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Australian Trematodes have received considerable attention from certain

parasitologists, among whom are to be mentioned especially S. J. Johnston and
W. Nicoll. These authors, however, have confined their attention almost en-

tirely to digenetie species. Of the monogenetic forms no Gyrodactylid has so

far been recorded from Australia; indeed, only two species have been described

from the Southern Hemisphere, viz. Fridericianella ovicola Brandes and Lopho-
cotyle cyclophora Braun from South America. A considerable number of forms
are known from central Eui-ope, mainly as a result of the work of van Beneden
and Hesse, Wagoner, Perugia and Parona, Diesing, Creplin, Wegener and a few
others. A number of species have been discovered in North America, most of

them by MacCallum, while Goto has recorded a few from Jap'an.

In the present paper seventeen new species are described, all from the gills

of Australian marine and freshwater fishes. As was to be expected, these were
found, with two exceptions, to be generically quite distinct from any hitherto

described. Some have proved to be so remarkable that they must fall into a

new family {Protogyrodactylklae) , whilst others cannot be included in any of the

other known subfamilies, as defined by various authoi-s. This has made possible

a considerable extension of our conception of this group of Heterocotylean Tre-

matodes and the opportunity has been taken to suggest a reclassification of the

gi'oup and to incorporate, and to a certain extent rename, some remarkable

species described by MacCallum from North America. This matter has been

rendered very difficult by the imperfect accounts of some of the forms; indeed,

so many essential characters have been omitted from these descriptions, that

it has been found necessary, occasionally, merely to append certain genera to

certain subfamilies or families from which they may have to be removed when
our knowledge of them is more complete.

With the exception of two new species, one assigned to Monocotyle and the

other to Calaeostoma, all the new Australian forms described in this paper fall

into new genera; indeed most of the species considered are so distinct from one

another that they have had to be regarded as new generic types. Since only

a relatively small number of host-species was examined for the presence of

these trematodes, and as the parasites were often present on the gills, especially

in the freshwater forms, in enormous numbers (sometimes as many as a dozen

on a single minute g-ill-filament), it seems that this gi'oup, if more extensively
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investigated, will be found to be exceedingly well represented in our waters, the

existence of such an array of monotypic genera being scarcely likely.

An interesting result of the work is the ^establishment of a totally distinct

and sharply defined subfamily, Lepidotreminae, to include certain genera found

on fishes in the freshwater rivers of Central Queensland (inland drainage system)

as well as closely allied genera ocoumng on oui' mai-ine fishes.

Though the rivers of Central Queensland now belong to an extensive inland

drainage system, they formerly had a commmueation with the ocean. Mr. A.

McCulloeh, Zoologist to the Australian Museum, Sydney, with whom we dis-

cussed this matter, drew our attention to the fact that all Australian freshwater

fishes belong to families which are essentially marine, e.g. most of them belong

to the pei'ch family {Serranidae), others to the Atherinidae, MugUidae, etc., while

the catfishes belong to the Plotosidae {See Tate Regan, Proc. Zool. Soc. Lond., 2,

1909, p. 770, footnote).

Of course there is a large anadromous fish population, e.g. species of

Galaxias, Anguilla, gobies, mullets, etc., but we have not j'et systematically

searched members of these groups.

We might point out tliat almost the whole of the freshwater material dealt

with in this paper came from the Thomson River at Longi'each, Central Queens-

land, —a tributary of Cooper's Creek; and most of the remainder from the

Upper Burnett River which flows into the Pacific. Both collections were made
by Miss M. J. Bancroft, B.Sc, whilst engaged in an attempt to ascertain the

cause of widespread mortality of fish in Queensland waters (Johnston and

Bancroft, 1921).

The types of all the new species described in tliis paper have been deposited

in the Australian Museum, Sydney.

In the present paper there are proposed one new superfamily (Gyrodacty-

loidea) ; one new family {Protogyrodactylidae) ; five new subfamilies' (Proto-

gyrodactylinae, Lepidotreminae, Merizocotylinae, Dionchinae, Protomicrocoty-

linae) ; and seventeen new genera or subgenera. Of the latter, five are based

on .species described by G. A. MaeCallum from North American fish, while the

other twelve are founded on new species described in this paper as infesting

Queensland fish.

These twelve, with their type species, are as follows:

—

Protogyrodactylus

(P. quadratus) ; Trivitellina {T. subrotunda) ; Ancliylo discus {A. tandani)
;

Haliotrema {H. australe) ; Daitreosoma {D. constrietum) ; Empleurosom-a {E.

pyriforme) ; Lepidotnema (L. therapon) ; Flabellodiscus (F. simplex) ; Lepidotes

(L. fluviatilis) ; Empleuro discus {E. angusius) ; Acleotrema [A. girellae) ; Lamel-

lodiscus {L. typicus).

The five new genera proposed for species already known are Diplectano-

trema —for Diplectanum pleurovitellum, MacC; Emprutliotrema —for Acanthocotyle

raiiae MacC; Cathmri-otrema —̂for Monocotyle selachii MaeC; Dionchotrema —for

Acanthodiscus remorae MacC. ; Protomicrocotyle —for Acantho discus mirabilis

MacC. No less than thirty-six genera are herein listed under the new super-

family.

In addition to the seventeen Australian species described as new, fresh

names have been proposed for two others described by MaeCallum from North

American Elasmobranehs, and belonging to the genera AmpMbdella and Mono-

cotyle.

The following table indicates the scheme of classification proposed in the

present paper:
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TEEMATODAHETEROCOTYLEA.

Siiperfamily G Y B D AC T Y L I D E A, n. superfam.

Tliis superfamily includes certaia monogenetic trematodes characterised by
the absence of suckere of the ordinary type, although the higher and more
specialised members of the group may have structures which function as such.

The organ of attachment to its host is a posterior clasping disc which,

may or may not be distinctly mai-ked off from the body of the worm. The
disc is supplied with a hook apparatus which may reach an extraordinary degi'ee

of complexity.

At the anterior end of the parasite (except in the Monoootylidae) are

masses of glandular tissue, which open on the surface by very charactferistic

"head organs," or, in the higher members of the superfamily, by a very large

number of minute ducts, not concentrated in groups. In the Monocotylidae these

glands have apparently disappeared.

The mouth leads into a buccal cavity which may be short or fairly long;

never very long. A pharynx is always present. An oesophagus may be present

or absent. The intestine has one or two limbs, with or without caeca.

Excretory ducts open either at the anterior end or, in some forms, probably

at the posterior end.

Eyes may be present or absent. The nervous system consists of a poorly

developed brain, below or considerably behind the eyes. A pair of lateral nerves,

from which smaller branches arise, are given off from the brain.

The testis is a compact or only slightly lobed organ, single or double, and

never lies anterior to the ovary. The vas deferens may be a simple tube hardly

expanded into a vesicula seminalis, or it may be widely dilated, sometimes

enormously so in the Australian species. A bulbus ejaculatorius may or may
not be present. The ciiTus may range from a simple chitinous tube to a struc-

ture of considerable complexity, wbile an accessory clasping apparatus may
occur.

The ovary may be a branched or unbranched organ, lying either in the

midline or asymmetrically. A vagina may be present (single or double) or

absent, and there may be a receptaculum seminis connected with it.

Shell-glands may vary from simple glandular thickenings of the ootype, to

very prominent glands connected by long ducts with the female duct. The

female aperture usually lies immediately behind the male opening, but some-

times at a considerable distance from it, generally laterally. Never more than

one egg is present in the uterus. The egg may be laid, or it may be retained

in the uteras to develop into a young worm which may, while in utero, produce a

second generation.

The yolk system may be poorly or strongly developed. In the most piimitive

members of the group there is a very distinct communication between the yolk

system and the intestine in the posterior region of the animal.

The members of the group occur, as far as is known, on the gills, nasal

gland, or skin of fishes, both Teleosts and Elasmobranchs.

A>// to families of G;\Todaetyloidea.

A, a. Glandular structures present on head .. B.

b. Glandular structures entirely absent Monocotylidae
B. a. Ducts from the glands concentrated into distinct "head-organs" C.

b. Ducts from glands scattered diffusely over part ofl the head . Caloeostomidae
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C. a. Minute, very robust worms, in which the yolk system has, in addition to the
ordinary transverse duct anterior to ovary, at least one posterior transverse
duct which communicates with the intestine Protogyrodactylidae

b. Slender worms, in which this character of the vitelline system is quite
absent Gyrodactylidae

Family I. PROTOGYRODACTYLIDAE,n. fam.

These are primitive, minute Gyrodaetyloidea, about as broad as long, with

a greatly developed clasping disc bearing two paii-s of relatively very large

clasping hooks and numerous minor hooks which are rather larger than usual.

The cephalic glands open to the exterior by well-defined head-organs. There

is a prominent phaxynx. The intestine is bifui-cated, the limbs ending blindly or

uniting posteriorly. Intestinal caeca absent.

Neither testis nor ovary is branched. There is no vagina. The uterus is

very short. The cirrus is a simple chitinous tube, enclosed in a ciiTUS-sac. The
yolk system is vei7 remarkable in that it consists of numerous long thin "yolk-

tubes," aiTanged in two sets, the one anterior, the other posterior, to the ovai-y.

The transverse yolk-ducts so formed are connected by a longitudinal median yolls-

duet which opens into the ootype. The posterior transveree yolk-duct has a
distinct connection with the intestinal limbs.

Found, so fai', only on the gills of freshwater fishes.

Type genus, Protogyrodactylus J. & T., 1922.

The family also includes Trivitellina 3. & T. Should the discovei-y of other

genera belonging to thei family necessitate its subdivision, then these two, owing
to their close relationship would be included in the same subfamily, Protogyro-

dactylinae.

1. Protogyeodacttlus, n.gen.

Protogyrodactylidae, slightly broader than long; the clasping disc very broad,

not sharply marked off from the body, strongly "padded," bearing four very

large, and twelve minor hooks, the latter rather larger than usual. A veiy short

oesophagus present; the limbs of the intestine not united posteriorly. Four eyes

present, lying above the brain. A single posterior transverse yolk-duct con-

nected with the intestine.

Found on the gills of freshwater fishes.

Type species, Protogyrodactylus quadratics J. & T.

Pbotogybodactylus quadratus, n.sp. (Plate ix., Fig. 1-5; x., Fig. 6.)

The worm is short and thickset, a little broader than long, and about three

times as long as thick. Its length is about .23 nun. On account of the wing-

like expansions of the sides, the head is distinctly mai-ked off from the body

of the animal. Two distinct head-lobes ai'e developed on it.

The disc is very prominent, but is not sharply marked off from the rest

of the body, as is indicated in the section on Plate ix., figure 3. It is provided

with four hooks, two of which are very large, powerful and strongly curved,

the other two somewhat smaller, straighter and more slender. The bases of the

hooks are supported by a transverse chitinous bar, aiiiculating with the ends of

which are (1) a pair of small pieces of chitin, to which the powerful muscles

of the disc become attached in part, and (2) a pair of larger inwardly-directed

chitinous pieces. There are also twelve minor hooks, rather larger than usual,
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ten of which are arranged around the margin of the disc, while the other

two are more centrally situated (PI. x., fig. 6).

The disc has a curiously swollen appeai-ance. In section the swelling is

seen to be due to the presence of a mass of peculiar tissue, apparently syncytial

in nature, arranged as a number of thick masses vertical to the longitudiaal axis

of the animal (PI. ix., flg. 4). This tissue probably acts as a kind of "padding."

The animal is covered with a thin cuticle which undergoes strong ehitinisation

on the disc. Longitudinal and transverse muscle-layers can be distinguished, the

former presenting a marked development on either side of the mid-ventral line

and assuming the form of two very large muscles passing from the anterior end

of the animal backward to become inserted into the hook apparatus of the disc.

The posterior portion of these muscles is further strengthened by the addition of

another pau-, each member of which passes upward, closely applied to the ovaiy,

to become continuous with the longitudinal muscle-layer on the dorsal side.

The mouth is ventral, but not at the anterior extremity. It leads into a

large pharynx which, in turn, opens by a short oesophagus into the intestine.

The latter broadens out posteriorly and ends blindly. Into its anterior end,

close to the oesophagus, there opens, on either side, a mass of elongated glands.

Three pairs of head-organs are also visible at the anterior end, but the corres-

ponding glands could not be seen, probably on account of the large mass of yolk

surrounding them. No trace of excretory system could be recognised.

Of the nervous system only the brain was visible. In close connection with

this are two pairs of eyes, the anterior being smaller and closer together than

the posterior pair. They lie sunk within the body at a distance from the dorsal

surface equal to about one-fifthi of the thickness of the animal in this region.

The testis is a lai-ge triangular organ, situated above and partly behind the

ovary, in the mid-dorsal region (PI. ix., fig. 4). The vas deferens is a short,

wide, rather irregularly bent tube, opening into the large transversely-placed

vesieula seminalis which is connected by a short duct with the cirrus. The

latter is a thin, slightly bent tube, lying in a spacious cavity enclosed by the

cirrus-sac. The male opening lies mid-ventrally immediately beliind the phai-jTix.

The ovary is situated slightly anterior to, and below, the testis. The ovi-

duct or uterus is a short wide tube opening close behind the male aperture.

The shell-gland is only slightly developed, being merely a glandular thickening

of the oviduct. There is no vagina.

The structure of the yolk system is remarkable. There are numerous elon-

gated yolk-tubes which converge in two systems and unite to form two trans-

verse yolk-ducts, one lying in front of the ovary and testis, the other posterior

to them. The anterior system arises by the junction of three minor systems on

either side, which bring the yolk from the anterior, middle, and more posterior

regions of the body.

The posterior transverse duct is formed by the junction of a large number

of "yolk-tubes" from the lateral body regions, posterior to the anterior system;

into this duct there also open a pair of large yolk-ducts (PI. ix., figs. 1, 4) which

bring the yolk from the dorsal region of the animal. From the middle of the

posterior transverse yolk-duct a longitudinal duct is given off, which passes for-

ward beneath the ovary and opens into the ootype. It could not be observed

whether the anterior transverse yolk-duet united sepai-ately with the ootj^pe, or

whether it and the median longitudinal -yolk-ducts had a common duct leading

into the ootype.

The posterior transveree duct possesses a wide lumen and is very remark-
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able in that it is connected by a wide opening with the cavity of the intestinal

limbs (PI. ix., fig. 3).*

The uterus does not contaia more than one egg. The latter is almost
spherical and is provided with a large spime, measuring about .025 mm. in

diameter.

Found, generally in pairs, on the giUs of Therapon carbo Ogilby and
McCuIIoch, and T. Mill Castelnau from the Thomson Eiver, Longreach, Central

Queensland.

2. T Ri V ITELLIN A, n.gen.

Protogyrodactylidae, rather longer than broad; clasping disc sharply marked
ofE from the body and not strongly "padded," bearing four very large, and
twelve minor hooks, the latter rather larger than usual; three pairs of "head-

organs"; oesophag-us absent; limbs of the intestine united posteriorly; four

eyes; beside the anterior yolk system, there are two posterior systems, one of

Avhich is connected with the intestine.

Found on the gills of freshwater fishes.

Type species, Trivitellina subrotunda J. & T.

Trivitellina subrotunda, n.sp. (Plate x., fig. 7.)

This minute organism, measui'ing about .2 mm. in length and .18 mm. in

greatest breadth, is a short, thickset parasite with lateral, somewhat wing-like

expansion, and, except for the presence of the disc, is almost circular in shape.

The posterior two-thirds of the worm generally lie wt'U beneath the surface of

the gill-filament, only the anterior third protruding. The disc projects backward

and is sharply marked off from the rest of the body, differing in this respect

from Protogyrodactylus.

The curious "padding tissue" characteristic of the last-named is absent,

but seems to be represented by a modified parenchyma present at the posterior

end of the animal and consisting of three paired masses, with a smaller mass

between them. The anterior masses approach the intestine, while the posterior

lie within the disc and are closely related to the small hooks on it.

The disc is proportionally large and its posterior part is ornamented with

curious chitin-pieoes. Four large hooks are present, the dorsal pair being the

smaller, and each of the four is supported by a small chitinous rod, giving the

hook a triradiate appearance. The posterior hooks are very large and strongly

curved outwards, their bases being connected by a transverse bar. The base of

each large hook articulates with a small triangular chitin-pieee into which the

muscles of the hook are inserted. Each is supplied with a pair of muscles: (1)

the longitudinal musculature of the body, which runs forward as far as the

pharynx, and (2) a small transverse muscle, which arises from the ventral por-

tion of the disc. The latter is armed also with six pairs of rather large

secondary hooks whose distribution is shown on Plate x., figure 7.

•The presence of a communication between the female system and the intestine lias

been described by Ijima as occurring in certain monogenetic Trematodes ( Polystotnum

,

Diplozoon, Octobothrium). Von Graii found two such connections in the land Planarian,
Rhynchodemus, and one in Pelmatoplana ; Bendl (Zool. Anz., 35, 1909, p. 294) found one
to occur in the Khabdocoele, Phaenocora, while Haswell discovered a genito-intestinal canal
in the Polyolad, Enterogonia pigrans.

Professor Haswell has recently drawn our attention to a paper by Merton (Zool. Anz.,
4,1, 1913, p. 413) in which a remarkable organ called "vesicula resorbiens" by him, is

described as lying in the wall of the intestine of Teinnotcphala setnperi, into which it may
apparently open at intervals, the organ communicating directly with the female ducts.
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The mouth opens ventrally, some distance behind the anterior end. The
long buccal cavity communicates with a pharynx which passes almost vertically

upwards so that, in dorsal view, the latter appears spherical instead of ovoid.

The pharynx opens postero-dorsally into the intestine which is practically a

ring-shaped sinus with a large lumen, lined by a single layer of flattened

epithelial cells. At "either side of the pharynx is a mass of digestive glands

connected with the intestine.

The cephalic glands have undergone a curious change in position owing to

the head being flattened transvei-sely and the glands coming to occupy a position

at the angles of the head. Their ducts consequently pass, not forward, but

inward. Three pairs of head-organs are present. There are two pairs of eyes,

situated well within the body-parenchyma, the anterior pair being very small

and the posterior more than, usually large. The brain could not be distinguished.

No trace of excretory system was recognisable. The ovoid testis lies practically

in the centre of the animal, and antero-laterally gives off a large uncoiled vas

deferens which passes forwards into a transversely-dilated vesicula seminalis.

The cirnis closely resembles that of Protogyroclactylue, as does also the curious

cirrus-sac.

The female genitalia are more difficult to obseiwe. The ovary, which lies

below and somewhat in front of the testis, is strongly elongated transversely.

The uterus appears to be a short duct with a wide lumen. The nature of the

shell-gland could not be definitely made out, but it appears to be merely a

glandular thickening of the ootype. The comparatively large spherical egg

measures about .05 mm. in diameter and possesses a backwardly directed spine.

The vitellaria are of the Protogyrodactylns type, i.e. there are long "yolk-

tubes," converging to form transverse ducts. Of these there are three, not two

as in that genus, one being situated in front of the ovary and the other two
posterior to it. The anterior transverse vitelline duct is formed by the con-

vergence of a very large number of elongated yolk-tubes, occupying the anterior

half of the body. Of thei posterior yolk-ducts, one is situated ventrally, the

other more dorsally. The dorsal posterior transverse duct lies immediately be-

hind the ovai-y and receives the secretion from two systems of yolk-tubes, a

posterior and an anterior, on either side. This transvei-se duct has a com-

munication with the intestine, similai- to that of Protogyrodactylus. The ventral

posterior transverse duct, which possesses no communication with the intestine,

is rather narrower and lies a little behind the dorsal duct. The three transverse

yolk-duets are joined by a common median duct, running below the ovary and
apparently opening into the ootype.

Found on the gills of Therapon fuliginosus Maeleay, from the Thomson
Elver, at Longreach, Central Queensland.

Family II. GYRODACTYLIDAEVan Beneden and Hesse, 1863.—emend. J. & T.

(Syn. Amphibdellidae Carus, 1885.)

These are elongated Gyrodactyloidea with well developed clas.piiig disc

which may or may not be distinctly marked off from the remainder of the body,

and may, in the highest members of the group, bear suckers. The disc bears

large and small hooks, sometimes forming a ehitinous armature of great com-

plexity.

Cephalic glands are preseoit and always open to the exterior by means of

well defined head-organs.

The pharynx may be large or small; the intestine single or with two limbs,
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with or without ca«ca. Eyes may be present or absent. Both testis (always

single) and ovai-y are unbranehed organs which may be situated laterally or in

the midline. The vesieula seminalis may undergo enormous distension. The

chitinous penis may be simple or very complex. The vagina may be present or

absent, single or double. The vitellaria are never in the form of elongated con-

,
verging "yolk-tubes" and there is never any connection with the intestine.

Key to suhfamilies of Gyrodactylidae.

A. a. Adhesive disc provided with numerous small suckers Merizocotylinae

b. Disc devoid of such suckers B.

B. a. Disc provided with a pair (dorsal and ventral) of accessory structures,

consisting of concentrically arranged rows of scales or broader lamellae . . .

.

LepidotreTthinae

b. Disc devoid of such structures C.

C. a. Disc with four large hooks Tetraonchinae
h. Disc with two large hooks Gyrodactylinae

Subfamily I. GYRODACTYLINAEMonticelli, 1892—emend. J. & T.

Gyrodactylidae in which the disc is distinctly marked oif from the rest of

the body, and bears two large hooks, with fourteen or sixteen minor hooks. Head
with very distinct lobes related in position to the head-organs. Eyes present or

absent. A prominent pharynx. The intestine bilobed and devoid of caeca; a

posterior communication between the limbs present or absent. Ovary and testis

unbranehed organs. The penis a fairly simple chitinous tube. Accessory copu-

latoi-y sti-uetures may be present. A vag'ina present or absent.

Found on the gills of freshwater and marine fishes.

3. Gyeodactylus Nordmann, 1832.

Gyrodactylinae in which the disc bears two lai-ge and sixteen minor hooks.

A single paii' of head-lobes present ; no eyes ; intestinal limbs end blindly. Vagina
absent; the wona may be vi\'iparous. Gonads situated just behind the middle

of the body.

Found on the gills of freshwater fishes.

Type, G. elegans Nordm., 1832., from Cyprinus and many other European
freshwater fish.

The following species belong to Gyrodactylus: —G. elegans Nordm., 1832;

G. medius Kathariner, 1894; G. ranis Wegener, 1910; G. groenlandicus Levia,

1881; G. fairporti van Cleave, 1921. G. gracilis Kathariner, 1894, is perhaps a
synonym of G. elegans.

No membere of the genus have yet been described from Australia.

4. Dactylogtrus Diesing, 1850.

Gyrodactylinae in which the disc bears two large and fourteen minor hooks,

but the large hooks may undergo considerable diminution in size in some species.

Four head-lobes. Intestinal limbs (usually ?) communicate beiiind. Penis

generally with an accessory copulatory stnieture. Vagina probably always pre-

sent. Gonads situated in, or just behind, the middle of the body.

Found on the gills of freshwater and marine fishes.

Type, D. auriculatus (Nordm., 1832) Dies., 1850.

The genus has not yet been recorded from Australia; Goto and Kikuchi

(1917) have, howevei-, described a form, imder the name D. inversus ^ from
Japan.
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The following species appear to belong to Ba-ctylogyrus

:

—D. parvus Wege-
nef, 1910; t). difformk Wag., 1857; B. fraternus Wegener, 1910; D. minor Wag.,

1857; D. crucifer Wag., 1857; D. cornu Litist., 1878; D. intermedins Wegener,

1910; D. falcdtus (WedL, 1857) Dies., 1858; D. alatus Linst., 1878; D. sphyrna

Linstow, 1878; D. sinvilis Wegener, 1910; D. fallax Wag., 1857; D. macracanthiis

Wegener, 1910; D. amphibothrium Wag., 1857; D. anchoratus (Duj., 1845) Wag.,

1857; ? D. forceps Leuckart, 1857; D. gracilis Wiedl., 1861; D. major Wag., 1857;

D. malleus Linstow, 1877; D. megastoma Wag., 1857; B. m.ollis (WedL, 1857)

Dies., 1858; B. siluri Wag., 1857; B. tenuis (Wedl., 1857) Dies., 1858; B.

trigonostoma Wag., 1857; B. tuba Linst., 1878; B. inversus Goto and Kikuchi,

1917 (Japan); B. d/wjardinianus Dies., 1850; Z>. auriculatus (Nordm., 1832),

Dies., 1850; B. wncinatiis Wag., 1857.

Subfamily II. TETRAONCHINAEMonticelli, 1903.—emend. J. &. T.

(Syn. Biplectaninae Monticelli, 1903; Amphibdellidae Carus, 1885.)

Gyrodactylidae with the cuticle devoid of scaly papillae. The disc either

sharply constricted off from the body, or merging into it directly. Four large

hooks always present. Eyes present or absent. The intestine either a single

median tube, or bifurcated, with the limbs ending blindly or joining up behind.

Intestinal caeca present or absent.

Testis occasionally, ovajt-y never, lobed. Vagina present or absent. Penis

generally simple, occasionally somewhat complex, but never attaining the, extra-

ordinary degree of complexity seen in the next subfamily (Lepidotreminae).

Occasionally an accessory male copulatoi-y stmcture present.

From the gills of marine and freshwater fishes.

This subfamily includes the following genera and subgenera:

—

Anchylodiscus,

n.gen.; Ancyrocephalus Creplin, 1839; Bactylodiscus Olsson, 1893; Biplectaiio-

trema, n.gen.; Tetraonclius Diesing, 1858 (type, genus) ; Amphibdella Chatin, 1874;

Haliotrema, n.gen.; Baitreosoma, n.gen.; Empleurosoma, n.gen.; Tetrancistrum

Goto and Kikuchi, 1917.

Key to genera of Tetraonchinae.

A. 1. Body very distinctly constricted near mid-region B.

2. Body not constricted C.

B. 1. Testis and ovary in posterior region of body: eyes absent; intestinal limibs

not connected behind Haliotrema.
2. Testis and ovary near middle of body: eyes present; intestinal limbs con-

nected behind Baitreosoma.
C. 1. Intestine bifurcated D.

2. Intestine not bifurcated Tetraonchus.
D. 1. Intestinal limbs provided with caeca Tetrancistrum.

2. Intestinal limbs devoid of caeca E.

E. 1. Disc connected with body by a distinct petiole, and developed laterally into

short processes Bactylodiscus.

2. Otherwise " P.

P. 1. Body rather long and slender; intestinal limbs ending blindly G.
2. Body robust; intestinal limbs connected behind .. Empleurosoma.

G. 1, Yolk system confined to a region behind the transverse yolk-duct

Amphibdella.
2. Yolk system extending as far as, or almost as far aSj the pharynx H.

H. 1. Yolk system consisting of a longitudinal row of separate yolk-glands.

Biplectan o trsma.
2. Yolk system continuous on each side I.

I. 1. Vagina absent Anchylodiscus.
2. Vagina present Ancyrocephalus.
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5. A N c H y L o D I s c u s, n.gen.

This genus is characterised by the occurrence of fear very large hooks on
the clinging disc, together with fourteen minor hooks scattered over it. Three
pairs of head-organs. Four eyes, the anterior pair farther apart than the

posterior. Pharynx large and rounded. Intestinal limbs end blindly. Vesieula

seminalis not highly dilated. Testis directly above ovary. Penis a simple

ehitinous tube. Shell-glands probably simply glandular thickening's of the walls

of the oviduct. Vitelline system very well developed. Egg of relatively enor-

mous size.

Found, so far, only on the gills of Siluroid fishes in Queensland.

Type species, Anchylodisnus tandani J. & T.

Anchylodiscus tandani, n.sp. (Plate x., figs. 8, 9; xi., figs. 10, 11.)

This pai-asite is rather small, but thick-set, measuring about .3 mm. in

length, .06 to .08 mm. in breadth.

The head-end is indistinctly marked off from the remainder of the animal.

The disc (PL x., fig. 9), which is very prominent and fairly sharply marked
off from the body, is armed with four relatively vei-y large hooks, each slightly

bifurcated basally, the bases of each pair of hooks being joined by a simple

eross-bar. The edge of the disc is prominently lobed to form partial supports

for the laxger hooks. Fourteen minute hooks ai'e filso present.

Of the body musculature the outer circular and delicate internal longitudinal

layers are visible. The longitudinal layer of the posterior end is strongly deve-

loped to form the musculature supplying the disc.

Three pairs of head-organs are present. Anterior to the median pair, the

"head" possesses a pair of small but distinct lobes. The cephalic glands lie

laterally to the anteiior pair of eyes.

The mouth appears to open ventrally, but could not be definitely observed.

The pharynx is prominent, its anterior portion lying immediately behind the

posterior pair of eyes. There is a definite oesophagus of moderate length. The
bifurcated intestine ends blindly. Unicellular glands are visible in the pharynx.

There is also a pair of prominent glands situated on either side of the oesop-

hagus.

No trace of the excretory system could be recognised. Of the nervous sys-

tem, only the brain was visible, lying immediately between the eyes. The latter

are very lai-ge and prominent and are situated in the body parenchyma, im-

mediately below the body wall. Their arrangement differs from that of most

other Gyrodactylids in that tlie smaller anterior eyes are farther apart than the

posterior.

The reproductive organs are of a rather simple type. The testis is elongated

and lies dorsally to the ovary, reaching from well in front to a short distance

behind it. The vas deferens arises from it laterally, passes in the dorsal region

of the body almost to the right side, then turns forward, inward and downward
to open in the middle line into a large, transversely-placed, renifomi vesieula

seminalis which lies close behind the pharynx. The more anterior portion of

the vas deferens undergoes a slight dilatation a short distance before the per-

manent vesieula. From the latter the vas deferens passes backward as a rather

narrow tube and opens into a small rounded bulbus ejaculaforius, lying at the

base of the cirrus. The latter is a simple ehitinous tube, bent almost into a

complete circle and opening immediately in front of the female aperture.
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The ovary lies in the midline, immediately below the testis. It is slightly

oval and elongated longitudinally. A vagina is absent. The oviduct leaves the

ovary ventrally and travels forward. It has not been observed in whole speci-

mens, but is plainly visible in sections. The shell-glands are represented merely

by a glandular thickening in the uterus along its whole length. The vitellarium

follows the path of the intestine faiily closely. It is very, strongly developed in

the posterior region of the worm, where it occupies practically the whole of the

body. Transverse yolk-ducts open into the oviduct immediately in front of the

ovary. No permanent yolk-reservoir is present.

The egg is of relatively immense size, forcing the other stnictures in its

neighbourhood out of position when it is fully developed (PL xi., fig. 11). The
intestine becomes bent to one side and the vas deferens appears to be pulled from
its lateral position to lie more centrally, close beside the intestine. Posteriorly

the egg beai's a short blunt spine. The egg figTired, which came from a rather

small adult, measured .075 mm. in lengih by .035 mm. in breadth.

Found on the gills of the freshwater jewflsh or catfish, Tandanus twndanus

Mitchell, from the Burnett River, South Queensland.

Anchylodiscus sp.

A worm belonging to this genus was found in very small numbers on the

gills of a closely allied catfish, Neosilurus liyrtlii, from the Paroo River, South-

west Queensland. No detailed study of its anatomy was possible.

6. Anoyrocephalus Creplin, 1839.

(Syn. Diplectanim Diesing, 1858, and other authors; Tetraonclnis Diesing, 1858,

in part.)

More or less elongated Tetraoncliinae, in which the disc is not very sharply

marked off from the body. Supporting eliitinous armature of the disc present

or absent. Minor hooks varying greatly in number; occasionally absent, never

mofe than fourteen. Eyes present. Intestine bifurcated, the limbs devoid of

caeca and not joining behind. Position of testis and ovary at times in the

middle, or in anterior region, or well within the posterior half of body. Testis

usually simple but occasionally slightly lobed. Penis simple; accessory copu-

latory structures at times jsresent. Vagina always present. Vitelline system

extending on either side as a continuous gland from the pharynx to the region

immediately behind the teiinination of the intestine.

From the gills of marine and freshwater fishes. Known, as yet, only from
Europe and North America.

Type species, A. paradoxus Creplin, 1839.

In 1857 Wagener placed a number of new species in the genus BactylogyruSf

a procedure which has led to considerable confusion in the nomenclature of this

gi-oup. One species, D. aequans Wagener, 1857, was made, in the following

year, the type of a new genus Diplectanum by Diesing, who also placed Dacty-

lo gyrus pedatus Wagener in this genus. Wagener, at the same time (1857),

described under the name Dactylogyrus unguiculatus, a wonn which proved to

be identical with A. paradoxus Creplin, and added another species, Dactylogyrus

monenteron. Diesing, in 1858, placed these two foi-ms, as well as Gyrodactylus

cruciatus Wedl., in a new genus, Tetraonchus, failing to recognise the identity of

T. unguAcidatus with Creplin's original species (A. paradoxus). It was not till

1889 that" Monticelli showed these two forms to be the same. The name was
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however not altered till Liihe (1909) reintroduced that of Creplin. In 1889
Parona and Perugia added Wagoner's Daetylogyrus echeneis to Diplectanum.

In 1910 Wegener removed T. monenteron from Tetra-onchus, owing mainly
to the character of its intestine, proposing for its reception a new genus, Mono-
coelium. Of the three original species of Tetraonchus, T. cruciatus is now de-

finitely placed under Ancyrocephalus; T. unguieulatus is identical with A. para-

doxus of Creplin; hence, as suggested by Stiles and Hassall (1908, p. 370), T.

monenteron becomes by elimination the type of the genus Tetraonchus, Wegener's
name {Monocoelium) being a synonym.

The remaining species listed under Tetraonchus and Diplectanum belong

to Ancyrocephalus.

Liihe uses the latter term in a wide sense to include both Tetraonchus (of

authors) and Monocoelium.

MacCaUum (1915, 1917) described a number of new species of Diplectanum
which he regarded as a subgenus of Tetraonchus, i.e. Ancyrocephalus. Monti-

celli (1903) on the other hand, actually proposed a new subf ami ly, Diplectaninwe,

for the reception of the genus, regarding it as quite distinct from his Tetraon-

chinae.

So far as we have been able to observe from the available published ac-

counts of MacCallum and of the earlier workers, no anatomical distinction of

generic value can be recognised amongst the vai-ious species included under
An-cyrocephalus and Diplectanum.

The genus Ancyrocephalus, as defined above, would include A. paradoxus

Creplin, 1839; A. cruciatus (Wedl., 1857) Liihe, 1909; A. vanbenedenii (Par.

and Per., 1890) J. and T., 1922; A. aequans (Wag., 1857) J. and T., 1922; A.
echeneis (Wag., 1857) J. and T., 1922; A. pedatus (Wag., 1857) J. and T., 1922;

A. seiaenae (Ben. and Hesse, 1863) J. and T., 1922; A. teuthis (MacCallum,

1915) J. and T., 1922; A. lactophrys (MacCallum, 1915) J. and T., 1922; A.

balistes (MacCallum, 1915) J. and T., 1922; .4. longiphallus (MacCallum, 1915)

J. and T., 1922; A. tylosuri (MacCallum, 1917) J. and T., 1922.

7. Subgenus a. Dactylodiscus Olsson, 1893.

Small Tetraonchinae in which the disc is connected to body by a long petiole,

and is produced laterally into a number of finger-like processes. Minor hooks

apparently absent. Four eyes present; intestine probably bifurcated. Testis

and ovary solid and near the middle of the animal. Large unlobed vesicula

seminalis. Penis apparently simple. Opening of oviduct probably provided

with booklets. Anterior fifth of worm devoid of vitellaria.

Olsson did not mention the characters of the genus vei-y fuUy, nor did he

indicate whether a vagina was present. The above diagnosis is based on his

figures and description of the type species.

The accentuated constriction of the disc from the body, a condition which is

already evident in Ancyrocephalus tylosuri (MacCaUum, 1917), and the irregular

lobes of the disc, an indication of which is seen in the same species, are charac-

ters which are scarcely of generic value. A careful determination of the pre-

sence or absence of the vagina would be of much greater value. The form,

however, probably deserves to rank as a subgenus of Ancyrocephalus. Monticelli

(1903, p. 336; 1905, p. 79) quoted Olsson's genus as a synonym of Tetraonchus,

From the gills of Thymallus vulgaris and Coregonus lavaretus.

Type species, Ancyrocephalus (Dactylodiscus) borealis Olsson. Kjiown

only from Sweden.
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8. Subgenus b. Diplectanotrema, n.subgen.

[Syn. Dipleetamim (in part).]

A small woi-m, having the usual characteristics of Ancyrocephalus, but dif-

fering in the very remarkable disposition of the vitellaria, which are arranged
in the form of numerous separate yolk-giands along the whole of the length of

the body. Ovary and testis situated in anterior quarter of the animal.

From the gills of the marine fish Teuthis hepatus and Anisotremus virginicus.

Known only from the United States.

Type species, yl. {Diplectanotr.ema) pleurovitellum (MacCallum, 1916).

9. Tetraonchus Diesing, 1858. —emend. J. & T.

(Syn. Dactylogyrus G. R. Wagener, 1857 (in part); Monocoelium Q. Wegener,
1910.)

TetraoncMnae in which the disc is broader than the body. Pour large hooks

articulating with a large ehitinous supporting apparatus (furcula) ; fourteen

minor hooks. Four eyes. Intestine not bifurcated; devoid of caeca. Testis in

middle of body. Vagina apparently absent. Fenis with accessory clasping ap-

paratus.

Type species, T. monenteron Wagener, 1857, from the gills of Esox
luetics. The genus is known only from Europe (freshwater). The synonymy of

this genus has been discussed in connection with Ancyrocephalus.

10. A Mp H I B D E L L A Chatin, 1874.

Relatively large T~etraonclvinae measuring about 4 to 6 mm. in length. Head
rather pointed. Disc fairly distinctly marked off from body. Twelve minor

hooks always (?) present. No eyes. Intestine bilobed, devoid of caeca, the

limbs not joining behind. Vagina apparently absent. YoLk system confined to

a region posterior to the transverse yolk-duct. Penis simple.

Type species, A. torpedinis Chatin, 1874. From the gills of marine

fishes {Torpedo and allies).

Not yet reported from Australia.

Monticelli (1889, p. 116; 1890; 1903, p. 336) regards AmpJdbdella as a

synonym of Tetraonchus, i.e. of Ancyrocephalus. The pointed head, absence of

vagina, and the remarkable position of the yolk system are character's which

oppose this view.

Known species, A. torpedinis Chatin, 1874 (Mediterranean) nee MacCallum,

1916; A. flavoUneata MacCallum, 1916 (Massachusetts).

Amphibdella maccailumi, nom. nov.

{Syn. A. torpedinis MacCallum, 1916, nee Chatin.)

A comparison of MaeCallum's figure of A. torpedinis with that given by

Parona and Perugia (1890) leads us to conclude that the Mediterranean and

American forms belong to different species and hence we have removed the

latter from Chatin's species and renamed it as above.

Host, Tetranarche occidentalis (from Massachusetts).

11. HA L I o T R E MA, n.gen.

TetraoncMnae in which the disc is distinctly marked off from the body, and
is provided with four large hooks supported by ehitinous bars, as weU as with
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fourteen minor hooks. Head with two pairs of head-lobes. Body slightly con-

stricted neai- mid-region. Eyes absent. Intestinal limbs devoid of caeca and
without a tei-minal junction. Vagina with chitinous lumen. Testis and ovary

lying in the mid-line and occupying tlie posterior third of the mid-region of the

body of the worm. Penis large, not simple.

From the gills of marine fishes.

Type species, H'aliotnema australe J. & T.

Halioteema australe, n.sp. (Plate xi., figs. 10, 12, 13, 14.)

Length of adult .64 mm.; maximum breadth .24 mm. The disc is distinctly

marked off. Two pairs of head lobes are present. Slightly in front of its mid-

region the body undergoes a definite constriction which is not so pronounced,

however, as in Daitreosoma.

The disc bears two pairs of large hooks (PL xi., figs. 10, 12), each with
a vei-y distinct biramous basal portion whose roots are connected by a very de-

finite and apparently chitinous membrane, complete except in one small place
.

neai- the point of origin of the roots. The supporting chitin bai-s are two in

number and slightly crescentic in shape, the convexity of the bars articulating

with one another. Fourteen minor hooks are present, distributed as shown in

PI. xi., fig. 10. Of the body musculature the longitudinal layer is fairly well

developed; behind, the fibres concentrate to forai the muscles of the disc. Dis-

tinct circular fibres are absent, but there is a slight development of oblique

muscles.

The mouth is a small transverse slit, lying ventrally at a considerable dis-

tance behind the anterior termination of the worm. The pharynx is large and
distinct. Leading into the short, conical buccal cavity are two pairs of gland-

cells. Into the short oesophag-us open the ducts of a number of digestive

glands ; but in the specimens available the exact connections of these glands

could not be observed. The intestine is bifurcated, the limbs approaching each

other slightly in the region of the body constriction but diverging again behind.

No junction takes place between the limbs posteriorly. Caeca are absent.

Situated in each side of the head, and stretching considerably behind the

pharynx, is a mass of gland-cells. Their ducts were not visible, but they ap-

pear to be connected with the head-organs which lie in the first lobe of the

head. It is possible that some of the posterior gland-cells supply the pharynx
or oesophagus. Eyes are absent. The brain lies immediately in front of the

pharynx.

The testis is a large solid organ lying between the intestinal limbs, almost

at the posterior end of the animal. The vas deferens passes forward as a wide
tube opening in the region of the body constriction into the vesicula seminalis.

The latter, which is a fairly large structure with strongly lobed outer margin,

extends forward almost as far as the beginning of the intestine, then bends

back upon itself and continues as a large vas deferens which inins beside the

penis and opens into it behind. The penis is a very distinct chitinous tube,

lying slightly obliquely and enclosed in a fairly distinct penis-sac. It consists

of two parts, a posterior simple tube, which appears to have a distinct articula-

tion with an anterior portion, the latter, at its distal end, developing into a
curious chitinous structure shown in PI. xi., fig. 14.

The ovary is much smaller than the testis, in front of which it lies. 0\a
are prominent in its anterior region. The oviduct is a fairly wide tube,^ but

only its proximal portion could be seen. Shell-glands could not be detected. A 4 /S

!

^»*1'W
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very distinct vagina is present, opening on the ventral surface near the right

side of the animal in the vicinity of the body constriction. The lumen of the

vagina, on its distal half, is strengthened with a very prominent chitinous lining

which extends posteriorly into a definite receptaculum seminis which gives o£E a

short narrow pouch to the right. The viteUaria are vei-y well developed, lying

above and below the intestinal limbs which they embrace over their whole length.

The transverse yolk-duct is clearly visible at a considerable distance in front

of the ovary, and at its middle is dilated into a distinct yolk-reservoir. No ripe

eggs were present in the material available.

Found on the gills of the marine black-spotted goat fish, Upeneus signatus

Qunther, from Moreton Bay, S.E. Queensland.

12. D A I T R E o s o MA, n.gen.

TetraoncMnae in which the disc is not very sharply marked ofE from the

body. Fom- large hooks present on disc, together with a pair of minor hooks.

Body markedly constricted into a short anterior and long posterior portion. In-

testinal caeca absent. Intestinal limbs communicating behind. Vagina present.

Cirrus a long thin tube. Ovary and testis not lobed. Yolk does not extend

into the posterior third of the body.

Found on the gills of freshwater fishes of the genus Therapon.

Type species, D. comtrictum, n.sp.

Daiteeosoma consteictum, n.sp. (Plate xii., figs. 15-19; xiii., fig. 20.)

This worm measures about .45 mm. in length, .16 mm. in greatest breadth.

The anterior third of the body is marked off by a deep constriction from
the posterior two-thirds, giving the woitn a characteristic appearance. In general

shape the pai-asit-e varies considerably according to the state of contraction; if

uneontracted there appears a long, rather narrow, posterior portion which bears

the disc, but if well-contracted, the worm may be oval.

The disc which is not very shai-ply marked off from the body, bears two
pairs of large hooks, the ventral pair being much the larger and more strongly

curved, lying in a pair of postero-ventrally directed lobes of the body wall (PI.

xii., fig. 16). At their bases they articulate with a large transverse chitinous

bar and each with a small anteriorly and slightly inwardly directed chitin-pieee,

on which the well developed longitudinal muscles are in part inserted. The
dorsal hooks are more slender and not so strongly curved. They ai-e directed

upward, the ventral hooks downward. At the side is a pair of small lateral

lobes, each armed with a very small chitinous hook.

The body cuticle is smooth. The longitudinal muscle-layer has undergone
great development in the ventral region to form a pair of longitudinal muscles,

arising below the ovary and inserted, at their distal end, into the hook apparatus

of the disc. These two muscles are joined by a second longitudinal pair lying

internally to them and converge proximally in the vicinity of the posterior end
of the intestine. These muscles form definite projections on the ventral body-

wall.

The mouth is situated median- ventrally ; the pharynx is prominent, broader

than long and there is no definite oesophagus. The intestinal branches pass

backward, approach each other in the region of the body constriction, then

diverge again, but join immediately behind the testis. Intestinal caeca are

absent. Ventrally, immediately behind the constriction, there are on either side

two large masses of heavily-staining tissue which appear to open into the in-



BY T. HARVEYJOHNSTOKAND 0. W. TIEGS. 99

testine and are perhaps digestive glands. A few simple glands are also present

in the walls of the pharynx.

Situated laterally to and just behind the phai-ynx are two masses of glands,

whose ducts run forward and inwai-d to terminate in three pairs of head-organs.

The exeretorj' system could not be recognised. Of the nervous system, only the

brain could be seen, lying between the eyes. The latter are situated immediately

below the epidermis.

The testis is a large organ, posterior to, and partly enveloping, the ovary.

The vas deferens is a thin-waUed tube with a rather wide lumen even when
emipty. It is capable of immense distension and may act as a large vesicula

seminalis. with lobed walls, occupying a considerable part of the dorsal region

of *he woi-m. Anteriorly it becomes continuous with a large ejaculatory bulb

opening into the cirrus by an ejaculatory duet. The latter is a very long thin

tube which passes first backward, then, bending upon itself, runs forward and

inward towards the midline where it enters the cirrus. The latter is a simple

chitinous tube which passes vertically downwards, and is retractile into the

cirrus-sac, in which it may generally be seen coiled up.

The ovary is a large rounded structure, immediately in front of the testis;

from its anterior end the o\'iduct travels vertically downward and into it the

vagina opens. Into the latter, immediately before it communicates with the

oviduct, there enters the vitelline duet. The oviduct then travels forward as a

wide tube to terminate immediately behind the male aperture. The shell-gland

is represented by a simple glandular thickening of the wall of the oviduct. The
vagina is a naiTow tube passing straight to the left side of the animal, where

it opens in the region of the body constriction on a small bulbous expansion.

It is provided, in its anterior portion, with a large thick-walled receptaculum

seminis. The yolk system is well developed, but confined to the anterior two-

thirds of the body, where it lies in close relation with the intestine. In the

region of the body constriction a pair of transverse yolk-duets is formed

which open into an ill-defined yolk-reservoir.

The egg is oval, .048 mm. in length and .024 mm. in breadth, and bears

at its posterior end a short blunt spine (PL xii., fig. 17).

The species was found, sometimes in large numbers, on the gills of Therapon

carho Ogilby and McCulloch, from the Thomson Eiver, at Longreaeh, Central

Queensland.

Daitreosojia bancrofti, n.sp. (Plate xiii., figs. 21, 22.)

This species closely resembles D. constrictmn, but differs from it in the

following characters :

—

It is a slightly larger worm, measuring, when full grown, .56 mm. Lu length",

.19 mm. in greatest breadth. The head is not regularly rounded as in that

species, but is sharply indented immediately in front of the mouth (PI. xiii.,

fig. 22). The four head-organs are close together, the last not so distinctly

separated from the others as in the foregoing species.

The vesicula seminalis is quite different from that of B. constrictum. It

lies only on the left side of the body (PI xiii., fig. 21) and does not undergo

the great dilatation characteristic of that species, but appears as a tube bent

sUghtly upon itself anteriorly, only moderately distended, and distinctly lobed

only on its outer wall.

The vagina does not tei-minate in a small rounded bulb, but possesses a

narrow fimnel-shaped opening lying on the left side, within the body constriction.
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This is especially plain in the specimen figured, where the body' had been

accidentally drawn out, the body constriction being in consequence obliterated.

The reeeptaculum seminis is rather small. The yolk-reservoir is clearly visible.

Found on the gills of Therapon hilli Castelnau, from the Thomson River,

at Longi-eacb, Central Queensland.

13. E ji p L B u B s 31 A, n.gen.

Small TetraoncJiinae, with strongly developed lateral body regions. Disc

not sharply marked off from body, provided with four large and tAvo very small

books, as in Baitreosoma. Eyes present. Intestinal limbs communicatLug pos-

teriorly and devoid of caeca. Vagina absent, Cin'us a simple elongated tube.

Yolk confined to the anterior region of the body.

Found on the gills of a freshwater fish.

Type species, E. pyriforme J. & T.

Ejipledrosoma pyriforme, n.sp. (Plate xiv., fig. 31; xv., fig-s. 32-34.)

This is a small parasite, about .37 mm. in lengih, and .11 mm. in gi-eatest

breadth, with broadly expanded sides and rather thick body.

The disc, which is not sharply marked off from the body of the worm, is

provided with two pairs of large hooks, viz., a posterior ventral pair, the bases

of wlii-ch are joined by a short transverse cliitinous bar; and a more anterior,

laterally directed pair, each of which is ankylosed at its base with an inwardly

and posteriorly directed chitin-bar. These large hooks are all slightly biramous

at their bases. Laterally the clasping disc possesses two small lobes each beai--

ing a small hook, as in Baitreosoma. The large posterior hooks also articulate

at their bases each with a very minute chitin-piece. To these chitin-pieces the

musculature of the hooks is attached.

Four ventral longitudinal muscles supply the disc; an outer pair serving

the more anterior pair of hooks, and a median pair inserted into the small

chitin-pieces articulating with the posterior hooks. A transverse muscle uniting

these basal pieces is also present.

The body-wall is thick and devoid of epidermal papillae. The circular

muscle-layer is strongly marked; while the inner (longitudinal) series is pro-

minent ventrally but could not be detected dorsally and laterally. In the pos-

terior half of the animal the ventral longitudinal muscles are highly developed

to foi-m the four longitudinal muscles supplying the disc, as already described.

These muscle-layers separating the several organs from the intestine are pro-

minent in the anterior region of the animal. The body parenchyma in the

posterior narrow portion of the worm is curiously developed, giving it a

"peculiar globular appearance, somewhat similar to that seen in Baitreosoma.

There are four pairs of prominent head-organs on either side, the glands which

supply them lying laterally to the phar;\'nx. On either side of the pharynx ai-e

two pairs of remarkable glands which open on the body surface, ventrally, close

to the cirrus; it is possible that they possess a copulatory function.

The mouth opens ventrally. The large, almost spherical pharynx is followed

by a very short oesophagTis. The two limbs of the intestine unite behind and

are devoid of caeca. The intestinal walls are of remarkable thickness, but con-

sist, nevertheless, of only a single layer of narrow columnar and vei-y vacuolated

cells, resting on a prominent basal membrane.

Neither excretory nor central nervous systems could be detected. Two
pairs of eyes are present, situated well within the parenchyma, each pair at
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approximately 'equal distances apart. The posterior pair lies above the pharynx,

the anterior pair immediately anterior to that organ. Connected with the

posterior pair is a definite globular vesicle.

The large testis lies immediately anterior to the end of the intestine and

in section appears wedge-shaped. The vas deferens is a short wide tube opening

into the large vesieula seminalis. The cirrus is a simple slightly curved chitinous

tube. No other male sexual organs appear to be present.

The small ovary is situated anteriorly to the testis and somewhat trans-

verseily. The o^dduct is given off from its ventral portion and runs forward

close below the vesicula seminalis. A vagina is absent.

The shell-glands appear to be simple glandular thickenings of the uterus.

The female opening is situated immediately behind the male aperture in the

median ventral line. No eggs were present in any of the specimens examined.

The yollc system is strongly d^'eloped but is confined to the anterior region

of the animal. The transverse yolk-ducts lie immediately in front of the ovary.

No reservoir was visible.

Found on the gills of Therapon imicolor Giinther, from the Burnett River,

South Queensland.

14. T E T R A N c I s T R u M Goto and Kikuehi, 1917.

Rather small Tetraonchinae measuring 1.2 to 2 mm. in length. Body dilated

in middle. Disc not sharply marked off from body and devoid of minor hooks.

Eyes absent. Pharynx elongated; intestine bilobed, provided with caeca, the

limbs communicating behind. Testis and ovary situated about the middle of the

body. Penis simple, witli accessory chitin-piece attached. Vagina present.

From the gills of a marine fish of genus Sigamis. From Japan.

Type and only known species, T. sigani Goto and Kikuehi, 1917.

Subfamily III. LEPIDOPTREMINAE, n-subfam.

These are Gyroda-ctylidae, which have, as a common characteristic, the de-

velopment of scale-like papillae over the greater part of the body except in

Lamella discus. On the disc these papillae are an-aaged in the foi-m of a pair

of scaly sucker-like organs (for which the name SquamodAsc is proposed) which

may or may not be provided with accessory hooks. Four powerful hooks, with

basal supporting apparatus are present; also numerous minute hooks.

Two pairs of eyes. Intestine forked, ending blindly, not lobed. Ovary and

testis solid. Penis simple or vei-y complex. Vagina present.

From the gills of freshwater and marine fishes in Queensland.

This subfamily includes the following neiw genera:

—

Lepidotrema (type

genus), with a subgenus Flabellodiscus; Lepidotes; Empleuro discus; Acleotrema;

Lam.ello discus.

Key to Genera of Lepidotreminae.

A. a. "iSquamodisc" provided with accessory hooks . . . D.
b. "Squamodisd" devoid of such hooks B.

B. a. Body covered witih scaly papillae; each of the concentric ridges of

"squamodisc" consisting of numerous scales C.

b. Body devoid of scaly papillae; concentric ridges consisting of only two
very broad lamellae Lamellodiscus.

C. a. Cirrus-sac very highly developed; very large genital chamber present .. ..

Acleotrema.
b. Cirrus-sac simple, genital chamber not markedly developed . . . . Lepidotes.
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D. a. Disc much broader than body, squamodisc provided with very numerous
(about 25 to 30) accessory hooks Empleurodiscus.

b. Disc with only about eleven such hooks, disc not as broad as body . . . . E.

E. a. Cirrus a rather simple structure Flahellodiscus.
b. Cirrus very long, and showing a remarkable complexity of structure

Lepidotrema.

15. Lepidotrema, n.gen.

Lepidotreminae. The members of this genus are characterised by the pre-

sence of about eleven rows of scales on each of the two sucker-like organs of the

disc, together with a row of generally about nine hooks on each, arranged like

a spread fan. Fourteen minor hooks are scattered over the disc. The large

hooks of the disc ai-e supported by four powei-ful chitinous bars imbedded in

the substance of the disc.

The penis is exceedingly complex. The testis is more or less degenerate

in the adult, the sperms being stored in an immensely dilated vesieula seminalis.

The va.gina is extraordinaiily large.

Found, so far, only on the gills of freshwater fishes belonging to the

genus Therapon.

Type species, L. therapon J. & T.

Lepidotrema therapon^ n.sp. (Plate sv., figs. 35-37; xvi., figs. 38-42; xvii.,

figs. 45-49.)

Length of adult .5 to .77 mm. ; breadth .19 mm. The body is covered with

minute scale-like papillae, veiy minute anteriorly but increasing in size towards

the posterior end of the worm.
The disc (PI. xvi., fig. 40, a-f) is provided with an exceedingly powerful

clinging apparatus. In the living condition the true posterior end of the disc

is turned ventrally, i.e- the true dorsal surface of the disc is turned backward.

Four large hooks are present. The ventral pair (PI. x\'i., fig. 40, c) are slender,

and strongly hooked, and articulate basally each with the end of a chitinou,^

bar which rans towards the centre of the disc, but does not quite reach its

fellow. These two bars articulate at their inner ends with a much smaller

curved piece of chitin which can be observed only by compressing the disc, its

plane being vertical to that of the chitinous bars (PL xvi., fig. 40, e). Each of

these bars is also provided on its outer half with a strong ring-shaped chitinous

projection. The dorsal pair of hooks have a biramous basal portion, the two

limbs or roots being united by a strong membrane. The anterior (ventral)

limbs articulate with the chitinous bars which also give support to the ventral

hooks, but the postea-ior limb has no such chitinous support. Two other in-

wardly-directed bars of chitin are also present, articulating with the more dorsal

pair. They do not quite reach each other, but a slightly curved piece of chitin

similar to and at right angles with the one already described, connects them.

Fourteen minor hooks are also present, their disposition being indicated in PI.

xvi., fig. 42.

The dorsal and ventral surfaces of the disc (posterior and anterior in the

attached animal) each bear, towards their proximal ends, a remarkable sucker-

shaped disc, consisting of blunt teeth arranged in eleven curved rows which

radiate outward from a point at the proximal end of the disc (PI. xvi., fig. 40, /).

In close eoimeetion with each of these discs are a number of hooks, varying from
seven to eleven, connected by a membrane and spread out like a fan. The rows

of blunt teeth, and probably also the hooks, are to be regarded as modifications
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of the papillae which eovier the body. The disc is supplied with muscles which

originate from a powerful band in the dorsal region of the posterior end of the

body, but their detailed arrangement has not been determined.

On account of the minute size of the worm, the stracture of the body-layers

is difficult to observe. The most remarkable characteristic of the epidermis is

the presence on it of numerous scaly papillae. Delicate longitudinal muscle-

layers lie below this, but their arrangement could not be accurately observed.

The body parenchyma is well developed.

The vei-y small mouth is situated ventralljf immediately in front of the

pharynx; the buccal cavity is quite short and the pharynx large, prominent,

and projecting upward. Numerous unicellular glands occur in the anterior two-

thirds of the wall of the pharynx. No definite oesophagus is present. Im-
mediately behind the pharynx lies a mass of glands {? unicellular), which open
into the intestine and are especially visible in young specimens. The forked

intestine ends blindly at the posterior end of the worm, but immediately before

. the termination a junction takes place between the two limbs. In young forms

this fusion does not occur. There are no caeca. The intestine is lined by a

single row of flattened cells.

Four pairs of head-organs are present, but no coiTespondiug lobes are

developed on the head. Through these structures pass the ducts from a pair of

prominent masses of unicellular glands, one on either side, antero-laterally to the

pharynx. The excretory system could not be traced satisfactorily. At the an-

terior end, immediately behind the mass of gland-cells there occurs, on each

side, a duet terminating on the body-surface by a slightly bulbous opening. Into

each of these ducts there appears to open a very fine longitudinal duct, while

one of a somewhat similar nature can be seen along each side just above the

anterior termination of the lateral vitellaria. It is probable that these structures

are parts of a complex excretory system (PI. xv., fig. 36).

The brain lies anterior to the pharynx and gives oft' on each side a pair of

nerves to the eyes which consist of a mass of minute pigment cells. The eyes

lie close to the brain, i.e. within the "head," being situated, however, nearer the

dorsal than the ventral surface. The posterior pair are the larger.

In this species the male organs reach maturity before the female. In young

forms the testis is very large (PI. xvi., fig. 41) occupying a great portion of the

body behind the ovary which at this stage is quite immature. In these the vas

deferens arises from the outer edge of the testis and leads into a long thin vesicula

seminalis which proceeds nearly as far forward as the pharynx, then becoming

bent on itself. A bulbus ejaculatorius is present, but is difficult to detect and

its connection with the vesicula could not be made out in these young forms.

The ciri-us in these is a simple chitinous tube, lying in the cirrus-sac. In close

connection with the posterior end of the vesicula are two large glands, probably

prostate, which, when viewed in cleared specimens, have a slightly granular

appearance, while in transverse section they appear to consist of a number of

deeply-staining rings, each arranged concentrically round a nucleated cell.

In adult forms the testis (PL xvi., fig. 38) is greatly reduced or practically

absent , having diminished very much in size, with its cavity practically obliterated

and containing merely connective tissue fibres, though a few sperms may oc-

casionally be stiU visible. Sometimes (as in the specimen figured) the testis

does not degenerate quite so much (PI. xv., fig. 35). The adult vas deferens

is much thicker and its opening into the vesicula is pushed forward. The

vesicula, which has increased enormously in size, due to the emptying into it
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of the sperms from the testis, appears as a large flattened structure, somewhat
lobed at its edges, occupying the greater part of the dorso-medial region of the

body from immediately behind the phai-ynx to the ovary. The whole structure

is filled with spenns floating in an albuminous material. The prostate glands

have now increased greatly in size. The bulbus ejaculatorius has enlarged con-

siderably and communicates with the seminal vesicle by a plainly-visible duet.

The cirrus has grown greatly in size and complexity and has developed a flange

which travels along one side of it for about two-thirds of the leng-th of the

organ, and then suddenly passes over to the oth«r side and ceases abruptly.

This portion of the cirrus runs horizontally, but thence onward it slopes down-
ward and gradually develops another flange which continues almost to the

genital opening. The whole structure is enclosed in the lai'ge cirrus-sac (Pi.

xvi., fig. 39).

The female organs do not mature at so early a stage as do the male. The
ovary lies immediately anterior to the testis and on its right side gives off an

extension. The oviduct is a narrow tube arising from the median ventral sur-.

face of the ovary and travelling foi-ward near the ventral surface of the animal.

The extremely large vagina opens on the left ventral side on a level with the

prostate glands. A receptaculum seminis is absent. The female genital open-

ing is situated a little behind the male aperture. The oviduct and uterus are

extremely thin-walled structures. The shell-glands (PL xvii., fig. 49) consist

of large masses of glandular cells, situated around and opening into the ootype,

but visible only in sections. Never more than one egg is present in the uterus

at a time. The egg, which measures .07 mm. by .048 mm., is provided with

a short posteriorly-directed spine. The nucleus is visible among the abundant

granular yolk material.

The vitellaria are well developed and arranged in two broad bands, one

on either side of the body, almost entirely obscuring the intestine. Posteriorly,

immediately behind the testis, the yolk accumulates in a large median mass.

In adults the organs may extend anteriorly to the pharynx and there is also a

slight development of them all along the dorsal surface posterior to this organ.

The individual parasites do not appear to have much effect on the host,

though a slight hypertrophy of the gill-tissue has been observed in a few

cases. But the great numbers in which this parasite occurs on the gills, must

render it a source of considerable irritation to its host, as many as twelve

individuals having been counted on a single gill-filament.

Found on the gills of Therapon carbo Ogilby and MeCulloch, from the

Thomson River, Longreaeh, Central Queensland.

Lepidotrema tenue, n.sp. (Plate xvi., fig. 43; xviii., tigs. 52, 53.)

Length .69 mm. by .14 mm. This species closely resembles L. therapon

both anatomically and in general appeai-ance, but the majority of the specimens

examined were considerably longer and more slender. The clasping disc is very

similar in the two species, the large hooks, chitin bars and scaly "discs" being

indistinguishable, but the disposition of the minor hooks is diffei-ent, as is seen

bv comparing figaires ¥3 and 42 (Fl. xvi.). A very short oesophagus is deve-

loped and there is no fusion of the intestinal limbs posteriorly. The most marked

differences are visible in the reproductive organs. As in Lepidotr.emm therapon,

t'lie testis matures in quite young forms. Degeneration of this organ occurs as

in that species, though it is not so complete, a testis containing developing

sperms being plainly visible in even the largest forms. Corresponding with this
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the vesieula seminalis is rather smaller than in L. therapon. In some individuals

It is almost free from sperms, in others much dilated, the dilatation taking place

in a ehaxaeteristie manner resulting in the formation of a strongly lobed struc-

ture. The prostate glands are often very prominent. The cirrus is quite similar

to that of L. therapon.

The female reproductive organs are like those of the last species. There is

a marked development of the vitellaria —even more so than in L. therapon —so
strongly that in some forms none of the other internal structures are visible

through it. In general disposition the yolk system is, in other respects, the
same as that of L. therapon.

The egg measures .076 mm. by .048 mm., its spine being slightly longer
than that of the last species.

Found on the gills of Therapon hilU Castelnau, from the Thomson River at

Longreach, Central Queensland.

Lepidotrema fuliginosum, n.sp. (Plate xyi., fig. 44; xvii., figs. 50, 51.)

Length .64 —.75 mm., breadth .14 —.16 mm. This species closely resembles

the other species of the genus. The distinctions most easily observed are in the

disposition of the minor hooks on the disc and in the structure of the repro-

ductive organs. The arrangement of the minor hooks is clearly seen in the

figure (PI. xvi., fig. 44), and differs from those already described in having one

small hook situated between each pair of supporting cross-bars.

Even in full-grown adults the testis is large and distinct, though the size

of the vesieula seminalis indicates that the male gland has andergone consider-

able diminution. The greater part of the vas deferens is dilated into an im-
mense vesieula which travels forward on the right side of the body nearly as

far as the end of the penis, then, passing over to the left side, bends back again

and communicates by a rather long vas deferens with the penis. The latter

closely resembles that of the two previously described species. Two prostate

glands are present but not very large.

The vagina is even larger than in the two preceding species. In one rather

fortunate preparation the vagina could be seen opening into the ootype a very

short distance in front of the opening of the two transverse vitelline ducts

(PL xvii., fig. 51). Shell-glands were not recognised. The oviduct is remark-

able in that it is highly dilated in its mid-region and is lined by a highly re-

fractive cuticle, evidently of a chitinous nature. It opens ventrally on the left

side immediately behind the opening of the vagina.

The egg, which measures .064 mm. by .048 mm., resembles that of the other

species of the genus.

Found on the gills of Therapon fuliginosus Macleay, from the Thomson
River at Longxeach, Central Queensland.

16. Subgenus Flabellodiscus, n. subgen.

Lepidotreminae. In external appearance this subgenus closely resembles

Lepidotrema, but the organisation of the reproductive system is considerably

simpler. The penis is a simple chitinous tube, the twisted flange, so charac-

teristic of Lepidotrema, being quite absent. The vagina which is bent once upon
itself, is longer than, but not so thick-walled as in the genus mentioned. The
testis lies above this more anterior part of the ovary and is rather small in

the adult. The vesieula seminalis is exceedingly large.

Type species, Lepidotrema (Flabellodiscus) simplex J. & T.

Found, so far, only on the gills of Therapon fuliginosus Macleay.
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Flabellodiscus simplex, n.sp. (Plate xviii., fig's. 54-55; xix., figs. 61, 62.)

Length .53 mm., breadth .1 mm. The disc is broader than the body, measur-
ing .112 mm. across.

In external appearance this parasite closely resembles Lepidotrema, even in

regard to the arrangement of the discal armature. The disposition of the minor
hooks is shown in PI. xix., fig. 61. One pair of hooks is present between the

cross-bars, as is the case also in Lepidotrema fuliginosum. The ventral trans-

verse cross-bar differs slightly from that generally found in the last-named genus
in being slightly angular, the edge opposite the obtuse angle giving off the

small supporting ehitin-piece.

The scale-like papillae of the epidermis are absent on the dorsal surface

(PI. xix., fig. 62). No further details of the stracture of the body walls could

be seen distinctly.

The alimentary canal and its associated glands are similar to those of

Lepidotnema, the blindly-ending intestine being in both cases devoid of caeca.

In one specimen examined part of the nervous system could be seen. The
brain lies between the eyes, immediately anterior to the pharynx, the lateral

nerve cords curving round part of the pharynx and pa.ssing down the sides of

the worm, close to the alimentary canal. Immediately behind the eyes two pairs

of nerves are given off, one running upward to the head, the second inward
towards the pharynx. Several other branches arise from the lateral nerve-

trunks, both on their inner and outer sides (PI. xviii., fig. 55). The nerve-trunks

in the posterior region of the worm could not be recognised. No trace of

excretory system could be detected.

It is in the structure of the reproductive system (PI. xviii., fig. 54) that

the wol-m differs so' much from Lepidotrema.

The testis is a curious uniform stnicture, situated above the anterior end

of the ovary. The vas deferens is a long, very narrow, convoluted tube which

opens into a highly dilated vesicula lying transversely across the body, im-

mediately in front of the ovary, while the remainder of the sperm duct is a

short slightly convoluted tube, which leads into the cirrus. The base of the

latter is imbedded in a great mass of muscle. The cirrus is a much simpler

structure, the twisted chitinous flange present in Lepidotrema being quite absent.

It opens in the mid-ventral region of the animal a short distance behind the

pharynx. Connected with its termination is a minute unicellular prostate gland.

The anterior end of the ovary is bent sharply upon itself and it is from

this region, and not from the median portion of the gland, that the female

duets arise. The oviduct, which is visible only with gi'eat difficulty, is a rather

wide tube running forward to a point a little behind the end of the cirrus.

It is embedded in a dense parenchyma of a rather fibrous nature, in which lie

a number of large pyriform -cells, heavily staining, and evidently to be regarded

as shell glands, but their ducts could not be seen. The vagina is remarkable

in that it does not ran outwards along the ventral body wall as in other species

of the genus Lepidotrema, but lies immediately below the dorsal body wall em-

bedded, in part, in the dense parenchyma which surrounds the oviduct. It is a

much narrower tube than is found in that genus. Shortly after leaving the

oviduct it dilates, and this dilatation is seen to contain a kind of granular material,

giving it a resemblance to a prostate gland. This portion may be regarded as

a receptaculum seminis, filled with sperms. The tube there naiTows, passes for-

ward to a point immediately in front of the opening of the oviduct, then turns

sharply upon itself, travels backward, downward, and finally forward again
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along the ventral body Avail where it opens in the midline. This curious

arrangement possibly serves to act like a valve, preventing the spei-ms from

leaving the vagina.

The vitellaria of the fully-grown worm are strongly developed and are in

general an'angement similar to those of Lepidotnema. In the young forms yolk

itself is present only to a small extent.

The egg measures .05 mm. by .044 mm. It is rather more rounded than in

Lepid-otrema and the spine is absent.

In young specimens the reproductive system is of the same type, the vesicuJa

seminalis appearing as a narrow transverse tube immediately in front of the

ovary. The cirrus is much simpler than in the adult (PI. six., fig. 61).

Found on the gills of Therapon fuliginosus Macleay, from the Thomson
Biver, at Longreach, Central Queensland.

17. L E p I D T B s, n.gen.

Lepidotreminae. In this genus the scale-like body papillae ai-e confined to

the posterior half of the worm and the squamodisc is devoid of hooks. The pos-

terior disc has four large hooks, supported by intennediate chitinous bars, as

well as six pairs of smaller peripheral hooks.

Four paii-s of head-organs axe present. The intestine ends blindly and is

devoid of caeca. Four eyes. Penis simple. Vagina simple, opening laterally;

receptaeulum seminis present.

Found, so far, only on the gills of a freshwater fish, the golden perch or

yeUow-belly, Plectroplites ambiguus Richardson.

Type species, L. fluviatilis J. & T.

Lepidotes flttviatilis, n.sp. (Plate sx., figs. 65-72; xxi., flg. 73.)

This is a rather large species, measuring .95 mm. in length, and .26 rom. in

greatest breadth. In preserved specimens the gi'eyish colour of the parasite

contrasts sharply with the creamy-yellow of the gill filament.

The shape of the worm varies considerably according to the state of con-

traction, being sometimes long and slender, at other times much shorter and rather

thick-set. The disc (PI. xx., fig. 67) is very prominent and the arrangement

of the hook apparatus complex. Four large hooks are present, the dorsal pair

long and slender, the ventral shorter and possessing a, biramous basal portion.

Muscles can be seen inserted into the base of the hooks.

As in Lepidotrema there is a complex chitinous supporting apparatus which
does not, however, articulate with the hooks, but seems rather to strengthen the

disc. It consists of three bars, a central one with two ventrally and outwardly

directed projections, and two lateral outwardly directed pieces closely articulated

with the latter. Only six pairs of minute peripheral hooks could be detected.

The two scaly sucker-like discs are very prominent, but are entirely devoid

of the fan-like hook-armattirfe so characteristic of Lepidotrema. Twenty-five rows

of scales are present on each disc (PI. xx., flg. 69).

The chitinous cuticle is modified on the posterior half of the body to form
numea-ous forwardly projecting papillae which are not so densely arranged as in

Lepidotrema. Longitudinal and circular musele-layei-s are recognisable. The

body-pai-enchyma of the posterior half of the animal is of an extremely loose

texture, giving this tissue a reticulate appearance.

The mouth lies ventrally. immediately in 'front of the pharynx. The latter

is large and rounded in dorsal view, and bears numerous unicellular glands in its
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walls. There is no definite oesopbagiis. The intestine is devoid of caeca and

the two limbs bulge outwards in the region of the testis and end blindly. There

are two glands situated one on either side of, and immediately posterior to, the

pharynx; they seem to open into the intestine.

There are four pairs of head-organs from which the ducts pass backward

to join the cephalic glands. In young forms the head-organs are all clustered

closely together ; but already in medium-sized forms the adult condition ' is

attained (PL xx., fig. 70).

Of the nervous system, only the brain and the origin of the main nerves

could be recgg-nised. There are two pairs of eyes, each consisting of a mass of

minute oval pigment-gxains, lying well -ndthin the body-parenchyma.

The sexual apparatus is very complex and difficult to follow out. The

following description is based on an examination of whole mounts and seiial

sections.

The testis is extremely large, oeeuiDying all the space between the brandies

of the intestine. Within the testis the immature sperms are arranged in

numerous small clusters, but further details of sperm formation could not be

observed in this organ. The vas deferens is a wide tube, passing forward and

opening immediately behind the pharynx into a portion of the vesieula seminalis.

The latter consists of three large globular portions. The anterior, dorsally

situated part appears to open by a duct given ofi from its lower surface intp

the ventral portion of a second division lying immediately behind it and like-

wise dorsally. This opens, in turn, into a third, more ventrally situated portion

which appears to open directly into the large bulbus ejaculatorius. Tliis lattei

is a thick-walled vesicle which opens by a narrow duet into the cirrus. Sperms
appear to undergo' development in the vesieula, for not until they are found in

the ejaculatory bulb do they possess a typical sperm-appeai-ance. The heads

are minute and spherical, the tail relatively long, the whole sperm measuring

about .008 mm. The cirrus, which lies in a large cirrus-sac, is a rather simple

cljitinous tube, bent once upon itself. Into the cirrus also open, by a pair of

long ducts, two prostate ( ? ) glands and also a large number of very prominent

heavily-staining glands ("cirrus glands"), originating as far back as the ovary.

The prominent ovary is situated asymmetrically in front of the testis, on

the right side of the body. Into the narrow oviduct opens a large yolk reservoir,

generally difSeult to see, since it seldom contains yolk. The vagina is a simple

tube passing directly to the left side where it opens ventrally. In connection

with it there is a large receptaculiun seminis, frequently seen full of sperms. In

whole specimens it is almost completely obscured on account of the great develop-

ment of the vitellaria.

The oviduct passes forward as a very thin tube opening close behind the male

aperture. Distinct shell-glands could not be recognised but these organs seem
to be represented by certain glandular swelling's in the walls of the ootype. The
large, oval egg, measuring .07 mm. l)y .04 mm., is well supplied with yolk.

Posteriorly it bears a small blunt spine. Of fifty specimens examined only two
contained an egg.

The vitelline system is fairly well developed. Two wide transverse yolk-duots

are present immediately behind the ovary and transfer the yolk to a reservoir

which is generally very diflBeult to detect, exeejat when filled.

In general appearance the young differ considerably from the adults. In

the smallest forms the head-organs are ehistered closely together. Testis and

ovary are small. Vesieula seminalis, bulbus ejaculatorius and cirrus are ^nsible;
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but prostate glands were not seen. The large "cirrus-glands" are already well

developed, as is also the yolk system. The disc, though at fli'st sight quite

diffei-ent from' that of the adult, is built on the same plan (Pi. xx., fig. 72). It

is proportionally much larger than the adult disc, which evidently becomes

formed from that of the young woi-m by the addition of a quantity of "padding
tissue" which is plainly visible within it, giving it a more spherical appearance.

In slightly lai-ger worms this immature form of the disc is retained, but the

cephalic glands are already of the adult type.

Found on the gills of the golden perch, PlectropUtes ambiguiis Richardson,

from the Thomson River at LongTeach, Central Queensland.

18. Emplburodiscus, n.gen.

Lepidotreminae. In this genus the scale-like papiUae cover practically the

whole of the body, being absent only in the head region. The scales of the

squamodisc are arranged generally in from se\-en to nine rows. A large number

(25 to 30) of sharp accessoi-y hooks are present. There ai-e 14 minor hooks.

The posterior disc is exceedingly broad, being nearly thrice the width of the

rather slender body. The cephalic glands are connected with four pairs of head

organs. Four eyes are present. The two limbs of the intestine end blindly and

are devoid of caeca. The testis is solid; the cirrus simple. The ovary lies

transversely in front of the testis. There is no vagina.

Foimd on the gills of the freshwater fish, Iherapon umcolor Gunther.

Type s -p eeies, E. angvstvs J. & T.

Empleueodiscus angustus, n.sp. (Plate six., figs. 56-60, 63-64.)

Leng-th about .32 mm.; breadth .05 mm.
This worm is characterised by the great relative width of the disc, which

measures nearly thrice the body breadth. Its armature (PI. xix., fig. 64) is more
complex than that of any other member of the Gyrodactyloidea. Four large

hooks are present, a dorsal pair with a biramous basal portion, and a more
simple slender ventral pair. A complex set of chitinous bai3 lies between these

hooks, but does not form a definite articulation with them, serving probably

rather to strengthen the disc as a whole. This chitinous apparatus consists of

two pairs (a large and a small) of inwardly directed chitin-pieces which articulate

with a complexly made intennediate portion. Muscles can be seen inserted at

the base of the hooks. Fourteen minute hooks are also present, their distribution

being shown in the figure. Four appear to lie on the dorsal side of the disc,

while the others are ventral. Two squamodiscs occur, each bearing nine rows of

modified "scales." Each disc is also provided with a variable number, generally

about thirty, of sharp slender hooks. The clinging disc of the worm is thus

armed with as many as eighty hooks.

The scale-like papillae, characteristic of the Lepidotreminae, are absent only

on the head. Of the body-muscles, a well-developed circular, and poorly-developed

longitudinal layer could be detected.

The head organs of this species are very prominent; a large anterior pair

and two smaller posterior pairs being present and it appears that the latter are

actually protrusible (PI. xix., fig. 60). The cephalic glands supplying them ai-e

very small and lie well in front of the eyes, close behind the last pair of

The mouth lies mid-ventrally, in front of the eyes. A long buccal cavity

leads into the pharynx. Lateral to the very short oesophagus is a pair of

digestive glands. The forked intestine is devoid of caeca and ends blindly.
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No trace of nervous or excretory systems could be seen. There ai'e two-

pairs of eyes immediately in front of the pharynx, situated just below the body
wall in the parenchyma.

The testis is well developed, lying immediately behind the ovary, and in

some specimens appears to be distinctly lobed. The vas deferens, which runs

dorsaUy to the ovai-y and to the right of the uterus, becomes dilated into a

large vesicula seminalis and, after narrowing, appears to open directly into the

cirrus, no bulbus ejaculatorius being visible. Into the base of the cirrus there

opens a small prostate gland. The cirrus is a short incompletely-closed chitinous

tube, bent once upon itself and opening immediately anteriorly to the female

genital aperture.

The ovary lies transversely in the middle of the body. The oviduct is a
very wide, non-collapsible tube opening a short distance behind the oesophagus.

The well developed shell-glands are ari-anged in two groups on either side of the

oviduct into which they open each by a long delicate duct. There is no vagina.

The vitelline system which is not very strongly developed, lies in close con-

nection with the intestine and discharges its yolk by means of two narrow
transverse yolk-ducts, situated immediately anterior to the ovary.

The egg which is relatively large, measuring approximately .06 mm. in

length, was rarely pi'esent. It is somewhat oval in shape, and possesses a short

posterior spine.

Found on the gills of Therapon undcolor Gunther, from the Burnett River,.

South Queensland.

19. A c L E o T R E Ji A, n.gen.

Lepidotremiinxe. Disc considerably broader than body, with four- large hooks

and a supporting chitin apparatus ; fourteen minor hooks. The sucker-like organs

consist of about fifteen rows of modified scales and are devoid of accessory hooks.

Greater part of body protected by short proclinate spiny papillae. Pour eyes

present. Ovary and testis in the vicinity of the middle of the body. Vagina

thin-waUed, bent upon itself anteriorly and opening in the midline. Penis rather

simple, but lodged in a highly developed cirrus-sac. Penis and vagina com-
municate with a remarkable chitinous cavity which opens on the ventral surface.

From the gills of a marine fish of the genus Girella.

Type species, J., girellae J. & T.

AcLEOTREiiA GIRELLAE, u.sp. (Plate xiii., figs. 23-25; siv., figs. 26-30.)

Length of adult worm averages about .7 mm., breadth of body about .16

mm., breadth of disc about .23 mm.
This is a rather slender species with a disc considerably broader than the

body. There is much variation in shape according to the state of contraction or

elongation of the individuals; at times the extension of the posterior portion may
be remarkably gTcat, the worm in this condition having a totally different ap-

pearance from that usually seen. It is chiefly the region posterior to the ter-

mination of the intestine which undergoes this elongation.

The disc is provided with fourteen minor hooks, arranged as in PI. xiii., fig.

25 and PI. xiv., fig. 27, as well as with four large hooks which are supported by,

and articulate with a chitinous basal armature. The latter consists of a power-
ful transverse chitin-bar, the ends of which articulate each with a second, proxi-

mally bifurcated chitin-bar, while the two hooks on either side come into relation

with the end of the bar. One of these hooks is rather slender and possesses
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two well-defined roots. In the other, which is a much more powerful hook,

such a basal bifurcation is absent. The disc is provided with two pairs of

groups of unicellular glands, the lateral pairs (Fl. xiii., fig. 25) being especially

well-defined and appearing to open, by numerous converging ducts, upon the

surface of the disc. The two accessory adhesive organs or squamodiscs consist

each of about fifteen rows of modified body papillae, and are quite devoid of

definite hook apparatus. The disc is well provided with muscles which are

modifications of the longitudinal body musculature of the parasite, though it is

possible that the circular layer also enters into their formation. The longitudinal

muscles of the posterior lateral portion of the worm ai'e arranged on each side

in a bundle which passes outwards (PI. xiii., fig. 25) to become inserted on the

lai-ge hooks of the corresponding side. From the upper part of the disc near

its jimction with the body, there arises on each side a bundle of muscles passing

obliquely to the hooks of the other side. The musculature of the sucker-like

organs is in the form of a pair of muscles travelling down the ventral mid-

line of the body.

The cuticle is developed into numerous forwardly projecting papillae, eaoh

very sharply pointed (PL xiv., fig. 28), but not so closely arranged as in

Lepid'Otes. They are especially well developed near the disc, but gradually

diminish and disappear towards the anterior half of the animal. The longi-

tudinal layer of body-muscles is fairly distinct, but cannot be said to be strongly

developed. The fibres of the outer layer ran mostly in an irregular oblique

manner; only in places could distinct circular muscles be detected. In the region

of the genital openings the musculature undergoes a pronounced modification, a

powerful group of irregularly arranged oblique, circular and longitudinal fibres

being foimd, surrounding the huge genital cavity to be described below. Into

this mass are also inserted well-defined columns of dorso-ventral fibres. The
mouth is a transverse slit opening on the ventral surface, a little in front of

the region of the brain. The buccal cavity is short, the pharynx large and dis-

tinct, and the oesophagus short. Into the posterior part of the pharynx opens

a group of unicellular glands, clearly visible in the living animal, but in stained

preparations appearing only as a dark mass. The intestine is bifurcated and

devoid of caeca. In section its wall is seen to be composed of a layer consisting

of several clear hyaline cells. There is no junction of limbs posteriorly.

Three pairs of head-organs are present, their ducts originating from masses

of gland-cells which cause a slight projection on each side of the head. The

brain, which lies immediately anterior to and above the pharynx, gives off

three pairs of nerves ; a small pair to the anterior extremity ; the second, slightly

larger, pair laterally to supply the sides of the anterior half of the body; the

third pair very large and passing right along the animal, lying in close contact

with the intestine (PI. xiv., fig. 27).

The excretory system is clearly visible in living specimens as an irregular

tube running close to the intestine and receiving branching vessels in the region

of the testis. Posteriorly the limbs communicate close in front of the termination

of the intestinal branches. The system opens on either side at about a third

of the body-length from the anterior end by a pair of dilated excretory vesicles,

riowing into the base of this vesicle are the excretory vessels of the head, which

in the region of the brain have a curiously complicated course (PL xiv., fig. 27).

The ovary lies transversely in the mid-region of the body, the oviduct leaving

it on its left side to pass inward and then anteriorly where the vagina opens

into it. It then passes forward, sweeping round as the uterus past the male
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and vaginal apertures, to open beside the eirras sac. Its anterior half is lined

with chitin and is therefore very clearly visible. The vagina travels forward
after joining the narrow uterus and close behind the male opening bends inward,

then turns sharply upon itself, and again bends inward, thus producing a most
eflieient mechanism for the retention of sperms in the vagina. The latter opens

into the large genital cavity, described below. In the walls of the oviduct lie

the shell-glands which are not visible in whole mounts of adult animals, but can

be clearly seen in sections. They will be more fully described in the young
foi-m in which they are clearly recognisable.

The testis is a pyriform structure lying close behind the ovary. The vas

deferens passes forwards and in the region of the eimis-sae bends upon itself,

then ag-ain forwaxd to open into the penis. The vas is a fairly widely dilated

tube but no special portion of it can be regarded as a vesicula seminalis. The
penis is a rather simple chitinous tube with a distinct curve near its tei-mination.

It is lodged within a highly developed cirrus-sac (PI. xiv., fig. 26) which con-

sists proximally of a large rounded structure lined with an outer layer of

circular muscles, internal to which is a group of radiating muscles, inserted upon
tUe beginning of the penis. The sac extends forward and embraces the penis

for a considerable distance. Distally it opens by a distinct, heavily chitinised

aperture into the great genital cavity (PL xiv., fig. 29). This remarkable

stnicture encloses a relatively large space, with collapsed walls, lined by chitin.

Into its front portion open the penis and the vagina. The whole is surrounded

by a complex musculature. Probably this organ is to be regarded as having an

accessory copulatory function.

On the gills of the same fish which provided the specimens upon which

the above description is based there were present other worms, which axe pro-

bably the young of this species, since the arrangement of the discal armature,

liead-glands, and intestine are identical; but the genital organs are rather simpler

than those above described, though they are founded on essentially the same

plan (PL xiv., fig. 30). Ovary and testis are well developed, but the former

has not yet attained the size it does in the adult worm. The walls of the oviduct

lodge a number of small unicellular shellglands, whose ducts pass forward and

evidently open . each directly into the ootype. The uterus, which is shai-ply

marked off from the latter, is considerably wider and passes straight forwai'd to

open close to the male genital aperture. The vagina which is connected with

the uterus by a narrow chitinous duet, is constricted anteriorly, then dilated

again into a small bulb which gradually tapers off to form a narrow duct open-

ing to the exterior. This terminal portion of the organ already has an indication

of the twisting which subsequently becomes so evident. The vagina opens into

a small crevice, doubtless the rudiment of the remarkable structure that occurs

in the adult. The vas deferens is a fairly straight tube, connected distally with

a small bulbus ejaeulatorius opening into the penis. The latter is less heavily

chitinised than in the adult. The prominent bulbous expansion of the proximal

part of the adult cirrus-sac can scarcely be detected in many cases while in

others, evidently more advanced individuals, it is more distinct, but not so pro-

nounced as in the adult forms.

Found on the gills of the marine black bream or black fish, G-irella tricuspi-

data Q. and Gr. from CaJoundra, South-east Queensland.

20. L A ME L L o D I s c u s, n.gen.

Small slender Lepidotreminae in which the body is devoid of scaly papillae.

Disc well developed, with the accessory locomotory disc (squamodisc) peculiarly
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modified in such a way as to present numerous concentric rows consisting each

of a pair of laterally elongated lamellae. Eyes present. Intestine ends blindly.

Cirrus simple. ' Vagina present. From the gills of marine fishes.

Type and only species, L. typicus J. and T.

Lamellodiscus typicus, n.sp. (Plate sxi., figs. 74, 78, 78a.)

A rather small worm, measuring about .124 mm. in greatest width and .528

mm. in length. The anterior end is narrow, especially immediately behind the

phai'ynx, while in the region of the testis the worm is at its maximum breadth,

there being a distinct constriction immediately before this region. Disc con-

nected with body by a rather long pedicle.

The disc bears four large hooks of which the ventral is somewhat bifurcated

at its base (PI. xxi., fig. 74). All four articulate with a strong chitinous cross-

bar. Seven minor hooks are present, their dispositions being as indicated in

PI. xxi., fig. 74. The accessory disc (sqnamodisc) undergoes a remarkable deve-

lopment, each of the concentric rows consisting, not of scaly papUlae as in the

other Lepidotreminae hitherto described, but of a single pair of laterally-elongated

lamellae.

The integument is remarkable in that no trace of scaly papillae could be

discovered. This is perhaps correlated in some way with the curious develop-

ment of the squamodisc, a structure which, as already stated, is probably pro-

duced as a modification of these scaly papillae. The muscle-system is feebly

developed, the transverse system being scarcely evident in preparations. In the

posterior region, however there are two pairs (a dorsal and a ventral) of

bundles of longitudinally running fibres passing to the disc (PL xxi., fig. 74).

The cephalic glands are well developed and lodged on each side of the

pharynx in a pair of distinct swellings (PL xxi., flg. 78), their ducts travelling

foi-ward to open through three pairs of head-organs.

The mouth is situated sub-terminally; the pharynx is very small, and the

oesophagus extremely short. The intestinal limbs are entirely devoid of caeca

and end blindly a little before the disc.

Two pairs of eyes are present immediately in front of the pharynx; those

of the posterior pair being larger and closer together than the anterior. The

brain is situated beneath them, but no details of the nervous system could be

observed.

The testis is situated in the middle of the body and is so large that it pro-

duces a distinct bulging of the body in this region. The vas deferens appears

to originate at its posterior portion; it travels foi-ward, then turns inward

towards the midline and then forward again to pass as a rather widely dilated

duct serving as a seminal vesicle, into the region of the cirrus, narrowing

suddenly before it enters the latter structure from above. The cirrus is a

medium-sized, simple chitinous tube, passing directly backward to terminate at

the male genital aperture.

The ovary is a curved organ lying just in front of the testis. The oviduct

passes inward from its most anterior portion and then forward as the uterus.

The vagina is a simple thin-walled tube, which appears to be lined with a thin

layer of chitin. It passes backward, crosses the path of the uterus, then turns

inward and forward again and opens into the ootjrpe. There is formed a small

distension in its posterior region, which apparently serves as a receptaculum

senunis. Shell-glands could not be seen.

Tlie vitelline system is very well developed. It closely follows the limbs
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of the intestine, but undergoes a gTeat development in the mid-region of the

body, there occupying a considerable area immediately anterior and posterior

to the testis, when it stretches right across the body so as to encircle the male
gland. The yolk is transferred to the female tubes by a pair of transverse

yolk-ducts, situated considerably anterior to this region. No eggs were present

in the specimens examined.

From the gills of the common marine bream (silver bream), Sparus aus-

tralis Guntlier, from Moreton Bay.

Subfamily IV. MERIZOCOTYLINAE, n. subfam.

Syn. AnisocotyUnae MonticeUi, 1903 (in part).

Gyrodactylidae in which the disc is provided with suckers as well as major
hooks. Cephalic glands open by distinct head-organs. Testis single or double.

Gvary unbranched. Vagina present.

From the gills and nasal glands of marine fishes.

This subfamily includes the following genera:

—

Merizocotyle Cerfontaine and
Empruthotrema J. and T.

21. Merizocotyle Cerfontaine, 1894.

Medium-sized worms, in which the disc is provided with a small number
(five to seven) of central suckers and a ring of from twelve to eighteen mar-

ginal suckers, the latter provided each with a minor hook. Two major hooks

present. Four eyes. Cirrus simple. Testis and ovary single and compact. Two
vaginae present (according to MacCallum). Vitellaria well developed.

From nasal gland and gills of stingrays in America and Europe.

Type s p e c i e s, 3f . d/iapliana Cerf

.

This genus has been placed by various authors in the Monocotylidae, Ani-

socotylinae and Tristomdae. The presence of distinctly glandular head-organs

undoubtedly shows its relationship with the Gyrodactylidae. At the same time

the double vagina and the remarkable "sucker-disc" are characters which dis-

tinctly separate the genus from members of any other subfamily belonging to that

family. (See also under genus Loplweutyle)

.

Ivnown species:

—

M. diaphana Cerf., 1894; M. minor Cerf., 1898; M. dasy-

batis MacCallum, 1916.

22. Empruthotrema, n.gen.

Medium-sized robust Merizocotylinae, about 1.6 mm. in length, in which the

disc is nearly as wide as the body, and is provided with fourteen marginal and

five central suckers. Major hooks are absent, but minor hooks are found mar-

ginally, one between each pair of suckers. Anterior end broad and provided

with three head-organs, doubtless glandular. Small pharynx; short oesophagus.

Intestinal limbs end blindly. Testis double and very large; penis fairly simple.

Ovary compact; shell-glands strongly developed. Vagina paired.

Fi'om the gills of Eaja erinacea —Massachusetts.

Type s p e e i e s, £. raiae (Ma.cCallum, 1916)

.

This species has been described and flgui-ed by MacCallum as a species of

Acanthoeotyle, a decision which is obviously incorrect. The author does not

mention the presence of cephalic glands, but his figure suggests that they do

occur; in almost every other respect the worm is closely allied to Merizocotyle.
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Family III. MONOCOTYLIDAETaschenberg, 1879.

Small, slender or robust, medium-sized Gyrodactyloidea in which the glan-

dular head-organs are absent. The disc has developed into a suoker-like struc-

ture, a character which is already present in the Merizocotylinme. Major hooks

present, though apparently at times absent. Eyes present or absent. Testis

simple and compact or broken up into follicles. Ovary simple. Vagina present

(or absent?), generally paired. Intestine bifurcated, caeca present or absent.

From the gills of Elasmobranchs.

It is customary to include the Monocotylidae with the Tristomoidea, but the

affinities of the group are much more with the Gyrodactylidae, Merizocotyle

forming an intermediate link.

The following genera belong to the family:

—

Monocotyle Tschbg., 1878;

Trionchus MaeCallum, 1916; Calicotyle Dies., 1850; Microbothrium Olsson, 1869;

Pseudocoiyle v. Ben. and Hesse, 1865; perhaps also Leptocotyle Montic, 1905.

Key to sub-families of Monocotylidae.

A. a. Disc about as broad, or a little broader than body Monocotylinae
b. Disc much narrower than body B.

B. a. Anterior end of worm narrow, posterior end very broad; disc divided by
radii into several suckers and armed with hooks CaUcotylinae.

b. Both ends attenuated, disc very small, devoid of radii, and of large
hooks Pseudocotylinae.

Subfamily I. MONOCOTYLINAEGamb, 1896.

Slender Monocotylidae in which the disc is about as broad as body and pro-
vided with two or three major hooks. Testis compact. Vagina single (or

double ?)

.

In addition to Monocotyle, we axe including Trionchus in this subfamily.

23. Monocotyle Taschenberg, _ 1878.

Elongated worms with large posterior clasping disc, divided by eight radii

into as many suckers. Two major hooks and numerous minor hooks, the latter

scattered over the disc, especially at its margin. Mouth very large, situated at

anterior end. Vagina single (or double ?). Intestinal limbs end blindly. Eggs
oval and provided with a filament. From Elasmobranchs.

Type s p e c i e s, M. myliobatis Tsch.

Known species:

—

M. myliobatis Tsch., 1878 (Europe); M. ijimae Goto, 1894
(Japan); M. dasybatis MaeCallum, 1916 (U.S.A.).

Monocotyle minima, nom. nov.

(Syn. M. dasybatis minimus MaeCallum, 1916.)

In 1916 MaeCallum described two species of Monocotyle from a stingray,

Dasybattis pastinacus, from Massachusetts, —viz., "M. dasybatis nov. sp." and
"M. dasybatis minimus nov. sp." Both are well figured and a glance is sufficient

to show that the two are quite distinct, not only in their dimensions but in

regard to the major hooks of the disc, the oral region, disposition of the ovary

and testis, etc. No suggestion was made by the author that the second species

was to be regarded as a variety or subspecies of the former, but the two were

evidently considered as quite distinct species. It seems to us that the second

name is a pure trinomial and accordingly invalid as a combination. In order to
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avoid unnecessary confusion we have deemed it expedient to rename the species

as Monocotyle minima-.

MONOCOTYLEROBUSTA, U.Sp. (Tcxt-flg. 1.)

This is a ratlier small stout species, measuring about .72 mm. in length

and .30 mm. in maximum Ijody-breadth. The disc is nearly circular and re-

lativelj' very large, measuring about .31 mm. in diameter. The anterior end of

the worm is naiTow and dome-shaped, but the body immediately behind the

pharynx broadens out, reaching its maximum breadth in the region of the ovary,

then narrowing considerably to be joined by a relatively broad pedicle to the

disc.

The disc bears a small sucker in its middle, from whose walls eight radii

pass outwards and divide the margin into as many marginal suckers. The disc

is therefore a very powerful adhesive organ, but its efficiency is increased by a

pair of large hooks situated on the outer angles of the two posterior suckers. In

other species minor hooks have been described, one belonging to each sucker;

Text-fig.l.

—

jMonocotyle i-obus/a , entire animal.

but in this form their presence has not been seen with certainty. Each of the

larger hooks has two roots, one very, long, the other relatively short and pro-

vided with minute muscles.

The. skin is quite devoid of papillae. Longitudinal and circular muscle-

layers can be distinguished, but only the latter is well developed, especially in
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the region of the mouth Avhich must be a fairly labile organ. The pharynx
which lies close behind the mouth is relatively very large, measuring nearly .1

mm. in length. Thei'e is a short oesophag-us. No details of the intestine could

be made out in the material available.

Immediately in front of the pharynx are four eyes, the posterior two being

larger and situated further apart.

The genitalia are rather difficult to observe on account of the closeness with

which they are massed together in this short animal. The ovary is situated in

the midline slightly behind the middle of the animal. It is bent once upon

itself in the transverse direction and then opens by a short oviduct into the

uterus. The latter is a long narrow tube, apparently Uned distally with a thin

layer of chitin. It opens close beside the pharynx, and when an egg is present

is seen to be considerably distended in this region where the shell-glands lie. A
very short vagina is present, opening on the mid-ventral region by a very dis-

tinct aperture. What appears to be a very large receptaculum seminis is to be

.seen in close connection with the vagina.

The vitelline system is very well developed and obscures all structures be-

neath it. The transverse yolk-ducts pass inward towards the female ducts im-

mediately in front of the ovary. The yolk-glands extend from the region of the

pharynx right to the posterior end of the body, where they are especially

abundant.

The testis is fairly large, lying beside and close behind the ovary. The vas

deferens passes forward on the left side of the body, to open into a very

]irominent vesicula seminalis close behind the pharynx. The penis seems to be

a fairly large, though not very distinct structure, lying close to the vesicula, but

its exact structure could not be made out.

From the gills of a common stingray, Vrolophiis testacetis Mull. & Henlc

from Sydney.

24. T R ] N c H u s MacCallum, 1916.

"The mouth large and sub-terminal, much like an ordinary sucker; genital

pore central; cirrus chitinous; single testicle posterior to ovary; a relatively

large sucker disc with one large loculus in the centre and three small marginal

ones. There are also on the disc three hooks, one large one terminating in two
points and also two smaller ones" (MacCallum). To which may be added:

—

pharynx remarkably small; ovary very large and bent in a semicircle; vagina ap-

parently absent.

Type and only known species, T. da,sijhatis MacCallum, 1916, from the

gills of Basyhatus pastinacus at Wood's Hole, Massachusetts.

Subfamily II. CALICOTYLINAE Monticelli, 1903.

Bather large robust Monocotylidae, much broader behind than in front

;

the disc very much narrower than the body and divided into a number of suckers.

Large hooks present on disc. Vagina double. Testis broken up into numerous
follicles. Cirrus simple.

Calicotyle Dies, is the only genus as yet known belonging to this subfamily.

25. Calicotyle Diesing, 1850.

Disc divided by seven radii into as many marginal suckers; a small central

sucker also present on disc. Minor hooks absent, but two large powerful hooks
present. Testis elongated transversely and broken up into numerous follicles.
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Cirrus simple. Ovary small, elongated trausverselj' and coiled slightly. Vagina
double.

From marine fishes (Elasmohranchs).

Type species, C kroy<eri Diesing, 1850. There are various spellings for

this name e.g. Calycotyle, Callocotyle, CalUocotyle, Callicotyle but Calicotyle has

precedence.

Ivnown species: C. kroyeri Dies., 1850 (Europe); C. mitsukurii Goto, 1894
(Japan) ; and C. stossichi Braun, 1899 (Europe).

Subfamily III. PSEUDOCOTYLINAEMoniticelli, 1903.

Robust Monocotylidcbe, with attenuated ends; sucker exceedingly small and

devoid of hooks or suckers. Intestinal limbs provided with caeca. Vagina
paired or unpaired. Testis compact or broken up into follicles.

26. MI c R B T H R I u M Olsson, 1868.

Pseudocotylinae with "elliptical body with attenuated ends. Vagina un-

paired, opening on left of ventral surface. One lai-ge compact testis" —(Pratt).

From Elasmohranchs (N.W. Europe, Canada).

Type and only known species, M. apieulatum Olss., 1869.

The genus was described as a member of the Tristornddcte. In 1879 Taschen-

berg considered it to be a synonym of Pseudocotyle, as also did Monticelli (1903),

Braun (1890) and Stafford (1904). Pratt's figures (1900) show them to be dis-

tinct, and in view of our lack of the necessary literature we have listed the two

genera separately.

Although Monticelli (1892, 1905) referred to Microbothrium as a synonym
of Pseudocotyle, yet he admitted (1905, p. 70, footnote) that it might be retained

as a subgenus of the latter, and at the same time proposed Leptocotyle as a sub-

genus, its type species being P. minor.

Olsson (1869) in describing M. fragile, assigned this parasite of Raja hatis

doubtfully to Microbothrium. Braun (1890) placed it under Pseudocotyle. In

1897 Jaegerskiold described an ectoparasitic "Triclad {Mieropharynx parasitica,

n.g. et sp.) from two other Scandinavian rays B. clavata and R. laevis, and

mentioned its possible identity with Olsson's species. Stafford (1904) accepted

the synonymy and reported the presence of the worm in Canadian waters. In

view of these statements the species can be removed from the Gyrodactyloidea.

27. P s E u D c T Y L E V. Beneden and Hesse, 1865.

Pseudocotylinae in which the vagina is vei-y smaU and paired. Testis broken

up into numerous follicles. Intestinal caeca very long and slender.

From skin of Elasmohranchs.

Type species, P. squatinae Ben. and Hesse, 1865.

Known species: P. squatinae Ben. and Hesse, 1865; P. minor Montic. 1888.

As already mentioned above, it has been stated that Microbothrium is a

synonym of Pseudocotyle. In 1905 Monticelli proposed a subgenus, Leptocotyle,

to receive P. minor, but as w© have not access to the literature, we refrain from
discussing its status.

Family IV. CALCEOSTOMIDAE(Parona & Perugia, 1890) Monticelli,

1903—emend. J. & T.

Gyrodactyloidea in which the cephalic glands do not open by ducts con-

centrated into head-organs, but remain scattered over a considerable area on
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either side of the head. Posterior disc showing a tendency towards sucker-like

structure, though no distinct sucker is produced. Correlated with this, there is a

diminution or even disappearance of the major hooks. Eyes present or absent.

Intestine with or without caeca. Testis single or double. Ovary simple or

branched. Cirrus simple. Vagina present or absent.

Prom the gills of fishes.

The name C'alceostomidae wa.s first used by Parona and Perugia in 1890,

but was employed to designate a subfamily, Monticelli in 1903 raising the sub-

family to the status of a family.

Wehave subdivided the family into the Calceostominae and Dionchinae.

Subfamily I. CALCEOSTOMINAEMonticelli, 1892.

(Syn. Calceostomidae Parona and Perugia, 1890.)

Calceostomidae with a bifurcated intestine provided with very marked caeca.

Vagina (apparently) present or absent. Testis single. The head develops a pair

of head lappets.

Including the genera Caloeostoma v. Ben., 1858, and Fridericianella Brandes,

1894.

28. Caloeostoma van Beneden, 1858.

Calceostominae. Large worms, measuring from about 5 to 8 mm. in leng-th.

Posterior disc broader than body and somewhat cup-shaped; unarmed or pro-

vided with an armature consisting of a central group of two comparatively small

hooks as well as minute marginal hooks. From the anterior end, immediately

in front of the eyes, are developed a pair of very remarkable head-lappets. A
pair of large glands occupy the greater part of the head and open by nmnerous

ducts in the vicinity of the mouth. Eyes present (or absent according to ac-

counts of the European species). Pharynx large; intestine bifurcated with pro-

minent caeca. A single elongated testis; cirrus rather simple. Ovary branched.

Vitellaria well developed. Vagina absent.

Found on the gills of marine fishes.

Type species, C caloeostoma (Wagener, 1857) J. & T., 1922, Syn., G.

elegans van Beneden, 1858. Other known species, C. merme Par. & Per., 1889.

CALCEOST03IA GLANDtJLOSUM, n.sp. (Plate xsi., flgs. 75-77; xxii., flg-s. 79-86.)

This is a large worm, measixring about 5 mm. in length and .9 nun. in

breadth.

The disc is broader than the body of the worm and somewhat .cup-shaped in

general appearance, with a vei-y strongly crenated margin. The dorsal and more
posteriorly lying portion of the "cup" is marked off from the anterior and more
ventrally situated part by a prominent septum which has a less strongly crenated

free edge (PI. xxii., fig. 86). The anterior section of the cup is rather larger

than the posterior and contains the powerful hook apparatus. This consists of

two large hooks articulating with a small chitinous complex which, in turn, rests

at the end of a long bar of chitin. An intricate system of muscles is developed

in connection with the whole apparatus. The hooks are powerful, sharply-

pointed and curved almost into a semicircle. The basal part of each is broad,

with short irregular projections, the mechanical action of which upon the chitinous

complex probably sen-es to give perfection to the action of the whole clasping

apparatus. The chitin complex, with which the hooks articulate, rests upon the

top of a long supporting bar and is provided on each side, on its more ventral
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portion, with three long processes, the upper two pairs being the largest; while

the more dorsal part is developed into two pairs of short stout bosses. The hooks

articulate with the complex between the ventral pair of processes. The muscula-

ture of the hook apparatus is attached to these processes. A pair of very large

powerful muscles, lying on either side of the median chitin bar, are inserted on

the common base of the two large more dorsally and posteriorly situated of the

processes, while weaker muscles are attached to the smaller processes. Numerous
transverse muscles —excessive development of the outer circular muscle-layer-^are

inserted on the longitudinal supporting bar and add to the complexity of the

whole structure. A more weakly developed transverse muscle lies i mmediately ui

front of the longitudinal chitin-bar and lodges a small sesamoid-like piece of

chitin which articulates with the base of the latter.

Immediately internal to the crenated margin of the disc ai'e two rows of

numerous very minute hooks, each with a bifurcated basal attachment (PI. xxii.,

flg. 84).

The head develops two prominent head-lappets (characteristic of Calceostoma)

provided with the curious ornamentation seen in the figure. The fact that blood-

corpuscles from the host occur in the intestine of the parasite suggests that these

organs have a suctorial function; though it is also possible that an undulating

movement, for which they seem well adapted, would serve to waft food towards

the mouth.

The integument (PL xsi., flg. 76) possesses a well developed cuticle, below

which lie the muscle-layer's with which it is connected by a rather loose sub-

cuticular tissue. The outer circular musculature is very poorly developed, and

in places quite absent. The longitudinal layer is strongly marked and interior

to it lies a second circular layer, much more prominent than the outer circular.

In the posterior region of the animal, behind the intestine, lie masses of

unicellular glands which appear to open on the ventral surface.

The mouth lies ventrally immediately behind the lappets and just in front of

the pharynx. The buccal cavity is short; the pharynx large, prominent, and de-

void of gland-cells within its walls. There is no definite oesophagus. The intes-

tine is bifurcated, the two limbs joining again behind the testis. Intestinal caeca

are well developed, especially on the outer side of the intestine, one pair extending

forwards half way along the pharynx. There is a similar posterior extension

considerably behind the connecting jDiece of the intestinal limbs. The intestine

is lined by a single layer of cells.

In the anterior portion of the body are two great masses of unicellular

glands beginning considerably behind the phai-j'nx at the sides of the body and
gradually broadening out to form two prominent masses just in front of the

pharynx. From each cell a duct is given off (PL xxii., flg. 82) uniting with

ducts from neighbouring cells. In this way are formed a large number of trans-

verse ducts which run below the pharynx and appear to open into the buccal

cavity and, possibly also, into the ventral part of the pharynx.

It is possible that these glands are homologous with the cephalic glands of

Gyrodactylidae , the characteristic head-organs of that family being probably an

accumulation of numerous ducts which are seen separated and distributed in

Dionchns where the arrangement seems to be intermediate between the two types

of structure.

No other glandular organs could be seen in connection with the intestine.

The excretory system can be observed in serial section lying immediately

below the intestine on each side (PL xxi., fig. 75) as a tube with a moderate
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lumen containing a small amount of spongy tissue. In close connection with

these duets are a number of muscle fibres. The tubes extend forward as far as

the pharynx, increasing in size and becoming more infiltrated with spongy con-

nective tissue, then pass forward and downward to open by a number of minute

openings into the posterior portion of the vestibule which is surrounded by the

head lappets (PI. xxi., flg. 77). Posteriorly the longitudinal ducts can be traced

as far back as the end of the intestine. In the region of the phai-ynx the

excretory ducts give off a large spongy sinus-like extension over this structure,

thus forming a connection between the left and right tubes. DorsaJly to the

pharynx this connecting branch also receives two smaller ducts which run along

the dorsal surface above the intestine and immediately below the body-wall for

about half the length of the animal.

Two pairs of eyes are present lying below the body-surface, immediately in

front of the pharynx. The anterior eyes are rather farther apart and somewhat
smaller than the posterior. Both pairs, however, are abnormally small and this

may account for their reported absence in the European species. Moreover, in

specimens which have been compressed, the granules of the eyes generally break

apart and this may further account for their not having been found previously

in this genus.

The brain is very feebly developed and is visible in section simply as a

small mass of nervous tissue between and before the eyes. The lateral nerves

could not be observed.

There is a large, very faintly lobed testis reaching back a.s far as the

posterior junction of the intestinal limbs. The vas deferens is given oft' from
it anteriorly in the median-ventral line, then passes to the left slightly and dilates

into a large vesicula seminalis, a second vesicle being formed a little further on.

The vas deferens continues thence as a narrow tube forwards, then backwards
to communicate with the cirrus. Into its most anterior portion opens the duct

from a very prominent prostate gland. The cirrus is a simple chitinous tube,

passing vertically downwards and giving off a second chitin-tube to the right

(PI. xxii., fig. 81).

The strongly branched ovary lies well in front of the testis. The oviduct

passes almost vertically downward from it (PL xxii., flg. 81) after receiving the

yolk from an indistinct yolk-reservoir, then forward as a moderately distinct

tube, opening to the exterior close behind the male genital aperture. The shell-

glands appear to be merely glandular thickenings of the uterine walls. The egg

has not been found. The vitelline system is strongly developed and closely

follows the contour of the intestine, which it almost surrounds, appearing there-

fore, in side view, as a double-layered system. The transverse yolk-duct lies im-

mediately in front of the centre of the ovary and opens into the ootype just

before that structure bends down to continue forwards as the uterus.

Pound on the gills of the marine jew-flsh, Sciaena antarctica Castelnau, from
Caloundra, South Queensland.

Two other species of Calceostoma have already been recorded from marine
fishes, C. calceostom-a (Wagener) —usually known as C. elegans Ben. —and C.

inerme P'arona and Perugia, both from Europe. In these species eyes have not

been seen; if they are present, their minute size and the ease with which they

disintegi-ate may account for their not having been observed. The head-lappets

of C. glandulosum. are rather less prominent than those fignired for C. calceostoma.

A comparison of the hook apparatus with that of the known species is not pos-

sible, since the descriptions given indicate that certain of its components had
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either been missed, or had dropped off. Wagener's species is stated to possess a

single large central hook, but it is possible that the minor hooks have not been

observed in this form. In C. inerme, on the other hand, it may be that the large

hooks have dropped off, or, as frequently happens in C. glandiilosum, are hidden

by the folding of the clasping disc.

29. Fridehicianella Brandes, 1894.

Caloeostominae. A rather large species (4 to 5 mm. in length) in which

the head-lappets, though prominent, do not attain the extraordinary development

seen in Calceostoma. Glandular protuberance on one side of body. Eyes?

Ovary not branched. Vagina present. Single testis. Intestine similar to that

of Calceostoma..

Type and only known species, F. ovicola Brandes, from the eggs of Arins

commersonii, a fresh- and brackish-water fish from South Brazil. The male of

this fish carries the eggs in its mouth till the emergence of the young, a fact

which probably accounts for the carious position recorded for the parasite which

we suspect normally infests the gills of its host.

According to Brandes there is a vitello-intestinal duct present, opening ap-

parently on to the dorsal body surface! It seems more reasonable to accept

Goto's suggestion (1899) that this is the true vagina, the "Seitenwulst" of Brandes

being probably an accessory copulatory organ.

Appendix to Calceostominae.

30. C A T H A R I T R E MA, ll.gen.

In this subfamily is possibly to be included a worm described and figured

by MacCallum (1916) as Monocotyle selachii. The remarkable nature of the

anterior end and the presence of numerous minor suckers on the adhesive disc

seem to exclude the species from that genus. The head-lobes are exceedingly

suggestive of Calceostoma, while the "sense-papillae" may readily be regarded as

the scattered openings of cephalic glands. If this view be eventually found to

be correct, then the genus, for which the name Cathariotrenia is suggested, must

undoubtedly be classed amongst the Calceostominoie. Meanwhile, it is simply

classed as an appendix to that group.

Diagnosis

:

—Rather large forms in which the disc is distinctly broader

than the body and is provided with numerous minute suckers. Two large hooks

and many minor hooks present. Anterior end provided with large lappets, en-

closing the mouth behind. Eyes absent. Intestine bifurcated, devoid of caeca,

and ending blindly behind. Testis and ovary simple. Vagina apparently pre-

sent. Vitelline system very extensive. Erom the nasal glands of sharks.

Type, C. selachii (MacCallum, 1916) J. & T., from Carcharias obsciirus and

Cestracion sygaena (= Sphyrna zygaena) —from Massachusetts.

Subfamily II. DIONCHINAE, n. subfam.

Calceostomidae in which the posterior disc possesses two diminutive major
hooks and at times numerous minor hooks. Distinct head-lappets absent. Eyes

present. Intestine bifurcated, devoid of caeca. Testis double (see, however,

Appendix to Dionchinae). Penis simple. Ovary unbranched. Vagina present

From the gills of marine fishes.

Including the genera Dionchus Goto, 1899 ; DioHchotrema, n.gen. ; Lophocotyle

Braun, 1896; and possibly Anoplodiscus Sonsino, 1890.
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Monticelli (1903) placed Dionchus, Anoplodiseus, Lophocotyle and Merizo-

cotyle in the B'lonocotyUdae, Awisocotylinae ; while Pratt (1900) grouped the

first, third and fourth of these in his key as a separate section of the Monocoty-
lidae, wliile the second was placed among the Gyrodactylidae.

31. Dionchus Goto, 1899.

DioncMnae. Goto defined the genus thus: —"Body flat and elongated; with

a single posterior sucker, the inner surface of which is divided by radial ridges

into ten areas, with one pair of chitinous hooks. Mouth at a short distance from
the front end; intestine bifurcated, simple. With four eye-spots. Porus geni-

talis communis submarginal. Testes two, one lying in front of the other. No
vagina."

To this diagnosis may be added : —strong development of cephalic glands

whose ducts do not become concentrated into head-organs, but open separately

round the margin of the head.

Type and only known species, D. agassizi Goto, 1899, from gills of a

marine fish Remora brachyptera. From Newport, Rhode Island, U.S.A.

Goto regards this form as combining Gyrodaetylid and Monocotylid charac-

ters, showing a specially close resemblance to Fridericianella in the former group,

a genus which seems to us to be intermediate between Calceostona and Dionchus.

32. D I o X c n T R E MA, n.gen.

(Syn. Acanthodiscus MaeCallum, 1916, nee 1918; nee Uhlig, 1906.)

A small species with the disc distinctly marked off from the body and pro-

vided with two large and numerous smaller hooks. Cephalic glands prominent,

opening" on the surface by scattered apertures. Eyes present. Intestine

bifurcate. Ovary simple. Vagina present. Vitelline system well developed.

Two testes. Penis simple.

Type (and only known) species, D. remorae (MacCaUum, 1916) J. &. T.

From the gills of Eeheneis naticrates, from New York Aquarium.
The presence of distinct cephalic glands opening apparently diffusely on

the head, two large discal hooks and a pair of testes show that Dionchotrema is

closely allied to DioncJius. In the latter genus, however, the vagina is lacking.

MaeCallum (1916) placed this form in the Family Gyrodactylidae, genus
AeantJwdiscus, a name which had not previously been used in connection with
Trematoda. Two years later he employed the same name, desig-nating it as a
new genus, so presumably he had intended employing it as such in 1916, though
it was not so indicated and no generic diagnosis was given. The two species

which he referred to this generic name are considered by us to represent two
different genera and, since the name was already preoccupied by Uhlig in 1906
for a Molluscan genus, we have proposed two new genera viz., Dionehotrema
for his A. remorae, and Protomierocotyle for his A. mirabilis (see later).

Appendix to Dioncliinae.

33. Anoplodiscus Sonsino, 1890.

In 1890 Sonsino described a new trematode to which he gave the name
Anoplodiseus richiardii, from the gills of a marine fish, Pagrus orphus. He
regarded it as having affinities with the Tiistomids and Gyrodactylids. His
very insufficient description was slightly amplified in 1905 by Monticelli. From
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the account given by the latter it seems possible that the species dealt with is

a member of the Gyrodactyloidea, with affinities towards Dionchus.

St. Remy and also Perrier regarded it as belonging to the Udonellidae.

MonticelU placed it in the Calceostomdnae (1892) but at a later date (1905) con-

sidered it as in no way related to Calceostoma and placed it in the Monocotylidae,

forming with Lophocotyle, Merizocotyle, Dionchus and Lintonia the subfamily

Anisocotylinae, to which reference has already been made. Pratt included it

amongst the Gyrodaetylidae. The insufficient descriptions published prevent us

from being able to classify the genus definitely.

It is apparently to be diag-nosed as follows: —Body fairly elongate, anterior

end sub-truncate; cephalic glands present (?), opening to anterior end by
numerous scattered apertures. Disc not sharply marked off; devoid of hooks.

Eyes absent. Intestine not bifurcated ; extending to posterior end of animal.

Testis and ovary in anterior portion of body; single and not lobed. Penis simple.

Vagina absent.

From the giUs of a sea bream, Payrus orphus (Mediterranean).

Type and only known species, A. richidrdii Sonsino, 1890.

V. Appendix to Gyrodactyloidea.

Subfamily I. ACA.^THOCOTYLINAEMontic, 1903.

34. A c A N T H o c T T L e Monticelli, 1888.

Small or medium-sized trematodes in which the posterior disc is provided

with numerous radiating rows of minute hooks; two larger hooks, or a small

terminal accessory disc bearing minor hooks may be present. Anterior end pro-

vided with head-organs into which unicellular glands open; or (apparently)

with several small suckers. Intestine bilobed, devoid of caeca. Eyes present or

absent. Testis very extensive and in the form of numerous small follicles.

Vagina apparently present. Ovary simple, unbranched. Yolk system very ex-

tensive. Parasitic on the skin of rays.

Type s p e c i e s, J., lobianchi Monticelli, 1888.

Known species: A. lohiancM Montic, 1888; A. uligotera Montic, 1899; A.

elegans Montic, 1890; A. comcinna Scott, 1902; A. monticellii Scott, 1902; A.

verrilli Goto, 1899; A. branohialis Willem, 1906 and A. bothi MacCallum, ]913.

A species which MacCallum (1916) described as A. raiae is clearly not a member
of this genus; no head-organs are mentioned: it appears to be a member of the

MerizocotyUnae and has been referred to under Empruthotrema.

The affinities of this genus are doubtful. Both Monticelli and MacCallum
gave an account of species in which they mention the presence of oral suckers.

Goto (1899) described A. verrilli as having cephalic glands opening on the head

in the typical Gyrodactylid manner and as a result of his examination of some

specimens of Monticelli's A. lobianchi, stated that what this author took for oral

suckers were in reality the openings of glands, similar to those occun'ing in A.

verrilli. Monticelli (1890, 1899) also described two other forms, A. oUgoterus

and A. elegans, which Goto did not re-examine. MacCallum (1913, 1917) de-

scribed another form A. bothi from the United States, in which he saw four pairs

of oral suckers which he calls tactile areas in his figure (1917, fig. 27), and

actually noticed the worms attaching themselves by these alone. He does not,

however, state whether glands open into these organs or not. MacCallum (1916,

p. 23) regards the genus as belonging to the Gyrodaetylidae, while Monticelli

considers it as a member of the Tristomidme (1888) AcanthocotyUnae (Montic,

1903). Until the other species are more fully described it will not be possible
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to determine their systematic position. Monticelli's subfamily name, Acanthocoty-

limae may be retained at present. Meanwhile, the following suggestions may be

made:

—

It seems certain that ^1. verrilU Goto and A. lobiancM Montic. are Gyrodacty-
loidea, allied, perhaps, to the Gyrodactylinae. The presence of an accessory

armed disc in A. verriUi is suggestive of what occurs in the Lepidotreminae, but

there is probably no real relationship. The follicular nature of the testis shows
Microcotylid afiSnities, a view which is streng-thened when we consider that in this

genus Acanthocotyle we have a transition between head-organs and the oral

suckers of that group. This view is rendered more probable when we remember
that in Empleurodiscus the head-organs are actually protrusible and may there-

fore have some secondary attaching function.

Appendix to Acanthocotylinae.

35. LoPHOCOTYLEBraun, 1896.

Body flat, tongue-shaped, with distinctly marked off head region, at the

front of which two gToups of unicellular glands open. Disc large, circular, pro-

vided with numerous large radial ridges, and a ring of booklets marginally. In-

testine bifurcate, provided with caeca. Genital pore close behind pharynx just

to left of midline. Testes numerous; vas deferens with large convoluted vesicula;

cirrus with straight spicule. Ovai-y oval, in front of testis. Vagina ?. Eggs

provided with operculum and with basal filament. Parasites on body of marine

bony fish.

Type and only known species, L. cyclopiwra Braun.

From Notothenia sp., locality Puerto Toro (Hamburg Magellan-Expedition).

This genus which, in its form and intestinal characters, reminds one of

Epibdella, is usually considered as a member of the Monocotylidae, but the pre-

sence of glandular head-organs will not admit of its inclusion in that group.

Monticelli (1903, p. 336; 1905, pp. 68-70) grouped it along with Dionchus,

Merizocotyle, Anoph discus and Lintonia * in his subfamily Amsocotylinae bu'b

the non-existence of a generic name corresponding with the subfamily designation

prevents the retention of Monticelli's name. Pratt (1900) placed it next to

Dionchus but the presence of numerous testes and intestinal caeca, as well as the

general structure, seem to us to prevent its inclusion in the Calceostomidae. The

testicular arrangement and general form of the worm remind one of Acanthocotyle

Montic, but the latter does not jDOSsess intestinal caeca. In the light of our

present knowledge we propose to attach the genus provisionally as an appendix

to the Acanthocotylinae.

Subfamily 11. PROTOMICROCOTYLINAE,n. subfam.

36. Protomicrocotyle, n.gen.

(Syn. Acmithodiscus MacCallum, 1918, nee 1916; nee Uhlig, 1906.)

An elongate minute form, with distinct disc clearly marked off and bearing

several hooks. Four small suckers towards the posterior end of the body. Pos-

*Lintonia was proposed by Monticelli (1904) to receive Nitzschia papulosa Lin-

ton from Gadus callarias from Massachusetts. We have not been able to consult

MonticeUi's paper but Linton's figures and short account (1898) show that the

species cannot rightly be included under Nitzschia. The general form and the

character of the testes suggest that Lintonia belongs to the Gyrodactylidae but in

view of our lack of information regarding the "lateral suckers," as to whether they
are "bothria" or else glandular "head-organs," we are unable to state whether the
genus is to be regarded as a member of the Gyrodactyloidea or the Tristomoidea.
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terior part of body-surface apparently developed into spiny papillae. No eyes.

Two mouth suckers present. Small pharynx. Numerous follicular testes and a

long narrow vas deferens. Penis armature in the form of a coronet of spines.

Single ovary. Apparently a single egg with a spine and a long filament.

From the gills of a marine fish, Caranx hippos —New York Aquarium.

Type and only known species, P. mirabilis (MacCallum, 1918), J. &. T.

This remarkable worm was described by MacCallum (1918) under the name
Acanthodiscus mirabile, n.gen. et sp. As already pointed out the generic name
was already preoccupied and therefore not available for use. The name Proto-

microcotyle is therefore suggested and is intended to emphasize the systematic

relationship of the worm.

The presence of a distinct disc and (apparently) of a single egg, suggests

Gyrodactyloid affinities. On the other hand, there are two mouth-suckers, a long

series of testes, a "cirrus-coronet," and suckers on the posterior portion of the

body, characters which distinguish the Microcotylidae.

MacCallum suggested that the genus was a member of the Gyrodactylidae.

This is clearly incorrect, the entire absence of head-organs serving to exclude it

from that group. Nor is it a true Microcotylid. It seems more probable that

we have here an organism which is intermediate between the Gyrodactyloidea and

the Microcotylidae, with stronger affinities towards the latter group, and that a

more accurate study of its anatomy may lead to its falling into a new family.

For the present it may stand as the type of a new subfamily, Protomicrocotylinae,

whose characters, as far as is now known, would be those of the genus.

List of Australian hosts and gill-parasites referred to in this paper. Freshwater
fish indicated by an asterisk.

Family Dasyatidae (Stingrays).

Vrolophus testaceus MuUer & Henle Monocotyle robiista J. &. T.

Family Plotosidae (Eel catfishes.)

* Tandanus tandanus Mitchell. Anchylodiscus tandani J. and T.
* Neosilurus hyrtlii Steind. Anchylodiscus sp.

Family Serranidae (Perches).

* Therapon carbo Ogilby and McCuUoch. Protogyrodactylus quadratus J. and T.

Daitreosoma constrictum J. and T.

Lepidotrema therapon J. and T.
* Therapon fidiginosus Macleay. TrivitelUna subrotimda J. and T.

Lepidotrema fiiliginosiim J. and T.

Flabellodiscus simplex J. and T.
* Therapon hilli Castln. Daitreosoma bancrofti J. and T.

Lepidotrema tenue J. and T.
* Therapon unicolor Gunther. Empleurosoma pyriforme J. and T.

Empleurodiscus angustus 3. and T.
"PlectropUtes ambiguus Richdsn. Lepidotes fhtviatilis J. and T.

Family Sparidae (Sea breams).

Girella tricitspidata Q. and G. Acleotrema girellae J. and T.

Sparus australis Gunther. Lam-ellodiscios typicus J. and T.

Family MuUidae (Red Mullets).

TJpenaem signatiis Gunther. Haliotrema australe 3. and T.

Family Sciaenidae (Jew fishes).

Sciaena antarctica Castln. Calceostoma glandidosum 3. and T.
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Explanation of lettering.

a.d. attaching disc; h.c. buccal cavity; b.ej. bulbus ejaculatorius; br. brain;

c. cirrus; c.b.a. ohitinous basal apparatus; e.g. cephalic glands; e.m.l. circular

muscle layer; c.s. cirras-sac; ct. cuticle; c.v.d. converging vitelline ducts; d. ducts

from glands; d.p. dermal papillae; e. eggs; E. eye; ex. excretory ducts; ex.o.

opening of excretory duets; g.c. gland-cells; g.ch. genital chamber; g.o. one of

the female genital openings; h. major hook; h.a. book apparatus in section; h.l.

head-lappet; h.o. "head-organ"; i. intestine; i.e. intestinal caeca; i.e.l. inner cir-

cular muscle-layer; l.m.l. longitudinal muscle-layer; m. mouth; m.h. minor hooks;
od. oviduct; oe. oesophagus; ov. ovary; p.g. penial glands; ph. pharynx; pr.

prostate gland; p.t. padding tissue; pt. vd. posterior transverse vitelline duet;

r.s. receptaculum seminis; s.c.t. subcuticular tissue; sh.g. shell-glands; s.m.

sphincter muscle; s. spine; *. testis; t.vd. transverse vitelline duct; u.o. uterine

opening; ut. uterus; v. vitellaria; v.d. vas deferens; v.g. vagina; v. g.c. gland-

cells whose ducts open ventrally; v.r. vitelline reservoir; v.s. vesicula seminalis;

X. opening of transverse vitelline duct into intestine.

EXPLANATION OF PLATES IX.— XXII.

Plate ix._

Fig'S. 1-5. Protogyrodactylus quadratus.

1. Entire animal, ventral view; 2. Cirrus and adjacent structures; 3. Transverse
section through posterior transverse yolk- duct, showing opening into the intestine;

4. Longitudinal vertical section at about mid-region of worm; 5. Egg.

Plate X.

Fig. 6. Protogyrodactylus qicadratus.

Disc in ventral view.

Fig. 7. TriviteUina subrotunda.

Entire animal, ventral view.

Figs. 8-9. Anchylodiscus tandani.

8. Entire animal, ventral view ; 9. Disc in side view.

Plate xi.

Figs. 10, 12-14. HaUotrema australe.

10. Disc in ventral view; 12. Major hooks and supporting apparatus; 13. Entire
animal, ventral view ; 14. Cirrus.

Fig. 11. Anchylodiseiis tandani.

To show the relative size of egg.

Plate xii.

Figs. 15-19. Daitreosoma constrictiim.

15. Entire animal; 16 Attaching disc; 17. Egg; 18. Large hooks; 19. Trans-
verse section in region of body constriction.

Plate xiii.

Fig. 20. Daitreosoma eonstrictum.
Reproductive organs.
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Figs. 21-22. Dadtreosoma bancrofti.

21. Reproductive organs ; 22. Head.

Figs. 23-25. Acleotrema girellae.

23. Portion of disc viewed from ite anterior side, to show articulation of major
hooks. Three minor hooks are also shown ; 24. Entire animal showing its capacity
for great elongation; 25. Disc in ventral view.

Plate xiv.

Figs. 26-30. Acleotrema girellae.

26. Entire animal; 27. Entire animal, showing excretory and digestive systems;
28. Skin papillae; 29- Genital organs of adult; 30. Genital organs from young
animal.

Fig. 31. Empleuroeoma pyri forme.
Transverse section through anterior end.

Plate XV.

Figs. 32-34. Emplenrosoma pyriforme.

32. Entire animal; 33. Anterior end; 34. Transverse section of intestine.

Figs. 35-37. Lepidotrema therapon.

35. Entire animal; 36. Anterior end; 37. Egg.

Plate xvi.

Figs. 38-42. Lepidotrema therapon.

38. Male reproductive organs; 39. Cirrus; 40. (a) Disc, ventral view; (b) Disc,
lateral view; (c) Ventral major hook; (d) Dorsal major hook; (e) Basal supporting
apparatus; (f) Toothed-disc (squamodisc) ; 41. Young animal; 42. Disc, to show
arrangement of minor hooks. Those of dorsal side are blackened; those of other
side not so.

Fig. 43. L. tenue.

Disc.

Fig. 44. L. fuliginosum.
Disc.

N.B. Figs. 42, 43, 44 are drawn in approximately identical positions,

in order to show the relative positions of the minor hooks.

Plate xvii.

Figs. 45-49. Lepidotrema therapon.

45. Longitudinal vertical section through posterior region, to show the great ac-

cumulation of yolk; 46. Longitudinal vertical section through entire animal; 47.

Transverse section of male and female repioductive organs; 48. Transverse section

through anterior end, in region of pharynx ; 49. Transverse section in region of shell-

glands.

Figs. 50-51. Lepidotremn fuliginosum.

50. Reproductive organs; 51. Opening of vagina and transverse vitelline tubes
into female duct.

Plate xviii.

Figs. 52-53. Lepidotrema tenue.

52. Entire animal; 53. Reproductive organs.

Figs. 54-55. Flabellodiseus simplex.

54. Reproductive organs; 55. Nervous system.

Plate xix.

Figs. 56-60. Empleurodiscus angtostus.

56. Entire animal; 57, Transverse section in region of transverse yolk-duct; 58.

Cirrus with "prostate" gland; 59. Egg: 60. Head end, showing partial projection

of "head-organs."



BY T. HARVEYJOHNSTONAND O. W. TIEGS. 131

Figs. 61-62. Flmhellodiscus simplex.

61. Young form; 62. (adult) Transverse section through anterior end.

Figs. 63-64. Empleuro discus angustus.

63. Toothed disc; 64. Posterior disc in actual attachment to gill-filament as
viewed from ventral side, through the gill-tissue.

Plate XX.

Figs. 65-72; Lepidotes fluviatilis.

65 Entire animal; 66- Reproductive organs slightly diagrammatic; 67. Disc.
ventral view; 68. Transverse section through head region; 69. Toothed disc; 70.

Head of half-grown animal; 71. (adult) Transverse section through region posterior
to testis; 72. Young animal (ventral view),

Plate xxi.

Fig. 73. Lepidotes fluviatilis.

Transverse section through region of cirrus.

Figs. 74, 78, 78a. Lamellodiscus typicus.

74. Disc; 78. Entire animal; 78a. Cirrus.

Fig-s. 75-77. Calceostoma glandulosum.

75. Transverse section in regioni of oviduct; 76. Transverse section of skin; 77.

To show excretory openings in head region.

Plate xxii.

Figs. 79-86. Calceostoma. glandulosum.

79. Entire animal; 80. Head in side view; 81. Reproductive organs; 82. A
small portion of the cephalic glands; 83 To show the articulation of the hooks;
84. Two minute hooks; 85. Hook apparatus of disc; 86. Disc, ventral view.
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