. A loose wall of connective .
tissue fibers surrounded the infected area.
Inside this were large numbers of leuko-
cytes and scattered among them were
clusters of parasites in trophozoite and
schizont forms. Trophozoites that had been
alive when fixed contained a vacuole that
almost completely filled the cell, and a nu-
cleus with a distinct nucleolus lying close to
the prominent Periodic acid—Schiff (PAS)
positive cell wall (Figs. 6, 13). In one series
of sections, a few vacuoplasts were seen.
They were weakly eosinophilic. Schizonts
'dividing unequally into 10 or more daughter
cells were present (Fig. 7). Further toward
the center of the lesion, the condition of the
host cells deteriorated, and pyknotic nuclei
and the remains of dead leukocytes were
evident.
~ Using electron microscopy, the large
vacuole of trophozoites was seen to contain
uncondensed vacuoplast material (Fig. 15,
arrow). Granules of similar material were
present in smaller vacuoles in the cyto-
plasm. Also present in the cytoplasm were
slightly opaque vacuoles with an electron
luceni center (Fig. 154). These were evi-
dently the droplets visible in fresh smears.
Similar cell components were present in
cells that had undergone division but not
yet separated (Fig. 16). The parasites ob-
served were extracellular. '
Hundreds of live trophozoites and schiz-
onts were recovered from the hemolymph
of 2 of the 10 infected abalone. The para-

Fi1c. 1. Dorsal view of abalone Haliotis ruber with shell removed, showing pustule (arrow) on
surface of mantle. a, cut adductor muscle; t, tentacle. Bar = 10 mm.

FiGs. 2~7. At same magnification.

FiG. 2. Live trophozoite in fresh smear. Note vacuoplast (arrow). Bar = 10 um.

FiG. 3. Dead schizont in fresh smear.

FiG. 4, 5. Live trophozoites and schizont in fresh smear (phase contrast). Arrow, large vacuole.
FiG. 6. Trophozoites from PAS-stained section of muscle lesion. Note nuclei with prominent
nucleoli (arrow), prominent cell walls, and absence of vacuoplasts.

FiG. 7. Schizont from H and E stained section.
Figs. 8—11. At same magnification.

FiG. 8. Prezoosporangium from 14-day-old thioglycollate culture. Bar = 30 um.

F16. 9. Mature zoosporangium after 2 days in thioglycollate and 5 days in sea water.

FiG. 10. Prezoosporangium treated with Lugol's iodine showing the densely staining wall.
FiG. 11. Schizont from the same prepzration, The wall remained unstained.
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F1G. 12. Live trophozoite. A large vacuole is pres-
ent together with a number of smaller droplets. Bar
= 10 um.

FiG. 13. Fixed and stained trophozoite. Note
nucleus with prominent nucleolus and vacuole almost
completely filling cell. Magnification as in Fig. 12.

FiG. 14, Prezoosporangium from cuiture of haemo-
lymph trophozoite (3 days in thioglycollate followed
by 3 days in sea water at 20°C). Note droplets scat.
tered over cell and peripheral mass of cytoplasm with
inclusion. Bar = 30 um.

sites occurred in clusters either circulating
freely or within aggregates of brown cells
up to 1 mm long. The schizonts were di-
viding into two, four, or eight daughter cells
of more or less equal size. No prezoo-
sporangia were found in the hemolymph.
Trophozoites from both hemolymph and
muscle were incubated in thioglycollate
medium. Within 2 days they had swollen to
more than five times their original size
(Figs. 8, 14). The pustule wall ruptured and

a cluster of enlarged cells, the prezoo- .

sporangia, were released onto the surface
of the abalone. Within the cells, a mass of
cytoplasm believed to contain the nucleus
was located peripherally, and hundreds of
fine droplets were scattered over the inside
surface of the cell. When treated with
Lugol's iodine, the cell wall, which varied
in thickness from 1.7 to 4.2 um, stained
blue-black and contracted, causing the cell

diameter to reduce to 0.6 of its original size
(Fig. 10). The walls of trophozoites and
schizonts remained unstained (Fig. 11).

Prezoosporangia stayed alive in the
thioglycollate medjum for at least 14 days.
On being transferred to sea water, they re-
mained clustered together on the bottom of
the dish and underwent further develop-
ment. By 4 days at 20°C the peripheral cy-
toplasmic mass had become more promi-
nent. In some the vacuole had disappeared
and the cytoplasm had contracted, now oc-
cupying the center of the cell. Shortly there-
after it began to divide (Fig. 9). The dis-
charge tube, through which the zoospores
were released, was poorly developed.
Motile zoospores were visible by day 8
and empty sporangia were found on day 9,
The development was not synchronized,
though 90% of the cells had developed into
sporangia and released zoospores by day
27. At higher temperatures development
was more rapid, empty sporangia being
found by day 3 at 28°C.

Protozoan parasites were not found in
any of the experimentally exposed oysters.

Because the parasite is similar to but dis-
tinct from Perkinsus marinus (Mackin,
Owen, and Collier, 1950) it is described as
a new species below.

Perkinsus olseni n.sp

In fresh smears, spherical cells were 16.6
um (range of 10 measurements: 14— 18 pum)
in diameter with prominent walls. Live cells
had a large vacuole up to 10 um in diameter
and 50 to 100 droplets 1 um in diameter
(Fig. 12). In fixed tissues, cells 13.8 um
(13—16 um) in diameter with peripheral nu-

cleus and a large vacuole were found (Fig. -

13). A vacuoplast when present was weakly
eosinophilic. Dividing cells (19 um live, 15
pm fixed and stained) divide into two, four,
eight or more equal or subequal units.
Cells incubated in thioglycollate medium

FiG. 15. Electron micrograph of trophozoite from muscle lesion showing uncondensed vacuoplast

material (arrow) and droplets (d). Bar = I pm,

F1G. 16, Merozoites within schizont showing early development of vacuole, vacuoplast material,

and prominent c=ll wall, Bar = 2 um.

pa






186

develop into prezoosporangia 74 um (56—94
um) in diameter, the walls of which stain
blue-black with Lugol’s iodine. Cells re-
turned to sea water divide to produce a
large number of biflagellate zoospores. The
parasite is not infective to oysters.

Type host. Haliotis ruber.

Site. Muscle and hemolymph.

Type locality. Near Port Lincoln, South
Australia, 35°56'S, 135°59'W.

Histological sections deposited. USNM
Catalog. No. 30478, British Museum Ac-
cession No. 1980:11:4:1-3, South Aus-
tralian Museum No. E. 1594,

Etymology. Named in honor of Mr.
A. M. Olsen, formerly Chief Fisheries Offi-
cer, South Australia.

DISCUSSION

The ultrastructure of the zoospores needs
to be examined before the parasite can be
directly allocated to the class Perkinsea as
defined by Levine (1978). Our preparations
of these were unsuccessful. However, the
stages observed bear many resemblances to
those described for P. marinus by Perkins
(1969) and Ray (1952). The trophozoite is
spherical ‘with an eccentric nucleus and
197'”" vacuole; the schizont divides i into 2 to
10 or more subequal units; the trophozoite
becomes greatly enlarged in anaerobic
medium developing a wall that stains blue-
black with iodine, and when returned to sea
water develops flagellate zoospores; it is a
parasite of a mollusk.

The parasite differs from P. marinus, the
only species in the class, in several re-
spects. The average size of the trophozoite
cell is much larger, 13—16 wm in diameter in
fixed tissues, compared to that of P.
marinus which in fresh and stained prepa-
rations are 3—-10 um in diameter, generally
5~7 um (Mackin et al., 1950). In sections the
cell wall of P. olseni is more prominent. Its
formation around merozoites still within a
schizont indicates that the bulk of the wall
is of parasite origin. In P. marinus, much of
the wall is formed from membranes derived
from the host (Perkins, 1969). In P. olseni
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the vacuoplast, when present, is weakly
eosinophilic whereas in P. marinus it stains
darkly with hematoxylin. The discharge
tube, prominent in P. marinus, is poorly
developed in P. olseni.

Though P. marinus has been recorded
only from the American oyster, Cras-
sostrea virginica, similar organisms have
been found in at least 12 other species of
lamellibranchs (Andrews, 1954). This is the
first report of a Perkmsus sp. from a gas-
tropod.

The development and release of motile
zoospores from the zoosporangia suggests
that, as in P. marinus, a dispersal phase is
produced in decaying host tissue (Perkins
and Menzel, 1967). Thus, to help restrict
the spread of the infection in South Aus-
tralia, it is recommended that infected
abalone or parts thereof found by abalone
divers be disposed of on shore and not re-
turned to the sea.

The course of the infection in the mollusk
may involve circulation of the parasites in
the hemolymph and the lodgment of them in
the muscle. The pustule is evidently caused
by the strong host reaction to the parasites
once they have become localized. The pre-
ponderance of dead parasites in pustuies of
abalone kept at 15°C, and live parasites in
abalone at 20°C, suggests that the balance
between the host and the parasite is tem-
perature dependent.
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pressure in seawater and active miracidia
emerged. In a second experiment, an egg
mass of D. brevicolle from P. Sfuscus was fed
by stomach tube to a second P. Suscus. Twen-
ty-four hours later, feces containing eggs were
recovered and all eggs found were intact.
Eggs broken open released live miracidia,
which were more active in physiological sa-
line than in seawater. These experiments
showed that the eggs of N. helicis and D.
brevicolle may pass through the gut of teleosts
without harm. The second experiment also in-
dicates that the route of infection of the flat-
head by D. brevicolle is not by the ingestion
of embryonated eggs.

Because all N. helicis examined were alive,
it suggested that the parasites survived for the
life of the fish. However, by keeping six in-
fected flathead in the laboratory for several
months, this was found not to be the case. The
fish were kept at 25 C, the average summer
bottom temperature of Moreton Bay, and fed
frozen fish. They were examined periodically
using ethyl-m-aminobenzoate (Sigma) as an-
esthetic. In the first 4 mo the number of cap-
sules doubled (Fig, 10), presumably because
larvae already present were moving into-the
gills, pairing up and maturing. The fish then
became restless and tended tc leap from the
tanks or otherwise damage themselves. By 6
mo, most of the capsules in the two remaining
fish had disappeared.

Monthly samples from commercially caught
P. fuscus showed that there was a seasonal
cycle in the occurrence of N. helicis in More-
ton Bay (Fig. 11), most of the parasites dis-
appearing between September and Decem-
ber. Of the 2,041 capsules examined at this
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time, 123 (6%) were red as a result of capil-
laries hemorrhaging around the worms.
Worms within hemorrhagic capsules ap-
peared normal except that their caeca con-
tained erythrocytes instead of clear fluid. One
capsule was found open, with an occupant
still alive and partly hanging free. In the same
period, 75 depressions in the mucosa, be-
lieved to be the sites of former infection, were
also recognized (Fig. 3). Evidently the cap-
sule wall was breaking down and the worms
were being released. The small number of
hemorrhagic capsules observed suggested
that this stage lasted for only a few days.

What triggered the wall breakdown was un-
clear. It was not capsule size, because cap-
sules of all sizes were found hemorrhaging,
and the mean monthly size of 4,500 capsules
measured during the year did not significantly
change. There was no significant correlation
between host length and number of capsules
(r = 0.012). A rise in temperature was evi-
dently not the cause because the laboratory-
held fish also lost their worms. Leucocytes,
while abundant in tissue adjacent to hemor-
rhaging capsules, did not surround or attach
to the worms themselves, suggesting that an
immune response was not directly responsi-
ble. Loss of parasites may be related to the
sexual maturation of the host. Local P. fuscus
start maturing in September and spawn be-
tween November and February (Dredge,
1976). Self et al. (1963) found that Nemato-
bothrium texomensis developed only in host
gonads that were maturing. They suggested
that the development of the parasites was un-
der the influence of host hormones.

The loss of N. helicis through ulceration

v

FIGURES ]1-9.

—

1. Palate of Platycephalus fuscus infected with Neometadidymozoon helicis. The cap-

sules (arrow), which are unusually large in this specimen, in life are bright yellow. Each contains two
intertwined worms. Bar = 10 mm. 2. Section across N. helicis capsule showing parasites coiled up within
the dermis. Dermis thickness indicated by arrows (Van Gieson stain; epidermis lost during processing).
Bar = 1 mm, 3. Scar (arrow) in dorsal surface of lower Jaw marking site of former N. helicis capsule. Bar =
5 mm. 4, Capsule of Nematobothrium spinneri in musculature of body wall of Acanthocybium solandri.
Bar = 10 mm, 5. Section of capsule of N. spinneri (Van Gieson stain). Note the fine band of connective
tissue surrounding the worm (arrow), ¢ = body cavity; d = dermis; m = myotome. Bar = 3 mm. 6. Higher
power showing the thin connective tissue wall and the connective tissue sheaths (arrows) enclosing the
coils of the worm. Bar = 50 um. 7. Section of visceral mass of Favonigobius exquisitus containing larval
didymozoids (arrows). Note that none are in the gut lumen. Bar = 400 um. 8. Posterior of larval didymo-
zoid from viscera of F. exquisitus maintained for 32 days in the laboratory, showing thin connective tissue

capsule (arrow). Bar = 20 um. 9, Dying larval did

ymozoid (p) from P. fuscus experimentally infected 2

days before. Note thick wall of host leucocytes (arrow). Bar = 100 wm,






ogilbyi, S. analis, 8, maculata, Pelates quad-
rilineatus, Rhinogobius leftwichi, Favonigo-
bius exquisitus, and Pseudogobius sp.). In all
cases, they occurred outside the gut lumen in
the visceral mass (Fig. 7). They were enclosed
within a sheath of connective tissue one cel]
thick (Fig. 8). To determine the host specific-
ity of one of five larval types found (Fig. 12),
approximately 40 larvae were fed to each of
two decapods (Portunus pelagicus, Grapsus
sp.) and 16 assorted teleosts (4 Selenotoca
multifasciata, 3 Neoarius australis, 4 Rhab-
dosargus sarba, 3 S. analis, and 2 P, fuscus).
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FIGURE 10. The mean numbers of N. helicis
capsules present in two to six naturally infected P,
fuscus kept in the laboratory at 25 C, Range and
number of fish indicated,

supports the hypothesis of Timon-David
(1937) who, after observing hemorrhage
around D. wedli, suggested that the capsules
reached a certain degree of maturity, then
opened spontaneously .and evacuated thejr
contents to the exterior. Grabda (1947) re-
ported occasionally finding blood suffusing
inside the capsule of N. sardae “smothering
" the parasites,” and Awachie (1972) observed
tissue erosion associated with Nematoboth-
rium infection. The release of eggs through
ulceration may thus be widespread among the
Didymozoidae.

Larval didymozoids were found in several
species of fish (Engraylis australis, Pranesys

Two to 8 days later, nothing was found in the
crustaceans, but in the teleosts, parasites had
penetrated into and in some cases through the
gut wall. In the first three species only dead
parasites were found. In P. fuscys there were
a few live parasites, covered in host cells (Fig.
9), and many dead ones. In S. analis, parasites
appeared unharmed and survived in a fourth
fish for at least a month without eliciting any
host response apart from the thin membrane
of connective tissue, indicating that this fish
could serve as a paratenic host. As maturation
did not occur in any of the fish, the species to
which the larvae belonged is unknown,

As suggested by Cable and Nahhas (1962)
and Nikolaeva (1965), larvae probably are eat-
en by the definitive host while consuming
prey. Presumably the larvae then burrow into
the wall of the gut, as they were observed to
in this work, and from there migrate to their
normal site of maturation, Those like D.
brevicolle developing to adults in the wall of
the stomach thus are already in position,
Those like N. helicis that are normally found
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FIGURE 11. Mean numbers of N. helicis capsules (solid circles) in 583 P, Sfuscus 29 to 81 em in length
from Moreton Bay, Queensland. Open circles = mean host length, Each point from sample of at least 20

fisk.
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Results
Scallops

In 1971, 1977 and 1978, 63, 42 and 509, respectively, of commercial-sized 4. balloti
sampled had brownish lesions 3-7 mm diameter across their adductor muscles as a
result of infection by S. sulcata (Fig. 1). Each lesion contained one or more nematodes

Fig. 1. Amusium balloti from
Shark Bay showing brown lesion
(arrow) as a result of Sulcascaris
sulcata infection in adductor
muscle. Viscera of scallop
removed.

30~50 mm long and more than one lesion was often present in a scallop. The number of
nematodes per scallop increased with the size of the scallop. The mean numbers
present in 916 scallops divided into six 10-mm size classes ranging from 56 to 115 mm
shell height were 0, 0-1, 0-9, 0-44, 0-83, and 2-16. The coefficient of dispersion
indicates that the distribution of the helminths among the scallops was clumped (mean
0-75, variance 1-71).. .

The only other nematodes found were two larval Echinocephalus sp., 11 and 18 mm
in length, in a sample of 10 scallops dissected under the microscope.

Table 1. Nematodes recovered from six C. caretta from Shark Bay, Western Australia
Number of parasites found is given in parentheses

Turtle  Host weight Host lengthA Nematodes recovered from:
(kg) (m) . Stomach Intestine
1 160 104 Sulcascaris sulcata (70) S. sulcata (1)
Cucullanus carettae (23)
2 117 0-93 S. sulcata (35) None
3 66 0-83 S. sulcata (9) C. carettae (1)
4 125 0-98 None C. carettae (34)
. Echinocephalus sp. (1)
5 111 0-96 S. sulcata (351) S. sulcata (3)

Echinocephalus sp. (1) C. carettae (68)
Echinocephalus sp. (4)
Kathlania leptura (200)
6 — . 0-93 S. sulcata (222) C. carettae (12)
: Immature oxyuroids (5000)

A Midline curved carapace length.

Turtles

Five of the six loggerhead turtles contained S. sulcata (Table 1). All had ulcers
which penetrated into the submucosa of the stomach wall (Fig. 2) and in four of the
turtles most of the nematodes were attached within the ulcers.
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The parasite thus appears to have a wide range of possible intermediate hosts among
the Mollusca.

Chelonia mydas was thought to be a possible alternative definitive host as S. sulcata
was originally described from this species. It is common in Shark Bay and a fishery for
them ended in 1971. However, the parasite was not found in three medium-sized
individuals washed up in the bay in September 1979 (curved carapace lengths 42, 44
and 51cm; L. A. Smith and J. Penn, personal communications). Their stomachs

Table 2. Gut contents of C. carefta from Table 1

Turtle Gut contents

1 Intestine filled with broken pinna shelis (Atrina sp.)

2 Mostly crabs (Eucrate sp., with some pieces of portunid and
dromid); also polychaete tubes and one polychaete (Chloeia
flava)

3 Parts of intestine filled with broken bivalve shell (Venus
laqueata, Megacardita incrassata, Fragum retusum, Tapes
literatus, Paphia sulcosa, Callista Planatella, Timoclea sp.,
Eucrassatella pulchra, Hyotissa sp., and Circe sulcata); also
several Chloeia flava, pieces of Pagurus sp., stomatopod,
ascidian (Phallusia depressiuscula), and a few gastropods
(Strombus campbelli and Polinices albumen)

4  Mostly Callista planatella and Paphia sulcosa; pieces of
Phallusia depressiuscula, and pagurid and leucosid crabs

5  Mostly C.planatella. Pieces of Thalamita sima (crab) and
Polinices albumen

6  Intestine filled with P. albumen; one piece of crab.

contained only vegetable matter. C. Limpus (personal commaunication) has found
Sulcascaris sp. many times in Carerta caretta from Queensland but never in Chelonia
mydas. Similarly, Sey (1977), during a parasitological survey of Egyptian turtles, found
S. sulcata only in Caretta caretta. The above evidence, together with the different
dietary preferences of the two turtles, Chelonia mydas being predominantly a
herbivore, suggests that Caretta caretta is the more important host in the life cycle of
the parasite.

The larval Echinocephalus sp. found in A. balloti appeared to be identical to those in
C. caretta. Adult Echinocephalus species occur in the spiral valve of elasmobranchs
(Ko 1975).
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SWIM-BLADDER ECTASIA IN THE TREVALLY CARANX GEORGIANUS
R. J. G. Lester k ’

Department of Parasitology
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St. Lucia, Brisbane, Australia 4067

M. A. Wilson and P. Machin

Tasmanian Fisheries Development Authority
Hobart, Australia 7000

ABSTRACT

Allof 13 C. georgianus 470 10 540 mm in fork length caught off southeast Tasmania had cavities 2to 20 mmacross inthe
anterior musculature over the vertebral column. The cavities were lined with smooth muscle and connective tissue, and
filled with gas. Cultures for bacteria were negative. No helminths were present, and histologically there was no sign of any
protozoan infection or any inflammation. All the cavities on one side of a fish connected to a horizontal chamber up to 200
mm long that ran immediately dorsolateral to the vertebral column, and opened at the anteriorend into the swim bladder
via a small duct. A similar but not identical system of tubes was present on the other side of the fish. 1tis suggested that over
a period of time pressure in the swim bladder had stretched the bladder wali and forced it to swell into the tissues, The
cavities in the musculature reduced the marketability of the fish.

INTRODUCTION
Silver trevally, Caranx georgianus, are caught by line and net fisherr=rn in southern Australian waters, particularly in
the summertime. A seriesof good catches in early 1981 focused attentic:.  <+hat wereapparently holes in the‘ musculature.
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tertius Pratt, 1914 P. hrachus Barker, 1922; P. sclerops Travassos, 1922 P.
puertoricensis Fischthal & Acholany, 1976, Puchipsolus sclerops, from crocodilians
in South America, 4ppears 1o stand distint from the other members of the genus
(Euzet et al. 1972). The remaining described forms closely resemble one another and

- 25

Figs 15-17.  Pachypsolus irroratus: 15, whole muunt. 16, dorolateral view of a contracted specimen, to
show distribution of vitellaria on one side; /7. transy<ise section through genital pore {GP) of specimen
with cirrus (C) inserted into metraterm (M), Cu. gul voevwm B, xeretory duct; ¥V, vitellaria.

occur in the stomach and small intestine of marine turtles; the present authors
consider them to represent a single species. _ ,

To set the scene for this discussion. it 15 4PPFOPTiate to consider the history and
variability of the type-species, P. irroratus. The tiest description of Distoma irroratum
(= P. irroratus) was by Rudolphi (1819). who had 13 specimens from a sea turtle,
identified as Testudo midas, from Rimini on the Adriagic Sea. Further original
studies were not made until the end of the .Wlh century, when both Braun (18994,
[901) and Looss (1899, 19015, 1902) redescribed the species, The variability of form

Digeneans Parasitic

exhibited by P. i
two authors. Brz
Dahl at Ralum !
posterior end of
and supplemente
Berlin Museum,
the vitellaria sot
considered the v
by Braun to be s
(1901) redescribe
answered the con
vitellaria were n
variations betwe

Looss (190156)
was dealing wit
specimens labell
these three worm
species, Pachypst
irroratum. L.ooss
that he was reluc
further material
P. jrroratus. He s
upon worms whi
changes in struct
consider juvenile
discussion, Loos:
Braun (1899a) m
not extend poste
this view.

From the deb:
within P. irroratt
in the number o
there were two st
as a small lateral
variability in sucl
equal size, where
than the ventral
observed: during
tends to be larg
sucker lies relatn
the stellate or de

Dollfus (1937
mydas and Care
descriptions by
within the specie:
ventral, and that
the ventral sucke
young worms. th
posterior edge ol




nd C. J. Limpus

sos, 1922; P.
1 crocodilians
s of the genus
1e.another and

itracted specimen, to
e (GP) of specimen
V. vitellaria.

present authors

r the history and
)istoma irroratum
rom a sea turtle,
Further original
th Braun (1899a,
ariability of form

Digencans Parasitic in Loggerhead Turtle 663

exhibited by P. irroratus led to an exchange of views in the literature between these
two authors. Braun (18994) gave a brief description of a single worm collected by
Dahl at Ralum in New Guinea. In this worm, the vitellaria extended only to the
posterior end of the testes. Braun considered his specimen to belong to D. irroratum
and supplemented his description of it with a description of specimens from the
Berlin Museum. including Rudolphi’s types. In the latter specimens. he stated that
the vitellaria sometimes extend to the posterior end of the body. Looss (1899)
considered the variations in distribution of the vitellaria in the specimens described
by Braun to be so great that two different species must have been involved. Braun
(1901) redescribed D. irroratum from a slightly greater range of material. He
answered the comment by Looss by stating that the differences in the distribution of
vitellaria were not of specific value, as he had specimens exhibiting a range of
variations between the extremes described in 1899.

Looss (19015) accepted this statement, but marshalled further evidence that Braun
was dealing with two different species. By this time, Looss had received three
specimens labelled Dist. irroratum from Professor Cori in Trieste. He concluded that
these three worms, along with part of Braun's material, should be placed in a new
species. Pachypsolus lunatus. The remainder of Braun’s material he left in Dist.
irroratum. Looss considered the differences between the two species to be so great
that he was reluctant even to place them in the same genus. However, after receiving
further material from Trieste, he (1902) admitted that P. lunatus was a synonym of
P. irroratus. He stated that his original description of P. funatus (1901b) was based
upon worms which he now recognized as immature. He had not appreciated the
changes in structure that occur during growth in P. irroratus. and this had led him to
consider juveniles and adults as separate species. Nevertheless, at the end of his
discussion, Looss (1902) stated that the specimen from New Guinea described by
Braun (18994) must belong to another Pachypselus species, because the vitellaria did
not extend posterior to the hind end of the testes. The present authors do not share
this view.

From the debate between Braun and Looss, a picture emerged of the variability
within P. irroratus. Variations occur in the distribution of vitellaria (see above) and
in the number of blind anterior diverticula of the caeca. Looss (1902) stated that
there were two such diverticula on each side, with a third sometimes present, arising
as a small lateral swelling of the caeca wall. He also commented on fixation-induced
variability in sucker size. In one group of worms the oral and ventral suckers were of
equal size. whereas in another group, treated differently. the oral sucker was larger
than the ventral. Looss (1902) also summarized developmental changes that he
observed: during growth, the suckers approach one another in size (the oral sucker
tends to be larger in young worms), the hindbody elongates so that the ventral
sucker lies relatively more anteriorly. the cirrus sac greatly increases in length, and
the stellate or dendritic appearance of the viiellaria becomes less apparent.

Dollfus (1937) examined numerous specimens of P. irroratus from Chelonia
mydas and Caretta caretta from north-west Africa. He could add nothing to the
descriptions by Braun and Looss, but presented his observations on variability
within the species. He found that the oral sucker could be larger or smaller than the
ventral, and that the anterior extremity of the vitellaria did not extend anterior to
the ventral sucker in some specimens, but did extend well anterior to it in others. In
young worms, the cirrus sac lay dorsal to the ventral sucker but did not reach the
posterior edge of the sucker. In mature specimens, the cirrus sac enlarges, comes to
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spined cirrus (see below) and an ‘oval chitinous structure below the genital pore and
beside the acetabulum’. The latter structure could well represent the ventral furrow
described by Looss (1902) in this position in some Enodiotrema species, and present,
although not conspicuous, in E. carettae.

Figs 18, 19.  Endiotrema careltae: 18, whole mount: 19, ventral view of terminal genitalia (prostatic cells
omitted).
Figs 20, 21.  Orchidasma amphiorchis: 20, whole mount: 21, ventral view of terminal genitalia.

C. cirrus; D. spinous diverticulum from genital sinus; GC, gland cells; G P. genital pore; ISV, internal
seminal vesicle; M. metraterm: O, ovary; PD, prostatic duct; ¥S, ventral sucker.

Gupta and Mehrotra (1976) described a second species from India. This was E.
schikhobalovae. from the oesophagus and stomach of Eretmochelys imbricata.

As far as can be determined from the literature. E. carettae differs from all other
members of the genus in having spines within the cirrus as well "as in the
diverticulum. Looss (1902) described the male terminal genitalia in his four species
as consisting of an internal seminal vesicle followed by a prostatic region. then an
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Ovary 0-13-0-17 (0-15, 1 = 7) x 0-11-0-18 (0-15, n = 7), spherical to ovoid,
approximately halfway along body, median or almost so, posteroventral to base of
cirrus sac. Mehlis’ gland anterodorsal to ovary. Oviduct receives Laurer's canal then
vitelline duct as it passes to ootype. Uterus looped between caeca from base of cirrus
sac as far posteriorly as 2nd testis. Metraterm 0-91-1-51 (1-25; n = 7), long. initially
a narrow muscular tube arising close to level of base of cirrus sac. then passing
posterad into dilated region, bearing numerous spines internally. then turns anterad
to lie along left-hand side of cirrus sac, then ventral to cirrus sac just before reaching
genital pore; spinous region of metraterm tapers towards genital pore and spines,
which, in mature specimens, are not as large as those in cirrus. decrease in size
anteriorly and do not extend quite to genital pore. Eggs numerous, thick-shelled,
0-042-0-047 (0-045. n =7) x 0-035-0-04 (0-037, n = 7). Laurer’s canal con-
voluted, opening to one side of dorsal midline, enters Mehlis® gland posteriorly
where it gives off large seminal receptacle which extends well posterior to Mehlis’
gland. Vitellaria consisting of numerous small follicles external to caeca. in lateral
field on each side from level of base of cirrus to slightly anterior to 2nd testis, or may
extend almost to end of 2nd testis; collecting duct from each side enters vitelline
reservoir in posteroventral region of Mehlis’ gland.

Excretory stem dorsal, median, running from just posterior to ovary to dorsal
median subterminal excretory pore: other details not worked out.

Discussion

From published descriptions, it is clear that O. amphiorchis is quite variable with
respect to some of its morphological features. Looss (1902) and Caballero y C.
(1962) state that the metraterm is always longer than the cirrus sac, whereas
Yamaguti (1934) observed that, depending on the specimen, either structure could
be the longer. In Australian material the cirrus sac is usually, but not invariably,
longer than the metraterm.

The distribution of vitelline glands is quite variable. They normally lie in lateral
fields from the level of the posterior half of the cirrus sac to slightly anterior to the
second testis. In some Australian specimens the vitellaria extend to the posterior end
of the second testis. Fischthal and Acholonu (1976) had three specimens of O.
amphiorchis: in one, the vitellaria extended to the posterior end of the body, and in
the other two they extended about midway between the second testis and the end of
the body. Most authors speak of breaks in the vitelline fields, so that up to nine
groups of follicles may be apparent. However, most (e.g. Looss 1902; Caballero y C.
and Zerecero 1950) also point out that this is very variable, and some specimens
display unbroken lateral fields. None of the Australian specimens showed clear
breaks in the lateral fields.

Simha ez al. (1971), in an abstract, reported a new species of Orchidasma from the
intestine of Eretmochelys imbricata in India. They did not figure or name the worm,
and the only morphological data given were that ‘the species is characterised by the
presence of a spined cirrus and the vitellaria extending from the middle of the second
quarter of the body to the caudal end’. Neither of these features can distinguish their
species from Orchidasma amphiorchis, in which the cirrus is spined, and the vitellaria
commonly start in the second quarter of the body and, as reported by Fischthal and
Acholonu (1976), may also reach the posterior end of the body.

Rao (1973) applied the name Orchidasma indica to the species reported by Simha
et al. (1971). In the same paper. he proposed another species. Q. vitelloconfluens, in
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which the cirrus sac crosses the metraterm and the vitellaria are confluent in the
dorsal midline for a short region at the level of the ovary. It is no surprise that the
cirrus sac and metraterm should cross in some specimens, as the metraterm normally
lies ventral to the cirrus sac distally. Linton’s (1910) fig. 24 shows an excellent
example of this. Pressure applied to a specimen during flattening could well lead to
the terminal genitalia appearing as in fig. 1 of Rao (1973).In O. amphiorchis it is rare
for the vitellaria to extend between the caeca; however, Caballero y C. (1962)
reported that this sometimes happens. In O. vitelloconfluens the vitellaria meet
dorsally for a very short distance only. The characters discussed by Rao (1973) do
not seem to merit the erection of a new species.

Braun (18994) found a young specimen of Orchidasma amphiorchis in a tube of
Amphistoma grande from the Brazilian freshwater chelonian Podocnemis expansa. 1t
is unlikely that a parasite otherwise known only from marine turtles should also
occur in a freshwater species. However, it is impossible to be certain whether or not
the specimen seen by Braun had been mislabelled. Dollfus (1937) implies that
Podocnemis expansa is an accidental host for Orchidasma amphiorchis.

There is no previous record of Orchidasma amphiorchis from Australia.

Family BRACHYCOELIIDAE

Cymatocarpus solearis (Braun)

Distomum soleare Braun, 1899, pp. 629-630.

Cymaiocarpus solearis (Braun, 1899} Braun. 1901, pp. 22-3, fig. 8 (Chelone miydas).

Cymatocarpus undulaius Looss, 1899. pp. 711-12, figs 32-34 (small intestine. Thalassochelys corticata
= Caretta caretia. Abukir. Mediterranean coast of Egypt): Linton, 1910, pp. 26-8. figs 15-22
(intestine. Caretta caretta, Dry Tortugas, Florida): Pratt. 1914, p. 426 (duodenum. Caretia caretia.
Florida); Dollfus, 1927, pp. 1352-5. fig. | {metacercariae encysted in muscles of Pagurus tincior,
Persian Guif); Luhman, 1935, p. 274 (Caretia careia, Tortugas, Florida). Oguro, 1942, p. 164
(Caretta olivacea = Lepidochelys clivacea, Kurio, Yakusima and Naha, Okinawazima, Japan),
Caballero y C., 1959. pp. 159-66. figs 1, 2 (small intestine. Chelone mydas. Acapulco, Mexico):
Caballero-Rodriguez, 1960, pp. 62-6. figs 21-22 (redescription of specimen reported by Caballero
y C., 1959).

Hosts. Carctta careita, Lepidochelys olivacea, Chelonia mydas.

Site in host. Intestine, especially small intestine.

Geographical distribution. Mediterranean Sea, Persian Gulf, Florida. Pacific coast
of Mexico, Japan, Australia.

Specimens Examined

As whole mounts: 4, from intestine, C. careita, Tortugas. Florida, ].vii.1906. Linton. 1 slide.
USNMHC No. %444 (see Linton 1910); 1, from cyst, C. caretta, 2.vi.1912, Pratt. USNMHC No. 36502;
1. from upper small intestine, C. careita, Shark Bay, W.A.. 4.vii.1979, Blair and Lester: 8. from small
intestine. same data but 2 hosts, 5.vii.1979: 1. from first part intestine, C. caretia (nesting female), Mon
Repos. Bundaberg, QId. 17.i.1979. Limpus.

As spirit specimens: 75, tube labelled *Cymatocarpus sp. Hafskoldpadda in intest., Tortugas. Pratt leg’.
NHR No. 101; 17. from upper small intestine, C. caretza, Shark Bay. W.A., 5.vii.1979. Blair and Lester;
34, from first part intestine, C. caretta nesting female, Mon Repos, Bundaberg, Qld. 17.i.1979, Limpus.

As sectioned malerial: 2 as transverse serial sections, 1 as sagittal serial sections, upper small intestine,
C. caretta, Shark Bay, W.A., 5.vii.1979. Blair and Lester.

Specimens Deposited
2. from small intestine, C. caretta, Shark Bay, W.A., 5.vii.1979, SAM Nos V3061-2; 2. same data but
different host, QM Nos GL698-9.
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Description ’ ’
Body elongate, 2-55-5-69 (3-80, n = 10) x O~87—1.-45 (-t n = 10), spatt(ljld‘te
in rela;(ed specimens, broadest a short distance behind oral suc.ker. rounqe 2;1{
anterior end and tapering gradually towards bluntly rounded posterior end (Fig. 22),

LishRis ) ) ) o .
Figs 22-24. Cymatocarpus wdwkedns. 22, whole mount: 23, ventral view of terminal genitalia, showing

ith ci ite spi 3 a: GP.
structures within cirrus sac: 24, same. but with cirrus everted through genital pore. B spmoula burs
genital pore; M, metraterm; R, ring of spines in cirrus: TF, transverse folds in cirrus wall.

dorsoventrally compressed. Tegument thick, bearing numerous tiny spmesoox;ir
entire surface. Oral sucker small, 0-18-0-26 (0-22, n = 10) x 0-20-0-31 ( ul.o.
n = 10); oral opening subterminal ventral; pharynx small, 0-07-0-13 (01, n'= )
x 0-08-0-14 (0-11. n = 10); oesophagus 0-36-1-51 (0-90, n = 10) long, fldrro»:;j
muscular, surrounded by glandular cells especially numerous toward§ posterior en d
caeca short, broad, pyriform, arising a short distance anterior to genital opf':rllmg akner
passing posterolaterally to terminate anterior to ventral suc}ke.r. Ventral suc :
small, 0-18-0-26 (0-21, n = 10) x 0-18-0-28 (0-22, n = 10), in 2nd quarter 9

body.
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Testes a pair, each 0-17-0-25 (0-20, n = 10) x 0-19-0-28 (0-23, n = 10),
oblique, in 3rd quarter of body, separated by folds of uterus, spherical or almost so.
A sperm duct leaves anterior end of each testis and passes separately to enter base of
cirrus sac. Cirrus sac large. curved. arising in midline at level of ovary, then curved
round left side of ventral sucker to open at genital pore, median or just to right of
midline. immediately anterior to ventral sucker. Internal seminal vesicle usually
bipartite. within basal 1 of cirrus sac. then short prostatic duct opening into cirrus
which occupies 34 of cirrus sac: cirrus muscular, sometimes shortened by numerous
transverse folds along its proximal half (Fig. 23): lumen lined with a ring of spines
about halfway along its length and bearing 5-7 spinous bursae near distal end, most
typically arranged with 2 larger bursae dorsally and 3—4 smaller ones ventrally (Figs
23. 24). Bursae evaginated in everted cirrus (Fig. 24).

Ovary spherical to ovoid. 0-11-0-18 (0-13.n = 10) x 0-14-0-19(0-16,n = 10),
on left side of midline at beginning of 2nd half of body. anterior to testes. Mehlis’
gland posteromedial to ovary. Oviduct arises on medial face of ovary, passes into
Mehlis’ gland and receives Laurer’s canal and vitelline duct. Uterus arises
posteroventrally. sometimes initially containing sperm. then passes posterad between
testes to form descending limb looped on left side of midline and reaching aimost to
posterior end. then ascending limb on right side of midline and entering muscular
sac-like metraterm just posterior to ventral sucker; metraterm surrounded by
glandular cells visible in sections, passes around right side of ventral sucker to
genital pore. Eggs in utero 0-023 x 0-012 (n = 10). Laurer’s canal opens in dorsal
midline posterior to ovary. passes into Mehlis’ gland and gives off duct to large
seminal receptacle posterior to ovary. Vitellaria small, forming a series of clusters
(sometimes indistinct), ventral, in lateral field commencing slightly anterior to caecal
junction on each side, 9 clusters in line extending to just anterior to ovary on left side
and 11-12 clusters extending to just anterior to first testis on right side but
sometimes with gaps or other variations on this side. Vitelline duct from each side
enters vitelline reservoir in ventral region of Mehlis’ gland.

Excretory stem conspicuous in sections, cylindrical except where compressed by
other organs. median, arising posterior to oral sucker and passing to distinct
sphincter at terminal excretory pore. Tributary ducts or branches not seen.

Discussion .

In a paper published on 25 November 1899, Braun (1899b) described Distomum
soleare from specimens in the collection of the Vienna Museum. The host was
Chelonia mydas. but no other collection data were given. Later Braun (1901) placed
D. soleare in the genus Cymatocarpus Looss and compared it with Cymatocarpus
undulaius described by Looss in a paper published on 28 December 1899
(information on dates in Index-Catalogue of Medical and Veterinary Zoology).
Braun (1901) and Looss (19018, 1902) considered the two species to be distinct from
one another largely on the basis of the size of the body, internal organs and eggs.
Braun did not observe the spinous bursae in the cirrus of his specimens, and stated
that he could not see the metraterm (although something resembling this latter
structure is figured by him (Braun 1901) and possibly mistaken for part of the male
genitalia). However. as he had only a few small and badly preserved specimens.
Braun could have missed seeing or correctly interpreting these structures. Neither
Braun nor Looss observed a ring of spines in the cirrus of their specimens.
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Common collecting duct from each side enters ventral region of Mehlis' gland where
they become greatly dilated to form transverse crescentic vitelline reservoir.

Excretory system not fully worked out. Apparently 4 vessels emerge from plexus
of ducts in pharyngeal region and pass posterad, 2 pairs submedian. medial to caeca
for most of length, and 2 pairs closer to lateral margins. lateral to caeca: Jateral ducts
bear numerous diverticula and occasionally anastomose with submedian ducts
which unite posterior to testes to form central excretory stem which opens through
terminal excretory pore.

Discussion

Rudolphi (1819) described Distoma gelatinosun from Chelonia mydas from
Rimini on the Adriatic Sea. Dujardin (1845) and Diesing (1850) were the next
authors to mention the species, but apparently they both confused Rudolphi’s
species with some other form (Braun 1901). Dujardin (1845) repeated the original
description, and supplemented it with observations on fragments of worms from the
Vienna Museum. Diesing (1850), working in Vienna, described under the name of
Distomum gelatinosunm worms from the Amazonian chelonian Podocnemis expansd,
collected by Natterer. Braun (1901) could find no specimens of D. gelatinosum in the
Vienna collection and concluded that both Dujardin and Diesing had made errors in
identification. Possibly unaware of Braun's views, Viana (1924) and Travassos ef al.
(1969) have included Rhytidodes gelatinosus in their lists of trematodes from Brazil.

Pratt (1914) distinguished his new species, R. secundus, from R. gelatinosus
apparently solely on the basis of body size. Looss (1902) had given the size range of
the species as 13-28 mm, describing the largest specimens as being stretched and
compressed. Pratt’s description was based on 27 specimens all between 4 and 9 mm
Jong. the largest of which were mature. Later authors generally regarded R. secundus
as a synonym of R. gelatinosus, arguing that size alone was not a good basis for the
separation of species (Caballero-Rodriguez 1960; Bilgees 1974). The present authors
have specimens in two ranges of size (see Table 2). a single relaxed and extended
specimen 17-13 mm long, and six rather contracted specimens ranging from 5-87 to
7-9 mm long.

Simha and Chattopadhyaya (1969) proposed the name Riiptidodes indicus for
three specimens from Eretmochelys imbricata from India. Diagnostic features given
for this species were as follows: (1) The presence of a long muscular cirrus (small in
the type-species). The figure of R. indicus shows an apparently compressed whole
mount with the cirrus protruding. However., Looss (1902) observed that the
ejaculatory duct was everted in his compressed specimens, and in the compressed
specimen figured by Bilgees (1974) the ejaculatory duct is everted. The degree of
protrusion of the gjaculatory duct or cirrus (which presumably Simha and
Chattopadhyaya took as an indication of cirrus length) in compressed material
cannot be accepted as a specific character. (2) The presence of a sucker-like structure
posterior to the posterior testis. Concerning this, Simha and Chattopadhyaya (1969)
said ‘The exact nature and function of this structure could not be assessed’. From
their description and figure, it is scarcely possible to make any useful comment.
(3) The presence of a ventrolateral and a dorsolateral ridge on each side of the oral
sucker. In R. gelatinosus the oral sucker bears a ventrolateral expansion on each side
and a transverse dorsal ridge (Figs 28, 29), the latter extending onto the dorsolateral
regions in such a way as 10 appear as 4 dorsolateral lip in flattened whole mounts.
Only in unmounted specimens can the true nature of the dorsolateral ridge be seen.
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A number of authors have commented on the distribution of vitellaria in R.
gelatinosus. There is usually, but not invariably, a break in the vitelline field at the
level of the ovary. Other breaks sometimes occur at the level of either of the testes.
Caballero y C. (1954) speaks of the vitellaria being arranged in four or five lateral
groups. This is clearly a variable feature in R. gelatinosus and may depend in part on
the degree of contraction of individual specimens.

Table 2. Dimensions of Rhytidodes gelatinosus from C. caretta
All measurements in millimetres

Extended specimen Contracted specimens

Mean - Range N
Bady, length x width 17-13x1-61 6-80x1-35  5-85-7-90x1-19-{-54 6, 6
Oral sucker,

length x width 0-46x0-74 0-38x0-58  0-35-0-41 x0-50-0-71 5.6
Pharynx, length x width 0-22x0-24 0-22x0-16  0-18-0-24x0-15-0-17 4,5
Oesophagus, length 2-4 0-78 0-58-0-90 5
Ventral sucker.

length x width 0-38x0-42 0-29x0-34  0-23-0-32x0-30-0-37 6, 6
Cirrus sac, length

x width 0-53x0-42 0-35%0-31 0-30-0-37 x 0-24-0-40 6. 6
Ovary, length x width 0-19x0-33 0-15x0-22  0-14-0-18x0-18-0-26 6, 6
First testis, length

x width 0-74x0-33 0-34x0-39  0:29-0-40x0-33-0-42 6. 6
Second testis, length -

x width 0-89x0-38 0-40x0-33  0-28-0-44 x0-28-0-36 6, 6
Egg. length x width 0-067x 0-035 0-063-0-066 x 0-035-0-040
Locality Mon Repos, Qid Shark Bay, W.A.

Date 19.xii. 1976 5.vii.1979

Looss (1902) reported that the genital pore opens on a small bulge just in front of
the ventral sucker. Pratt (1914) could see no such structure. Other authors appear to
have made no mention of this feature. In the Australian material, there is a bulge in
front of the ventral sucker, but this lies mostly to the left of the genital pore.

This is the first record of R. gelatinosus from Australia. The species was included
in Johnston's (1912) *Census of Australian Reptilian Entozoa® (see also Ernst and
Ernst 1977), but the specimens referred to had been collected in New Guinea by
Dahl (see Braun 1901).
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The relationship between tissue weight # and shell length / was determined for the unparasitized scallops
in each sample using the equation

log(H') = logla) +blog(/).

The slopes for the samples were compared. and significant differences were found between samples at
Brighton for waste weight. and between samples at Portarlington for muscle and gonad weights. However,
in the former case there appeared to be no systematic differences and in the latter case the increase in the
slopes was not great. The additional reduction in the error mean square that resulted from assuming different
slopes for each sample was small. so that it was considered justified to use the same slope for all samples of the
same tissue. with a considerable gain in sunplicity of analysis. Using the pooled slopes. a theoretical tissue
weight (i) at a standard length of 85 cm was calculated for each sample. Seasonal variations in the adjusted
weights were assumed to follow the form:

log (w) = A4 + Beos[2m(T — T,)i12}
= A+ Ccos(2rnTi12) + Dsin(2aT:12).

where T'is the month of the year. 4 isa constant non-seasonal term. Bis the amplitude of the variation and T,
is the month of highest weight. The data from the four different areas were combined. The values of 4. Band
T, were estimated by finding the regression of log(y') against cos{2n7:12) and sin{2r 7;12). The data from the
parasitized scallops were analysed in the same way.

Hypotheses on the equality of parameters were tested by the following method: the sum of squares of
deviations and error mean square were calculated assuming the parameters to be different. The sum of
squares of deviations which resulted when the hypothesis was assumed to hold was calculated and the
increase in the sum of squares of deviations was divided by the additional degrees of freedom. This mean
square was compared to the error mean square by means of F-tables to give a significance probability. small
values of which caused rejection of the hypothesis.
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Results

As expected. the gonad weights of uninfected scallops showed marked seasonal
variation (Fig. 1. o). the peak in August coinciding with the onset of the spawning
season. The weights of parasitized scallops (Fig. 1. @) also showed seasonal variation
but peaked in January. The muscle weights of uninfected scallops (Fig. 2, ¢) showed
little seasonal change. However, the muscles of parasitized scallops (Fig. 2. ®)
underwent a marked fluctuation and were clearly heaviest in September—October. The
weights of the remaining tissue. the waste. of both normal and parasitized scallops were
very variable. There were slight seasonal changes and both appeared marginally
heavier in September-October compared with other times of the year.
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Statistical (F) tests on the amplitudes and phases of the fitted curves showed no
significant differences between the four locations in the bay: however, scallops from
Brighton and Point Cook were generally heavier (for the same length) than scallops
from Portarlington and Altona.

The histological sections showed that the parasitized gonads contained sporocysts
throughout the year. The proportions of parasitized scallops that contained cercariae,
the next stage in the life cycle of the parasite. are given in the following tabulation:

Month JFMAMJJASONDJFM
No. examined

per month 3 7 5 6 13 8 12 14 8§ 10 5 3 6 2 5
Proportion

with cercariae 1.0 1-0 1-0 1-0 0-8 0-9 0-8 0-7 04 ¢ 0 0 1.0 1-0 08

Cercariae were readily seen within sporocysts collected in most seasons but were absent
in October. November and December. The tabulation includes data from very light
infections in March. May. June. July and October in which little gonad was destroyed.
Sporocysts in these infections contained no cercariae and were believed to be relatively
new. The tabulation also includes two cases in the August sample where the cercariae
were apparently dying.
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About one-third of the parasitized gonads were red. Others were orange or
brownish pink. Red gonads occurred in all months of the year including October.
November and December. The colour was unrelated to the state of maturity of the
parasite.

Discussion

The lack of cercariae and the presence of dying cercariae suggested that there was
little cercarial production between August and December. During this time the
parasitized gonad greatly increased in weight. from a minimum in July to a maximum
in January. This was evidently due to an increase in the biomass of the parasite as n
histological sections the parasite was seen to 0ccupy the bulk of the organ. The energy
for this increase may have come from the supplies that would normally have been used
10 develop and maintain the host gonads through the spawning season (September—
November).

During the spawning season the muscles of parasitized scallops were heavier than
normal. An abnormal increase in size has been reported in many molluscs with
trematode infections (see Cheng 1967). However. in the scallop the trend did not
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| continue and the muscle weight began to drop in January prior to the production of
cercariae. Over the following 6 months while cercariae were being produced. the
average weight of the muscle fell below that of unparasitized scallops. perhaps

reflecting a strain on the energy resources of the host.
The red colour of parasitized gonads, as it was not related to the state of maturity of

the parasite. may be a reflection of the age of the infection.
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Description of and observations on Grillotia branchi n.sp., a larval
trypanorhynch from the branchial arches of the Spanish mackerel

Scomberomorus commersoni

Faizah Mohd SHAHAROM?* and R.J.G. LESTER

Department of Parasitology. University of Queensland. St. Lucia. Brisbane, 4067, Australia

Summary

A new species of trypanorhynch is described from
blastocysts found within the gill arches of Scom-
beromorus commersoni caught off eastern Australia.
It differs from other members of the genus in having
9 to 10 hooks per principle row. scattered inter-
calary hooks that merge with the band of small
hooks, and a well-developed basal armature, Devel-
oping stages were found both within and outside
branchial blood vessels. Thousands of fully devel-
oped blastocysts were within the gill arches.
Around and between them was fibrous tissue,
haemorrhage. and evidence of chronic inflamma-
tion.

Introduction

During a survey for marine parasites. fishermen
drew attention to larval tapeworms in the narrow-
barred Spanish mackerel Scomberoniorus commer-
soni (Lacépede). The most obvious worms, oc-
curring in the body-cavity. were a species of
Prerobothrium. Further examination of the fish
revealed large numbers of a second much smalier
species within the gi}l arches. These. members of the
genus Grillotia, were of interest for several reasons.
They represented a previously undescribed species.
they appeared adversely to affect their host, and. as
they were not distributed uniformly over the host’s
range, they were potentially valuable as a ‘biologi-
cal tag’. About 20 species of Grilloria have been

* Present address: Division of Fisheries and Marine Science.
University Pertanian Malaysia, Serdang. Selangor. Malaysia.

described. None has previously been reported from
Scomberomorus.

The description given below is based upon the
metacestode as adults were not available for study.
However, the scolex was well developed in the larva
and it i1s the features of this organ that are used
primarily for separating members of the genus. The
description and diagnosis are followed by observa-
tions on the biology of the larva and on the
interaction between it and its host.

Material and methods

Parasites were collected from 28 Scomberomorus
commersoni caught off eastern Australia, and five
off Pulau Ketam, Malaysia. As only the head of the
fish was available for dissection in some cases. all
fish sizes are given in terms of head length (distance
from tip of jaw to posterior edge of operculum:
x mm). These can be converted to fork length
(» mm) using the formula y =450 4 2.8 x which
was calculated from measurements of 25 fish.
The branchial arches from one side of each fish
were removed, measured, and the number of meta-
cestodes present estimated by counting the cysts in
10 mm of each gill arch. Representative scolices
were excysted by dissection. relaxed in tap water for
30 min and fixed in 107, formalin. Whole mounts
were stained with haematoxylin. Histological sec-
tions of gill arches were stained with haematoxylin
and eosin (H & E), Prussian blue and Van Gieson.
Drawings were done using a camera lucida. Mea-
surements are in micrometers unless otherwise
stated. The mean is followed in parentheses by the

. :
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Figs. 1 1o 5. Fully developed metacesiode of Grillatia branchi n.sp.
Fig. 1. Scolex. Bar = 100 pm.
Fig. 2. Internal surface of tentacle (twisted at level of metabasal armature to show part of bothridial surface). Bar = 50 ym.
Fig. 3. Bothndial surface. Same scale as preceding figure.
Fig. 4. External surface. Bar = S0 pm.
Fig. 5. Antibothndial surface. Same scale as preceding figure.
Figs. 6 10 & Developing metacestodes of G. branch.
Fig. 6. Most immature form found Bar = 500 ym.
Fig. 7. Anterior end of most immature form. Bur = 10 pym.
Fig. 8. Antenor end of a later stage showing invagination and area of development of future scolex. Bar = 500um.
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U.S.N.M. Nos. 76386-7. Three paratypes. B.M.
(N.H.) Accession Nos. 1981.3.8.1-3. Three para-
types, Queensland Museum, Brisbane, Australia,
Col. Nos, GL4-6.

Other observations

Metacestodes were found in various stages of devel-
opment. What appeared to be the youngest stage
was a cylindrical whitish worm about 2.5 mm in
length with a muscular sucker at the anterior end
(Figs. 6, 7). This was found within one of the blood
vessels. The next stage. found both within and
around blood vessels, was an elongate worm up to
10 mm in length with signs of a developing scolex at
the anterior end (Figs. 8, 9). Bothridia formed
before tentacle bulbs and tentacles. By the time the
scolex was fully developed a thin capsule had
formed around the worm (Fig. 9). With time. the
worm evidently decreased in size and, in so doing.
caused the capsule wall to crinkle, so that eventually
the worm was reduced to a small opaque mass lying
in- clear gelatinous material within a tough horny
wrinkled capsule.

Black pigment. possibly melanin, was laid down
around cysts and this made them visibie through
the translucent walls of the intact gill arch (Fig. 10).
Histological sections showed that the cysts were
packed together filling most of the cavity within the
arch (Fig. 11). Fibrous tissue was present around
the cysts especially in the ventral part of the cavity,
and there were areas of extensive cellular infiltra-
tion suggesting inflammation. Masses of brown
material that stained positive with the Prussian
blue test were evidently haemaglobin breakdown
products from earlier sites of haemorrhage. The
bone of the gill arch adjacent to cysts was eroded.

The parasites were abundant in the fish. In 23 fish

- from Point Lookout, mean head length 190 (range

140 to 250) mm. there were estimated to be an
average of 1800 (80 to 5900) parasites per fish (Fig.
12). In 5 fish from Cairns. mean head length 180
(150 to 190) mm there were 1250 (390 10 2400) per
fish, and in 5 fish from Pulau Ketam. Malaysia,
(head length 160 (150 to 210) mm) there were 65 (26

F.M. Shaharom and R.J.G. Lester )

to 150) parasites per fish. In all samples there was a
weak but significant positive correlation between
parasite abundance and fish size (Fig. 12).

Discussion

The developing stages of G. branchi resemble those
of Lacistorhynchus 1enuis described by Dollfus
(1942) and Mudry & Dailey (1971). and Gilquinia
squali by Mackenzie (1975). According to Dollfus
(1942), as the scolex of L. tenuis develops there is a
decrease in cyst size resulting in the formation of
ridges in the walls of the pyriform blastocyst. This
corresponds o the features observed in this study

Smm

Fig 11. Diagram of section of gill arch showing metacestodes
(p). gelatinous matrix {m). blastocyst walls (w), and areas of
haemorrhage (h). Other symbols: a. afferent artery; b. bone;
c. connective tssue; g, gills: n, nerve: v, blood vessels.
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The taxonomy of the family Paramphistomidae Fischoeder, 1901 with special
reference to the morphology of species occurring in ruminants.

1. General considerations*®

S.L. EDUARDO**

Commonwealth Institute of Parasitology***, 395A Hatfield Rd.. St. Albans. Hertfordshire, ALH OXU.

England

Summary

The various published schemes of classification of
the family Paramphistomidae Fischoeder, 1901 are
reviewed. The morphological and histological char-
acters employed in the classification of paramphis-
tomid trematodes of ruminants are discussed and
assessed. The value of histological details (Nés-
mark’s system) and of tegumental papillae as spec-
ific characters is recognized. Different types (some
.pew) of acetabulum, pharyvnx and terminal genita-
lium (newly defined) in median sagittal section are
defined and illustrated and a key to their separation
is provided. Various types of lining and muscular
development of the oesophagus are illustrated and
scanning electron photomicrographs of the dif-
ferent types of tegumental papillae observed on the
anterior region of some species are provided.

Introduction
The family Paramphistonidac

The family Paramphistomidae was established by
Fischoeder (1901. 1902, 1903) for two new sub-
families, Paramphistominae and Cladorchiinae.
Stiles & Goldberger (1910) erected the superfamily
* Part of a thesis approved by the University of Londoen for the
award of the Ph.D. degree.

** Drecent address: Departmeni of Parasitology & Proto-
zoolugy. Coliege of Veternary Medicine. University of the
Philippines. Diliman. Quezen Ciy. Philippines.

*s* Lormerhy Commonwealth Insutute of Helminthology.

Paramphistomoidea and assigned to it the Par-
amphistomidae Fischoeder, 1901 and two new
families, the Gastrodiscidae and Gastrothylacidae.
They restricted the Paramphistomidae to the sub-
families Paramphistominae Fischoeder, 1901, Cla-
dorchiinae Fischoeder, 1901 and Diplodiscinac
Cohn. 1904. Since then there have been additions tc
and changes in the structure of the family. The
major systems of classification proposed since 191(
are those of Stunkard (1917, 1925), Maplestonc
(1923), Fuhrmann (1928), Fukui (1929), Travassor%
(1934), Nasmark (1937), Southwell & Kirshne'
(1937), Szidat (1939), Skrjabin (1949), Yamagu
(1958, 1971) and Baer & Joyeux (1961). |
Opinions on the scope and subdivision of the
family vary greatly because authors differ widel:
about which characters are of family, subfamily o
generic value. Furthermore, some systems wers
based only on analysis of the literature and not o1
extensive and critical examination of specimens. N¢
single system yet published is entirely satisfactor:
but that proposed by Yamaguti (1971) is the mos
comprehensive and is largely followed in this work
The ten genera and their synonyms in this study ar
therefore arranged as follows:
Paramphistomoidea
Paramphistomidae
Paramphistominae

Paramphistomum
(Syn.: Liorchis,
Srivastavaia)

Calicophoron
(Syn.: Bothriophoron

Gigantocotyle
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Fig. 12. Fish head length v. estimated total number of parasites
per fish. for 23 fish from Point Lookout. (Correlation coeffi-
cient = 0.64))

to pick up infection. Aduit S. commersoni are
and is evidently the way in which the long. white.
cylindrical body is transformed to the wrinkled
cyst.

The occurrence of larval cestodes resembling
procercoids within the gill arches and the positive
correlation between the number of parasites and
fish size indicate that adult fish were continuing
specimens of L. tenuis and G. perelica (paratypes)
predatory fishes feeding almost solely on medium
sized teleosts (Bu. 1973). If one of these is the
source of infection. G. branchi may have a life-cycle
similar to that described by Nakajima & Egusa
(1969) for Calliterrarhynchus gracilis.

The large number of metacestodes packed within
the gill arches may impair the performance of the
fish. The eroded bone revealed in hislblogical sec-
tions would certainly weaken the gill arch but the
effect on the vascular system may be of greater
significance. Immature metacestodes appear 10
break from blood vessels. presumably the afferent
artery and its branches. causing damage to the
vessel walls. Most of the parasites eventually come
to lie within a cavity in the gill arch. Their buik plus
that of the inflammatory tissue that they elicit
during their migration may restrict expansion of the
efferent arteries and cause lymph ducts to collapse.

.

This could result in oedema in the gill lamellae and
affect respiratory exchange.
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4 Grillotia branchi n.sp. on Scomberomorus commersoni

Type host: Sconiheromorus commersoni (27 25 8. 153 25" W). Also found in S. commer-
Site: Encapsulated within the gill arches. Also soni from Cairns, Australia. and Pulau Ketam,
found adjacent to the ventral aorta. Malaysia.

Type locality: Point Lookout. Brisbane, Australia Specimens deposited: Holotype and three paratypes.

ik i

Fig. 9. Biastocysts of G. hranch:. The lower one is helieved 10 be the older of the two. Bar = 2 mm
Fig. 10. Guil arch of S. commerson: infected with G branch. Note the dark areas (a) marhing the positions of the cysts. Bur = 10 mm.
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range. The terminology used to describe the worms
is similar to that used by Dollfus (1942).

Results

Grillotia branchi n.sp. (Figs. | to 5)
Description (Based on 10 mounted scolices from
fully developed blastocysts):

Scolex length 1510 (1120 to 2000): two bothridia
495 (340 to 530) by 330 (100 to 510). each weakly
notched posteriorly and with thickened lateral and
ventral margins. Pars vaginalis 975 (740 to 1350) by
330 (285 to 450): pars bulbosa 340 (285 to 450) by
410 (310 10 600): pars post bulbosa 52 (42 to 68) by
182 (150 to 230) with a posterior involution covered
with spines about 4 long. Tentacle bulbs 330 (285 to
370) by 105 (85 to 120): retractor muscle attached
one third of the way down. Tentacles 1400 (1200 to
1500) by 46 (40 to 55). Tentacle sheaths coiled.

Metabasal armature poeciloacanthus; basal ar-
mature present. In metabasal armature, each half
turn has 9 to 10 hooks: hooks 1 (1’) on inner side
largest. base 24 (18 to 27). length 26 (23 to 31).
height 15 (14 to 16) (Fig. 2). Hooks 2 (2’10 9 (9))
are more slender, less recurved, and gradually
decrease in length from 24 to 14 (Fig. 3. counting
from left to right). Between the 6th and 9th hook
are a group of 5 to 6 intercalary hooks, 7 long.
These merge with the band of smal] hooks, each 6 to
11 long. which runs up the middie of the external
face (Fig. 4). The band is about 5 hooks wide. Basal
armature: on internal surface 6 rows of hooks, the
first 3 weakly recurved, the second 3 more strongly
recurved (Fig. 5). Largest hook base 34, length 37,
height 24. Number of hooks in each half turn 3 to 7.
On external surface, proximal part bears longi-
tudinal rows of spines 6 to 11 in length. Above these
is a field of small hooks each 2 long. covering an
area 46 by 31. On either side are bare areas devoid
of hooks or spines. The basal armature is on a
swollen part of the tentacle 110 (81 to 116) long by
68 (52 to 75) wide. .

Scolices occurred within a tough horny capsule
3 mm wide and up to 12 mm long.

Diagnosis

The presence of the band of small hooks. two
bothridia. and a short acraspedote scolex puts the
helminth into the genus Grillotia. Of the 16 Grillotiu
species where the tentacle armature is known. only
6 have a clearly defined region at the base of the
tentacles where there are modified hooks. These are
G. smmarisgora (Wagener. 1854). G. pseudocrinaceus
Dollfus. 1969, G. microthrix Dollfus, 1969, G. angeli
Dollfus. 1969, G. bothridiopunciata Dolifus. 1969
and G. perelica (Shuler, 1938). G. branchi differs in
many respects from the first five species but is most
easily distinguished from them by the number of
hooks per principal row. G. branchi has 9 to 10 and
these species all have 4.

G. branchi most closely resembles G. perelica. a
species with 10 or 1] hooks per principle row. It
can. however, be readily separated from it by the
intercalary hooks. G. perelica has 7 to 8 intercalary
hooks. quite distinct from the band of small hooks.
and 5 to 6 of them are arranged in a straight line,
whereas those of G. brgnchi merge with the band of
small hooks.and are evenly distributed. In addition.
the first 6 rows of hooks on the internal surface
contain 6 to 11 hooks (versus 3 to 7 for G. branchi).
and the largest hooks in these rows are about the
same size as hooks 1/(1) on the tentacle proper. In
G. branchi the largest basal hooks are 1.5 times the
size of any on the tentacle proper. The area of
spines at the base of the external surface, prominent
in G. branchi. is greatly reduced in G. perelica. and
the retractor muscle is attached at the bottom of the
bulb. not one third of the way down as in G.
branchi.

Dollfus (1969) recognized two subgenera within
Grillotia: Paragrillotia and Grillotia. G. branchi falls
within the former as the intercalary hooks are not
clearly separate from the band of small hooks and
the bothridia can appear non-patelliform. How-
ever. it is easily separated from the two members of
this subgenus. G. sinmonsi Dollfus. 1969 and G.
rowei Campbell. 1977. by the presence of the special
basal armature.
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