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I—INTRODUCTION

"An analysis of the dynamics of axial growth potentials in the hind-
body of the higher Monogenoidea, particularly those showing secon-
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dary growth was- suggested by the wealth of the vanety dlsplayed m - '
- recently’ discovered forms from. fishes.in' tropical seas. This. naturally,

led to a re-exammatlon of thelr relatlonshlps

The systemaﬁc scheme presented here for the hlgher monogeneans-.

is' consciously a temporary one; and its ' main feature is the re-intro-

““duction of superfamily taxa, absent in the. welcome expansion of the

- scheme by Bychowsky. Bychowsky (1957). provided three- orders each
“for-the subclasses. Polyonchoinea: Bych., 1937, and Oligoncheined Bych,,
1937, and the order Mazocraeidea Bych 1957 has 7 families. . I agree

with the American workers (Hargis, : 1959, Price, 1959) that super- .
families are again necessary to accommodate the strange variety of forms
" discovered: since Bychowsky’s great -work went to press. I have. sug-

" gested 6 superfamilies for Discocotylinea, and elaborated the schemata

for two of them: Microcotyloidea (Unnithan, 1957) s. -sfr. emend., in -

- respect of the families Axinidae Unnithan, 1957 and Heteromicrocotylidac
“(Yamaguti, 1963) s. str. emend (an analysis of the Mlcrocotyhdae $. St

- -will- follow), and Gastrocotyloidea - Price, 1959, in respect of
Gastrocotylidae (a study of Opxsthogymdae Unmtban, 1962 appears_ S

elsewhere)

The rev1smn is an attempt . to ratlonahze the clasmﬁcauon in the

light of comparative anatomy of the clamps, and also of an andlysxs o

of the dynamics of the axial growth potentials of the haptoral region.
The opportunity has been taken to make some corrections in the out-
‘of-date synopsis of Sproston (1946), and to clarify and emend certain

- definitions in the paper on-Axinidae (Unnithan, 1957): in this, only:
‘passing reference was made to the systematics of species related to the

new forms, eveén when they were affected by recent findings.” Accordingly,
“each specws has ‘been reconsidered at lengths proportionate to their
-interest in the- present inquiry. Substantial contributions on Mono-
genoidea by Price (1962) and Yamaguti (1963) have appeared since the

- first draft of this paper was ready. Though their rationale is on different -

’

lines, portions found to be helpfal from theSe ‘two have also -been in-

corporated in the present paper

Note on termmology ‘Haptor is. used in preférenée to -Dawes’
‘opisthohaptor’ for the whole of the posterior adhesive complex in all
Monogeneoidea ; . ‘Protohaptor’ for the ventral terminal lobeé of the

“larval haptor bearing two dissimilar pairs of anchors and usually a:

-terminal pair of larval hooklets: all or some of these structures may
be retained by the- adults. The ‘ewhaptor. is the definitive haptor of

_remodelled larval haptor, but in forms with secondary growth includes
in addition all clamp -bearing regions. produced by anadromous meta-
- merism. ‘Metahapror’- is an anterior extension of the. euhaptor, ven-
trally. to the body axis and. bearing clamps produced by a katadromous
metamerism from the anterior ‘side of the dichotomized formative zone

. —the euhaptor being formed from the posterior moiety -of this zone:
~The metahaptor may be a unilateral flange or a ‘bilateral Iobe, always’

‘physmally 1f not quahtatwely contmuous w1th the euhaptor

. the adult, and in forms Wwithout secondary growth comprises only the
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- MICROCOTYLOIDEA ‘CUnnithan, 1957) s. str. emend.

The present emendation is the removal of Gastrocotylidae from
the superfamily as constituted by Unnithan (1957: 41). The super-
family is now defined as Discocotylinea Bychowsky, 1957, in which
the clamps are basically dlscoootyhd with no extra sclerites entering
into their essential mechanism, and in which there is a secondary repli-
cation of the four primary pairs of clamps of the larval haptor: the
. growth of the euhaptor so formed is potentially unlimited throughout
life.

JI — SOME PATTERNS OF SECONDARY GROWTH IN THE HAPTOR OF
MICROCOTYLOIDEA (AND (GASTROCOTYLIDAE)

The potentially unlimited growth of the euhaptor may be modified
by secondary inhibitory influences operating differentially in the various
growth-axes of the euhaptor, being imposed along the body/haptor-
axis, either, or both, of the lateral longitudinal, replication axes; or
more rarely, along the lateral (transverse) axes of the haptor itself.
These inhibitory influences are responsible for the more striking degrees
and kinds of asymmetry of the haptor. In addition, there may be
secondary stimulative influences along these axes, inducing both quali-
tative and quantitative changes in growth. These positive influences
are less evident in those axes where negative influences bave been
strong. Secondary stimulation is usually persistent in an axis, at its
original intgnsity, both qualitatively and quantitatively. If this involves
remodelling of the clamp sclerites -at some level of the axis, the new
form appears abruptly — except where the remodelling is extreme, as
in Pyragraphorinae, where it is gradually developed. Stimulative effects,
once achieved, are maintained in subsequent replications: In contrast
to inhibitory effects which, unless they are absolute at the outset,
increase gradually along the growth axis, e.g, Heteraxine spp. clamps
of the short row are formed in a gradually diminishing. series, and
are produced more and more slowly compared with the less inhibited
IOW.

Quantitative stimulation has two manifestations: (a) the clamps
themselves increase in size, and (b) there is an accelerated replication
rate, and this is near]y always accompanied by a dichotomy of the axes
of growth. This is Decessary after a certain threshold of stimulation,
since a haptor growing much faster than the body/haptor-axis would
lack space for development.

In the simpIcst_instances this does not occur till [ate in life (proxi-
mal region of the haptor), when there is a longitudinal scission in
. the formative zone, resulting in a lateral dichoiomy of the axis of
replication (perhaps irrevocably), so .that two clamps are formed side
by side instead of in- single file: e.g. in Microcotyle priacanthi
Meserve, M. pomatomi Goto: (and in Gastrocotylidae, Chaihanea
madrasensis Ramalingam, Gotocotyla secunda (Tripathi) etc. In all
these and in similar instances of lateral dichotomy in the proximal
_ (younger) sector .of the eubaptor-rows, the stimulus is bilateral, but

'
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in instdnces of a cond drchotomy io the same’ plane, rcSultmg mf.

three parallel. rows, -this ‘may not occur-at the same. leve] on both -

_flanks, or one flank may not have a secondary or tertlary dichotomy -
at all ; but more data_are required to confirm this. It seems 1o be a. -

character of secondary stimulation (accelerated growth) to affect both

lateral axes equally, or to be discernible :on one side only : no. example‘

~appears to be. Known of a marked -acceleration on"one side, and a .
- minor (similarly abrupt) acceleration on the: other, ‘a character .in

marked contrast 0. the mamfcstatlons of mhrbrtory mﬂuences

A more hrghly evolved exprcssmn of growth snmuh is seen in the -
'metahdptor a -secondary haptoral lobe_ produced - anteriorly to " the -
euhaptor and growing forwards- (morphologmally) ventral to the body
proper. -Functionally, as a postural effect, the body is pivoted. more
or "less at right angles to it, and away laterally in the vertical plane,

‘in - the” direction of the crbo-resprratory current over the gzll—surface

of the fish-host : an habitual posture .of all larger monogeneans. This - -

fact is -well known, but has been nicely illustrated by Liewellyn

(1956 -a: 113) though it was. probably outside the intended scope of

his paper.to emphasize that the resulting torque om any organs in.
the hind-body -embraced by- the haptoral frills or flanges, is oftén
effective in bringing -about’ significant drsp]acements among them, and
also_relative to the. body-axis. Somatic. asymnietry occurs when' the

; ";prvotmc axis is within the gonad-zone, the least resilient.part of the

body ;- this is more marked when the body/haptor axis is shortened -

-or aborted, “that- is, when the euhaptor flanges are adherent to the
. sides -of the body, e.g. in Thoracocotyle: ovalis- Tripathi. A thickened
. cuticle and body-wall developed in.-Vallisiinae and Protomicrocotylidae

are additional causes for.their gross dsymmetry in the gonad-zone (aH

these are Gastrocoty]oxdea)

In the. srmpie euhaptor, the first secondary clarnps are produced

: ?from ‘a- formative zone . immediately anterior. to the proximal (most

" anterior). pair~ of primary clamps, as is shown conclusively in

' ‘Bychowsky’s figures (1957 : figs. 252, 253) ‘of FProsomicrocotyla. gotoi.
“Thus, throughout lLife, ‘new clamps are added at the anterior end of .

the euhaptor ‘When- thcre is a dichotomy and a duai zone of replica-

.. tion is- formed ‘however, the secondary” clamps forming anterior to

TL:r,_‘itms are _pushéd. over ventrally and anteriorly, ‘and particularly if the

. dichotomy has’ affécted both lateral axes, they carry with them part

of the median_ axrdl tissues of the haptor, anda bud is formed.-..The

“type of. tissue Or organ’ carried outwards in' the metahaptoral bud

is, of course, dependent on the: depth of the dichotomy organoleptically.
The level of the' dichotomy. in the.larval haptor can be found at

" any time by counting the niumber of diminutive clamps on the anterior

end of the metahaptor. In highly modified- clamp forms, the number

~-on the posterior end of the euhaptor may be more dlﬁicult to assess,

nor are we certain that in some cases ‘the: posterior primary clamps'
are not lost with the protohaptor ~—the: lappet bearing the larval

anchors, the loss of which occurs spasmodically in genera ‘throughout - 8
- the order . MdZOC[dEIdCa Bychowsky. 1957 In the extresie instance
-of Przcea spp (Gastrocotylordca (Gastrocotyhdae) the dzchotomy
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evidently takes place in the proto-haptoral zone of the larval haptor,
and between the two pairs of anchors. This is witnessed by the
presence of the proximal pair of anchors on the end of the body proper,
at the level where the metahaptor leaves it. They remain attached
(in _sifu) owing to their longjtudinal muscles being continued into the
body proper. The shallowness of the dnchotomy in this group involves
only the more superficial tissues, as it does in some species of Mzcroco-
tyle sensu !ato

Though the euhaptor and metahaptor grow out from juxtaposed for-
mative zones, they are.immediately separate entities, and nearly always
seem to show a different degree of acceleration of axial growth: sometimes”
the euhaptor is the longer as in Pricea, and perhaps Microcotyle cepolae
Yamaguti (1938: xix, fig. 32), and M. gimpo Yamaguti (1958: liii, fig. 15);
sometimes about equally long as in Pyragraphorus pyragraphorus (Mac
Callum & Mac Callum, 1913), and perhaps in Microcotyle branchiostegi,
Yamaguti (1938: xvii, ﬁg 1) M. sebastisci Yamaguti (1938: xvii, fig. 13);
but sometimes the metahaptor has a sustained higher growth acceleration
than the euhaptor, as in Hargisiella hippos (Hargis, 1956: x, fig. 19)
gen.n., also in the unilateral metahaptor of Cemocotyle carungis
MacCallum, 1913), and perhaps in Microcotyle leiognathi Tripathi
(1959, fig. 53)..In Microcotyle (sensu lato) spp. just mentioned, there
is n0-qualitative difference in the clamps of the metahaptor, nor is
there in Hargisiella or Pricea, but the secondary stimuli producing the
metahaptor in Pyragraphorus are accompanied by other positive influ-

-ences which cause an extreme remodelling of the clamps, and the same
is true to a lesser degree in Cemocotyle, Xureliphilus elongata (Meserve,
1938, figs. 53, 57) gen. n., and Tripathiana minuta (Tripathi,
1959, fig. 55) the last three having only a unilateral metahaptor.

- In Microcotyloidea: Axinidae, characterized by various degrees of
inhibition exerted on their potentially unlimited clamp replication,. it
is not surprising that when these inhibitory- influences are exerted at
least on one of the clamp-rows, the other row is so far never known
to receive a secondary stimulation. And when the inhibition (total)
is exerted only on the median body-haptor axis, as in Axininae
Unnithan, there is only a slight differential inhibition exerfed on the
latera] replication axes (except in Oligapta Unnithan, where it is equally.
strong). There is one very interesting instance in Axininae of the
development of a unilateral metahaptor namely - in Chlamydaxine
truncata (Hargls 1956.: xi, fig. 5), (Unnithan, 1957, fig. 4) at first glance
difficult to interpret, because owing to the tota_l inhibition of - the
longitudinal ‘axis of the haptor/body but not of the “longitudinal”
clamp-replication axes, the clamps- accumulate in two lateral rows,
the formative zone turning ventral to the larval haptor: at least .the
anchors. (protohaptor). persist (always on the dorsal side of the aduit
“haptor, (Unnithan, 1957: 82, 88, 101, 114). As a further complication
in Chlamydaxine, there has been a unilateral dichotomy of the formative
zone on oge side, -resulting in a short. ventral lobe tummg antcnor]y,
bcarmg ‘much larger clamps . as it does so. An interesting point here
is that as a xesult of thJS sccondary stimulation, the metahaptor has
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overcome the inhibition on longitudinal growth, and carries the deeper
body-organs, intestinal rami and a few vitellaria forwards with it.

- The secondary growth rhythms, in the haptor of Microcotyloidea,
including their inhibitions and stimulations as discussed above, apply
also to. the definition of Gastrocotyloidea: Gastrocotylidae, which also
bave a potentially unlimited power of clamp replication. - But there is
a fundamental difference (or one which is not a dypamic character in
the growth-vector sense, but is qualitative and therefore more appealing
to comparative morphologists) and this consists of the presence of
at least one pair of extra sclerites in the clamp capsule, at least originally
plaving an essential role in the clamp mechanism. These are the
oblique braces in the posterior (distal) part of the capsule in Gastroco-
tylinae, Priceinae, and Gotocotylinae: in Thoracocotvlinae they are
jettisoned from the capsule which has become remodelled as a clamp-
sucker but they persist along with the dorsal jaw rami outside its
- effective frame (Text-fig. 6 A-G). Other sclerites are developed in
other subfamilies, from rudiments which are frequently to be seen in
even the simple microcotylid clamps of Microcotylidae and Axinidae,
but where they play no essential part in the mechanics of the clamp.

In families without this secondary replication of the primary four
pairs of clamps, namely families in which the clamp pairs are limited
to the four pairs of the larval haptor, the clamp structure becomes a
more imvportant taxonomic criterion. Tn fact it is true, that in
general, those having extra sclerites of the basic “gastrocotvlid type
of clamp” do have other uniting (somatic) characters in combinations
not found in the simpler Discocotylinea, and in general they are
apparently more highly evolved. :

Moreover, Gastrocotyloidea are more frequently (but by no means
alwavs) found on the more highly evolved families of fishes, a charac-
teristic shared by the most highly evolved Microcotyloids, the Hetero-
microcotvlidae. Soviet colleagues have pursued many ramifications of
the hypothesis of the host/parasite parallelism in evolution, and have
even ventured to attribute various parasites, including Monogenea, to
their putative geological horizon vis-a-vis the fossil evidence for their
present-day hosts, on the one hand, and on the other, the propinauity
in the relationships of the known species of parasites of correspondingly
related genera of fishes. The generally accepted rule is that the
parasite evolves less rapidly' than the host, but in many instances it
could be cited that the reverse may be true, at least for Monogenea,
where two or more related species are found in the same host ex-
clusively of other “likely” hosts elsewhere. Whereas in other instances
we certainly have some very archaic forms living to-day on descen-
dents of very primitive fish stocks, T am more inclined to lay stress
on Dollfus’ warning (1957 : 184, 269; and elsewhere) that parasites of
primitive fishes are by no means always primitive, and the ‘corollary
that infection by a relatively modern stock may have taken place in
relatively recent geological times. FEnvironmental propinquity of
historically very different hosts, particularly if .these are shoaling in
rather closed waters may, chiefly for statistical reasons, favour the esta..
blishment of a new host-parasite relationship. ‘
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HI—THE REINTRODUCTION OF SUPERFAMILIES INTO THE SYSTEMATIC
SCHEME OF DISCOCOTYLINEA BYcHOWSKY 1957

The peculiar characters of secondary growth revealed by some
well-known, and several newly discovered, members of this suborder
are herein considered, criteria of taxonmomic rank second only to
basic clamp-architecture. : : - :

Accordingly, the superfamily Microcotyloidea, sensu emend. nov.
represents forms with secondary haptoral growth involving clamps of
- the simple ‘discocotylid’ type, and Gastrocotylidae sensu emend. those.
with ‘gastrocotylid’ clamps (with additional sclerites in their mecha-
nism). The difference in taxonomic rank is due to the exigencies of
the logical scheme of ‘the suborder, accepted provisionally pending
further knowledge of the ontogenies of Gastrocotyloidea Price, 1959.

Since the first draft of this paper was written, I have found sup-
port for the reintroduction of superfamilies in papers by Hargis (1959)
and Price (1959), the latter ‘already having erected my intended
Gastrocotyloidea, though its internal grouping is unlike the. present,
its criteria based on additional clampsclerites, are identical. Price
makes no mention ‘of Bychowsky’s works, and his rationale is not
clear when he unites genera with limited haptoral growth in the same
family with .Gastrocotyle, (those now placed in the new family
Opisthogynidae Unnithan, 1962); moreover,. he retains Priceinae
Chauhan, in its original context, thus separating Pseudaxine from
Neothoracocotyle, and Thoracocotyle from Amphipolycotyle, pairs of
genera with fundamentally similar clamps. -

While emphasizing the importance of the pattern of growth-poten-
tials throughout the haptoral region, I have given prior taxonomic
rank to basic clamp-type, preserved at superfamily level, since it is
the main criterion for the higher taxa of the subclass Oligonchoinea
Bychowsky, 1937. Consistency appears to fail in the case of
Protomicrocotylidae Poche, since recent authors have described
species of Protomicrocotyle, sensu lato, with sometimes microcotylid
and sometimes gastrocotylid clamps; for this reason, and for the
peculiar somatic asymmetry and unique haptor, I reserve a separate
superfamily for it (see Unnithan, 1962). For logical consistency, T
have raised three other of Bychowsky’s family groups to superfamily
rank. His 1957 scheme, with these emendations for Discocotylinea
is set out below.

Class: MONOGENOIDEA (Beneden) Bychowsky, 1937.
~ Subclass: POLYONCHOINEA Bychowsky, 1937.
Order: DACTYLOGYRIDEA Bychowsky, 1937.
Suborder: DACTYLOGYRINEA Bychowsky, 1937.
Family: DACTYLOGYRIDAE Bychowsky, 1933.
Subfamily :- DACTYLOGYRINAE ﬁychowsky, 1933.
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Subfamﬂy ANCYROCEPHALINAE Bychowsky 1937
Subfamﬂy LINGUADACI'YL]NAE Bychowsky 1957
Famﬂy DIPLEC‘I‘ANIDAB Bychowsky, 1957

o Subfamﬂy Dxmcm:mm Montlcelh 1903,

~ Subfamily:. RHAMNOCERCINAE Monaco, Wood & Mue]le 1954
Famlly PROTOGYRODACTYL]DAE Johnston & Tlegs 1972 7

~ Family: CALCEOSTOMATIDAB (Par.' & Per. 1890)° Pnce 1937

: Suborder ‘MONOPIST. HOCOTYLINEA (Odhner 1912)
S ‘Bychowsky, - 1937. '

* Family: MONOCOTYLIDAB Taschenberg, 1879
Subfamily : MONOCOTYLINAE Gamble, 1896.

- Subfamily: ’DASYBATOTREMINAE Bychowsky 1957.
Subfamily: - CALICOTYLINAE Monticelli, 1903.
Subfami'ly:"MERIZOCOTYLmAE Johnston & Txegs 1922
Family: LOIMOIDAE Bychowsky, 1957. T
Family : DIONCHIDAE Bychowsky 1957,

_ Family: CAPSALIDAR Baird, 1853

: "Subfamlly; CAPSALINAE Johnston 1929 _
Subfamily : MEGALOCOTYLINAE Bychowsky, 1957
Sﬁbfan;ily} TROCHOPODINAE (Pnce 1936) Sproston 1946
Subfamily: ENTOBDELLNAB Bychowsky 1957.
Subfamily: ENCOTYLLABINAE Montlcell;, 1892,
Subfamily: NITZSCHINAE Johnston, 1931.

: Famﬂy Acmnooommmz Price, 1936.

Subfamlly ACANTHOOOTYLINAE Montxcelh, 1903.
Subfamlly ENOPLOCOTYLINAB Tagham 1912.

~ Family: MICROBOTHRIIDAE Pnce, 1936.

. Order: TETRAONCHIDEA Bychowsky, 1957.

- Family: TE’I‘RAONCHIDAE Bychowsky, 1937. :
~ Family: AMPHIBDELLATH)AB (Carus, 1885) Bychowsky 1957.
- Family: TETRAONCHOIDIDEA  Bychowsky, 1951. ;
i'FamJIy BOTHITREMATIDAE Bychowsky 1957,

Order GYRODACI‘YLIDEA BychOWSky 1937,
Suborder gYR_ODACTYL_INEA Bychowsky,_ ‘1937. .
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'Family GYRODACI;YI.IDAE {v. Ben. & Hesse, 1863) Cobbold, '1864'.

Suborder POLYOPISTHOCOTYLINEA (Odhner, 1912) .
Bychowsky, 1937,

Family: PoLYSTOMATIDAE (Carus, 1936) Gamble, 1896
‘Family: SPHYRANURIDAE Poche, 1926.
Subclass: OLIGONCHOINEA Bychowsky, 1937.

Order: DICLYBOTHRIIDEA Bychowsky, 1957:
Family: DICLYBOTHRIIDAE Bychowsky & Gussew, 1950.
. Family: HEXABOTHRNIDAE Price, 1942.

Order: CHIMAERICOLIDEA (Brinkmann, 1952) Bychowsky, 1957.
Famﬂy CHIMAERICOLIDAE Brinkmann, 1942.

Order: MAZOCRAEIDEA Bychowsky, 1957, _
Suborder: PTERINOTREMATINEA Bychowsky & Nagibina, 1959.
Family: PTERINOTREMATIDAE Bychowsky & Nagibina, 1959.

Subfamily: PTERINOTREMATINAE Caballero & Bravo Hollis, 1955.

Suborder:. MAZOCRAEINEA Bychowsky, 1957.
Family: MAZOCRAEIDAE Price, 1936. '
Family: HEXOSTOMATIDAE Price, 1936.

Suborder: DISCOCOTYLINEA Bychowsky, 1957.

Superfamily: DiSCOCOTYLOIDEA superfam. nov.
Family: DiscocoTYLIDAE (Price, 1936) Tripathi, 1959.
Family: DirLozOOIDAE Tripathi, 1959.

Superfamily: PLECTANOCOTYLOIDEA superfam. nov.
Family: PLECTANOCOTYLIDAE Poche, 1926.

Superfamily : DICLIDOPHOROIDEA (Price, 1936) sensu smcro emend.
Family: DICLIDOPHORIDAE Fuhrmanp, 1928.

'Superfa’mily: MicrocoTYLOIDEA (Unnithan, 1957) s. str., emend.

_ Family: MicrocoTYLIDAE (Taschenberg, 1879) s. str., emend.

Family: AXINIDAE Unnithan, 1957.
Subfamily: AXWINAE Monticelli, 1903,
- Subfamily: HETERAXININAE Unnithan, 1957.
Subfamily: MONAXININAE Unnithan, 1957.
Famlly HETEROMICROCOTYLIDAE (Yamaguti, 1963) s. str., emend.
Subfamily: HETEROMICROCOTYLINAE subfam. nov.
Subfamily: CEMOCOTYLINAE subfam. nov.

. Subfamily: PYRAGRAPHORINAE subfam. nov.

Superfamily: PROTOMICROCOTYLIOIDEA Unmthan 1962
Family: PROTOMICROCOTYLIDAE Poche, 1926.
Sumfamily: PROTOMICROCOTYLINAE Johnston & Tncgs, 1922
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Subfamﬂy ABORTIPEDINAE Unmthan, 1962
: Subfanuly LETHACOTYLINAE Unmthan 1962
Superfamlly GASTROCOTYLOIDEA Price, 1959
Farmly GASTROCOTYLIDAE Price, 1943 _ ‘ R
: Subfam:ly GAS’I'ROCOTYLINAE (Sproston 1946) 5 str, emend
~ Subfamily:. THORACOCOTYLINAE subfam.. mov. = S j
 Subfamily-: PRICEINAE- (Chauhan, - 1953)- s. str . gmqndi i -
“Subfamily - ENGRAULICOLINAE subfam. mov.
- Subfamily: GOTOCOTYLINAE subfam. mov.
" Family: ANTHOCOTYLIDAE Bychowsky 1957
" 'Family:  OPISTHOGYNIDAE “Unnithan, -1962. -
- Subfamily : ' OPISTHOGYNINAE - Unnithan, 1962
- Subfamily:’ PENTATRINAB Unnithan, 1962

' Subfa.rmly VALLlSIINAE (Pnce 1943) 5. str erhend in: Unnlthan,“
' - 1962. - _ o

Famlly GEPHYROCO‘I‘YLIDAE Unmthan 1966

The emendauons made 1n the famlhcs Axmldae Heteromlcroco- o
tylidae, and Gastrocotylidae in this paper, and .in Oplsthogymdae

_ Unnithan (1962), elsewhere, {erected for- gastrocotylond worms . with -

“no additions- to the -4 primary pairs of c]amps and in which the- ovary .
lies behind - the mam testzcular zone), are open to criticism- in  their-

being perhaps too “open”: 'séveral :genera, for. example, -are mono- - -
~ typic. My defence is that the great- variety of structure presented by
‘these newly discovered forms demands taxonomic separation to- at
‘least the degrees suggested when the array is compared with the -
- degrees of  structural variation found in Polyonchoinea. - The rate at
which new genera are being discovered, now that attention is directed.
to fishes. of tropical waters 'in various parts of ‘the world, would

. suggest that only a tithe of -existing forms. are yet known.  Consider-

- ing the narrow host-specificity’ of Monogenoidea and that many host- '

species harbour four - or more -different  monogeneans, added “to the
~ fact that there are over 20,000 species of fishes known to- science, the

. great majority. of ‘which have not been searched for monogeneans, the

present .attempts to expand the Systemanc schemata may very ‘soon
- _appcar less extravagant.” - R

"In the sections which follow, each family (and in Gastrocotylmae :
- subfamily) will be preceded by a general discussion of the range of -
- structural’ variation it displays, evolutionary trends in modifications
of the basic clamp-sclerites, and peculiarities’ in secondary growth.
phenomena, where - of partlcu]ar ‘interest .generic. characters are similarly
reviewed.  All species known to me are cited, usually with some
- diagnostic notes; several emendations .are made in orthography of
‘specific names-consonant with their present genus; and some. cofrections
" have been made, in host-nomenclature. Ouly recent Synonyms are
" cited: - several, in some American and Indlan _publications, being due
to madequate proof-correcuon a remedxable source of confusxon
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‘I’V——SECONDARY GROWI‘H PHENOMENA AND CLAMP MODIFICATION AS
SYSTEMATIC CRITERIA-

MICROCOTYLOIDEA Unnithan, 1957, sensu stricto : Discoco-
tylinea, in which there is a potenua]ly unlimited rephcat:on of the
clamps, which are basically of dxscocotyhd type. ‘

MICROC‘OTYLIDAE Taschenberg, 1879, s. sir—Mlcrocotylmdea
in which the usually very numerous clamps are small and delicate versions
of the typical discocotylid clamp. Very rarely there is a slight secondary
inhibition in the replication, and the two lateral axes are practically
equally affected, but a secondary stimulus is far more common. Quanti-
tatively, in the clamps themselves, there may be an increase in size
anteriorly in the series; rarely, a stimulus for qualitative change — an
adaptive remodelling of the abaxial jaw-rami, so that the right and
left counterpart clamps are mirror-imases, as in Microcotyle mormyri
Lorenz—discovered by Bychowsky (1957, fig. 309). Quantitative repli-
cation-stimuli are frequently imposed, sometimes late in life there is a -
lateral dichotomy in the axes, when two or more rows of clamps are
- formed alone each side of the more proximal (anterior) region of the
eubaptor. The double row on each side of M. pomatomi Goto, 1900,
has been confirmed by Hargis (1956, X :440). The euhaptor is practically
symmetrical in all species — the shorter side never havmg less than
909, of the clamps of the longer: greater discrepancies in number,
and in length of sides have been transferred to Axinidae as evidence
of an arbitrarily significant secondary- differential inhibition. Some-
times there is an earlier and stronger replication stimulus resulting in
- an anterior-posterior dichotomy of the replication-axes, involving more
or less of the body-haptor axis medially, so that a firm metahaptor is
formed: its growth-rate differing more or less from that of the euhaptor,
but it is always bilaterally symmetrical. There is a great diversity in
the form of the genital terminalia, but the ovary is always pretesticular
and its distal limb descends, often forming a double arch. The pro-
tohaptor never persists in the adult. The sub-family taxa have been
studied in detail for the whole range, including some new tropical
species (cf. Unnithan, 1967). At present it is necessary to mention
only two groups of transitional species: (1) Replication-stimulus is
weak on both lateral axes (the number of clamps on each side in
parenthesis) in Microcotvle trachini Par. & Per., 1889, from Trachinus
radiatus (8-10) and in Bychowsky, 1957, fig. 308 (8 each side, increas-
ing gradually in size proximally); Diplasiocotyle johnstoni Sandars,
1944, from the mullet Agonostomus forsteri (T pedunculated) ; and
in M. fruncata Goto, 1894 -—now placed . in Gastrocotylinae in the
new genus Yamaguticotvla Price, 1959, from Pristipoma ]apomcum (10)
and Parapristipoma trilineatum (11).

(2) Transition to Heteraxinae-type of haptor, showing unequal stimuli
for clamp-replication in the two axes is expressed here by the nume-
rical percentage of the shorter to the longer row. There is, however,
no evidence of inhibition in any of these instances, the clamps are
neither absolutely nor progressively smaller in the shorter row, so'l
interpret this condition as differential stimulation: Microcotyle hetera-
cantha Manter, 1938, from the sciaenid Cynoscion nebulosus (accord-
~ing to Hargis 1956, X: 438, on C. regalis also) —84% —89%;: M



28 Records of the Zoologtcal Survey of Indza

o pseudoheteracantha Hargls, 1956 (X 440) from Cynoscwn nothus-—— L
"+~ according to his. fig. 1,.about 879% ;M. pamae Tripathi, 1956, from -
. Pamg-pama, a ﬂuv1atllc sctaemd—82‘7——845A, - All' these ‘from "

" scidenids have. a single -filament on. the egg, and in’ the first and the . -

. third it is in the form of a short stalked cup. . The eggs are unknown':
in M. sciaenae -Goto, 1894, from" Nivea schlegelu—SO%, and-Te- -
examined by Yamaguti- (1958 liii : 80) recording 87 to 97.5% “asym- -

metry”. - In these sciaenid spp. the genital atrium: includes muscular -

" bulbs and at least 2 kinds of spmes ‘one set slender and slightly wavy,

~ but there are marked- differences in the vaginae. In M. scorpis-Sandars, =
1944, from Scorpzs aequipinnis the: “asymmetry” is '59%,; -and - even

more pronounced in Gonopiasms carangrs Sandars 1944 from CamnxV
g georg:anus——50% R P S

, The asymmetly in M. serzolae Yamagutl, 1940 is accompamed by
the clamp-rows being- adherent to the body .proper and by peculiar

~union of the ‘vaginae, and it bas been removed to Heteraxininae: -
. Zeuxapta Unnithan, 1957 (see below for cmendatlon) Microcotyle s

~« reticulata- Goto;. ‘has been ‘similarly transferred to- chtydememn gen.
n. (see below) ; but Prosomicrocotyla gotoi (Yamaguti, 1934) Yamaguti -
1958, (liii: 83), and P: chiri (Goto, 1894) Yamaguti, 1958, are retained -
...in Microcotylidae owing to their equal clamp-frills being quite separate .
in the adult, on either side of the body proper: the complete ontogeny *
has been studied in the genotype by Bychowsky (1957: 210, figs. 125, -
'248-256). The - partmon of the genus Microcotyle, sensu lato, as
attempted by -Tripathi (1956 239) while béing a useful analysis, is:
perhaps too arbitrary to be adopted without considerable modlﬁcatlon

" AXINIDAE Unnithan (1957 - 41) — Mlcrocotylmdea in which. the asym-
‘metry of the haptoral region is associated with inhibitions imposed
differentially on at least three of the growth-axes: the right and left -
longitudinal replication axes, -and the median body/haptor axis.- The

clamps themselves show very little modification from the microcotylid -

type: “there may be a fibrous thickening of the capsule wall but
secondary cuticularizations are absent (no ribs), but an. appendix on
‘the dorsal end of the median spring may be present as in' some Micro-.

cotylidae. The armature is variously ‘developed on the genital- terml-r ’

nalia, and a true cirrus is not developed, only a protrusible . penis.
“There aré three subfamilies' distinguished by different patteris of “this
secondary inhibition in the growth axes of the hmd-body '

- -AXININAE Monucelh 1903, sensu Unmthan 1957: with- 7 gencra—
Axine Ab]ldgaard 1794, -Axinoides Yamaguti, 1938, .Chlamydaxine
Unnithan, 1957, Loxura Unnithan, 1957, Loxuroides Price, 1962 emend,
Ohgapta Unmthan 1957 and Indocotyle Tr1path1 179579 : (Text-ﬁg.

1A:C).

HETERAXINH\AE Unmthan. 1957 w1th 6 genera—l'{eteraxme’

Yamagutl 1938, Gonoplasius Sandars, 1944, Zeuxapta Unnithan, 1957, '

Axinoa gen. n., Kannaphallus Unmthan 1957. and Hereraxmoxdes
"Yamaguu 1963. - ‘ _

MONAXININAB Unmthan 1957 w1th T genera——Monaxme Unmthan '

. 1957 Crotalaxme Unmthan 1957 Neoaxme Pnce 1945 (= Amonaxme



UNNITHAN :  Revisioit of Microcotyloidea and Gastrocotylidae 29

Unnithan, 1957), Uraxine Unnithan, 1957, Allopseudaxine Yamaguti,
1943 (Text-fig. 2B, 3C-D), Monaxinoides Yamaguti, 1963 and
Leuresthicola Price, 1962, Yamaguti (1963) proposes 3. more subfamilies
whichalare based on characters different from those used in the present
rationale. ' '

AXININAE Monticelli 1903—Axinidae in which there is a total
inhibition imposed on the median axis of the haptor, while its lateral
replication axes are rarely “affected, though secondary stimulation is
exceptionally absent (Oligapta and Indocotyle), and the two co-linear
rows consist of only the 4 pairs of primary clamps. This absolute
inhibition of the median axis affects to some extent the lateral growth
of one side of the body at the hind end: the result is that the body is
obliquely truncated at a sharp angle and the morphological posterior
. end faces to one side, edged with a straight row of clamps; unear the
middle, dorsally, is the intact protohaptor with the persistent larval
anchors, and ventrally to it is the combined right and left formative
zone for replication-of clamps, from which new clamps move slightly
distally to take their place in the co-linear rows, their older fellows
being pushed laterally so that the oldest clamps are at the outer ends
of the rows. The rows are seldom precisely equal, replication being
faster on one side than on the other. In Axisinae the distal part of
the ovary is ascending ; the vagina is always single, and in a separate
pocket near the ‘vulva’ there is always a peg-like structure (penis
dilator?) with its own muscles. The eggs have filaments at both poles
except in Oligapta, which has no filaments. The protohaptor with
typically two pairs of larval anchors is invariably retained by the
adults. Type genus: Axine Abildgaard.

Axininae is a remarkably homogeneous group: all of the 17 valid
species, except one,” occur on Belonidae or Exocoetidae. The well
developed vaginal apparatus is unique, and correlated with the lack
of strong musculature subservient to protrusion of the male terminalia,
and though the latter are often elaborately armoured, there is a truly
muscular penis only in Axinoides, and doubtfully in Indocotyle but in
the closely related genus Oligapta, and also.in Axine, the genital
atrium has a very characteristic structure: there is a pair of lateral
comb-like crescents, a single or double circle of prong-like spines on
a muscular ring round the aperture, and the end of the vas deferens
carries another crown of spines. When in repose the latter is simply
far behind the atrium near the base of a thin roomy sac which is
surrounded by masses of prostatic cells, some of which are large with
chromophobic cytoplasm and a central nucleus, like the loosely
scattered cells round the ‘vulva’, others are in bunches and more
typically “prostatic” (chromophile) the former I would call “hydraulic”
“-cells. : :

Hydraulic cells are present in all genera.I have examined, and
particularly well developed in Loxura and Loxuroides. The atrium
i1s' normally much wider than the diameter of the resting penis, and
the diameter of the vulval ‘Tegion of the vagina is correspondingly very
large, suggesting that the hydraulic turgor of the male duct is explo-
sively destroyed by the ram-like action of the vaginal peg. At the
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..;.‘sxde of the peg-sac in several forms there is a blmd pocket leadmg,:'_-_,_;
- distally . from ‘the" vaginal - canal proper - (both . Yamaguti- and Hargis -

. have’ remarked on- this: problematic duct or sac), and I think that it’is

y obvxously to take the- pressuré-jet-at the time of copulatlon A similar

. -device is found in- the spe_rmathaecae in :Argulus, and even in. other,_,'-j
- monogeneans ; ‘it is an internal safety-valve Numerous - similar " -

“hydraulic-cells” surround the vagmal region in - all’ ‘the -Axininae.

" | Another parallel -hydraulic. or ‘“‘water-vascular-system” is also deve--
loped ‘in- this. family; (and’ in others with": :e]auvely weak ‘clamp | mus- -

- culatire, -and -also ‘correlatéd with - rapidly swimming - hosts, e.g.
. Opisthogyninae on Sphyraena spp-) but this haptoral system has already -

" been. referred -to. in appropriate-place by Unnithan- (1957).. To increase

~ the very necessary firm hold on the gills of these leaping and ﬂymg '-.j:—
" fishes, the ‘delicate clamps are permltted to _get a more extensive grip .

ori the filaments by the. ventral jaw-rami being. hinged' near their outer

angles : in- Axinoides both jaws may be hmged 1n this way, and some-
times two hinges “are formed -in one ramus. . R

. Axine Abﬂdgaard Axnunae w1th a- margmal vagma and a 3-
partite armature of the atrium - masculinum and single penis-crown ;-
the vulva often contains a. cuticularized plaque against which the peg
can-operate when the male organ is in. place: The long co-lmear TOWS -

- of-clamps act as a rule as a smgle IOoW. ' : :

Except perhaps inA: mada where the arrangement is hke that in -
Heteraxine, but it is retamed in ‘this genus on account ‘of the highly
typical genita] terminalia, and the ascending-ovary, a decision neither
supported by its Carangid host nor by -the smgle-ﬁ]amented egg. In.
+ Axininae where the clamps are co-linear and are ‘similarly orientated
*_throughout, it was unfortunate that Llewellyn (1956 «: 125) made

an ambiguous statement which might imply that Sproston (1946: 452) -
found them right and left miirror-images in the two rows: there is .
no need to expect this as a corollary of shortened median haptor axis

* . (shortened to extinction), the two haives of the row are morphologically

right and left of course, but the colinear posture being -imposed at
‘an early age would affect the shape of even the primary clamps, or
at least the later formed pairs on the larval haptor: the early influence
~‘on all four pairs of primary clamps is striking in Oligapta and Indo-
_ catyle (Text-ﬁg lA) The 7 species of -Axine considered valid are:—

. A.‘be_lones Ablldgaa_rd, 1794 (Ga'nbtypé).on ‘Belone belone (L) A
and from B. belone euxini (Gunther). Strelkov (1953) obtained “his
‘material for ontogenetic studies (see also in Bychowsky, 1957 : 214,

©figs. 257-260, who also reports that according to Palombi there are -

other hosts belongmg to related genem but 1 have not exammed the- :
cvidence). ;

A cypselun (Meserve,. 1938) Prlce 1945 on Cypselums caIIOpzerus
from Galapagos and on: C.. agao from Japan (Syn A ]apOnzcum, :
' Pnce 1945) : , . o ‘ _ .

A. yamagutu (Meserve 1938) Pnce 1945 on a ﬂymg ﬁsh otfi;
Pacxﬁc coast of. Memco :
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- A. parawa Unnithan, 1957, on Cypselurus bahiensis (Ranz.) from
- Trivandrem, 8. India.. o - s o oSBT e
A.--hemirhamphae " Unnithan, 1957, .orthog. “emend. (Syn. 4.
‘- hemiramphae Unn., 1957: non Axine hemirhamphae Tripathi, . 1959
" on Hemirhamphus xanthopterus Val., from Trivandrum: “distinguished .
" " by the haptor being tilted only at about 45°-to -the body-axis, ‘and. . -
© . only slightly wider than the rather evenly wide body, in contrast -to
'+ the fore:going spp. in which-the haptor besides being about twice the
~ width’ of the body, is tilted rearly parallel. ...~ - .. ey
U A. tripathii (Tripathi, '1959) Yamaguti 1963 pro A. hemirhamphae. .
- Tripathi, 1959 -(homonym but not synonym. of “A. hemirhamphae
.- Unnithan, . 1957,. on- Heimirhamphus. georgii - Val. from the Hooghly
© - River, W. Bengal, and Puri,: Orissa, Bay of Bengal: distinguished,
" 7 inter. alia, by the haptor being at right angles to . the body-axis but
. stretching away to one side, causing the whole animal.to be ‘L’-shaped,
"~ ‘and its- length 4} times the body-width — the latter is the more im-
* portant since the former may be a. transient. postuie; an unusual
- character is the single. row of relatively very large. testes. :

o " A. inada, Tshii. & Sawarda, 1938, on ‘the Caraangid Seriola
" quinguiradiata from Japan: exceptional in-the- asymmetrical clamp- -
" rows, the shorter being only 6% of the longer, and the egg having 2

gingle polar filament. (characteristic of Heteraxine .spp., but the vagina -
and atrium are like those of A. belones:. a transitional species of *
special interest). R S
" Axinoides Yamaguti, 1938 emend.—Axininae in which the clamps -
do not have an appendix on the dorsal end of the median spring, but -
in which the ventral, at least, of the jaw-rami are jointed near their mid-
‘length ; ‘vaginal apparatus as in Axine, but. never marginal (dorsal,
median or laterally placed) ; atrium masculinum never armed. Genotype:
"Axinoides tylosuri Yamaguti, 1938, on Tylosurus  schismatorhynchus
~from Japan. 4 other species considered valid:— . - Lo

- Axinoides gracilis (Linton, 1940) Sproston, 1946 on T ylosurus
marinus (Walb.) from W, Atlantic at Woods Hole and Florida: .re-
cently rediscovered by Hargis (1956:xi: 155), he confirms the proto-

" haptor and on the basis of the very variable position. of the - vagina
- from mid-dorsal- to nearly supramarginal; he emends the generic
diagnosis: . .~ . . o C o
" A. raphidoma Hargis, 1956 on Tylosurus raphidoma (Ranz) from
- Florida: Hargis (xi: . fig. 1) shows the’ anchors (protohaptor) as we
find them in other species, on the dorsal side, the clamps- are fewer
‘than .usual : 5+12 on the left (posterior lobe) and right respectively;
.th¢ crown of a muscular penis is shown reduced to - cuticularized
- papillag’; vagina obliquely median-dorsal; crura not confluent.
A. kola VUnnithan, ‘1957 on- Athlennes hians' (Val), from.
- Trivandrum, S.” W. India: vagina median with cuticularized papillae
. "in funnel much longer than in thegenotype ; muscular penis. with

- gjaculatory, bulb -also similar, but clamps '(25-27+37-41) are enclosed - -

" in’ hardened fibrous capsules which are jointed laterally and posteriorly,
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like the ventral jaw-ralni- but not opposite to these hinges, and the -
anteriormost clamps. are longer ‘with long reflected . ventral jaw-rami;
the intestinal crura are confluent. L o

A. sebastisci Yamaguti, 1958, from Sebastiscus marmoratus from
Japan: there is a constriction at the base of the very. narrow. neck
opposite to the mid-dorsal vagina ; the 38-42 clamps.are described
but not figured in detail, nor are anchors mentioned. . - .

Species incertae sedis: Axine resplendens Caballero, Bravo &
Grocott, 1954, on Tylosurus fodiaior from Eastern Pacific: according
to the remarks of Hargis it may belong here, but I have not yet seen
this paper. : : . :

Chlamydaxine Unnithan, 1957 emend.—Axininae unique in having
a metahaptor, developed on one side only, growing laterally then an-
teriorly on the ventral side; body fiattened to a broad' triangle and
cuticle with transverse rows of delicate papillae ; -vaginal apparatus
with a well developed peg and caecum, vaginal duct thick walled and-
with cuticularized lining, all marginal at level of atrium: penis not
strongly muscular with a minute head of papillae; intestinal crura
confluent, a few branches entering the metahaptor. Monotypic with
C. vuncata (Hargis, 1956) Unnithan, 1957, orthogr. emend.

Hargis placed this species in Axinoides but it is excluded by the
thickened papillose cuticle, the marginal vagina, and the clamp jaw.
_rami being unjointed laterally, but predominantly by the- unique
unilateral metahaptor. On the gills of Tylosurus raphidoma (Ranz.)
from Florida, S.E. USA. (Text-fig. 2A), '

Loxura Unnithan, 1957, s. str. ‘emend. Monotypic with L. anana-
phallus Unnithan, 1957, on Tylosurus leiurus (Blkr.) from Mandapam,
S. India: Generic characters related 10 Axinoides: dorsal vagina in
. the lateral field but not marginal, numerous hydraulic cells surround
the vulva, peg slender, no receptaculum seminis, but wide canal
apparently distensible ; unique pine-apple like penis beset with close-
packed pointed spines with notched bases, musculature weak for this
huge organ (occupying a larger field than the ovary) but surrounded
by a sheath of prostatic cells extending from the atrium 10 mid-body
(thought to be hydraulic in function); atrium unarmed but apparently
extensive surrounding the penis and opening in a muscular ring with
a_dentate soft internal rim ; testicular zone remarkably. short, only
about half the body-width in length, testes in double row :; crura end
bluntly well above haptor, which has a clear “‘water-vascular capal” in
(wo arms from a median stem. Haptor margin in two wide curves
projecting beyond the body at each side, numbers of clamps practically
equal ; clamps increase in size medially ; very slender sclerites,-only
ventral jaw-rami jointed, no spring-appendix, about twice as wide as
long, capsule not thickened, but finely fibrous. Only one pair of rather
large anchors found ; egg with two short thick filaments. 4

Loxuroides Price, 1962, emend., for Loxura susikala Unnithan
(1957 p. 108, figs. 11 a-m) on Cypselurus oligolepis (Blkr.), from Manda-
pam, S. India. Generic criteria now seen to be quite distinct from
Loxura: unlike the last 3 genera, the genital atrium has a charac-
teristic ‘armature, not in 3 parts as in Axine, but a single diadem-like
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:_jopen c1rclet of hlghly muscular or other radial ﬁbres as a thxck nm—"—

L “holding a double:row: of peculiar broad spines with curved tips.: radial -

. extrinsic . muscles “could- apparcntly pull open the fing to admit the -
_-emergence: of, a ‘swolled. penis head, which in: reposa lies at the base
- of this roomy atrium, -its ‘head of ‘spines, like a stn-flower bud when

~ not-erected,’ are daoger-shaped ‘on- broad imbedded bases set on the
intrinsic muscles of ‘the head: extrinsic muscles absent and correlated

* with - the, hydraulic -cells surroundmg the - atrium ;  vesicula seminalis -

'Iarge promma] vaginal apparatus in thé same relat]ve lateral -position

" as in Loxura,”well behind . the atrium ; the peg is a broad cone with - X

' y,notched tip, -there is a large cuticular - pad, the vaginal field is very

. wide and surrounded by hydraulic cells—a field of compar“b]c size- fo
" that of the -atriim ‘masculinum ; a large receptaculum seminis is deve-

~ ~ loped half-way down the vagmal canal which opens mdependenﬂy into

‘the ootype. . In contrast to Loxura, thetesticular field in Loxuroides

sasikala occupies -at” least half the body-length, the more numerous. -

~ foliicles - being in-about 4 rows. The- haptor-margm is nearly para]lel
"~ with the body- axxs it'is not'in two curves, but it has a similar “water-

" “vascular s&'siem nght and left clamp rows are nearly equal, but

~only the ° postenor -row projects beyond the body-edge and the crus
of this side is_ much- longer.  The " c}amps .are longer than wide,
both jaw-rami are hinged and the ventral is the shorter jaw, there may
be an appendix on the. end of the sprmg - Both. pairs of larval anchors
- slender with long roots.

. Oligapta Unnithan, 1957—M0n0tvp1c w1(h 0. olzgapta Unmthan
1957 on Hermrhamphus georgii (Val) from Mandapam, S. Tndia.
This  curious - species was the first- of its kind to be described : at first
“sight not Microcotyloidea, because there are .only 4 pairs of clamps,
. but they are co-linear and are orientated in the same direction, and
separated by two pairs of anchors, and there is a margmal vaginal
~ apparatus as well as a tri-partite hook-beanng apparatus in the genital -
atrium — all -characters of Axine Abildgaard. The second of this kind -
of Microcotyloid was in fact discovered- over two years previously  but
not published till later, by Tripathi (1959), curiously on the same host-

“species, but from the -opposite corner of India. Being unaware of -

- Oligapta when  going to Press, he created a new subfamily for it in’
Discocotylidae, a pardonable error-since the typical axinid vaginal peg
was not. found The numerous differences are instructive and will be
noted below. 'In Oligapta olzgapta the whole internal organization Tis
~precisely that of Axine: there is. one unique feature of the genital
‘system : the :median vitelline canal gives off an accessory branch to
- the intestine of -the right side (the normal vitello-intestinal canal
passes into the same crus straight from the ootype-oviduct junction as
usual) and also,  the eggs are without polar filaments. The clamp-
“spring lacks an appendix.but the ventral jaw-rami are jointed the proxi-
‘mal anterior shoulder-wings -of the latter have a wide flange of muscle
fibres and.the whole of these large’ clamps is enclosed in a thick
fibrous capsu]e ~The absence of any -secondary replication of the’
clamps - is an “interesting. exception in M1crocoty101dea and alone is

L suﬁ‘icment to_separate the genus from Axine.

Iudocotyle Tnpathx, 1959, Monotypxc ‘with . I hemzrlzamphae«‘

o Trlpatm 1959 on Hennrhamphm georgu (Val) from the Bay of -

3
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Bengal at -Puri, Orissa, and- from-the River Hooghly, :Calcutta. region, - -
-India. "The lack of detail in. the description and " figures have been "~
- remedied by the kind loan of original material (Text-fig. 1A-C).- The fili- - .

B [E)

~ form body is more than one-third haptoral peduncle; and one-quarter is -~

L “neck™ (in"extended  specimens).  Clamps are in-a graded row, obli-

quely “to- nearly ' perpendicular - to = the -body/stem axis, -the: more

‘postetior clamps are the-larger in the living attitude, but the morpholo- .
gically posterior ‘clamps-are of course, in the middle. of the co-linear '

. row; a small protohaptor projects from the dorsal posterior -margin =
- between the middle pair, bearing two- pairs ‘of anchors with sharply - -

recurved points at: least half as long as their shafts (the roots are partly -
" hidden- by the clamps in the present material). The clamps are ex- .
tremely -delicate, though the haptor is stout, and they appear sessile; . -
- ‘the ventral end of thé spring-loop has a narrow horizontal accessory
- ‘piece suspended by a lightly cuticularized  membrane Which extends -

AN .‘.-
X B

TEi_(TfFlG. 1. Indocotyle <[iemirlzamplu”-’I'xipathi,‘ 1959, ‘A. Whole _aﬁima], '
ventral view; ‘B. Haptor. with 8 clamps and posterior-dorsal
. proto-haptor with -anchors, ventral view; C. Genital corona,
. ventral view (Original, from specimen on foan ffom Dr. Y. R.
g Tripathi). - T T T
laterally to connect with the distal tips of the ventral jaw-rami — these
- are articulated at about half. their length ; the dorsal arm of the median.

‘Spring is. sh_or'.t but connected with a double rib-like. cuticularized: sup-
port to_the distal edge of the dorsal capsule wall making a’tenuous’
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S 'conuectxon w1th the dorsal’ jaw-raml, wh1ch are in a smgIe piece. The_ S

" "; haptoral peduncle, is- packed ‘with. small . gIand-cel]s draining into a . -
- median duct, but distally it becomes confused by a dense granular. mass
.= -of -different- glandular “tissue.. The ends ‘of the lntestmal crura were.
7 “hidden in the vitelling mass.  The hps of the vagina are broad and .
* cuticularized, but just -within, the vulva is- finely corrugated, apparently -

~ hardened. but stains’ dxﬁerently there are two  lateral ‘ducts which be:
come_obscured in the lateral vitellaria. - There is a double circle of

- _genital hooks: -the outer, probably belong to-the atrium and are ex- -
~_tremely fine (about 48 of them) projecting ‘ventrally, the jnner (about

- 14) are much wider, and in repose point inwards and: dorsally, probably
* attached to-the tip of ‘the pems No eggs were observed in any spom—_
. men. (Text-ﬁgs 1A- C)

I'IE'I’ERAXININAE Unmthan (1957) emend —Ax:mdae in. which the

.+ differential inhibition' on " secondary haptoral growth is most strongly - '

imposed ‘on the lateral clamp rows, though there is always some in--
hibitory_influence on the growth of the body/haptor. axis, so that the
~clarp-rows are more or less adherent to- the sides of the body, and -
~ their unequal length results in a lateral torque {(in the habitual posture
of the worm: along a gill-filament; vis-a-vis the more or less oblique

~ _posterior-anterior streaming of the cibo-respiratory. current of the fish)

so' that the body-ax1s is inclined towards the shorter line of fixation.

- As the: short row approaches extinction (in H. karavoh and Axinoa) -
the body appears to “‘stand on” the long row (tilted, over to nearly 90°),
but the lateral nature of this now posterior haptor is seen in the in-
-testinal crus following it to its morphological postenor end at the ongm_ '
‘of the short side:- the anchored protohaptor is always lost in the
adults of Heteraxininae. As'a result of this torque imposed from very.
early life, the whole of the gonad field tends to be curved with the

convex side towards the long row (as in H, heterocerca). This is in-

marked contrast to Axininae where the .gonad-field and body are
straight: _because . from early life the clamp rows have ‘been added

- practlcally two by two on either side of the median axis of the body, =

albeit in a straight line, and the torque-has been applied very gradually

. as the body-axis bends nearly parallel to its straight haptor. In_Axininae

the level of tilting is behind . the gonad—zone so the alignment and ,
. symmetryis not affected at all, whereas in Heteraxininae where the clamp-
rows are free to grow up the sides of the body, the longer row holds

- the hinder half of the gonad-zone and crural branches of that side, while

the rest is tilted away with the bending body: the level of tilting being
within the testicular zone. The degree of asymmetry, as in Gastroco:
. tylinae, depending on the length of gonad-zone embraced by the clamp-
-.row(s), and on their inequality. In Zeuxapta and - Dictydenteron the
- right -and left. clamp-rows are not very different in length (in spite of
the differences in numbers: of clamp-units in the latter), and what is
‘more important, they haveé been built up on wide flanges which. allow
~of some independent movement of the body, though the latter is res-
~tricted by the nearly equal “pull” from each side of its hind end: in ~

- fact as- pitblished figures' show, the level of flexing is even higher up

- the gonad-zone—at its anterior. limit in these genera and in H, oligoplitis, -

‘but - behxgq :the gonad-zone in~ Kannaphallus andr Axmoa, whlo_l_;
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'~ except for the mtestmat brariches which always pomt to" ‘the- origin of

“the clamp-rows ‘more or less medially in direct extension of:the body-
axis-in Axininae and also’ in Heteraxininae, where the rows are.sub-:.
' :'equal (V7 = Shaped), ‘and" laterally in Heteraxininae in’ which . there..

- is a marked dlfferentlal mhlbmon in the cIamp -rows. © No' metahaptor,'f .

Cois ever developed

In Heteraxmmae the dlstal end of the ovary is. descendmg as.in-
: M1crocotylldae to which they are in many fespects felated : _transitional
- - genera being Gonoplasius and Zeuxapia.. The eggs usually have. a -
" fine filament at ‘the anopercular pole only. The vaginal apparatus is . -

. various but never with a peg, and the male- terminalia ‘muscular, but
never an eversible cirrus; the spination of the atrium’is various but _ .
"~ never axinid, and mdy be absent. . The clamps are somehmes in graded °

sizes in the Ionger row, or in uniformly different sizes in the two rows,.
but they are not- adapnve]y ‘remodelled from’ the microcotylid- pattern;
‘nor are the jaw-rami broken by hinges, but an. appendix often occurs
on the end of the spring (Text-fig. 3A). The 5 genera are. dlstmgulshed by .
- internal characters, and Heleraxine Yamagutl the type genus, may be
. composite ;' Axinoa is perhaps transitory from Axininae, and of uncer- .
tain position; its hosts” being ‘beloniform fishes whercas the others are "
~ from Carangldae Serranidae, ‘and Sciaenidae.

, HETERAXINE Yamaguti,” 1938, emend —Heteraxininae in which the
tnumbet of clamps in the inhibited row are usually less than 40%
~ (exceptionally about 62%) of the longer Tow and the length of -the
shorter- less -than 20% (cxceptnona]ly about 60%). “The vagina is un-
-~ armed mid:dorsal. Genotype H. -heterocerca (Goto, 1894) on’ Senolav
' qmnqueradrata (= S aureovlftata T & 8.): from Japan :

‘ Other ‘species are: H.- seriolae (Ishu 1936) Yamagun 1938 on
Serzola anreovittata T. & S., from Japan: (Text-figs. 2C, 3A) clamp-rows
length of. the..shorter (alSo with about 9-10 clamps) 17%, numerically’ -

36-399%,, .- testes over 507 ;. vaginal structure 1dent1cal thh ]ast eggs :
]49-’66 I long, one ﬁlament »

: H carangls (Machllum, 1918) Yamagun 1938 on Caranx thpos
(L.), from- US.A., E..Coast: clamps in short row 19° (289, of - longer)
atrium’ with two" lateral spine-rows and. penis spiny ; mid-dorsal vagma
encuc]ed by Spmes testes 40-50 ;. egg with-2 ﬁlaments

.....

. but olherwme thlS qpecxes is msufﬁc:enﬂy documenled

o H. karavolr Unmtban 1957 - on - Formto nzger (Bloch) from, _
“Trivandrum, S. W: India: again only 6 small clamps in short row ; but - -
widely- spaced, so that both by length and number the short row is

ca 12%, of longer ; atrium and penis highly muscular with' small comb--

‘like spines and 3.large imbedded, rhabdite:like, splcu]es unarmedr‘ '
vagma a smgle duct, ]eadmg direct to ootvpe S

H. mcmtosh; (Pnce 1962) Yamagutl 1963 syn. Allenco}:’la mcm-i"j
toshi Price;. 1962, on' Serro!a Ialandu from F]onda USA vagma -

: median dorsa]
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" Heteraxinoides Yamaguti, 1963, emend. — Heteraxininae resembling
Heteraxine except that the vagina is absent or unknown (?). Genotype: -
H. triangularis (Goto, 1894) Yamaguti, 1963 syn. Axine -triangularis,
Heteraxine triangularis Yamaguti, 1938 on the serranid Anthius
schlegelli Glinther; from Japan: only 6 clamps on short side (both by
numbers and ]ength -about 179%,) ; cup-like atrium lined with conical
spines; vagina? ; testes about 12 egg ?

Other specxes are:

H. chinensis. (Yamagun 1937) Yamaguu 1938 on the pomadasyid
Hapalogenys nitens Rich. from Japan: also 6 similar clamps on short
side (ca 17%) ; atrium -with large spines laterally and 2 arcs of smaller
spines ; vagina absent; eggs 7 ; testes 12.

TEXT-KIG. 2. A. Cklumydaxine truncasa (Hargis, 1956) Unmthan, 1957—whole
’ animal, ventral view (from Hargis, 1956); B. Allopsendaxine
: kalsmm"ls (Ishii, 1936) Yamaguti. 1943—wholc animal, dorsal
view (from Ishii, 1936); C. Hetcraxine serioiae (Ishn, 1936)
Yamaguti, 1938—“hole ammal ventral view (from Ishii, 1936).

H obgop!ms (Meserve, 1938) Hargis, 1956 (Syn. Axinoides oligoplitis .
of Sproston, 1946 ; H. oligoplitis of Hargis (1956, xi: 160), and H.
oligoplites of Bychowsky (1957: 253), on OlrgOpIues saurus (Bl. &
Sch.) from Equador; clamp-rows 52% in length ratio and numencally
4043% (16 18. in short row); atrium with double lateral rows of
Spmes vagina ? ; testes 28-39 ; eggs ?

H. xamhophzlus Hargis, 1956, (incertae sedis ?) ‘on ‘the sciaenid
Leiostomus -xanthurus Lacep. (&m H. xanthophilis Hargis (1956, -xi,
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| 160 An- descnpnon but the former spelhng on p 157) clamps in short"

- row 18:21 (62%), and the relative length of row 63.5% ;- atrium with "
--two lateral spme-bcarmg pads and 2 kmds of: spmes egg w1th a smgler' e

' ;'ﬁlament -vagina. unknown.

T HL xanthophzloxdes Price,. 1962 on- Letostomu.s xanthurus fromf .
©USA. (Massachusetts). 44x9 55 mm ; 36 clamps on Ionger oW,
,_‘,,20 on shorter row.: - =

Kannaphallus Unmthan, 1957 Genotype K. vmhs Unmthan 1957,

" on Caranx atropus (Giinth.) from Trivandrum, S.W. India: ‘haptor
_sumlar to Heteraxine spp.; with '12:15 clamps- in’ short row of similar . -

size and about 30% of . long row, which embraces only about thelast

fifth of the testicular field and is tilted only about 45° ; the clamps are .-
_nearly square, and- there is an appendix on the spring ;. numerous. -
‘scattered head-organs, but the intestinal Jateral branches are unique: -

.. very -regularly increasing in length, without tertiary ‘branches, and the .

long posterior branches are nearly parallel pointing towards the long o

- clamp-row, the crus of the long side extending as far as the 4th primary
clamp . where the vitelline fields are confluent (as in "Axinoa ‘and

Heteraxine spp.). In- other Dzscocotylmea the crural ‘branches are not

flexed backwards regularly but are given off more or less perpendlcularly
+ and. then- ramey irregularly. = Testes more thari, 100, and there is. a
_ unique penis-gun consisting of a long cuticularized tube, a basal ejacula-
- tory-bulb, and a large muscular compressor distally derived from the
.attium. There are two dorsal vaginal pores with muscular bulbs the
two- ducts eventually opening into the vitelline ducts. The ovary is-
double-arched as in Heteraxme but the eggs have a ﬁlament at each
- pole.

Zeuxapla Unmthan, 1957 created for two potential homonym spp-
of Heteraxine seriolae Ishii, having a unique vaginal apparatus: two
dorsal vaginae, at opposite ends of a transverse vulva which- opens in
a median unarmed pore; the gonads are crowded into the posterior
‘quarter of the body proper and are embraced on one margin by an
- extensive clamp-frill, on the other side of the only slightly tilted hind
" end is a clamp row of only half the length, barely reaching the gonad-
".zone, the nearly equal sized clamps are twice as-crowded in the latter
row. Genotype: Z. zyxivaginata Unnithan, (1957 : 43) Syn. Mzcrocotyle _
- seriolae Yamaguti, 1940, nec. Axine seriolae Ishii, 1936 (= Heteraxine s.),
nec Axine seriolze Meserve, 1938 (==Heteraxine meservei Sproston, -
1946 — renaming of homonym), on Seriola aureovittata from Japan:
clamps of short crowded row 87-909% of longer but only half as long,
- clamps - of graded. sizes, the largest being thrice the smallest ; genital
atrium wide, with extrinsic muscle-fibres, but unarmed ; eggs 105 132 T8
long wzth a smgle very fine, long, filament.

- Z. meservei (Sproston, 1946) comb n., (Syn Axine seriolae Meserve,fr
1938, non Axine seriolge Ishii, 1936 ‘Heteraxine. meservei Sproston, .
1946, a renaming of the homonym)—t.he wording of the re-assignment

of genus for these species in Unnithan (1957, p. 43), is amblguous so'that -~

greater clarity has been attempted in this place.. I"do not consider
that Meserve’s “species . is certainly identical with Yamaguns, which’
s selected as the genotype because there is a clearer ﬁgure of it In
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‘both, the transverse vaginal commissure, or ‘vulva’, with its median
pore is between the upper end of the vitelline fields and a marked
bilateral constriction in the fore-body, and is as far behind the genital
atrium as the latter is behind the intestinal bifurcation. The atrium
is unarmed but in Z. meservei the whole of the intercrural field from
the brain to the ovary, on the ventral side, is covered with minute
- spines (“sharply recurved hooks”, “several hundreds closely set”)—a
* feature scarcely likely to have been overlooked by Yamaguti. The
length of the clamp-rows js again in the ratio of 50%, but there is-no
graduation in size, according to Meserve they have a size-range of
pot more than 10%, but on one side they are more crowded, as before,
the numerical ratio being 71-72. 5% ; similar eggs, 96-136 1« long, with
a fine filament one and a half times as long, at one pole. Host:
Seriola dorsalis (Gili) from the Galapagos Islands.

Gonoplasius Sandars, 1944 —removed from Microcotylidae owing
to its markedly asymmetrical haptor which, however is sharply demar-
~cated from the body (one-sixth its length) like Zeuxapta, this is a
transitory genus of doubtful affinity, but the double (paired) ‘vulvae’
suggest possible affinity with the latter; the spine complex of the
genital atrium and spined penis bear some resemblance to the condi-
tion in some Heteraxine spp. rather than to microcotylids (other than
‘the M. heteracantha — group which have a far more highly differen-
tiated complex of muscular loculi and 3 or 4 kinds of spines). G.
carangis Sandars, 1944, the type species, from Caranx georgianus from
W. Australia : a slender worm, less than one-tenth as wide as long, with
only 17 clamps on one side and 34 on the other, the anterior being
smaller than the middle clamps ; which taken with the relative secondary
inhibition of the one-row, provides its link with Heteraxine. The
original diagnostic character is the conspicuous head-glands: paired
semi-lunar groups and a median preoral group, but such occur fre-
quently in Microcotyle, sensu lato, and are of generic importance only
in combination with other criteria. The genital atrium has lateral
muscle-pads bearing 5 small and 5 much Jonger spines, and the penis
has 5 small spines on its muscular tip. Two spiny suckers, probably
associated with dorsal ‘vulvae’ and a voluminous median vaginal duct
appear to be characteristic.

Other species: G, longirostri (Robinson, 1961) Price, 1962, syn.
Microcotyle longirostri Robinson, on Longirostrum plalessa from New
Zealand.

Axinoa gen. n. : erected for Axine aberrans Goto, 1894 (Genotype)
apparently representing all-but-complete inhibition of one of the clamp-
rows ; the single clamp interpreted as the remnant of the inhibited
row ; analogous to the two derelict clamps in the gastrocotylid Engrau-
liscobina thrissocles (Tripathi, 1959) gen. n. (The Greek suffix ‘oa’,
the firnge of a garment, added to the stem of ‘Axine’ forms the name
of this transitional genus): the main clamp-row has become posterior
and in front of it are the intestinal branches of the uninhibited side and
the vitellaria corresponding are confiuent with the opposite side as in
Heteraxine ; vagina single mid-dorsal, spiny within ; genital atrium
armed with conical spines, and penis with a corona of spines. The
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- épiny amum ) i;xclﬁdt;é_ szfnqq spp froi;i' :A_;xiz.idides ‘ 'a's_‘ ) emended : by""

‘Hargis, and Unnithan,

Axinoa’ aberrans’ (Goto, 1894) comb, n. (Syn. Axine’a.. Goto:
Axinoides a.. of Price, 1945, and othérs), on: Tylosurus schismator-

“hynchus (Blkr) from ‘Japan 25-404-one clamps; 16-25- testes ;- eggs
. ul_lknoWn. T P SO R S|

. dxinoa l?iéserliéi '(ljﬁée,:- 1945) -comb. ﬁ.——;:(Syn: .A-x-ine : aberrans’ Qf; =
Meserve; 1938:. renamed by Price without publication of reasons due - :

- to insufficient information) on- T'ylasurus fodiator Jord. & Gilb., from

American Pacific off Columbia.. In Meserve’s fig. 59, there are 141 ,
clamps, and about 96 testes; a single duct leads from the ampoule--

like vagina to meet the transverse vitelline duct of the left side: no -
other details shown -for the contracted specimen drawn. ‘The validity: -

of the species must remain sub judice, though the testes_arc 4 times -

* more numerous- than in the genotype.

MONAXININAE Unnithan, 1957 eme}id—ffAXinidae in" which there. is

- complete inhibition of ‘one side of the haptor (but not of the haptor/

~ by those on Thunnidae. Hydraulic system in haptor of all.

body axis of that side in all genera), the clamps when less than 50 in

the single row show a graded diminution in size proximally, and i - .
the genera on Thunnidae they have greatly thickened and simplified -

sclerites acting as supports for a- cupuliform sucker of-a characteristic
. “type (Text-fig. 3B). The distal part of the ovary descends in all genera,
- but the vagina is mid-dorsal in those parasitic on Belonidae and Formio,

and paired lateral in those on Thunnidae ; male terminalia armed or -
not ; eggs with two polar filaments. Protophaptor retained in adults

- - MONAXINE Unnithan 1957, emend.  Genotype: Monaxine formionis .
Unnithan, 1957, on Formio niger (Bloch), from Trivandrum, S. W. India.
The complete -inhibition of the one side of the haptor has included :
inhibition of growth-of the body/haptor axis, so that unlike Heteraxine
spp., there is no “toe-of-boot” — like projection of the haptor on that
side, but on the other side the body/haptor axis has a correspondingly
greater development than in- Heteraxine; a triangular wing of the body
catrying additional branches of the intestinal-crus of that- side supports
the proximally projecting clamp-row of more than 70 similar simple

' clamps. . Median dorsal vagina is unarmed, has a sphincter and ‘a .wide

surround : of chromophilic secretary cells. Muscular rim. of atrium
masculinum. with 2 kinds of spines, coarse papilla-like spines on penis-

- head, Eggs un‘known. -

 Monaxine “bivaginalis Ramalingam, 1961 on’ Formio niger (Bloch). |

- from Mandé.pan‘_:, S. E, India. "

“NEOAXINE Price, 1945, emend. Monotypic with Neoaxine constricta

(Yamaguti, 1938) Price, 1945 (Syn. - Axine constricta Yamaguti, 1938 ;

-Amonaxine constricta Unnithan, 1957 — genus created in ignorance

. of Price (1945). Recorded only once, on 7 yiosurus schismatorhynchus

from Japan. The single clamp-row has $3-58 similay clamps, and its

“organization appedrg’similar to Monaxine, but its main character is a~ -

marginal funnel:with‘an incomplete.circlet of “pedicellaria-like” spines,.

- .but no-peg: another: -cha_racter— excludixig» it from_ ‘Axininae (apart. from
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the inhibition of half the haptor and loss cf anchors) is the unarmed
atrium containing a penis armed with a well developed head of 50-80
~ spines. There-is a strong constriction at the level of the vagina ; one
polar filament of the egg is much shorter than the other.

Text-F1G. 3. A. Heteruxine seriolae, clamp (from Ishii 1936); B. Uraxine
. . macrgva Unnithan, 1957—clamp modified as sucker, showing
lips of fibrous capsule with gland-cells (from Unnithan, 1957);
C. Allopsendaxine katsuwonis, protohaptor with two pairs of
anchors and D. Clamp modificd as sucker in thick capsule (both

from Ishii 1936).

CRrOTALAXINE Unmithan, 1957, emend. Monotypic with Crotalaxiie
serpeniing Unnithan, 1957, on Athiennes hians: (Val.), from Mandapam,
South India. Haptor a unilateral frill of rather large clamps in fibrous
capsules, but not modified other than the dorsal jaw-rami being longer
than the ventral, and having a joint just proximally to their curvature,
‘clamp-muscles and hydraulic ducts both conspicuous. The body/haptor
axis does not share the inhibition of the clamp-row on that side, but
is extended for more than half the length of the clamp-row posteriorly,
forming a mobile wing which brings the tilting level of the body obliquely, -
behind the testicular zone. The 36 clamps in C: serpentina show the
persistence of slight inhibitory influence’ in' their gradual diminution
to half-size proximally. The extreme narrowness of the body-permits
only a single row of clongated testes: The muscular penis within a
fibrous sheath, but no pars prostatica or hydraulic gland-cells developed,
and the muscular rim of the atrium .is also.unarmed. The vagina.re-
sembles -that in Axinoides-in being median dorsal.and in-having a peg,
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"'_rand a radlal muscu]ar vulva burrounded by what may ‘be hydrauhc 3
- cells: over a- w1de area ; the vaginal duct as. in M0naxme runs d1rectly i
. back to the’ ootype ; eggs ‘unkpown. . :

- UraXINE Uninithan, 1957 emend ———Monaxmmae the umlateral haptor -
~- held tilted posteriorly “between 45° and " 90° to the body-axis, the Jevel
of tilting behind the testicular zone : relatwely few. large clamps: tending:

‘to become  smaller ‘proximally ; dlstally there - is - no‘extension:-of the

" body/haptor axis, the crura” extendmg to the base of the laterally pro- -
- “jecting. protohaptoral ‘lobe bearing its- two . pairs  of larval ‘anchors.

-Cupuliform  sucker-clamps  with' thick - muscular - capsules have sticky-
glands within their rims (Text-fig. 3B} ; sclerites grossly thickened and -
-simplified; but both rami of both jaws- arucuLated and pattnc1pa’ang in the =
sucker- framework, moreover -the -sucker-is not of the “open”: type (as -
~in Heteromlcrocotyhnae, Mazocraeidae, Thoracocotylinae, and Chorico-
 tylinae) the jaws being still opposable by the action of the-wide 3-ribbed
spring, decorated by two lines :of musclefemp]dcements—a “C7-shaped
meridian of the cup, but without appendages on its ends. - Paired head-

‘organs and the round. oral suckers are scarcely half as:big as the -

pharynx: paired vaginal pores as unarmed slits in the dorsal-lateral

" ‘fields in the zone of the crural bifurcation, the vaginal canals form a

“Y”-shaped system opening directly into the ootype ; genital ‘atrium

- with a wide muscular rim set with 17-19 elongated lozenge-shaped spines

admitting an unarmed . bifid penis ;- testes less than. 25, ‘mostly par-
‘ovarial and post-ovarial, a: few may be pre-ovarial. Large operculate
epgs Wwith 2 polar filaments. Parasitic on Thunnidae. *Genotype.:
Uraxine chura Unpithan, 1957. Though the shape of these worms is
v?éy like that of Pseudaxme the clamps and vagmac are entirely
different..

" Uraxine chura. Unmthan 1957 on Eutkynnus alleteratus aﬁmzs
(Cantor), from Trivandrum, S W, India. Specific characters include a
double row of par-ovarial testes and only 3 or 4 post-and pre-ovarial ;
atrial corona of 19 spines ; largest of the 15 clamp—suckers 180 X- 100 7

eggs 168%62p , ‘ :

 Uraxine macrova Unmthan 1957 (Syn U. cizura macrova Unnithan, -

1957—sub-species now given full species rank), on the same host fish

with genotype. Distinguished by most of the testes being post-ovarial and

" a single par-ovarial row ; atrial corona of 17 spines’; largest of the 15 -

clamps 210 x 168 p ; eggs 260 x 92 p. Both clamp muscles and hydraulic.
vessels are more strongly developed in the haptor of this ‘species. -

ALLOPSEUDAX]NE Yamaguti, 1943 Monotypic 4. katsuwonis lshu,
' 1936 (Syn. Pseudaxine katsuwonis Ishii, 1936), on Katsuwonus vagens .
(Lesson) from Japan. Genus very close to Uraxine, but a much larger
type (8.0 mm. compared with about 6 mm.), and over 80 testes which
are nearly as numerous. pre-ovarially as post and _par-ovarially packmg
the inter-crural field; genital corona of 12" spines; the clamp has -
become an_open- sucker framed by the opened ventral jaw-rami. but
- supported at one end by the short thick. dorsal jaw-rami. The meri-
" dional -spring is shown straight (optical - effect ?), and at- each end it -

carries a bifid appendix. There are indications of transverse muscle-fibres

| ~ from the spnng across the walls of the cup-hke capsule, wlnch has an
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S exceedmgly th1ck tim. 24 clamps are shown, the pro:umal on short_
" stalks ;-eggs 216 x:66 g ; the anchors ‘are.48 and 28 v long respectively,
- with' relatwely longer roots ‘than -in -Uraxine spp.; though their total

-+ length~ is ‘similar. There appears to ‘be only the original record for -
. Allopseudaxine katsuwoms (Ishu 1936 786-7 ﬁgs 7 8) Text-ﬁgs 2B o
rfSC&4Dhere1n

HBTEROMICROOOTYUDAB* (Yamagun 1963) S Str emend

: Mlcrocotylmdea 5. “str. in Wthh asymmelry w1thm the haptor sug-
~ gests. a_differential stimulation of ‘secondary growth, rather than the
differential inhabition, which is characteristics of the famﬂy AXINIDAE.

- The .growth - differences along the axes of the haptor in Heteromicro-

" cotylidae are not only quantitative but, uniquely, qualitative also. Hence, -
a usually asymmetrical haptor bears clamps of mixed ‘types, but these

- ‘are_mere remodellings on the simple microcotylid pattern,- and no
".additional sclerites appear in- the essential structure. The protohaptor
(anchor-bearing ‘lobe of the larval haptor) may be lost in the adults,
or retained as a distal vestige on the end of the. euhaptor (definitive
haptor of -the adult) incorporating the larval clamps distally. A meta-’
“haptor may be-developed proximally on one or ‘both sides as a conti-

~ . nuation of the.clamp-rows of the euhaptor, but showing a discontinuity -
~ by its own ‘structure (it. may- be wing or shelf-like, and may be wholly

- or partially free of the body as a morphologlcally anterior lobe in rela-
‘tion to the euhaptor) the discontinuity may appear in the form and in’

the size of its-clamps. A similar discontinuity often marks the passage -

~from the primary (larval) clamps to the secondary clamps in the euhap-
tor, particularly when the latter are atypical. The distal part of the
~ ‘ovary descends ; the vagina opens dorsaily in an unarmed pore, but the
“nature and armature of the male terminalia is hlghly variable: Parasitic’
- on Carangidae, Stromateidae and Chirocentrus.

The three subfamilies are characterized by the fevel. of mcxdence of
‘the secondary differential growth stimuti - -along the haptoral axis ;—

'HETEROMICROCOTYLINAE subfam. nov. -5 genera: Heteromicrocotyla

- Yamaguti, 1953 ; Heterapta Unnithan, 1961 (incl. "szlaswcotyle" chori-
nemi Tripathi) ; chotyle Tripathi, 1959 ; chtydenteron gen nov. and-
Caranglamata gen. nov.- - - '

' CEMOCOTYLINAE subfam ‘nov -—-4 genera Cemocotyle Sproston,'-
- 1946 ; Xurelzphzlus gen n.; Tnpathzcma gen.. I and Megamicrocotyle
Tnpathl 1956, :

PYRAGRAPHORINAE subfam. nov —2 genera Pyragmphorus Sproslon,
1946 and Hargzsrella gen. n.

HE’I‘EROMICROCOTYLINAE subfam. nov. ——Heteromlcrocotyhdae with
'atypxcal clamps -on one or both of the usually - unequal sides of ‘the
- haptor:. these are usually on a euhaptor more or less adherent to the

body, or-on. an. adherent bﬂateral mctahaptor (in Heterapta only) o
e Thls famlly now preoccupxed by Yamagutx 1963 was ongmally erccted in the

ﬁrsl: draft. of this paper-and reference to. this was -made ' in -Unnithan, ‘1961, . -
- Yamaguti, 1963 however, limits the family assemblage with " the ‘type- genus and'
: lhc delemtlon also. is dxf.fcrent from those used n Lhe prcsent rationale. . -
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_ Protohaptor retained by adults ‘only in Carangiamata. . The microcotylid -
clamps. are' modified in~ at least- three different - ways, - but the
 sucker-types:are onthe “opened : box™ plan, in which-the rami of both -
jaws.contribute to the frame. The secondary’ growth' stimuli are ex- .-
- pressed in the increasing modification of the clamps proximally, accom- -
.panied by an_increase in their rsize, ‘but .these stimuli are’ imposed .
-differentially on the two clamp-rows ; the body/baptor axial tissue i§

- 'not involved- in the secondary.growth, even when there is. a metahaptor
- (the clamp-frills being usually adherent to the body proper, in contrast
-to Pyragraphorinae). Type genus Heteromicrocotyla Yamaguti, 1953 -

- Heteromicrocotyla. Yamaguti,- 1953 — Microcotylid clamps on un- =
- equal’ body-frills of entirely different units: the sshorter-row has the
- pyragraphorus-type of - modification with 12-25 pedunculated ‘clamps, "
and-the longer sessile row 19-35 open suckerclamps. which, though the ~
rami of both- jaws contribute to the frame, have opened more like
a fan than a box, the ventral jaws (forming the ‘lid’ of the box) are more.
aterally spread and their -shoulder pieces form two-articulating ‘arches - -
-anteriorly, while posteriorly- their tips, overlap. the much -smaller dorsal
jaw-rami ; -the ventral arm of the median. spring is greatly expanded. dis-
~ tally .forming two arched anterior .supports for the sucker, the dorsal,
now posterior end of the spring is more marrowly bifurcated; but .the
form of the spring varies in different species and may appear ‘X’-shaped,

* . rather than almost “T’-shaped in the genotype (see Text-fig. 6D).- There is

a-spiny-eversible ‘cirrus in- a.muscular sac and the atrium is armed with -

. up to 3 groups of more slender spines. ‘A large pre-ovarial vesicula

seminalis- js characteristic’ and is sub-lateral, probably always c¢n the
side -of the long (sessile-)- clamp-row, both of which may occur on right.
or left of ‘the worm (Unnithan, 1961). The testes are numerous, usually
more than 20 and up to 155. The single dorsal vagina may have an
armed vulva, or gland-cells and radial muscles alone: the duct leads
to the vitelline reservoir or to one of its lateral ducts. Genotype: H.
carangis Yamaguti, 1953 frem Caranx sp. from Macassar, Celebes. Two
new spp. H. vaginisping and H. polyorchis on Caranx malabaricus (Bl. &
Schn.) are described by Unnithan (1961). from Kerala, India. © 7% ;&<

-+ -Heterapta Unnithan; 1961 — Described fully elsewhere, is erected for
~what are probably two distinct species .of Heteromicracotylinae from
- Indian Chorinemus. spp. The second species is “Diplasiocotyle” . chori-
- remi Tripathi, 1956, which.is certainly not congeneric withD. johustoni
- Sandars, 1944 —an atypical ‘microcotylid from an Australian mugilid
fish. .Heterapta chorinemi.(Tripathi 1956) comb. nov. on Chorinemus tala,
Cuv., from the Mahanadi Estuary, NW. Bay of Bengal (Tripathi ’56: °
235, fig. 2 a~) andthe genotype, both show a.unique development of -
a-‘metahaptor: a secondary growth stimulus has affected both clamp-
-replication axes equally, but has- not involved the haptor/body - axis::

while. the~body itself is extremely elongated,  the secondarily modified .-

sucker-clamps of the metahaptor aré in“-almost sessile.rows. along its
ventro-lateral fields for half to nearly- two-thirds itslength. Doubtless

the adhesion to the gill-surface of this long haptoral region, and the *
- resulting traction, has been responsible for the shifting of the gonmads -
- into the relatively short field immediately.in front of the proximal sucker. =

clamps. * The euhaptor on the tapered tip of the' body has mot.



"'—'/retaing’;d‘:' ‘_th"e' '::v'prbt'OI_aaptof, andhasﬁs c']an")p-.r_‘ows,; ,cidsély, ci'owa,ed."‘ :

o together: " 5:-to 7 pairs: of only slightly’ modified ‘closed’ “microcotylid-

"~ ¢lamps, rathér. more  stout and- square than the typical. Clearly there
~ . 'has-been some secondary replication here from the primary 4 -pairs, but -

.- this: has béen interrupted and the formative zone has’ shifted forwards
" leaving.(in the genotype) an:isthmus devoid of traces.of clamps,  The

' -meta-haptoral stimuli-have tesulted in producing an entirely different, -

- - open-sucker typé_of clamp, which has “opened like 4 box™ with sub-
. equal:quadrants -bordered by the jaw-rami and supported along the
-hinge-line by the: shoulder-pieces of the ventral jaw and the thickened

- “anterior edge of the microcotylid clamp: the spring has become articu- -
lated and thickened as the meridional support for the sucker (see Text- . -
. fig. 6C). " The most distal of these .clamps may show a transitional form

~from the closed to-the open type. - The metahaptoral. sucker-clamps -
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increase in 'size gradually to the proximal third of their rows, then -
-~ . show- a.slight diminution, sub-equal in number 37-41 on either side,

-they.may retain some power of reclosing their jaws, since they are well -
- supplied with muscles (Tripathi, fig. 2¢). There is an eversible cirrus,
when refracted its graded curved spines lic in 2 lateral ranks decreasing in ..
size anteriorly, .and deep in the sides of the cirrus-pouch are two very long
rod-like- spines- (doubtless protrusible through.the otherwise unarmed
.-atrium as vaginal dilators). The vagina opens in a median dorsal pore,
-unarmed, about 5 times the length of the cirrus-pouch behind the bifur- -
cation of the gut: at this level, the crural branches and vitellaria begin,

and continue-posteriorly to the last quarter of the metahaptoral region,

- whence_ the crura continue unbranched to their confluence at the end
of this region (see Unnithan (1961) for genotype Heterapta heterapta,

since Tripathi’s figure lacks- these details).. ,

Dicotyle Tripathi, 1959 (Syn. Bicotyle Tripathi 1956—orthography
‘emend 1959: 128) — Genotype.D. stromatea (Tripathi, 1956) comb. nov.
. (Syn. Bicotyleé stromatea Tripati, also as B. stromatei Tripathi, 1956 :~ .
- .238) on_Stromates cinereus of Day (=Pampus argenteus (Euphr.) ) from -

. P, Orissa, Bay of Bengal: a second species:(D. vellavoli) is describéd

 from another Stromateidae Chondroplites (stromateis) chinensis (Euphr.),
* from Kerala, by Unnithan, 1961. The ovoid flattened body may have
“an elongated neck; constricted at the vaginal zone below the genital
" atrium, at the end of the oesophagus, which may be diverticulate. The -
asymmetrical ‘clamp-rows™ aré unequal body-frills in the posterior third:
along the markedly convex side, the longer row of stout squarish micro-
~ cotylid “closed’ clamps have cuticular ridges  across their ventral walls
(34-40, usually on the right side); the slightly shorter row- on ‘the less
_convex side, consist of 10-17 larger and’ partly opened sucker-clamps :
opening’ ‘like a box’, but not completely, the rami are thickened and

simplified into ‘C’-shaped arcs, and the spring is expanded- at the ends - -

-and has. perforations for the:muscles. - These clamps increase in size
. proximally, the first-formed (distal) clamp is very small and may be:
less than the microcotylid ¢lamp opposite to'it, the fip O.f'the-__bOdY';S' :
" quite bare, the protohaptor, at least, being shed in earlier life. The

* outstanding feature .of Dicotyle spp. is. the reticulate intestine (though:
- not mentioned -for the genotype, its occurrence’ is inferred by Tripathi

- making Microcotyle reficulata Goto, ‘a congener).  The testicular field | '
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s partly embraced by the haptoral fmlls, causmg a S]Ight soma'oc asym g
- metry, due to-torques -set' up by the pivoting in the feeding postures;

“testicular follicles in- several rows, so.that they have some freedom. of *

relative: movement durmg body-twmtmg——a distinet - advantage of -
numerous- small follicles aver a few large follicles: = There is a genital-

corona. of .strong- spines (certamly not a cn"rus) which may-or may not.

be part of’ protrusible penis.- The vagina is at the constriction of the’

fore-bady, dorsal and cuticularized” distally, either in irregular fimbrae . -

_and folds or with-a c1rclet of tceth At is: smgle throughout and passes
direct to the ootype. - : :

chtydentemn retzculatum (Goto 1894) comb DOV (Syn Mzcro-

vcotyle reticulata. Goto, 1894 ; Bicotyle reticulata (Goto) Tnpathl 1956),-. ;

-is the genotype of this newly erected genus. Its systematic- position is -
problematic, since no difference was mentioned by Goto between the
clamps of the unequal rows, other than -those of the shorter row being

about. three times the size of the doubly numerous clamps in the longer ~ -

tow: on this evidence alone, it might be placed in Heteraxininae, on
analogy with Zeuxapta and- Gonoplasius ; but in Dictydenteron the -
shorter sidé cannot be regarded as inhibited, since its c]amps are larger.

In view of its close similarity to- Dicotyle partlcular]y in the otherwise =

unique reticulate intestine, it must represent a transitional genus in
Heteromictocotylinae. -An additional circumstantial reason is that it
occurs. on. Stromateus argenteus Euphr. in Japanese seas. Apart from the
- clamp-type difference from Dicotyle, Dictydenteron has a cup-like genital
atrium with a-double corona of spines, probably the inner ‘belonging to

the penis ; there is an unarmed vaginal pore leading to two ducts which =~

enter the'vitel_line-ducts rather than a single vaginal duct passing direct
to the ootype: differences which-are probably of more than specific rank.

Cerangiamata . gen. n. — erected for Cemocotyle sagae Manter &

Prince, 1953 from Caranx sp. from Suva, Fiji: because both the struc- -
. ture of ‘the clamps and the lack of a metahaptor exclude it from Cemo-
cotylinae. It does, however, retain its protohaptor with the usual 3
dissimilar pairs of larval hooks: but the euhaptor shows. immediate
differential growth—sttmu]atlon both in intensity and in kind .on each
- side: the haptor -is an asymmetrical extension of the body axis, but
there is no lateral growth.on one side comparable to the wing on the
other which forms the postero-lateral end of the body, fringed with
grapnel-like clamps: (appearing like glochidia in profile view). .On the
- straight side is a shorter row of 6 similar clamps of about twice the -
~ size of those in the opposite row : slightly different, however, since the
‘ventral jaws are here much longer than the dorsal, and their rami swung
apart as grapnel-hocks (M. & P.s fig. 8), but both jaw-rami;, dorsal
and ventral are sharply pointed and can act as hooks as well as clamp-
- -jaws. - Neither of these clamp-types is quite like those of Cemocotyle
nor the more asymmetrical clamps of X urelzphzlus elongata, though the
appendix on the dorsal arm of ‘the median spring is'a double in-curved
‘filament rather: like that in Megamtcrocotyle and there are also fine

. ridges on the capsu]e walls, at-least in the larger clamps. The sphencal R

oral. pouches are very wide apart and a similar-sized pharynx is behind’
thém. . The penis is umque in being a thickened rigid tube (apparently.
without muscular bu]bs as in Kannaphallus Unnithan, 1957) thh conical
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apex protrusible through a round muscular genital atrium. The vagina

was not seen. Monotypic, genus with Carangiamatq sagae (Manter &
Prince 1953) comb, nov.

- CEMOCOTYLINAE subfam. nov.—Heteromicrocotylidae with atypical
microcotylid clamps usually only on the unilateral metahaptor: the
larval haptor and euhaptor having apparently nearly normal unmodi-
fied microcotylid clamps. Except in Megamicrocotyle, the euhaptor is
deflected laterally as a postural effect of the development of the more
powerful clamps of the unilateral metahaptor. This is a common form
- of asymmetry in Axinidae also: the tendency of the body to be bent
paralle] to the longest line of attachment along the gill-lamella—as was
so nicely demonstrated for various forms by Llewellyn (1956 a, pl. 2).
Of the 4 genera, three occur on Carangidae and one on Chirocentrus
dorab (Clupeiformes).

Cemocotyle Sproston, 1946 — The symmetrical euhaptor is a late-
rally deflected triangle, with rows of about 11 square microcotylid
clamps, practically equal in size, immediately in front of the short proto-
haptor with 3 typical dissimilar pairs of larval anchors, and succeeded
on one side only by the thick flange of the metahaptor. This is a per-
fectly straight shelf-like projection adherent to the side of the body
proper to half way up the testicular zone, bearing in a close row some
26 larger clamps of the “muzzle”, or rather “grapnel”-like, type.
These diminish in size proximally : they are all twisted on their short
pedicels to the profile view (as also in Carangiamata and the next two
genera). Both jaws are slender and, convex, the one considerably over-
lapping the other, both with sharply pointed rami acting like slender
claws — these are much longer and more prong-like than those of C.
sagaec Manter & Prince. They have reported on their re-examination
of the type and paratype of Cemocotyle carangis (MacCallum, 1913)
Sproston 1946, from Caranx crysos (Mitchill) from the American North
Atlantic, and largely confirm the original description, but adding a third
small pair of protohaptor hooks; they contend that the spiny sucker
surrounding the vagina is ventral (?). MacCallum stated that this ring-
sucker was ventral, but that the (figured) vagina has a dorsal unarmed
pore slightly behind this. The round oral suckers occupy the corners
of the wide flat forehead, and there is a triangular cuticularized genital
atrium with lateral -and median spine-groups, though the penis is un-
armed.” Hargis (1956 (xi): 154, 159) would include this species in
Heteraxininae, but this is inadmissible since the clamps are not
uniformly microcotylid, and a metahaptor is never present in Axinidae.
He found it on the type host in Alligator Harbour, Florida.

In my olpinion, the evidence fully establishes the genus, which
remains monotypic with Cemocotyle carangis (MacCallum, 1913)
Sproston, 1946. : :

" Xureliphilus gen. nov., erected for Axine elongata Meserve (1938,
61, figs. 53-58) found off Secas-Island, Panama, E. Pacific, on Xurel
melampygus Cuy. This is removed from Heteraxine for the same
reason as is the next species: - the possession of a unilateral metahaptoral
flange with abruptly modified clamps.
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- In Xureliphilus” elongatus. (Meserve)-comb. nov:; though' the - proto- :
“haptor is lost, probably ‘the. 3-pairs of -small distal microcotylid -clamps’
are the primary clamps of the larval haptor, and" the euhaptor is. Te:’ R
- presented by the succeeding’ 3. pairs. of larger microcotylid clamps on
“either’ side. Then ‘on " oneside-there is- an. abruptly ‘projecting -wide
- flange, the -metahaptor, adherent to the “body -except atits exfreme
'~ anterior end, and bearing a close row of (18) Cemocotyle-type clamps, =
~again twisted into. profile position “in -ventral view. -These metahaptor -
clamps have a double internal asymmetry ; the veniral jaws.are longer
than the dorsal, and the rami of ‘both are much longer on one side .
- than on the other (the . shorter being more convex, so .that their side . .
of the clamp is-the wider).” In Cemocotyle the” prong-like ventral jaws
-are sigmoidally -arched and - sharply clawed, but in Xureliphilus the
inwardly ‘bent ends of the ventral jaw are expanded as notched knobs:
‘The vast development “of the uterus (at least half of the body-length
and width), packed with. bi-filamented eggs, perhaps obscured the male
terminalia, since only a muscular oval was seen (referred to as fhe
genital atrium, but without mention of its contents), which may have
been the -uterine pore. A vagina was not seen. The aseptate “oral
suckers are extremely far apart, and the wide forehead has a median

conical papilla.

There is a wide calibre loop internally to the euhaptor, with a branch
along .the base of the metahaptor (and here. a transverse. commissure
between the .two’ lateral trunks) giving off - thinner' radial, branches to
each clamp-base. ‘This is referred to as part of the nervouts. system, -
but it is strongly reminiscent of the “semi-circulus, haptoris”, so con- -
‘spicuous also in- some Opisthogyninae (see Unnithan, 1962), and in
Axinidae Unnithan (1957), which is suspected of being a ‘water-vascular -
system’ ancillary “to  the ‘clamp mechanism (see also remarks under:
_ Pricea infra). o o T s

“Tripatliiana gen. nov., erected for Heteraxine minuta Tripathi, 1959,
found on Megelaspis cordyla, from Puri and Chilka Lake, Orissa, Bay
of Bengal.  Tripathiana minuta is characterized. by the development
of a powerfui unilateral metahaptor, which is -practically all free from"
the body and bears atypical clamps. The obliquely truncated posterior
énd lacks the protohaptor, and it is deflected laterally from the body-
axis as in Cemocotyle and Xureliphiliss. The eihaptor is asymmetrical

~though the sides bear a similar number of clamps (10/13), which: are
. squareish, typically microcotylid ;" but on ‘the shorter side” they increase
in size slightly, while:on the long side the 2nd. to Sth.-are larger than
the others but smaller thap those opposite to them on the short side. .

: ‘The metahaptor has a wide fleshy margin bearing closely set modi-

. fied ‘longer clamps ‘at right angles to the others (profile view only,-in
face-view of haptor). . These clamps are twice as long as the euhaptor
clamps but only about- as wide; ‘and their ‘jaws, though hooked, are.
sub-equal. Of these eleven clamps, the anterior 4 or 5 afé uniformly .
smaller than- the- others. - The blunt rounded. head is about the same.® .
width as the rest of the: cylindroid body. . ‘Thé unarmed dorsal vagina- .-
- was obscured ‘by dense vitellaria ; the genital atriumis unarmed, but . -
the ‘penis has a corona of 6 hooks with. broad’ tapering handles. It was:"
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~ ‘found on 3 occasions when an average of nearly 70%, of the hosts were’
-infected. - . . : : o _

. .Megamicrocotyle Tripathi, 1956 — Originally monotypic, with M.
. chirocentrus Tripathi (1956, 236, fig. 1 g-k) on Chirocentrus dorab
i (Forsk.), from Puri, Orissa, Bay of Bengal: a closely allied species
discovered on the same host in 1955 and described by Unnithan (1961),
in Kerala (Arabian Sea), and Lintaxine microcotyla Manter & Prince
from ‘a ribbon-fish” in Fiji, now form a highly compact genus ; it is
éven probable that re-cxamination of the types may suggest the Indian
examples being subspecies. Outstanding is the extreme difference in
the clamps in the two rows, hoth in size and in moditication of the
microcotylid type; also, there is no difference in the clamp shape as
the euhaptoral row passes into the unilateral metahaptoral wing, such
as is seen in Tripathiana. 'The haptor is an extension of the body-axis
though set off from it by a tapered rather short pedicel which contains -
- no crural branches nor vitellaria, but the unbranched intestinal crura
extend for at least two thirds the length of the haptor to slightly different
levels. The larger stalked clamps have a unique modification of the
ventral jaw-rami: distally each has an ankylosed horizontal bar on its
tip, recalling an anther of a flower stamen. I feel that the temptation
must be resisted to’ homologize these bars or reflexed flanges with the -
braces of the gastrocotylid clamp and'for three reasons; (1) they are
not connected in any way with the dorsal jaw-rami, nor with the
appendages of the median spring — relationships invariably found in
the true gastrocotylid structure; (2) they are not represented by any
vestige in the sessile clamps; (3) the sessile clamps, while sometimes
being completely opened sucker-clamps, are not of the gastrocotylid
- sucker-type, for cxample in Lintaxine, but are perfectly conformable
to the opened-box type found in Herterapta (compare Text-figs. 6B & F).
. In the former the gastrocotylid sucker-clamps are seen to open always
- like a book, and the dorsal jaw-rami take no part in the sucker-frame.
The development of the appendages on the dorsal arm of the spring is
microcotyloid rather than gastrocotyloid—there are no dorsal lamellae
developed, but only a narrow bifurcation, the arms of which come
together in a pointed loop far anterior (o the tips of the dorsal jaw-
rami, which are long and gaping like grapnel-hooks. The ventral wall
of the capsule is finely striated, but there are no truc ribs as in gastro-
cotylids or some Pyrographorinae (cf. Text-figs. 4, 5C & 7F). In Tri-
pathi’s figure (1956, lh) the bars from the ventral jaw-rami are shown
fused together as:a single bar, but in the other species they are quite
separate and unconnected with the end of the spring—a re-examination
of the Bay of Bengal material is indicated. The sessile clamps are usually
only 8-9 . in diameter (Tripathi states 15-19 p), whereas-the larger are
40-60p, and in the proximal four-fifths of their row they are placed well
within the margin of the ventral side of the euhaptor. Their structuce
is simplified microcotylid with strong ‘C’-shaped jaw-rami, partly opened
as in Dicotyle, or with the ventral jaw opened back like the lid of a -
" box as in Heterapia, the spring having wide-splayed ends and the hinge-
line cuticularized which together form the cross-wise supports in the
base of the sucker-clamp : they are well supplied with muscles into
- the body of the haptor, which are seen as ranks of striae in the ventro-
lateral field of this nearly straight row.. The distal clamps are sub-

4
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S “were they_in -Heterapta or Cemocatyle) ‘but the distal 10:or--14 small

( "sess)!e on: both sxdes ‘at the up tbere isa mmute lobc perhaps TEpre

senting ‘the vestige - of the “protohaptor, but the four ‘pairs  of primary: -

{larval) clamps are no longer distinguishable from  their successors (nor -

~.and the distal. 5. large clamips are;’ respectively, slightly larger “and:

smaller than the others, and. on’ shart. statks (the smaller: being. nearlyij

closed), After these distal subsessile small clamps. Megamxcrocotylc: Tri
- pathi shows a relauvely long bare gap in’ ‘the TOW, which continues. with

the submargmal row:-in"both the other species, also, there is 4’ change
- in disposition.of the small clamps-at this level: the distal dozéen or-so. ..
are: strictly marginal like the larger. clamps. The latter then have-longer

stalks, with a markeq increase in-stalk length and Size of clamp when - -

.- the row departs as the metahaptoral free wing, bearing about 14- 18 (or»: :
: ‘about a third-of the total ‘number of)’ farge clamps i :

- The cmtcnor end is ‘slightly expanded “and the oral pouches almost' -
transverse in its angles, the pharynx is about half their size and the

-mouth appeats to be prolrus:ble, much as in Cemocotyle and Xureli- -

philus, without very conspicuous gland-organs. ‘The male terminalia’

are unique: in the Indian species there are two more or less elongated
tiangular plates on either side of a highly cuticularized flask-shaped . -

penis (the ‘hooks’ figured by Tripathi appear to be eqmvalent in posi- -

* tion to the ‘thickened walls of the penis seen in. profile in the new

species); proxzmauy there is a strong ‘muscular bulb thought to act gs -
a compressor in ejaculation. In the Fijian Megamicrocotyle microcotyla

- {Manter ‘& Prioce, 1953) comb, n., the male apparatus seems 10 show

clear -specific differences: -there are the laterai. (Spmose) plates anda

- forward-pointing transverse plate bearing a row of small sharp spines
(atrial structures), the muscular bulbous penis has laterally graded
thorns on its head. - The vagina is similar in all; and unusual in being =

in'the ovarian zone and. -short, leading directly to the receptaculum .
~ seminis: the vulva is provided with a hood and cuirass-like fransverse
plates, their diameter, of course, being the same as the flattened anterior
-ridge of ‘the - atrium masculmum which. would . be anchored by the
vagmal plates, -but the vaginal pore is minute at the posterior end of
the ‘vulval oveid’ (see Unnithan, 1961) in M. mtcrocotyla the pore
is larger and the hood more extensive, -

In spite- of the extreme smallneSS of the one row of clamps this
canuot be ‘interpreted as due. to inhibitory influences, but rather to .
" extreme stimulation in replication (56 to 90 of them), and the stimuli
are manifest on the other side by the increase in size, stalk-length and
finally the metahaptoral wing. The host of :the Fman material was -
‘not named, but it is perhaps unlikely that the Dorab would be described .
as a ‘ribbon-fish’ in spite of its elongated body, it is altogether stouter

 than the Trichiurids, for instance. - The original placmg in Lintaxine is. -

" - not understandable, particularly on the host basis, since L. cokeri is =

from a freshwater: sciacnid, and RO scxaemd ﬁshes are known to occur -
in Fiji [slands. . - . '

PYRAGRAPHORINAE subfam nov. Heteronucmcotyhdae which haveﬂ :

Vmorphologxcaﬂy bilaterat. symmetry, but the bilateral metahaptor being >'

o 1~entm:1y iree from the body proxxmally (ventrally) is, as a postural eﬂect e
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twisted through a right-angle, and still in line with the diStal euhaptor,
forms a ““T”’-shaped tail. Such a “fish-tail” effect is also common in seve-

ral Microcotylidae (other than Microcotylinae) also in Pricea, and to -
some extent in Thoracocotyle crocea (Gastrocotylidae). But unlike these -
genera the clamps of . Pyragraphorinae are specially modified, in some
ways similar in all three known species. Other characters in common
are the biloculate spiny oral suckers (round and simple in the other
subfamilies), apd the dorsal vagina, which like the penis or cirrus may
be cuticularized' or not. Parasites of Carangidae.

- Hargis (1956 (x): 448-452) reports on a re-examination of the type
“ material of the two older species and describes a new species, all of
which- he considers congeneric. In view of some differences of generic
rank, I prefer to consider Pyragraphorus monotypic, and to unite the
second and third species in a new genus dedicated to our prolific
colleague ;- Hargisiella gen. nov.

) Pyragraphorus Sproston, 1946 — Pyragraphorinae in which there is
a more or less abrupt change in clamp-type from the eubaptor to the
metahaptor: the clamps on the latier are of the pyragraphorus (fire-
tongs) type, having the anterior parts of the rami of both jaws drawn
out. into a handle : this modification in transit is clearly figured by
Bychowsky & Nagibina (1959 fig. 21) (Text-fig. 4 herein) and they also
show for the first time, the development of rib-like thickenings from
the capsule wall becoming free medially as inward-pointing curved
claws. The clamp figured on the right shows a deep ridge-like lip of
the ventral jaw-rami: this is significant, since it helps to explain an
anomaly in both ‘Macallums and Hargis’ figures of the distal (=Euhap-
tor) clamps. These less modified clamps have the jaw-sclerite lip bent

TexT-FIG. 4. Pyragraphorus sp. progressive modification of clamps ( from Bychowsky
& Nagibina, 1959). .

at a right angle posteriorly, and evidently in bpticgl section it appeared
as a double sclerite.. At first glance the American figures recall a
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': gastrocotyhd clamp th.h the two extra postenor sclentes but Whereasf‘i
the - oblique~“braces” of ‘the gastxocotyhd clamp ‘occur intérnally’ and’ -
. aruou]atmg with the dorsal jaws, ‘these ﬁgured for: Pyragraphorus- aré

- posterior and. external to the rami-of both jaws. -1 conclude, therefore,

* - that the two extra sclerités in the American figires are oytlcal illusions' .. -

' resulting from -the’ deep bent jaw-lip,- and the clamps are. all essentxally-_g,‘.'[

o microcotylid, ‘albeit ‘highly” modified. - 7
" Hargis- claims that there are two. kmds of modlﬁed' clamp in the'j:-"- :

cubaptor (his “‘dorsal’ lobé” — an " inconvenient. term since it.has only -

postural - and- not strictly morphologmal import): in the more distal -- .
clamps (Hargls 1956: fig. 23) there is a strong internal asymmetry, the . .
~abaxial Jaw-rami- are. grossly' thickened and'more convex, and in:others.
© in the euhaptor (more proximal clamps 2) he claims to have found -
developmients like those in-Hargisiella spp. particularly in respect of -

the hole through “the elongated- dorsal end of the median spring—to = .

udmit the tendon of the: adducto: muscles. . This  hole has- shifted to.
the middle of the spring in. the more proximal of the ‘pyragraphorus .
clamps as- in- Bychowsky & Nagibina’s figure (Fig. 11) : ‘compare Fig. 1 =
-in_Sproston (1946) for vanous types and Llewellyn (1956 b ﬁg 1) '
Jor‘Plecmncoter o

In Pyragraplzom.s besides the dxssxmllamty bctwaen the clamps of.
the euhaptor and metahaptor, there are three generic characters which
are absent in Hargmella lateral diverticula in the ocsophagus, and a

spiny eversible cirrus in .a long muscular sac along with an . internal =

vesicula seminalis (see Hargis 1956, fig. 22) ; furthermdre, the- recepta-
culum seminis immediately bebind the cuticularized vagma opens’ into
- the tight lateral vitelline -duct. This genus remains monotypic with
Pyragraphorus pyragraphorus (MacCallum & MacCallum 1913) Sproston
" 1946: on Trackmotus camlmus (Lmn) probably- from the North
Amencan Atlantxc O ; ,

Ha:rgzszella gen. ., erccted for Pyragraphoms thpas Hargls, 1956 e

(designated genotype, since it is the better described and figured) Text- -

fig. 5F, and Pyragraphorus (Microcotyle) incomparabilis (MacCallum
1917) Hargls 1956 : the former on Caranx hippos (L.) from Florida .
and Texas, and the latter ‘on Caranx ruber (Bloch) from Florida. The
symmetrical euhaptor is again the continuation -of the body-axis, but -
growth -potentials in the long-axis of the haptor are evidently much
higher than in " the hmd-body, for subsequent’ growth  continues

independently, nevertheless' receivirig branches from the intestinal crura

. as the new lobe leaves the body. - The crural branches join in a median,
secondarily branched, crus in the metahaptor (proximal and ventral lobe -
of the haptor), just as they do.in the euhaptor: neither-testes. nor .
vitellaria enter either euhaptor or metahaptor. - Growth- p'otenuals ‘arg .
so strong, “at least in the genotype, that the metahaptor can . be
double the leagth of the: euhaptor —in - Pyragraphorus the two parts .
- are practically equal Hargisiella however, does not show a change in -
clamp-type between euhaptor and haptor — the pedunculatcd elongated'
clamps are all alike; and they are comparably modified in both species.
In H. hippos-there is a marked internal asymmetry (according to Hargis,
. 1956 ﬁg 20) the more elongated dorsal Jaw-ramx do not meet in’ the '
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middle line, one side is more bent and lipped than the other distally
- but proximally the other side is the more bent before the articulation
under the shoulder of the ventral jaw. The dorsal arm of the median
spring is elongated to the jaw-lip where it expands and has a trans-
versly oval hole (Text-fig. 5E). , :

In H. incomparabilis the whole clamp is much stouter and longer
in. proportion to its width (Text-fig. 5D), and the dorsal jaws are a little
longer than the ventral again having asymmetrical rami. The outstand-
ing feature of this clamp is the pocket-like expansions of the dorsal
arms of the ventral jaw-rami which form the shoulder articulation, and
one side.is larger than the other here. The dorsal arm of the median
_ spring is elongated and evenly wide, having a round hole at its end.

The abaxial-adaxial asymmetry of the clamps of Hargisiella, and
to a less extent those of the euhaptor of Pyragraphorus, suggest an
advanced level of adaptive evolution comparable to that in
Opisthogyninae and Gotocotylinae (Gastrocotyloidea), but in the latter
internal asymmetry of the clamp has reached its zenith.

In Hargisiella there is an eversible cirrus but no internal vesicula
seminalis, and there is no armature whatever near the male terminalia.
The mid-dorsal vagina has a cuticular folded lining in H. incomparabilis,
but it is not cuticularized in H. hippos, where the short duct leads direct -
to an anterior bridge between the lateral vitelline ducts at the anterior
tourth of the body, and they do not form their short median duct
-until the mid-ovarian zone at the middle of the body.” Some vitellaria
enter the euhaptor only in H. incomparabilis. :

GASTROCOTYLOIDEA Price 1959
(Syn. Gastrocotylidae Price 1943 + Discoctylidae s. lat. partim)

This superfamily was originally erected in the first draft of this
paper, to consolidate some of the variety of new forms which have been
discovered during the past few years. Price (1959) has published this
name for a similar assemblage, but which he subdivides more according
to the older views than I do. In common, they all have microcotylid
(discocotylid) type of clamps -with the addition of a pair of oblique
frontal braces. :

These, scem to have been derived from the appendages on the end
of the ventral arm of the median spring, often present as a bifid
appendix but of no structural importance in various species of Microco-
tyloidea (Text-figs. 1B, 3A). In Anthocotylidae Bychowsky, 1957, they
. are being transitionally incorporated as definitive sclerities in the clamp
mechanism. In some subfamilies of Gastrocotyloidea further additional
sclerites are incorporated, apparently derived (a) from the anterior end
of the dorsal arm of the median spring (in Priceinae and Gotocotylinae
s. str. nov.), and (b) from the rib-like thickenings in the (mainly ventral)
wall of the capsule, which occur rather spasmodically in many species
of the Order Mazocraeidea Bychowsky, 1957, but in some subfamilies
of Gastrocotyloidea they are more highly developed and contribute m
various ways to the essential clamp-mechanism (Thoracocotylinae &
Gotocotylinae), '
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. Gastrocotyloidea echo, in several keys, the main evolutionary calls
of all the test of the Suborder Discocotylinea Bychowsky 1957 5 so that
to satisfy logical consistency, a parallel suborder would be necessary
for them. I hesitate to take this step, however, until it-can be sup-
ported by . more evidence from ontogenies. Llewellyn (1967 a)
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TEXT-FIG. 5. A.. Golocotyla sawara Ishii, 1936, a single clamp, and B. protohaptor
with one pair of anchors {both from Ishii, 1936); C. Megamicrocotyle
(Manter & Prince, 1953) ‘comb’. nov., ventral view of a large clamp
(from Manter & Prince, 1953): D. Hargisiella incomparabilis
(MacCallum, 1917) gen. nov., dorsal view of clamp; E. Hargisiella
hippos (Hargis, 1956) gen. n., clamp ventral view, and F. the whole
worm, ventral view (figs. B-F from Hargis, 1956).

‘described briefly the larvae of Gastrocotyle and Pseudaxine, and found

the shape of the terminal anchors to be quite different from other

Discocotylinea, including Microcotyle spp.; he concluded, with every

justification, that Sproston (1946) was in error (inter alia!) in uniting

Gastrocotylinae with Microcotylinae in Microcotylidae. -

In attempting to classify the Gastrocotyloidea group, I have used
the same principles as before in this paper, at least in separating the
higher taxa: but at present each higher category here is on® rank
lower than in the rest of Discocotylinea. The family Gastrocotylidae
s: str. nov. corresponds to’the superfamily Microcotyloidea (Unnithan,
1957) s. str. emend., in that it represents subfamilies- in which the
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growth Of the haptox is, potennally unhmlted Among the. subfamlhes o

. difficulties - arise in the maintenance of a strictly logical parallelism:

- there are 4 dlstmct clamp types: within the “gastrocotylid-type”- vanants, .
- but .none of them corresponds with the grossly remodelled clamps in - -
Heteromlcrocotyhdae The clamp vanants _are_morphologically more .. ..
~ fundamental, but -riot so “striking in - -appearance. - The bhaptor which -

“bears.” them . :shows " sometimes’ inhibitory influences as' in = Axinidae“
Unmthan 1957 (Gastrocotyle and- Pseudaxme are both- “Monaxinid”
. genera), and. somefimes secondary growth-stimulation, resulting.in a
: ""umlateral or- bilateral metahaptor wh1ch tends to grow anteriorly (and -
“ventrally if - bﬂateral]y symmetncal as in Pyragraphorus, Pricea and

- Thoracocotyle). - Since - these - growth  inhibitions and _secondary -

stimulations :-occur with’ 4 different types -of .clamps. they ‘have been
- ‘subordinated ‘as taxonomic criteria, to those of clamp-type notwith-*
~.standing their strlkmg effects, and probably deep-seated ongm (diffe-

rential inhibitions- in growth of haptor are family criteria in- M1cro-
) cotylmdea ~-Unnithan 1957) . : o :

It is mterestmg to note; Wxthout going-.into .a - detailed ana1y51s at
th;s stage, that- among these more highly evolved Discocotylinea, the

~ Heteromicrocotylidae -and Gastrocotylidae, there is a parallehsm in
- their. parasitizing the more highly evolved group of fishes: .the former
“predominantly’ on Carang;dae and . the latter on Scomberomondae
( Cybndae auct} : ) .

GASTROCOTYL!DAE Pnce 1943 emend

(Syn Gastrocotylmae Sproston 1946)

Gastrocoty]zdae shares ‘with ‘other Gastrocotyloidea the- character

- of the extra pair of the sclerites (oblique braces) in the distal (posterior)-
“region of the clamp capsule, -and is d}stmgmshed by the potentnally =

unlnmted growth of the haptor. :

, . The five subfam1hes d1st1ngulshed by structural modifications and !
or the presence of accessory sclerites in the clamp- structure are:.
Gastrocotylmae Sprostom - (1946), partim, emend.; Thoracocotylinac

- subfam. nov. ; Priceinae Chauban (1953) partim, emend Gotocotylmae
subfam nov, and Engrauhco]mae subfam nov. .

. GASTROCOTYLINAE Sproston 1946 partlm, emend

Gastrocotyhdae in which the basic gastrocotylid cIamp structure is
unmodified. - Other characteristics, except for the ovary with its distal
limb descending, are - all highly - variable. -5 genera: —Gastrocotyle
"v. Ben, & Hesse, 1863 ; Chauhanea Ramalingam, 1953 ; Yamaguticotyla
- Price, 1959 Chumvera Unmthan 1968 and Eyelavera Unmthan .

' 1968 Sk S : _

o Gartrocotyle v. Ben & Hesse 1863 Gastrocotyhnae in which the_ :
" haptor has sustamed a complete unilateral inhibition (as in-Monaxininae,
.. Axinidae), an inhibition which has affected the haptor-body -axis imme-
diately after the protohaptor. . The result is a single euhaptoral flange
adherent to the body, on one slde only the body axis has not ]enc'thened '

L
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mfront of the protohaptor whlch is- retamed as a short Iappct Wlth :
typlcally, 3 dissimilar: pairs of: larval - anchors (see" Llewellyn 1957
figs. 12, 22).  The - clamps are 1nterna11y symmetrical, but. the ‘ends’ )
of the median spring -are .atypical in G. ffachuri v, B. & Hesse, the.
“end of the ventral arm may be. bifurcate -and artlculate W1th the.’
- dorsal: jaw-rami -(vide -Sproston ~1946, fig. 108 d, e). :In G mdzca .
' Subhapradha (1951) however, there is- shown what is-called. an “extra
‘sclerite” onthe -dorsal end ‘of the . sprmg, like ‘two’ convergent horns -
 arising from 3 fine cross-bar’: but comparing this: with my own obser-.-
“vations and those of Yamaguti- (1938, fig. 37), both for. G. ‘trachuri;
Subhapradha s-‘horns’. would appear to. be the. slightly: thickened edges:
.of the hole in the dorsal’ ‘wall of the capsule which admits the adductor
tendon’ and lateral muscles on the spring ; -and- the cross-bar, in her.
- fig. '8 a, might be a transverse fold in the wall, since it has no counter- -
part in Priceinae, in which veritable sclerities do arise as pa1red lamellae -
- on either side of the tendon-hole.  Until this question is ‘re-examined .
“in all three species, I tentatively assume that no extra dorsal sclerities
. are actua]ly formed. in the ebqentmlly simple clamp of Gastrocotyle. -

" The male terminalia consist of ‘a. simple- muscular bulb’ with - a’
.crown_ of: erect stout spines abruptly ‘diamond-shaped - or bifurcate. at
their bases, éxactly -as in- Psuedaxme the nearby dorsal vaginal pore is
' unarmed.’ Genotype: G. trachuri v. Ben & Hesse 1863, on Trachurus -
trachurus L. from  English Channel. Noth -Sea, and: from Tarumi and
Majsaka in Japan; other spp:— G. japonica Ishii & Sawada;
1938 on Preumatophorus (Sconiber) japanicis (Houttuyn) from Japan;
G. indica Subhapradha, 1951 on  Caranx kalla Cuv,, from Madras,
Bay of Bengal; G. kallg Unnithan, 1968, on Caranx kalla Cuv., and .
G. kurra Unmlban, 1968 on Caranx kurra Cuv.- from Trlvandrum
Arabian Sea. : .

Chauhanea Ramalmgam 1953 mb'notypi'c " with C.' madrasensis

~ Ramalingam, 1953 on Sphyraena acutipinnis Dav, from -Madras (Bay

of Bengal), and by Euzet & Razarihelisoa (1959), on' 8. commersonii
Cuv. from Madagascar: the symmetrical haptor is an. extension’ of’
the body-axis, with a few more clamps on one side than the other
(30-49/36-55) ; they are slightly longer than wide but the jaw-rami
on one side are slighily thicker and more convex than.on"the other,

an. inmpient internal asymmetry found also in ‘Opisthogyninae. Growth '

stimuli in the long-axis of the haptor have been in excess of those of

the “haptor-hindbody but apparently confined to the clamp frill, and
not producing anterior extensions' (metahaptor). - Here is ‘the first -
example of a highly localized growth -stimulus: a double row of clamps
on either side, beginning soon after the protohaptor — the hooks of
which are lost in the adults of Chauhanea. Oral suckers aseptate ;

_cirrus unarmed, opening immediately under the median vagina which
" has a finely dentate pore. Chauhanea. is exceptional in the entire
family in having teslee parovanal and an almost equa] number post-f-
and ‘pre-ovarial.- -

- Yamaguticotyla ' truncata (Goto 1894——-as Mzcrocotyle) has been«

* considered by Pnce (1959) to be a gastrocotyhd and: type of his new. '
genus. Originally “found on Pristipoma japonicm “and. latér by -
Ishu & Sawada (1938) on ParaprtSttpOma frtlmeatum on both- occasnons_:"
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from Japan (hosts considered by some to be identical), has only 10 or
11 clamps on each side of the short frill-like haptor; genital atrium
" (? penis) said to be armed with 20 or more slender spines of variable
length ; vagina ubarmed, and polar filaments of egg long.

Churavera Unnithan, 1968: monotypic with C. macrova Unnithan,
1968, on the gills’ of Euthynnus affinis (Cantor) from Trivandrum
(Arabian Sea): the haptor and clamps almost gastrocotylid with only
the oblique sclerites and no accessory sclerites nor an appendix for
the median spring. Riblike thickenings also absent in the clamp
capsule. Haptor. includes only the posterior half of the testes zone.
Male terminalia is armed with a corona of hooks and a large ejaculatory
bulb is present. Ovary is inverted ‘U’ shaped and testes numerous.
Egg is large and vagina is absent. Parasitic on the gills of marine
fishes. : ' ‘

‘Eyelavera Unnithan, 1968 : Another monotypic genus recorded by
Unnithan (1968) on the gills of the Indian mackeral Rastrélliger
kanagurta (Cuv) at Trivandrum -(Arabian Sea). The haptor forms a
unilateral oblique frill of gastrocotylid clamps at the posterior third
of the body, overlapping a part of the testicular zone. Clamps are
heavily cuticularised with fleshy lips but no extra sclerites except the
short oblique ones; median spring has a broad ventral and vestigial
dorsal arm. There are two well defined lateral vaginal pores. Ovary
inverted ‘U’ shaped, testes though mainly postovarian there are few
par-ovarian ones also. Male terminalia armed with hooks. The
intestinal crura has long ramifying outer branches. Parasitic on the
gills of marine fishes. Type species : Evelavera typica Unnithan,. 1968.

THORACOCOTYLINAE Sub-fam. nov.

(Syn. Priceinae Chauhan (1953) partim). Erected for Thoracocotyle
MacCallum, 1913 (which was previously grouped with Pricea Chauhan
and Lithidiocotyle Sproston, solely on account of the rib-like thicken-
ings of the capsule-wall—a character common .to numerous gepera
in other subfamilies), and for threc newly recruited genera having
essentially the same type of “open-sucker” clamp modification:
Dawesiq Unnithan, Lintaxine Sproston, and Amphipolycotyle Hargis.

. The gastrocotylid “open-sucker” clamp is quite differently formed
from that in Heteromicrocotylidaec (Heteromicrocotylinae), which was
a simple posterior-anterior opening, like the hinged lid of a box (dis-
cussed under Megamicrocotyle), where all four quadrants of the jaw-
rami contributed equally to the effective frame of the sucker. In
Thoracocotylinae only the rami of the ventral jaws contribute to the
effective frame of the sucker. Incidentally, in Diclidophoridae (Chori-
cotylinae it is only the abaxial ramus of the ventral jaw and the
ventral arm of the median spring which frame the sucker. This clearly
contrasting enlistment of sclerites for the sucker frame may be a highly
significant systematic pointer (Text-figs. 6 D-G). :

The gaStrocotylid- “Qﬁén-sucker” clamp characterizing Thoraco-
‘cotylinae is like an opened book : a lateral opening-out, in which the
right and left moieties have been flung back, more or less flat against
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the suppomng ‘tissies. In the process the medxan spfmg: ffe"d f“’mi"} )

o the .restraint of the ]awuadductors has opened out. near]y straight’ and -

slid outwards and dorsally under the now. shallow bow}-like: clamp
- capsule, for which ‘it prov1des the: meridional brace. ~ At the same-time .-

- the - pair of obligue braces of the- original . gastrocotylid clamp ‘have . ;
also been - thrust outwards: and lie near the end of the spring on the
- posterior rim of -the capsule. . The dorsal jaws. are also jettisoned from .
~the " sucker-frame, at - first remaining- at the sides of .the frame .
- (Lintaxine); and perhaps in a’later phase of evolution,_ pulled medxa]]y_
‘to li¢ ‘parallel with the :oblique  braces outside the. dorsal ‘anterior’edge

: ~.of the frame - (Amptholycotyle Thomcocotyle) In the last, there is

slight asymmetry and- the ‘concavity is- strengthened by thickened ibs

- from the capsule wall: In all of these, the ventral jaw: rami: have -
- their shoulder-piece bent back and towards the centre of the former

hinge so that they form-the two “C”- shaped halves. of the frame. -
Agam in- this subfamx]y, there are very dlfferent displays of growth--_‘-

potenualq in  the haptor: specialised- stimulation in Amptholycotvle
(unilateral metahaptor with atypical ‘clamps), -unspecialized in Thoraco- -

_cotyle (bilateral metahaptor, all clamps similar, -but suppression: of -
haptor-body - dxls) and a unique suppression of only the lateral axes
of the haptor in Lintaxine (quantitative differential stimulation in' the .
growth of the longitudinal axes of the haptor—ciamp rows). In 7.
ovalis Tripathi, the unusually wide  body and posterior shift of the
. pivoting pomt combine to produce a somatic asymmetry remlmscent
. of that in Vallisiopsis. The protohaptor x_s _apparent]y lost in the
adults of Lintaxine. o

horacocotyle MacCallum, 1913 is chdractcrlzed by open Tribbed

" sucker-clamps which usually show an. mcnplent internal asymmetry

(see Meserve’s fig. 43): the ‘C’-shaped rami of the ventral jaws forming
the right and left halves of the frame joined by the w1dely forked ends
of the opened median spring, while the vestigeal rami of the dorsal -
jaw, _anng with the oblique.-braces have been thrust out of the frame -
to ‘lie against the anterior rim. The protohaptor is retained on the -
posterior end of the body : a stout lobe bcarmg the two posterior pairs
of larval.anchors, separated from the pnmary clamps by a short
interval. : :

- The testes are relanvely large, 7- 9 in smgle ﬁle in T. crocea, but
in T. ovalis, there are hundreds of small spheroidal follicles packed in
the -intercrural field in the posterior half of- the body -proper. . The

pems and atrium are unarmed, the vaginal pore is just anterior to the. -

* ovarian zone, and (at least in° MacCallum’s material of the genotype;
it opens ventrdlly) surrounded < by muscles. - It leads to a sac-like
receptaculum seminis, which is large, pyriform in T. ovalis, and has a

. reflexed duct from the apex back to the ootype, in both: cases apparcntlv
independent of the vitelline ducts. Genotype: Thoracocotyle crocea .

MacCallum, 1913 from New York Aquarium on  Scomberomorus -

maculatus (Mitchill), and . from Florida by Harg13 (1956 xii): (Syn.

T. paradoxica Meserve, 1938 on the same host in Mexican Pacific, at -
Tangola-Tangola); second species T. ovalis Tripathi, 1959 (Syn..T.
_ovale . Tripathi, 1956} on Scomberomorus guttatus (Bloch & Schnelder)
from Puri, northem sector of Bay of Bengal Indla
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Dawesza Unmthan, 1964 monotyplc w1th D. zndlca Unn:than 1964_‘

o “on “Scomberomorus guttatus (Bl. & -Schn.) at Trivandrum, - Arabian -

'”',Sea 'The genotype -described. and discussed in  detail -elsewhere “(cf.

" Unnithan 1964) - resembles Tharacocotyle crocea: MacCallum, 1913 - R

R very closely - especlally in the nature of the haptor and clamp pattern.’ - <

... Dawesia -however,  has “an elaborate]y developed ‘armed penis, two

1atera1 vag}‘nae and ﬁs body organs do not extend mto the haptoral—
: vzone R R '

Lmtaxme Sproston 1946 : monotyplc with L cokerr (Lmton ]940 -

" as Heteraxine sensu Linton, non Heteraxine Yamaguti, 1938), on the -

 freshwater Sciaenid Aplodznotus grunniens, Raf;; from ‘Fairport, Towa,
" “USA: Thanks to the re-examination of the type material by Manter &
B Prmce {1953:- 110, 112 figs: 18, 19), doubts about this genus, shared
by Tnpath1 (1959 129), are now dispelled. - The unique . feature of
- Lintaxine is'the . complete mhlbmon of lateral -growth in the haptor
-~ (euhaptor), - resulting~ in..a morpholog;lcally posterior-anterior thick
-ridge - directed: obhquely laterally in with respect to the body-axis, or .
- rather vice versa in the normal attitude of these Monogenéa on the -
- gill-filaments. ThJs tapered ﬂe%hy end of the body bears two close
sessile. ‘rows of open -sucker” type of clamps. The growth on the
rnght and- left sides is controlled by quantitatively different impulses:
while the rows are equa]ly long, on the one side large wide sucker-
clamps ‘(10 of them, increasing ‘gradually in size anteriorly; and on the

- other there are thre¢ times as many but only one- third - the sma and s

! sub-equal yet apparenﬂy of the same type. -

~The lintaxinid clamp-type (T ext- fig. -6F)-may’ represent an earher
,stage in the evolution of the thoracocotylid clamp-type than even Amphi-
polycot\;le (T extfig. 6E) for though it is a stouter version, the jettisoned
dorsal jaw rami remain on the. edges of -the sides of the frame formed .
entirely by the ventral jaw rami,. while the oblique braces lie outside
the frime on the posterior, edge, though still attached -to the veniral
end of the median -spring. (which, as in related gencra, forms the sole .
‘meridional support of the qucker) There are no rib-like thickenings
braceing the cavity of the sucker in- Lintaxine or. Amphipolycotyle; yet
these adhesive units are plamlv closely related: a strong argument for
reducing this character from its erstwhile subfamily rank to generic
‘rank. Manter & Prince (1953: 110). found -at the extreme posterior
end of the body, -a single clamp- sucker half the size of the large kind

and twice the size of the smaller. This may be the first-formed larval - -

clamp, but no remnant of the protohaptor has been seen, vet- larval
anchors are reported for ‘all. other members of the subfamlly

“The gemtal atrium is unarmed, though it ‘is strongly muscular and
the penis is protruded through it in an anterior-posterior -direction,

a very. unusual orientation. -Manter & Prince correct Linton’s inter-- . -

pretation of the spiny penis : - they consider it in relation to the laterally
thorned pems of Megamicrocotyle, but it appears to me only remotely
similar.  In Lintaxine cokeri the ventro-lateral arc of penis-thorns are
_-bent. outwards, and dorsally there are graded needle-like knobbed
, spmes the shorter ‘laterals of - this set ‘are- prov1ded extemally with
" ‘minute comb-like' teeth. . The median dorsal vaginal pore is unarmed,
“and lies m1d-way between the atrium and the top of the ovary. |
. }
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TexT-FIG. 6. A-G  Diagram “indicating the diflerent lines of evolution of the “‘open
sucker-clamp® in Microcotyloidea and Gastrocotyloidea : :

A. Typical, unmodified microcotylid clamp; B. Clafnp-jaws
have opened ‘like 'a box’, ‘as in Megamicrocot)le chirocentrus,
Tripathi 1956, smaller clamps, and in the larger clamps of
Tripathi’s * Diplasiocotyle” chorinemi and Dicotyle stromatiei;
C. ‘Fan-wise™ opening of the clamps of the sessile row from Hetero-
microcotyla carangis, Yamaguti 1953; D. Clamp-jaws have opened
‘like a book", the dorsal jaw-rami and oblique braces having been
jettisoned from the sucker-frame, as in Thoracocotyle spp. and
- in which the capsule-wall is strengthened by curved ribs; E. Similar
. ‘book-like’ opening of the clamp-jaws, the ventral jaw rami alone
forming the sucker-frame, but there is no rib-like. thickening
of the capsule wall—the larger clamp-type from Amphipoly-
cotylochlorosconbrus, Hargis 1957, F. The clamp has ‘opened
like a book’, but the dorsal jaw rami lie laterally while the oblique
braces lie distally, neither contributing to the frame of the sucker—
from one of the larger clamps of Lintaxine cokeri (Linton 1940)
Sproston 1946 (from Manter & Prince 1953). In all, the ventral
jaws and oblique braces are shaded black; G. Typical, unmodified
. gastrocotylid clamp._ '

It is remarkable that so far this is the only Gastrocotyloidea species
found on a Sciaenid fish (the euryhaline Sciaenid, Pama pama, yielded
Microcotyle pamae Tripathi, 1956, in the Calcutta river),

Amphipolycolyle Hargis, 1957): monotypic, with A. chloroscom-
brus Hargis (1957 : xiii : 2-3, figs. 1-6), on Chlordscombrus chrysurus
(L)), a carangid from Florida waters.
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-~ The haptor is -asymmetrical due to both qualitative. and highly "
.- “complex quantitative . difference in - growth ‘stimuli ‘in .the two “lateral -
. “longitudinal-axes, - Its’ resemblance to Heteraxininge is. at ‘once -denied,
““..not-only. by the ‘unilateral’ modification’ of ‘the. clamps - to. the open-
" ““sucker - type,. but by -the aSymmetry  being due to intervention . of
"“(unilateral)  stimuli, and not the result of inhibitory influences Which
" characterize Axinidae. . At this': moment it is pertinent to rémember - '
that in Heteraxininae any-proximal diminution in size of the clamps is .
- gradual, as .in. Heferaxine .heterocerca(Goto), H. chirnensis (Y amaguti),
- H. karavoli Unnithan, "1957 and . Crotalaxine serpentina Unmithan, :
1957, the result of a" gradually ‘increasing inhibition in the advancing
growth-axis: ‘But 'in Amphicotyle and Tripathiana (and perhaps in
Cemocotyle) -all forms with a unilateral fiange-extension with atypical -
_clamps;. and suspected of. being a metahaptor, there is an. abrupt
~ decrease in size for the 4. equal clamps at the anterior-end of the row.
In the bilateral-metahaptot of Thoracocotyle spp. the change in size -
_ of clamps is also-abrupt. In Amphipolycotyle the flange with sucker-. . -
clamps, adherent to the body proper up to mid-ovarian zone, may
"‘be part euhaptor-and -part ‘metahaptor, while the short stalked *morc
- normal clamps on the other side probably represent only the euhaptor
"of that side.. . .- o R I ’

. The -protohaptor -is on-a stout stalk and bears the-3 dissimilar-
© . pairs, of larval hooks (the two pairs of anchors and the posterior pair .
of hooklets — see Llewellyn’s generalized diagrams, 1957 a, fig. 5 @, b):
_The posterior 2. pairs of clamps are small, equal, .open-sucker type -
~whence, on the short side, no other sucker-clamps occur. .On the long -
side they are all sucker-type, and the anterior 4 are abruptly smaller =
than the 8 which follow them. It may be then, that these are the missing
4:(2+2) from the anterior part of the larval baptor, have been pushed -
_forwards to the end of the metahaptor by intercailary. growth froma -
more posterior formative zone (as in Thoracocotyle) near the end of
the “body proper. In. Amphipolycotyle this dual zone may be near
the small clamp-sucker, No. 4 from the posterior end. =This would
indicate  a_very high growth-rate for the metahaptor, and a greatly .
depressed one for the eutiaptor of that side. Moregver, the assump-.
tion. is that the split in the formative zone in the larval haptor took .
place between - the middle clamps, and the torque. of - the body axis, .
~ even in the larva, pulled the 2 anterior pairs.of clamps from short
side over to the metahaptor side and the 4 were carried forward in -
-the metahaptor. =~ - - - - :

.~ On the short side. the clamps, after the first -2 sucker-type (vide .
. Hargis: 1957, fig.'1) are all similar in shape and size, as in a reguiar ’
- euhaptor:. it"is'a simple marginal nearly straight row, but only up
"'to’.the hind end of the ovarian zone. ' These. only slightly modified. -
" ‘gastrocotylid clamps are, however, unique (Text-fig. 7, G):- the jaws are
" markedly unequal, but the shorter ventral jaw rami twice as thick as
- the 'dorsal with broadly roundeéd ends, though their bent shoulder parts’
"ar¢ normal. There is no - appreciable’ internal asymmetry. ~AS is 5O
* frequently found in gastrocotylid clamps (io .contrast: t0 “microcotylid)
the dorsal arm of the median spring is longer and wider than the ventral ...
arm, and it is deeply cleft at the end, but lacks accessory sclerites’ in

Y
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this or any other regioﬁ; “The open-sucker clamps, at least double the
size, are like -those-in Lintaxine in lacking wall-ribs and having a .
simple oval frame made from the, now “C"-shaped, ventral jaw rami: -
the jettisoned dorsal jaw rami have slipped round under the posterior
rim, just outside the oblique braces, here no longer. articulating with
the end of the spring (Text-fig. 7, H). The latter sclerites are in the same

TexT-FIG. 7.

A. Pseudaxine mexicana, Meserve, clamp ventral- view (from Hargis,

. 1956); 26-28. Pseudaxine vagans Ishii. B. Clamp, C. Protohaptor

-

-with 2 pairs of anchors; D. Whole worm, dorsal view {(all from

Ishii, 1936); E. Scombercotyle scomberomori (Koratha 1956), dacty-
logyrid-like hooks round vaginal pore, and F. Ventral view of clamp
(both from Hargis, 1956); G. Amphipolycoryle chloroscombrus, ventral
view of small clamp, and H. Large-type clamp of open sucker row
(both from Hargis 1957); J. Lintaxine cokeri (Linton), the larger open-
sucker type of clamp (from Manter & Prince 1953); K. Pricea minimae,
Chauhan 1945, pedunculated clamp, typical of the geaus (from
Chauban); L. Hargisiella hippos (Hargis)—diagram to show the
diamond-shaped circulus formed by branches of the intestine at the
junction of the trunk with the eubaptor (to the left, posteriorly) and
the wmatahaptor (to the right, anteriorly)—adapted from- Hargis
1956 (x) fig: 19). : : : .
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relative - positions as they aré in Thoréc_oqo!yle, the: Athhipolycotylé
- sucker-clamps forming an g¢volutionary link with these and Lintaxine
sucker-clamps.. - - . ,

' Amphipolycotyle chloroscombrus is unique in the family in having -
- consolidated testes: in two unequal elongated parts, the anterior (ex-
ceptionally) parovarial. This condition of the testes and the unusually
" posterior position of the ovary could be correlated with the torque
. .tawards the stronger sucker-clamp (metahaptor) row from the early life.
In Vallisiopsis, a similar torque, though more violent but from similar
origins, has pulled the ovary and testes far back into the hind. body
and compressed them into the same zome. This effect is mot seen
elsewhere, either because the torque occurs in a flexible region (baptor-
stem in Pyragraphorinae and Pricea, neck-region in Thoracocotyle
crocea), or when it occurs in the body region, the clamps on either
side are not of markedly contrasting power and usually not attached
to the body proper as they are here.

There is a muscular penis and the corona of typical erect spines
is attached to the walls of the muscular atrium, The base of these
hook-like spines is unusual in bearing a few outwardly pointing very
short spines. A vagina was.not seen. ) ' .

. Though the growth-rhythms are so very different in Thoracocotyle,
Dawesia, Lintaxine and Amphipolycotyle, they are unquestionably
related in respect of their clamp-type (cf. Text-figs. 6D-G). ’

PRICEINAE Chauban, 1953, s. str., emend.

The subfamily as originally defined, on the basis of rib-like thicken-
ings in the capsule wall, was heterogeneous regarding more fundamental
_clamp structure, and it embraced both the subfamilies, Thoracocotylinae
and Gotocotylinae but the name and type genus may be retained for
the new grouping based on different criteria. The clamps are basically
gastrocotylid and are mostly symmetrical internally (Text-figs. 7A, B, F
& K). Short ribs may be developed in the capsule wall, or not {a species
character in Pseudaxine); but lamellae arising from the dorsal arm of the
median spring, and the sides of the tendon-hole in the dorsal wall of
the capsule, are developed as vertiable sclerites. In Pricea they sup-
port the inner ends of the lateral row of ribs forming the wide arched
roof of the capsule, in Pseudaxine they do not reach the ribs but are
still wide, and in Neothoracocotyle they are much narrower or incipient
(lightly cuticularized and probably overlooked (?) in N.- coryphaenae
Yamaguti). The bulbous penis is remarkably uniform in all species, with
a similar number of spines in the corona. This, however, may well be
the muscular wall of the atrium mdsculinum, partly protrusible as a
grapple, with an unarmed simple, more or less muscular, penis emergent
within it, as shown in Amphipolycotyle (Hargis, 1957 xiii, fig. 2). In
. Scomberocotyle the bulbous penis is exceptional in having a crown of
long spines like needles emerging through a long-spined atrium. The
single dorsal vagina, where known, is unarmed and without accessory
suckers: or armature, except for the unique dactylogyrid anchor:complex
- round the dorsal vagina of Scomberocotyle (Text-fig. 7, E).
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. 'The growltﬁ'-'r'hyth:fi"sririﬂ the: haptor of Pncemae shbW?eVéﬁ f-‘inbrc,é‘_j

" variety than in the ldst-two. subfamilies:  complete inhibition of growth
. in the one lateral longitudinal. axis (Pserdaxine), combined with secon- -

~~ dary stimulation on the other; leading to-the formation. of a -unilateral
‘metahaptor in' ~ Pseudaxine ;. a “simpler-~ unilateral. .metahaptor’ .in- -

e  Scomberocoiyle ; -and a bilateral -iietahaptor, of protohaptoral origin," -

‘in‘ Pricea ; while in Neothoracacaryle, where the haptor/body-axis has
been suppressed (as in Pseudaxine), there is a high: growth. potential in -

“both ‘lateral longitudinal’ axes of the haptor, resulting in a simple - *
euhaptoral frill-on each side of the body for more than half the total .- .

length:- The four genera included in Priceinae emend. nov. are: Pricea. -
Chauhan, Neothoracocotyle Hargis (2 spp.), -Scomberocotyle Hargis (1
s’p‘;)',_an'c_rl Ps_eudaxin’e»Pa‘r’.r_& Per. (4 'SP R O

Pricea *Chauhan, 1945: -has the most highly developed ‘haptor of - -
the sub-family, showing every sign of high growth potentials operating
- without inhabitory influences, and there is both -internal and external
symmetry: the body as a whole develops a transient asymmetry due to .-
postural ‘causes. There is a more or less long metahaptor, its pedun-
“culated clamps continuous with those of the lateral rows on the euhap-.
' tor. - Recognisable primary, *larval clamps have not been recorded,
" but a single pair of unique larval anchors occur on the: posterior rather -
wide lappet: these have split ends producing two -subequal points, ..
_ analogous. to certain Dactylogyrid- anchors (Falciunguis Achmerov 1952,
shows the beginning of this tendency): Bychowsky (1957 fig. 312),

 compares the Pricea anchors with those of Dactylogyrus pterocleidus
" Gussev, and Urocleidus acer Mueller. There is a.second pair “of

“larval anchors, termed ‘“body hooks” by Chauhan and Ramalingam
who have both contributed species to Pricea: these are usually squat
stont hooks with short wide bifid roots and a sharply reflexed point,
. and they are said to be situated in' varying positions on the haptor
. axis, but usually near the origin of the metahaptor ; that is, ‘where the
clamp frills leave euhaptor-body  axis to form an independent (mor-
phologically ventral) lobe growing anteriorly. - S

This fact is an additional proof of the dichotomy of the haptor
axis early in life, but in Priceq, the dichotomy evidently took place in
_the protohaptor, infact .between the two principal pairs of hooks "
" (anchors), producing a double formative zone: one replicating clamp

on the anterior side and ‘the other on the posterior side. The: résult =

would be to force the anchor-pairs increasingly farther apart; but the -
proximal anchors, being associated with muscles attached. to the wall
of the body-proper, would be torn away from the anterior tip of the

‘new metahaptor, as it budded off from the body-euhaptor axis to form-

an independent outgrowth. - The metahaptor may then be assumed to
retain its formative région immediately anterior to (the morphologically
‘proximal end of) the euhaptor. The anterior side growth is not acce-:

lerated to-such. an extent as the posterior, for the metahaptor is seldom =

as long as' the euhaptor, particularly in the smaller.“species” named, -
‘though in the largest (P. multae Chauhan and P. robusta Ramalingam)
.the metahaptor ,is, nearly as long as the euhaptor. - SR
- In its natural position on the ‘gill'-ﬁrlamé'ri'ts‘,jiilq"body'_i's bent, as - -
“usual, ‘at rightangles and‘then p‘_t?liqucly-‘ilq;éyally‘,-tqvthe_' h_aptpr “axis,
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H'!-:‘”-,SO that in’ the detached worty, the appearance is of. an mverted R

- 'In the instarces where: the “body-hooks” are. dep:cted some way down . -
: . the” metahaptor they are probably seen’ through its ‘thickness, and are . =

- -actually “in: sifu. -on the. posterior end of ‘the body proper, as-in

B -;Chauhan S ﬁgures in-his first (1945) paper. . In view of these considera-

-3 tions it ‘is most. probable that Ramalmgam s-species will prove identical
. with one or more of Chauhan’s. - The loss of one or more: of the “body-
.~ hooks” or thelr d1spldcement as a result of Operatwe trauma ‘may be,

' expected ; _ : . R

Another mamfestatton of hlgh growth potentlals in the Iongltudmal
'_.axes of both' the euhaptor and metahaptor, is the doubhng of the margi-
- nal ‘rows -of clamps figured in most of the spec:es” This means that

. ..in the formative zone, in addition to the primary and persistent dicho- -~

. tomy of the axes (antenor and posterior juxtaposed zomes of replica-

. tion), there- is a secondary lateral dlchotomy of each: of the 4 axes..

.. But this: may be.spasmodic:. sometimes both sides of - either euhaptor
* - or metahaptor may have double rows for a short distance, then resume

. the double row, or one side only may be double for a varied distance. .
" - This "doubling of the. rows of clamps has already been noted for
Chauhanea. The same lateral replication at the same time-as the serial
-, replication of clamps,_is known to occur in Gotocotyla spp- from Scom--
beromorus spp. in India, and it has been indicated in the proxtma]
region of Gofocotyla elagatis Meserve (1938, fig. 37), similarly in
Lithidiocotyle secunda Tripathi' (1956, fig. 2f). It may not be un-
common. in . Microcotylinae, - but uatil - recently ' we “have interpreted
. fipures of over-crowded clamps’ as bemg due to contraction and mere:
‘overlapping: " this is certainly not so in the above examples, -and
. Microcotyle przacanthz Meserve: (1938 fig.~30) with mostly abdit 7
- clamps abreast in the proxinal half of the haptor, should be looked
upon w1th a new mterest v

‘The clamps of Pricea spp are remarkably uniform- and symmetncal

' accordmg to-the figures (Textfig. 7K): the ventral jaw rami just fit over

the dorsal jaw rami like the lid of an oval box, except anteriorly where .
- the oblique braces are fitted between them when the capsule is-closed.
_The ventral arm of the spring is narrow- and not forked at the end, but

- the dorsal arm, though- short, has two broad tapering lamellac sup-

porting the 5-7-ray-like ribs under the roof of the capsule which

" appear. to articulate laterally with the dorsal jaw -rami. The clamp
§ 'pedlcels are- highly mobile and contractile:  they may owe their vary-
- ing diameter to turgor provided ‘by a water-vascular system homo-
- logous with that referred to in Omsthogynmae, and already described

. for 'some Axinidae (Unnithan, -1957). _This is suggested by the slender .
“flaccid peduncles of some and_the thick or bulbous peduncles of others. -

-in Chauhan’s (1945, fig. 37) carefully drawn figure and -also by the
: excephonally wide extension of the lateral excretory ducts’ in. the hind
: body The- peduncles m Pncea are only sparsely muqcular

: The vagma is just. over the mtestmal blfurcatlon and 1ts openmg
‘sac is claimed by Chauhan (1945) to have a “U”-shaped spring within ..

it and a sucker-like- “vulva’, " usually triangular ; but some of the figures -

= ‘_.suggest that the spnng or, U hook in, .the vagmal sac may be an optlcal; '
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eﬁect of a thxck cuucular hnmg but cuucular struclures Were lackmg;_ffﬁ
- in three of Ramalmgams species. .- :

Genotype Przcea “multae Chauhan 1945 on Cybzum (?) lmeoIa- L

tum -Cav., from Bombay (Arabian Sea); P. minimae Chauban, 1945 '
- on Kafswonus ‘pelamys (L), from- Bombay “P. microcotlge Chauhan;

1945 on-Rastrelliger kanagurta (Russel), from Bombay P. tetra- -
*cantha "Ramalingam, 1952° on: Cybiunt - guttatum Cuv.,” from Madras:-’j‘ .

(Southern sector Bay of Bengal); - P. arniata. Ramahngam 1952, on . ;.
.C:: guttatum Cuv., from Madras,-and the same host and locality- for the:
following : specms P. tricantha. Ramalingam, 1952; P. melane Ramalingam -

o '1952 ‘P. minuta Ramalingam: 1952 and P. _robusta Ramahn'gam 1952. -

Neothdracacatyle ‘Hargis’ 1956:. erected for two' olosely related'f‘-
spec1es formerly in‘other genera, on  the- ‘basis of similarity-of their .

modified - gastrocotylid clarnps -which aré ‘not open:suckers as in:

Thoracocotyle MacCallum. - Genotype: N. coryphaenae -(Yamaguti, -
11938 -as _ Thoracocotyle) on: Coryphaena hippurus 1. from - the
Japanese: Pacific ;- and "the second species N. acanthocybii (Meserve
- 1938 —as Gotocofyla) Hargis 1956 on Acanthocybium solandn Cuv. “
from the Galapagos Islands. : -

In Neothoracocotyle the haptor /body relanonshlps are similar -to
those in Thoracocotyle, except- that there is no metahaptor, for after
the protohaptor there is mo growth in.'the- haptor-body axis, though
- the’ Jongitudinal axes of the haptor have a high growth potential, so

-that they grow forwards" ‘as lateral flanges adherent to-the sides of

the body past the ovarian zone. This far- anterior extent of the

haptoral ‘flanges is otherwise rarely found, but another instance is in
Prosomicrocotyla gotoi (Yamaguti 1934) Yamaguti, 1958 (Microco-
tylidag)—a character on which Yamaguti (1958, liii: 83) erected -this
genus, with Microcotyle chiri Goto 1894, as the second. spocws both -
on Hexagrammos otakii Jord. & Starlcs N ’ '

The clamps are all alike in size and shape and are mternallv
symmetrical, but they differ from- those of Gastrocotyle in that the
short dorsal arm of the median spring bears a pair of lamellar
sclerites; homologous with those in Pricea and the next two genera,
but here much narrower and not reaching- the roof-ribs. They clearly

act in strengthening the sides of the tendon-hole (incipient cuticulari-. -

~zation' shown' by Subbaprada in Gastrocotyle indica), as well as
supporting the capsulc roof.  Unfortunately Yamaguti omitted the
dorsal arm of-the spring entirely from his figure of N. coryphaende,
but Hargis’ remvestlgatlon of the type material of N.- acanthocybu
(Meserve). Hargis . (1956, xii: fig. 25) bas established this generic
character. There are 4 pairs of straight, not_very long, ‘parallel ribs
‘developed in the dorsal capsule wall in both species.” The proto-
haptor- is. represented in the adults by one palr of rather long handled ;
'31ck1e-hooks : o

‘Both species grow to the great length- of ll 12mm and the haptor
extends for a-little more than half that Iength but in N. coryphdende -
the whole gonad zone is in the posterior fourth of the worm ; ‘the
ovary is shorter, and the numerous ‘testés are in two very. regu]ar'

parallel ranks, The mde ~oval gemtal amum 1s armed wnh scveral :
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hundreds of long-rooted slender spines; there is probably an un-
armed penis (not an armed cirrus as Hargis’s figure-caption suggests,
since both original authors describe only the atrium-as armed and
the vas deferens opening into it). The vagina opens at the posterion
fourth of the anterior vitellaria-free zone which is about one-seventh
of the total length in the genotype but one-fifth in N. acanthocybii.
The vaginal pore is in a wide transverse oval of muscular tissue mid--
dorsally. The vitellaria begin with the crural branches and extend
- nearly.to the end of the body, a little infront of them here, the crura
become . confluent. The oval oral suckers are aseptate. Several 2-

filamented: eggs .may occur in single file in the uterus. "

© . Scomberocotyle Hargis 1956 — erected for Heteraxine scombero-
mori Koratha (1955) found by both authors on- Scomberomorus
maculatus (Mitchill). and S. cavalla (Cuv.), from Florida.and Texas
coasts. No other species. Elongate slender priceine worms with an
asymmetrically developed bhaptor and probably a unilateral meta-
haptor. Hargis (1956 : xii, fig. 2) shows that the longer clamp row
with its anterior flange has caused the posterior end to be deflected
to the opposite side, as in Heretaxine. The protohaptor is represented
by a stout terminal lobe bearing a single pair of anchors with roots
barely as Jong as the long sickle-shaped hooks; moreover on the
proximal end of each there is a conspicuous ampoule-like structure
(gland reservoir ?) frequently seen in Dactylogyridae, but exceptional.
for Discocotylinea. . - :

The clamps are all alike, but in the two rows distal to the lobe
they are in not quite equal numbers: those on. the straight side being
more crowded, and both rows (here considered as the euhaptor) are
equally long.. There is an increase in clamp-size towards the middle,
and a marked diminution at the proximal end of the straight row.
The curved and slightly irregular edge of the other side shows that
the increased clamp-size to the middle is maintained to the end, where
there is an abruptly projecting wide lobe-like flange and a gap in the
clamp-row, which is then continued round the slight curve of the
flange, (which is considered to- be a metahaptor). About one-third
from the anterior end of the metahaptor there is a marked diminution
in size of a few of the clamps, and opposite to this is an unusually
long branch from the intestinal crus, accompanied by a few vitelline
follicles outside their otherwise limited field:: It suggests that this -
may be the formative zone of the metahaptor, and by analogy with
- Pricea, a second pair of larval anchors might be found here. This
is an hypothesis which the American ‘colleagues will be able to test
and modify. The asymmetry is therefore due to growth-stimulation,
rather than to inhibition as in Heteraxine. .

“‘Another peculiarity in Scomberocotyle is the presence of accessory
buccal suckers, close against the large septate suckers with the open-
ing tilted opposite to the septum, but quite independent from the
normal sucker. The only similar condition is in Diplozoon nipponi-
cum Goto, 1891. - ‘ B

_ The genital atrjum has a dense double rosette of straight spines
with bent tips and the muscular penis, as usual globose with a spiny

-
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- corond, but here the pems-spmes .are - needle-hke The vagmal poxe

. is simiJarly -situated ‘to -that in Neothoracocotyle, -but it is’ unique .in,

“having: on. its: ﬂanks “two. - pairs.. of - hooks strongly -rerhiniscent -of -

- -dactylogyrid ‘anchors.. *The- anterior pau' ‘have ‘broad: bifid roots: and -
. separated sharp pomts angd. the posterior, similar ‘but ‘more -slender,
- are connected: by two narrow: bars (') The promnal parts of the'l;

vagma are not indicated. - - :

, Pseudaxme Parona & Perugta 1890 contains’ at least 4 SpeCleSf
: whloh Vvary mainly ‘in the’extent of ‘the unilateral. haptoral ﬂange along
the one side. of the body, from whlch it may be free distally. . The
genus shares with Gastrocotyle the unusual character of. the complete
inhibition  of the haptor on .one side, but Pseudaxine differs mainly -

E _in the. euhaptor being oblique and not parallel to"the body-axis, and

- not” extending -to the ovarian. zone ;. in -particular, in‘those species
which have been more recently’ re-exammed additional sclerites have
been found associated with the dorsal arm ‘of the spring. The genus
still needs re-mveshgahon especially in- respect of ‘the armature of
- the ‘genital atrium figured only for the genotype . from the Medi-
* terranean, and also of formative region for the clamps. near- the middle
- of the row, and the structurc of the dorsal reglon of the clamps'

themselves. - . o

In P. trachuri Par & Per there isa bnef gap in the clamp-row
~ opposite to the intrusion of -a branch from the intestine into the flange
" (Sproston 1946, fig, 109 &) and ,n P, mexicana Meserve - (1938.
fig. 60), there is an abrupt diminution in size of 2 clamps, just
proximally: to the middle of the row' and opposite to the. level at -
~which the flange becomes free from the body. Both these instances
of interruption in the - clamp-succession suggest the occurrence of a
formative region: m other words, that' the proximal, partly projecting
sector of the row, is in fact g metahaptor The single smaller clamp
found in both these species on the proximal tip of the haptor would
then be the first-formed clamp -of the metahaptor, and not a recently
formed clamp as ‘originally suggested by Sproston (1946: 465). So
that both in Scomberocotyle and in Pseudaxine there is the possﬂnhtv
‘of a unilateral metahaptor, - but nothing of the kind occurs in :the
apparently similar Gastrocotyle spp. There is also a slight dimipution
in- size of two adjacent clamps in the middle of the haptor in P. .
vagans Ishii (1936, fig. 9); and certainly a smaller clamp at the tip;
thelast 3 ‘clamps being on the. free part of the. flange which. here
extends exceptionally. far along the body to the distal end of the
ovarian zone, where a fold on the opposite side of this widest region.
.causes a somanc asymmetry faintly resembhng that in Thoracocotyle
ovalis Tripathi. '

The clamps in P.: trachuri and P vagans are about as Iong as. w1de
in P, indicang slightly wider, and in P. mexicang about twice as wide
as long: . The latter, recently restudied by Hargis from new. material

~from Florida (1956 xii, fig. 1) shows an immensely expanded ventral
arm of the spring (cscutcheon-shaped) and widely bifurcate anteriorly,
while the short dorsal arm bears two' triangular plates, very similar-
to those in Scomberocotyle scomberomori. In ‘the Pacific material
of P, mexzcana the accessory dorsal plates are shown much narrower
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(Meserve 1938, fig. 61), and there are 6 or 7 oblique‘ribs, absent from
the Florida specimens (Text-fig. 7A). ' In P. trachuri ribs are also absent
and the dorsal accessory sclerites are short, as they are in P. indicana
Chauhan (1945, fig. 20), and the jaws are as stout as they are in
- P. vagans Tshii (1936, fig. 10, Text-fig. 7B): In both the last two species
the spring is stout and is associated with two -cuticularized horns
apparently supporting the anterior edge (hinge) of the capsule: Ishii
does not indicate any. -dorsal accessory sclerites. All™ authors agree
that there are two dissimilar pairs of anchors on a projecting lappet
(protohaptor) and that the penis has a coroma of nearly straight
spines (10-22), but none. could see a dorsal vagina: the lateral
paracesophageal vaginae referred to by Ishii may after all not be
‘excretory-vesicles or pores.

Genotype: Pseudaxine trachuri Par. & Per., 1890, on Trachurus
trachurus (L) from the Mediterranean, English Channel, and two
localities in . Japan (in the last three localities found in association
with Gastrocotyle trachuri); -other species:—P. vagans Ishii, 1936
(Text-fig. 7D) on Katsuwonus vagans (Lesson), from Japan ; P. mexicana
Meserve, 1938 on Scomberomorus maculatus (Mitchill) and S. cavalla
(Cuv.) from the Mexican Pacific, and from Florida'; (Hargis 1956
considers that P. texana Koratha 1955.-from the same hosts off
Texas is synonymous with P. mexicana); P. indicana Chauhan, 1945
on Sparus berda Forsk., from Bombay (Arabian Sea); and P. kurra
Unnithan, 1968 on Caranx kurra Cuv. & Val. in association with
Gastrocotyle kura Unnithan, 1968 from Trivandrum, Arabian Sea.

 ENGRAULICOLINAE Subfam. nov.

The new subfamily has been created to accommodate Engraulicola
George, 1960 and allied genera  of atypical gastrocotylid worms in
which the tendency to unilateral inhibition of the clamp rows is in-
complete, resulting in a long and an opposite short row of gastro-
cotylid clamps. The short row is represented by a minimum of one
primary clamp (as in Engraulicola George, 1960) and may extend 10
half or nearly half the number and/or length of the long clamp row
in some genera (as in Pellonicola Unnithan, 1967). The structure of
the clamp in the short and long row is similar and essentially gastro-
cotylid. It is interesting to note that the short clamp row which has
been retained as a result of incomplete inhibition occupies the
eubaptoral area just in front of the protohaptor. Beyond the distal
level of the euhaptoral frill of the short clamp row the haptor con-
tinues forward on the long clamp row side as a unilateral metahaptoral
frill which is indicated by the posterior level of haptoral extensions
of body organs. The subfamily may reflect an indirect parallel con-
dition in Heteraxininae of Axinidae Unnithan, 1957. However, in
Engraulicolinae the condition .of the haptor is the result of a tendency
to incomplete - unilateral inhibition of the clamp rows. Type genus:
Engrailicola George, 1960. : '

- Other genera included in the subfamily are Engraalixen;ls"
Unnithan, 1957 (1 sp); Engrauliphila Unnithan, 1967 (1  sp);
Engrauliscobina gen. nov. (2 'spp) and Pellonicola Unnithan, 1967
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(L sp).” (cf. Unnithan, 1967 for detailed ~description. of 'the - species
-included under these genera). - 0 oo ST T

" .. Engraulicold George, 1960.- A detailed description of the genotype -
E. forcepopenis -recorded - on - the gills - of the Indian:. clupeoid "fish -
" Anchoviella bataviensis (Hordenberg) at-Trivandrum  (Arabian- Sea) -
_has been given by George (1960). -~ T T

~Engraulicola. micropharyngella Unnithan, 1967 — the :second species
of the genus was collected from. the gills of Anchoviella commersonii .
 (Lacepe) also at Trivandrum - (Arabian: Sea). . Relationship of E.
',.,ﬂ_vrir;xg%rpharyngella has been fully ‘discussed elsewhere. (cf.. Unnithan,
Engraulixenus Unnithan, 1967:' Monotypic ‘with Engraulixenus
. malabaricus from the gills of - Thrissocles . malabaricus (Bloch) at
Trivandrum (Arabian Sea). "Has ‘an elongate tapering body, slender
~ anteriorly, with long foot-shaped hindbody tapering. backwards. and-
which has an unusually prominent heal with a spurlike extension
forming - the metahaptor, The inhibited ~clamp - row retains. two-
clamps of similar structure though smaller in - size than'those’ on the
 long clamp frill, the dorsal appendix of the median spring is a

-stalked ‘U’-piece with parallel arms not divergent as in most of its
relatives. The ventral arm of the spring is not truly bifurcated and
is slender throughout. The ‘anterior anchors have a characteristic
shape — with handle markedly longer than the hook which is bearly
one quarter of a circle and with ‘a stepped concial spur at right angles
to. the handle, Paired vaginae and exceptional intercrural bridges are:’
present and the crural ends are subequal and - markedly inflated.
Parasitic on marine fishes. . S o

Engrauliphila Unnithan, 1967 - Another monotypic genus. = The " .
genotype E. grex was collected from the gills of - Thrissocles dussu-
‘mieri (Val) at Trivandrum ‘and Ayirumthengu (Arabian Sea), Those
from Trivandrum bad a closely ‘related species - Engrauliscobina
triaptelle Unnithan, 1967..also on“the same host specimen. Engrauli-
phela has haptor-body relation” similar to that in Engraulixenus. The
inhibited clamp - row: retains . two primary clamps only. The two-
‘pairs of persistent anchors are ‘characteristic, both less curved than
in Engraulixenus and entirely unlike those -of Engraulicola. - The
- ‘penis head is devoid of forceps and. a. collar is lacking-round the -
* atrium.. Paired- lateral vaginae join tranverse  vitelline -ducts, the
- vulvae ‘are not supra-marginal and they are situated much nearer to
ovary., Pharynx is elongated ovoid. Parasitic on marine fishes at a

very high infection rate. - .
Engrauliscobina’ gen, n. has been erected- for Gastrocotyle. thriso- -
cles Tripathi (1959 : 124-5, fig.' 56) found on Thrissocles mystax at
Puri, in the northern sector of the Bay of Bengal.  This species is ex-
cluded - from Gastrocotyle v. Ben. & -Hesse, by its.triangular body . -
and the incomplete  suppression of the clamp row on the longer side -
of the body. In Gastrocotyle there is a complete suppression of
haptoral growth on the one side, and the clamps on the other, always.
parallel, side of the body extend as a rule well .above the gonad zone.



» -tlUNNITHAN Rewszon of Mzcrocotylozdea and Gaszrocozylzdae 7 1

" vIts pecuhar shape suggcsted its new name (Engrauhs—the ‘name’ of

the - type genus’ of  the. ‘hostfamily, and’ -scobina —Latin. for..a rasp,

‘. 'or_ scraping tool): a shape- résembling that of Pseudaxine vagans Ishii, .

e “in which the oblique haptor also: extends about half way up an excep-

7 _"tlonally wide body ; but- again, there is a’ complete ‘inhibition of the
-other “side..of the haptor. The finger-like protohaptor ‘is - very like

. "that in Pseudaxine indicana. Chauhan, in that the proxxmal pair of

", Jarval ‘anchors: are far separated from -the. postenor pair. - Here ‘they -
- are set transversely on the blunt.end, with: a minute pair of larval hook- -
" lets ‘between -them.. - The postenor anchors havé: very short-bifid' roots,-

" while the penultimate . pair are thrice - the length and the stralght oot
is. longer than the elongated slckle ‘ e

-~ In the retention o[ two “small token clamps on. the’ mh1b1ted cldc,"_ .
- Engrauliscobina gen; n; is analogous to- Axinoa aberrans (Goto, which -

~-'has only a single token clamp. There is no information published

‘either ‘on .the detailed structure of the vestigial clamps (Tripathi’s - -
1959, Fig. 56 ¢) or on that of ‘the larger clamps crowded in ‘profile -
- .view along the main row, but their oblong. shape suggests a possible

- modification “of " their basic gastrocotyhd sclerites - (cf.: George, 1960).

The brev1ty of -Tripathi’s - description -is partly compensated, by his =
figure, which shows that while there is no exact counterpart of the
minute rounded token clamps on-the opposite side of the protohaptor

the first two (primary) clamps are already elongated, but much

smaller than ' the others except for two similar (primary). clamps at
the far anterior end of the row, on a short lobe projecting from the
© body margin. - Moreover, in the middle " of the clamp-row there are
- two small clamps flanked by two of medium size, all slightly. indented
- towards the ‘boundary of the body proper. Thxs region suggests the
site of the formative zone: backwards for the euhaptor and forwards -
for 'thé metahaptor, which has carried the last-two' primary clamps of
that side away on its advancing tip. The-dichotomy of the” growth-.
zone in the larval haptor would thus. have taken place between the
middle pairs of primary -clamps, producing secondary replications -on -
cither side of the zone on the one flank, while there was a complete
suppression of the growth zone and’ “the. clamps of the larval haptor -
" anterior to this level on the other flank. ~ In Pseudaxine there was
ewdently a complete inhibition: of primary clamps on the larval haptor -
~on’ this flank, and the dichotomy of the formative zone for secondary

~ ' clamps took place between the two.anterior, of the four primary clamps

on the uninhibited flank: since in Pseudaxine spp. there is but a single”
R ‘dimmutlve clamp on the anterior tip of the ‘metahaptor. . ' v

: In Engraultscobma thrxssocles and its alhes, the whole of the body
_ 3ust behind the genital pore is packed with rather large - vitelline
follicles - which -obscure most of the internal organs, so -a:vagina has
not been detected in any of them: in addition, since they are blood-
_feeders from the gill-tissue, melanotic granules deposxted on. the walls -

~of -the richly branched intestine add to the obfuscation. . The anterior

- quarter ‘of the" long side (hypotenuse of the rightangled I:nangle) of
. the ‘'worm_forms ‘a narrow: cylmdncal ‘handle. -of the scraper’, and

the genital pore is at about one-third its length from the anterior end,
: _The bulbous atnum mascu]mum carries a corona of 12 erect. hooks S
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]USt as.in Pseudaxme mexzcana (about double thlS numbcr m P

vagans. and P mdzcana)

" The undoubted aiﬁmty of Engraulfscobma wnth Pseudaxme and-".
.Gastrocotyle raises ‘a ‘phylongenetic’ problem,- sincé - the “last two .are
- 50 characteristic - of Carangid and Scombroid - fishes, but the" new -

genus is parasitic- on the relatively primitive Engraulidae. ‘Tt is a - -

precisely ‘parailel problem to that posed. by:'the distribution of: the

" Mazocraeid genera Kuhnia. (on. ‘Scombrida€)  and - Mazocraes (on ) L

Clupezdae) - a . question . d1scussed by Bychowsky (1957 3()7 and P

schemata in ﬁgs 263, 264 265). -

. Engraulzscobma tnaptella Unmthan, 1967 Thls spec1es was ob-'
‘. tained from the- gills of Thrissocles -diussumieri-(Val) at Vizhingam, .
' Trivandrum (Arabian Sea). The' host specimen examined at Trivan-: -
~drum had multiple  infection by Engrauhphyla grex Unnithan  also. ©
In E. triaptella the clamp flange is 36% to 489, of the total length

while it is 50% in the genotype and there are 3 remnant clamps on. -

the inhibited" side  of the haptor of this " species. The :number. ‘and

_extent of- the clamps and its frill in the two species differ consider- . '

“ably. In the structure of the Clamps and ‘anchors also there are

specific differences. Internal organs ‘also show specific - variation in

' the -two. species of Engrauliscobina as detailed in Unnithan (1967).",

Pelloricola. Umnthan, 1967 Monotyplc thh P elongata Unmthan,
1967 obtained from the gills of Pellong (llisha) ~brachysoma: (Blkr.)

- at Trivandrum (Arabian Sea). Body elongate ribbon like with distinct -,

but short caudal haptor. The unilateral inhibition is far less than
in any other genus of the subfamily andin_ this: Tespect is comparable
with Scomberocotyle Hargis, 1956 but in that genus a metahaptoral

-wing  or secondary stimulation of aecondary clamp replication ac-

counts for the large number of.clamps on one side. The anterior
moicty of the long clamp row may on. further observation prove to
be a metahaptor and its -posterior mmety being the euhaptor parallel
‘with its counter part on the opposite side of short clamp row, the
short row has nearly half the number of clamps in the long row.. The

two pairs of anchors are-on a. telescopic lappet. There are few

parovarian testes though they are mainly postovarian.  Penis corona

has no additional sclerites and the paired vaginae are supra-marginal:

as in Engraulixenus but very far forwards. There is -a median vitel-

line duct. - Oral pouches are particularly Jarge and bettcr developed -

' than in other. genera. ‘Parasitic on marine ﬁshes

GOTOCOTYLINAE Subfam nov.

This “subfamily of Gastrocotylidae is erected for v»hat at presentv o
appears to be a single genus, Gotocotyla Ishii, 1936. Yet it stands
in contrast to all other genera of the family in the extreme. internal -

asymmetry of the clamps (Text-fig. 5A): on the one side. the ribs from

the capsule roof have been incorporated into the. supportmg skeleton of

4

the 'side-wall and -are .often ankylosed.to the ventral and dorsal jaw- -
rami of that side to form a ladder-like. compound sclerite, while the - -

ends of the rami are variously bent and hooked. - On the wider side-
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""';"V:-;of the clamp the sclentes denved from the dorsal arm of the sprmg '

" (simple lamellae in: Priceinae) are- vanously shaped or- even’ divided; :;

'vf-’.',_-_"and the’ shoulder-pxece of -the' ventral jaw on- this -side is expanded : 7
‘- "and' fhay, be - free. The median - spring, elongated ‘and slender, is -

.+ variously bent-away from the meridian and ends in a_hook-like point
. anteriorly, " but* its dorsal arm- is reduceéd: . ‘The oblique braces are

-- unequally " developed ‘that-on ' the wide side- always wider and longer..
... - There is a symmetrical haptor_ as a continuation” of the body-axis -
.~ (its “possible partition is -discussed  below), and the termmal hooks of ‘
.he protohaptor are retained ‘in the adult : o ‘

. These. specms ate also’ exceptxonal in . this farmly in havmg a long '
eversible true’ cirrus, bearing hundreds of ‘sharp spines, of-according

o ‘Hargis (1956, fig. 15)- long-handled hooks with short points. There

- is a conspicuous dorsal vagina, usually’ surrounded by a wide rim of
circular .musclés - and sometimes gland cells. : : o

It is noteworthy that all but two (one. doubtful) records are from .

hosts belonging to elther Scomberomondae (= Cybuddc auct) oL

7 Scombndae o

Gotocotyla ‘Ishii (1936 788) is. apparcntly the only valid- genus
- Syn.: - Lithidiocotyle Sproston, 1946, was created without .a  full’
: understandmg of Ishi’s ‘genotype, and ‘as Tripathi has _proposed
(1959 =+ 129), the genera must be ‘merged (unfortunately he suppresses
Gotocotyla in_favour of Lithidiocotyle in his Key on the next. page).. -
I also concur in his making Pseudo;mr,rocotyle Sandars (1947) a second

synonym. Microcotyle (sensu lato auct.) is also a Synonym in part.

The following notes do- not purport to be. specxﬁc diagnoses, but they
. draw attention’ ‘to some possible spec;ﬁc cntena t'or tlns compact

group, yet evokmg $0_many problems

Genotype: G. sawam Ishii, 1936, on Cybmm mphomam Cuv.,
from Japan: numerous. testes occupying at least half the length of
the body, preceded by 2 large receptaculum  seminis behind the
proximal lobe of the inverted “U”-shaped ovary, and extending into
_ the haptor; but the unbranched ends of the intestinal crura extend
farther, nearly to mid-haptor level. There is a sclariform sclerite on

- the -adaxial side of the clamp, and the shoulderpieces of- the ventral»'

jaw Tami are atriculated hooks (Text-fig. SA).

'G. acanthura (Parona & Perugla 1896—as Mtcrocotyle) Meserve o

1938 (Syn. thhrdtocoryle acanthura. (Par. & Per.) Bychowsky (1957:
- 439) on Brama rayzz (L) “from Genoa. (Medlterranean) and" North‘,
- Sea, :

G lmtom fom. nov, pro Mlcrocotyle sP of Lmton (1906 370,
figs. - 147-150) on . Pamatomus. saltatrix - (L.), from the American
- Atlantic : non Microcotyle pomatormi Goto 1899 from-the same host
off Rhode Island USA, which Linton (1940) identified with his
Microcotyle sp..of 1901, also from Pomatomus saltatrix—M.. poma-
' tomi- has been re-studled and . its ontogeny described by Bychowsky
(1957 : 207-8, figs. 241-3) from the same host from “the Black Sea.

: - G..lintoni was said- to have clamps twice as wide as long, and though - R

. the ﬁgure is. admltted to. be a crude sketch the asymmetry is: con-
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mstent in that the shoulder-p1ece is. much longer on’ the W1der 51de,rf.r

and the oblique 'braces are ‘comspicuous ; the }nghly charactensnc,
“spiny  cirrus is nicely ﬁgured and: here the sharp- spines have ‘bifid: -
bases ; the vitellaria occupy two-thirds of the body but do. not enter - -
- the haptor, and' the vaginal pore may be slightly lateral.: These ‘worms:.

- are unusually small: 2.3, to less than 4 mm. long, whereas both the‘
. foregoing species are at least: 10 mm. Io1g

G. acanthophallis (MacCallum & MacCallum 1913—-—as Mzcroco-

. tyle). comb. nov. (Syn. Lithidiocotyle acanthophallus of Sproston o

1946 — genotype: and of subsequent- authors), on Roccus Saxatilis
- (Walb.) from Atlamic coast of USA. The type material has been re-

examined by Hargis (1956, xii: 37, figs. 10, 11), and the termmal_ o

anchors figured for the first time; the 5 or 6 short ribs do not <on- -
" tribute to form a scalariform  sclerite, and the shoulder piece of ‘the -

ventral jaw on that (adaxial) side does form an articulated -hook, there -

- is ‘a third (saddle-shaped) free dorsal sclerite proximally near the short
end of the spring. The testes and vitellaria do not enter the rather
long stem of the haptor, though unbranched crura do. The vagmal
sucker is very wide: & transverse oval in the mid-dorsal line in the
zone of -the intestinal blfurcatlon The MacCallums worms - were

7 mm. long.. , R
Hargis considers 'the_ WOrms from Scomberomoras_ cavalla -and
S. maculatus, which he found in Florida waters to be conspecific with

MacCallums® which he thinks may hdve been accidental passengers
on Roccus from the fish-market. His worms: from S. cavalle were

larger and more numercus than those on S. maculatus, yet the clamps =~

from the former are still smaller than those from- Roccus according
. to Hargis’ 1956: figs. 10 & 19), and so are the proximal (Pepultimate)

larval anchors, though similar- shape,  the  handle forms a broad
triangular sleeve for the ‘C’-shaped hook. In the terminal anchors the
‘C-hook is relatively longer in the worms from S. cavalla than from
S. maculatus ; in the clamps of both the latter, the thll‘d free dorsal

_-sclerite is not developed

There may be a case here for the establishment of three sub-
species, but the array of qualitative variation' data for each needs
- amplification, particularly in view of Ramalingam’s discovery of clamp

polymorphism within the individual (see below), e

Hargis atteinpts ‘to retain this species in Ltthzdzocotyle, and re-
defines the 'two genera, but he admits the differences are very slight:

- the lateral extent of the testes over the crural fields and the relative

‘length of the haptor-stem. I think he may agree after examining
data from Indian material (Ramalingam 1961) that these differences
are only of specific rank, and that Ltthzdzocofyle Sproston, is a clear

synonym of Gotocotyla Ishii, 1936,

‘Hargis thinks it highly probable that” Mrcrocotyle Scomberomorz -
- Koratha, 1955, from the Texas Codst on the same Scomberomorus‘
_ Spp. is a synonym of G. acanthophallus.

G. elagans Meserve, 1938 (Syn G elegans Mes of Hargls, 1956 e

28, 38, 39, 42) on Elagatis bzpmnularts (Quoy & Gaimard), from' =
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,7‘ '; : v~Bah1a Honda Panama (Szc} —-thlS “citation  is’ amb:guous, since -
~ . Bahia Honda' is ‘in western Cuba, far from Panama ; and" though it

i possxble that - the Galapagos-bound ship ‘called” atthis coaling
- station, it is more likely to be one of the two ports named Bahia in

' “Equador. “Bahia” opposite Quito and just South. of Cape San

. Francisco “would" be ‘among the -nearest continental landfalls  from
S Galapagos, and ‘is suggcsted ‘as a’ more probable locahty -If it can be.
' _'jesfabhshed that the origin of Meserves ‘material is in Pacific waters,

it is ‘a’ further point in favour of Sandar’s Pseudomicrocotyle elagatis

. from the same host species in southern Australian waters, being iden-

1 tical with Meserve’s : resulting in the homonym Gotocotyla elagatis

" {(Sandars' 1947) comb, nov., but if the identity is valid, there -is- no .

- need to substitute a_new spec:ﬁc name for Sandars matenal

Ha:gls ‘has” re—exammed the type material” (1956, xii, 39, figs. 20-
-~ 23), and his more detaﬂed figure of ‘the elongated clamps (twice as
_long-as wide) shows a scalariform compound sclerite on the adaxial
‘side artlcu]atmg with an expanded shoulder-piece,. There is-probably
only one free dorsal sclente'developed the proximal lamella being
. the:dorsal arm of the ventral’ jaw ramus of the abaxial side,  The
hundreds of testes. overlap the crural fields, and are flanked by
- vitellaria for only half their zone; feebly diverticulate ends of the -
crura extend half way. down -the haptor The cirrus bas long needle-
like: spines” wnh a short rightangled bent at the bases. The terminal
.- anchor hook is less than a semicircle.. Hargis finds two lateral rows
of clamps on one side, but Meserve figures three, in the prommal :
* half of the haptor. The vagina is evidently mconsplcuous since it
is' not mentioned by clther author. .

Gotocotyla meservei Yamaguﬁ 1953 also occurs on Elagatis Sp
but from the extreme western Pacific, off Celebes. Tt differs from
- G. elagatis Mes. in the significantly fewer testes, the. shorter crura .
which reach only half way down the testicular zone, where the vitel- =
laria also cease, and the male terminalia are said to be different. .In

‘the oval clamps there is an ada)ual sclanform sclerite and one dorsal
. plate 1s very wide.

G. secunda (Tripathi, 1956———:as thhza’cocotyle secundus) comb
' nov., occurs on Scomberomorus guttatus (Bl. & Schu,); from Puri, in
the northern sector of the Bay of Bengal. It is claimed to differ on
-“account of the presence of anchors, but these have now been found
(2, pairs, one terminally and the other, smaller, in the anterior dorsal
reglon of the haptor) on the former genotype by Hargis 1956.- In
G. secunda, however, the testes are in only 2 rows and the. crura are
_ said to enter the haptor; the oral suckers are relauvely ‘as well as
absolutely ‘much smaller and the muscular vaginal opening is longi-
tudmally oval mstead of transverse, it may- also, be slightly lateral.

G.: bzvagmahs (Ramalmgam 1961 ‘as . Lithidiocotyle bzvagmahs)
"comb: nov. on Scomberomorus guttatus (Bl.- & Schn.) at Mandapam.,~
. S. E. India; - It differs from the known -species of .the genus in- the
* presence of two -vaginae opening by. separate pores surrounded by

,,;_well developed suckers {cf. Ramalingam, 1961 -b. Fig. 17)

S Apart from the hlghly developed abamal/adaxxal asymmetry found



o this kind of species character can be made. -

.. 76 . Records of the Zoological Survey of India' " T

_iﬁ.IGO{bCOii'la_ clamps, édmpafébié;iinr degree -onlyﬁ‘-wi'tlj *(;hét»f:igf

" “Anchorophorus Bychowsky. ‘& Nagibina' (1958) there are three other -
. -points -of general biological .interest which may be mentioned briefly. -
There ‘is an..unusual degree of -polymorphism shown in the"clamps -
~- of individual worms,: at least:in some species ! ‘this has beéen analysed
“in.-detail. by Ramalingam (1961): A detaileéd’ exposition of the limits "

~ of variation will have o be studied- before.a :critical. assessment- of .-

Hargis®. (1956: 37)- discovery of the characteristic single pair of

- anchors on.the terminal lappet in G. gcanthophallus from  three diffe.-
-~ rent hosts (perhaps subspecies) completes .the characters for-the generic . -
“ identity of ‘Lithidiocotyle Sproston,- 1946, and Gotocotyla Ishii,” 1936.

- -But at the same time he made the far-reaching discovery of additional
- larval "anchors and- hooklets ‘in the anterior region of - the: haptor, -
between the clamp-rows and on the- dorsal side. ' Unfortunately he -
supplies nmo diagram to indicate the approximate  location ~or the -

number of these larval ‘anchors, but the bare fact of. their occurrence -

in “Gotocotyla is highly significant. - They at once recall the *body
hooks™ of Pricea, and therefore an indication: of a primary dichotomy:
of the longitudinal growth-axes in the protohaptor —in fact, between
the ultimate and -penultimate pairs of hooks (posterior and posterior- -

laterals in the nomenclature of Llewtllyn (1957 4), as in Pricea.

Whereas in Priceq the ‘metahaptor’ arising from the anterior side of

the formative zone produces a complete haptoral lobe independently

-of the body/haptor axis; none such is formed in Gotocotyla spp. Yet
if the anchor-pairs are separated, the replication of clamps between .
them can be accounted. for only by :an early fore and aft dichotomy in
- the formative zone, producing new clamps which successively push
the anchor-pairs farther as under. In Gotocotyla therefore, the for-
mative zone must be sought perhaps in-the proximal half of the
haptor. - The absence of an independent = anteriorly *growing lobe
could be explained by the body/haptor -axis to some extent ‘“keeping
pace”, in its growth with the growth of the lateral replication  axes.
~ The occurrence of double or triple lateral rows of clamps ‘reported
for most species in the anterior region of the haptor, would indicate
- that the growth in the metahaptor clamp-rows had overtaken that of -
- the median axis and a further (lateral) dichotomy took place, accom-
modating additional clamps medially at every second (and third) divi-
sion of the ‘clamp-primordium’. The inability to form a ventro-
- anterior_external metahaptor-bud would be accounted for by the origi- -
- nal_dichotomy not being sufficiently deep to involve. tissues of the
medium axis of the haptor—as in the delicate frilly haptor of
Microcotyle priacanthi Meserve. R T T T

The unique features of the ' growth -gradients in Monogenoidesa -
would appear to separate them clearly from all other Platyhelminthes, -
and to indicate a very long phylongenetic history, with an - excep- -
tionally "high-level of organization in: present-day forms on the more -
highly ' evolved fish groups: co-existing: with admittedly more primi- *
~ tive forms on some primitive. fish-groups, and. in. Amphibia and

Reptilia. T e
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- L V———SUMMARY OF THE SYSTEMATIC REVISION OF THE VALID spECIES or::-‘
L THE AXINIDAE, 'HETEROMICROCOTYLIDAE - AND GASTROCOTYLIDAE

wm{ THEIR Hosrs AND. LOCALIT]ES

MICROCOTYLOIDEA (Unmthan 1957) 5. str. emettd
AXINIDAE Unmthan 1957 3 subfamxhes)

Axmmu Monticelli, 1903 s. str. Unnithan, 1957. A genera)j e

| *Axme belones Abildgaard, 1794 on Belone belone (L.) Europe.

' 'Axme cypse[urz (Meserve, -1938). Price, 1945: on Cypselurus agoo
‘ Japan and: C. caIIOpterus Galapagos '

.Axme yamaguh (Meserve, 1938). - Price; 1945, ‘on Exoéoeud sp 7

- Mexican - Pacific..

L ,I_-'-Axme paraﬁa Unmthan -1957, on C}pselurus bahzenms S. W, Ind1a
- Axme hennrhamphae Unnithan, 1957 : On Hemzrhamphus xanrhopzerus,

Val.: Tnvandrum SW. India.

T Axme tr lpathu (Tripathi, 1959) Yamagutl 1963 nnpro A. hemzrhamphae
: * Tripathi' 1959  (ron Unnithan, 1957), on Hemir-

* hamphus georgzz Val Hooghly R & Orxssa NwW.
‘Bay ‘of ‘Bengal. - :

o Axine- mada Tshii & Sawada,» 1938, on Senola aureowttata T & S.,

Japan.

Axmozdes tylosun Yamagun, 1938 on: Tylosurus sclusmatorhynchm ‘
Japan.-

4Armozd6's gracrhs (Linton, 1940) Sproston, 1946, on Tylosm‘us mari-
: : - nus. (Walb.), USA, Adlantic “Coasts.

' Axmmdes mph:doma Hargis, 1956, on Tylosurus raphtdoma USA
-Atlantic.

Axmoxdes' kola Unmthan 1957, on Athlennes hzans (Val) SW India.
Axinoides sebastisci Yamaguti, 1958 on Sebastrscus niarmoratus, Japan.

' Axmozdes resplendens Caballero, Bravo & Grocott, 1954 ‘on Tylo-
- ~ surus fodiater, Columbia, E: Pacific.

' Chlamydaxme truncata (Hargis, 1956) Unmthan 1957, on Tylosurus -
 raphidoma, "USA Afl. . .

Loxura ananaphalh:s Unnithan, 1957 ‘on Tylosurus Iezurus (Blkr) SW =
India. - . -

Loxurozdev sasikala (Unmthanv 1957) Pnce 1962 on Cypwlums oli- -
golepis (Blkr), S. India. ~

Ol:gapta oligapta Unnithan, 1957, on Hemrrhamphus georgii, S. ]ndia ,

Indocotyle hemirhamphge - Tripathi, 1959, on' Hemirhamphus gc’orou
: Hooghly R., & Orissa, Bay of Bengal

HE’I‘ERAXINTNAE Unmthan 1957 emend. (6 gencrd)

Heteraxine heterocerca (Goto, 1894) Yamagutl 1938 on Sertola aureovzt-
: tata 'T. & 8., Jap

- Heteraxme se}zolae (Ishu ]936) Yamagutr 1938 on Se; zoIa aur eovmara
' L Japan ,
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‘ Uraxme chura Unmthan 1957 on L‘uthynnus alleteratus affmxs (Cantor)
- from - Kerala India..” : SRS

Uraxme macrova (Unnithan, 1957) status nO?v on’ E' alleteratus affrms.v
~from Kerala, India.- B

A 'Allopseudaxme katsuwonis (Ishii, 1936) Yamagun ]943 on Katsmvo:msf._:,
E ' vagans (Lesson) Iapan ' , :

_HI"I‘EROMICROCOTYLIDAE (Yamagutx 1963) 5. str emend (3 subfamﬂ\es) -
‘ HBTEROMICROCOTYLINAB subfam., xiov 'S genera)

Heteromzcrocotyla carangis Yamaguu 1953 on Caranx sp from
. Macassar, Celebes. - ,
) Heteromzcrocotyla vaginisping Unnithan, 1961, on Carangozde.s- mala-
baricus (Bloch & Schnender) at Tnvandrum and
Neendakara (South Arabian Sea). , v
‘Heteromzcrocotyla polyorchis Unnithan, 1961 on Carangmdes mala- B
- baricus at Tnvandrum (South Arabian Sea). o
Heterapta chormemz Tripathi, 1956, — as “Diplasiocotyle” comb.. nov
on Chorinemus tala Cuv., from. Mahanad1 Estuary,
Bay of Bengal. :
-Heterapta heterapm Unnithan, 1961 (genotype), on Chormemus sancii- .

petri Cuv., at Trivandrum (South Arabian Sea).

chotyle stromateq (Tripatlii, 1956) comb. nov., on Pampus argenteus
(Buphr.), from Puri, Bay of Bengal : .

Dicotyle vellavoli Unnithan, 1961, on Chandroloites (Stromatem)-
chinensis’ (Euphr) at Tnvandrum and Vizhingom

- (South Arabian Sea). ‘

,'Dtctydenferon reizculatum (Goto, 1894) gen n., Pampus argenteus
(Euphr.), from Japanese Seas: g

' Carangzama.fa sagae (Manter & Prince, 1953) gen. nov on Caranx sp SO
_ from Suva, Fiji. :

CEMOCOTYLINAE Subfam . nov. (4 genera)

Cemocotyle carangis (MacCallum, 1913) Sproston, 1946, on Caranx
: crysos (Mitch.), USA, Atlantic.

X ureltphtlus elongatus (Meserve, 1938) gen. nov., on Xurel malampygus
. Cuv., from Secas Isl., Galapagos

~ Tripathiana minuta (Tripathi, 1959) gen. nov., on Megalaspis cordyla ,
_from Puri, Orissa, Bay of Bengal

Megamrcrocotyle chirocentrus Tripathi, 1956, and Unmthan 1961 on
Chirocentrus - dorab (Forsk.)), From Puri, Bay of -
Bengal and Trivandrum Arablan Sea.

Megamzcrocoiyle microcotyla (Manter & Prince, 1953) Unmthan 1961
on a ‘ribbon-fish’ from Fiji. .

PYRAGRAI’HORINAB Subfam. nov. (2 genera)

Pyragraphorus pyragraphorus MacCallum & MécCaHum "1913)
, . ‘Sproston, 1946, on Traclzmotus carolmus from’ USA
- Atlantic. .
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A ,Heteraxme carangns' (MacCallum 1918) Yamagutl, 1938 on Caranx o
S “*.. hippos, from USA Atlantic Coast. .~ '
e Heteraxzrw scomberomorz ‘Koratha, 1955 (‘7) on Scomberomorus Sp ,;'
. from USA Atlantic: R
'f”-'Heteraxme karavoli Unnithan, 1957, on Formio mger (Bloch), from .
' - SW. India. S

3 Heteraxme methtoslu (Price, 1962) Yamagutl 1963 syn. Allencocotyla-"i-

_mcintoshi Price (1962) ‘on Serzola Ialandn from

SR Florida, “USA. - -
e Heteraxmmdes trzangularzs (Goto, 1894) Yamaguti, 1938 on Anthz&v
, " _schlegelii Gunth., from. Japan, - -

Heteraxzno:des chinensis (Yamaguti, 1937) Yamaguti, 1938 on Hapalo-
QL - genys nitens Rich. Japan.

Heteraxmmmdes othphtzs (Meserve, 1938) Hargis, 1956 on Ohgoplttes
’ saurus (Bl. & Sch.) from E. Pacific. '

Heteraxmoides xanthophilus Hargis, 1956, on Leiostomus xanthurus
Lacep., from USA Atlantic Coast. - ‘

Heteraxmoz’des xantho;:hz!ozdes Price, 1962 on Leiostomus xanthurus
3 - Lecep,, from USA. -
Kannaphallus virilis Unnithan, 1957, on Caranx atropus, — SW, India.

Zeuxapta zyxivaginata Unnithan, 1957 (pro Microcotyle seriolae
, Yamaguti, non H. seriolae Ishn) on Seriola

: aureovittata, from Japan. )
'Zeuxapta meservei (Sproston, 1946) comb. nov. (pro H. seriolae Meserve =
© 1938, non of Ishii 1936), on Seriola dorsahs (Gill),
- from Galapagos Islands,
'G’on()plasms carangis Sandars, 1947 on Caranx georgzanus from W. - '
Australia, - :

~ Gonoplasius * longirostri (Robson 1961) Pnce 1962, Syn. M'cro"'Otyze"? JRIREE

longirostri on Longirostrum platessa from New
: . Zealand. .
sznoa aberrans (Goto, 1894) gen. n. (Genotype) on Tylo.surus schrsma-
_ , ~ torhynchus (Blkr.), from Japan. _
. Axinoa meservei (Price, 1945 — pro -Axine aberrans of Meserve, non
of Goto, 1894) comb. n., on Tylosurus fodzator from
Columbla E. Pacific.

- o T =

MONAXININAR Unmthan 1957 (5 genera) '

Monaxme formroms Unmthan 1957, on Formio mger (Bloch) — 8. India.
- Monaxine bivaginalis Ramalingam, 1961 on Formzo niger (Bloch)— .
- S.E. India. -
Neoaxme com'trtcta (Y amaguti, 1938) Price, 1945 : (Syn. Amonaxme_
constricta of Unnithan, 1957),-on. Tylosurus schisma-

torhynchus, from Japan o -

X Croialaxme serpentma Unnithan,. 1957, on Athlennes hzans (Val)
: from S Indla ' : .
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Haramella htppOS (Hargls 1956) gen . (type spemes) on Cara‘nx htppos
; Florida, 'USA, Atlantic. e

' :Hargts:ella ‘iricompdrabills (MacCallum, 1917) comb nov., on’ Caranx: ;! o

E ruber (B]och) from USA Atlantlc
GASTROCOTYLOIDEA Pnce, 19.>9 (3 famllxeb)

‘ Gasmocommu Pnce 1943 (5 subfamllm)
GASTROCOTYL]NAE SprOSton 1946 (5 genera)

GaS’fOCOIyle Irachun v. Ben & Hesse 1863 on T rachurus trachurm,

from European and Japanese waters. .
"Gmlrocotyle ]apomca TIshii ‘& Sawada, -1938 on Pneumarophorus_-,f
"+ Japanicus (Houttyn), from Japan, - ’
Gastrocotyle urd:ca Subhapradha 1951, on” Caranx kalla Cuv from
- Madras, Bay of Bengal.

.Gastrocotyle kurra Unmthan 1968, on Caranx Lurra Cuv from Tnvan- S

drum Arablan Sea

Gas‘trocotyle kalla Unnithan, 1968, from Caranx kalla Cuv., from
‘ Tnvandrum ‘Arabian Sea.
Chauhanea madrasensis Ramalmgam 1953, on Sphyraena acutlpmms
_ : ~and S. commersonii- Cuv., resp from ‘Madras and
Madagascar.

Yamagutzcotyla truncata (Goto, 1894) Price 1959, on Paraprzstlpoma
trilineatum from Japan.

Churavera macrova Unnithan, 1968 on Euthynnm afflms (Cantor) from :
' Trxvandrum, ArabxanfSea

Eyelevera typzca Unnithan,- 1968, on Rastnlhger karagurta (Cuv) at
Tnvandrum Arabian Sea: g

 THORACOCOTYLINAE Subfam. nov. 4 genera) ' ,
: Thoracocot'yle crocea MacCallum, 1913: on Scomberomorus maculatus
(Mitchili), USA, Atlantic, & Mexican Pacific.
‘leoracocotyle ovalis Tripathi; 1956 (emend. orthogr 1950): on -
Scomberomorus guitatus NW. Bay of Bengal.
Dasvewa indica Unmthdn 1964, on Scomberomorus. guttatus (Bl
Schm.} at Trivandrum, Arabian Sea,

Lmtaxme cokeri (Linton, 1940)- Sproston 1946 .on Aplodmoius G’run-
niens Raf., Towa, USA. :

Amphtpolycotyle chloroscombrzs Hargis, 1957: on Chloroscombrus

Chr)surus (L.), S. USA, Atlantlc

PRICEINAE Chauban, 1953, 5. str.. emend (4 genera)

Przcea multae Chauhan, 1945, (genotype): on Cybium lineolatum Cuv., ;
' : Bombay, E. Arab. Sea. - -

' Pricea minimae. Chauhan,_ 1945: .0n KM5uWOnus pelamys, Bombay
Priceq mzcmcotylae _Chrauhan. 1945 on Ras(re_;lhger,,kgnagurvta, Bombay. -



UNNITHAN | Revzszon of Mrcrocorylordea and Gastrocotyhdae 81

’*P: zcea rezracantha Ramalmgam 1952 on Scomberomorus guttarus (B!'
i & Sch), ‘Madras, W, Bay of Bengal. 2

G ,,‘,:;V-""Pncea amidta Ramalingam, 1952, .on Scomberomor us @5’“”“’”“' (BL & E

Sch) Madras, W. Bay of Bengal..

Prlcea tr}cantlza Ramalingam,’ 1952, on Scomber omorus gutlatus (Bl‘

. ‘ & Sch), Madras, Ww. Bay of' Bcngal : ,
: ‘Prtcea melane Rama]mgam, 1952, on Scomberomorus guttatus (Bl. &
s ‘Sch.), ‘Madras, W. Bay of Bengal,

"_Pncea mmuta Ramalmgam 1952, on Sc0mber0morus guttatus (B] &

Sch) Madras 'W.. Bay of Bengal.

| .'rt'"Pncea robusta Ramahngam 1952, on Scombéromorus gunatus (Bl &

: Sch.), Madras, W. Bay of Mengal.

"r"_Neorhoracocorer coryphaenae . (Yamaguti, 1938) Hargis, 1956 - (Geno-
type), on Coryphanena hippurus L., Japan. - :

Neothoracacatvle acaithocybii  (Meserve, . 1938) Hargis. 1956,

N “Acanthocybium solandri (C.)- Galapagos.

: ;Scomberocoiyle scomberomori (Koratha, 1955) Hargis, 1956, on Scom-

S " . - beromorus maculatus & S. cavalla, S. USA, Atlantic.

_Ps’eudaxine ‘trachuri ‘Par. ‘& Per., 1890 (genotype), on Trachm‘us_

' , trachurus (L.), Europe and Japan

_ Pseudaxine vagans Ishii, 1935, -on Katsuwonus' vagans (Less ), Japan. -

: Pseudaxme mexicana. . Mcserve, 1938, on Scomberomorus* maculatus
(Mitchill), §. cavalla (Cuv.), Mex:can Pac1ﬁc and S.
USA, Atlanttc .

o Pseudaxme indicana Chauhan, 1945, on Sparus berda Forsk., Bombay -

Pwuda,wze kuria Unnithan, 1968, on Caranx kurra Cuv & Va] at:
Trivandrum Arablan Sea. ,
' ENGRAULICOLINAE Subfam. nov.

Engranlrcola forcepOpems George, 1960, from Anchoviella betaviensis
(Hardenberg) at Trivandrum, Arabian Sea.

. jEngralllzcola m:cmpharyngella Unnithan, 1967, from Anchoviella com-

merssoni (Lacepi) at Tnvandrum Arablan Sea.

i Engraulzxenus malabaricus Unnithan, 1967, on Thrissocles malabaricus
(Bloch) at Tnvandrum Arabian Sea.

'7 Engrauhphrla grex. Unmthan 1967, on Thrissocles dussumier; (VaI) at’
Tnvandrum and Ayrumthengu, Arabian Sea. = - -

Engraulmcobma thrissocles (Tripathi, 1959) .gen. nov., on Thrzssocles :
mystax at Puri, N.W, Bay of Bengal ' :

R ,Engraulmcobma ‘triaptella Unmthan 1967, on Thrissocles dﬁssumzerl '

- (Val)-at szhmgom. Tnvandrum Arabjan- Sea.

Pdlomcola elongata Unnithan, 1967, on Pellona’ (isha) brachysoma
R _(Blkr.) at Tnvandrum ‘Arabian Sea.

GOTOCOTYLINAE Subfamxly nov. (one genus)

B Gorocotyla sawara Yshii, 1936 (genotype) on Cybmm mphonmm Cuv

JaPan' .:, e
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E Goi &btyla‘lsbn 1936 (Syn thhzdzocotyle Sproston 1946 Mzc\rof‘otyle:,

quct. ; Pseudomzcroaotyle Sandars - 1947)

; - Golocotyla ac&nthura (Par” & Per.; 1896) Mgserve 1938 ‘on Brama‘;_:f;ff'.f

rayii- (L) European Seas. -

Gotocdtyla Imtom nom. nov. pro Mzcrocotyle sp _of Lmton 1906 on L

"“Pomaromus saltatrix, USA,. Atlantlc*, B

. Gotocotyla accmthophallus (Mchallum & MacCallum 19173) comb .,

- on Roccus - saxatills: USA, Atlantic..

L;’also (‘7) sub’ spp on’ Scomberomorus -maculatus & S Cam”a USA

- Atlantic.
Gotocotyla elagatzs Meserve 1938 (Syn Pseudomzcrmotyle eIagalz.s

Sandars, 1947 (?), on. Elagatis bipinnularis (Quoy & -

- Gaim), off Ecuador, E. Pacific, & S. Australia.

Gotocotyla meservez “Yamaguti, 1953, on Elagatzs sp., Celebes. S
Gotocotyla secunda (Tripathi, .1956) comb. n., on Scomberomorus
guttatus (Bl & Schn.), NW, Bay of Bengal.

Gotocotyla bivaginalis (Ramalingam, 1961) comb.- n., on Scombet.'o-, '
: MOorus guttatius (B] & Schn) SE Indla :

,(Total reviewed 107 spp)
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VI — SUMMARY

An analysxs of ‘the dynamics of axial growth potentlals in the
haptoral region of the higher Monogenemdea reveals, 1) the presence
of ‘a characteristic growth gradient arising in the protohaptor (the
anchor-bearing ventral lobe of the larval haptor), and controlling the
‘successively anterior replacements of the lateral hookléts of the larva
by the 4 pairs of primary clamps. 2) Secondary growth stimuli may
induce a potentially unlimited forward replication of the primary
clamps (in Microcotyloidea and Gastrocotylidae).-3) inhibitory influences
may be secondarily imposed, usually différentially, on the two lateral
replication-axes. 4) Various degrees and kinds of asymmetry may be-
- the result of interactions of differential: inhibitions and postural stresses.

5) The effects of secondarily imposed growth-stimuli, particularly
.characteristic of Heteromicrocotylidae Yamaguti, 1963, 5. str. emend.
as inhibitory influences are of Axinidae Unnithan, 1957, m the clamps

themselves are usually abrupt ; remodelling and increase in size often: '

affects only the last-formed primary clarps, and may- be unilateral or -
bilateral | (e.g. Paramazocraes Tripathi, = 1959, Pseudoanthocotyle
- Bychowsky & Nagibina, 1954, Anthocotyle v.. .Ben. & Hesse, and
Xureliphilus elongatus (Meserve) comb. n., and in forms with secondary
growth stimulation 1t is per31stent at the same mtensny 6) Rephcatlon :
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" stimuli, o the other hand, may appear later in life, and in the secondary
~ ' ‘part-of the ‘euhaptor, when a lateral -dichotomy -occurs in the replica-

. tion axes resulting in: more thar ‘a single. file of clamps on each side. B
2" 7)-more frequently, replication stimuli- are imposed -at various levels - =

in the larval:haptor, when there is a transverse scission in the forma- .

- tive Zone on one or both sides, producing an antetior-posterior dicho-- -

‘~tomy of the replication axis of one or both. sides, forming respectively -
. a unilateral or bilateral metahaptor.. e T S

. " A systematic tevision in the light of these findings, and of a recon- -

. 'sideration of the comparative: morphology of the clamps, has led to -

" give. preference ‘to.the latter criteria for the higher taxa, since secondary
. growth of various: degrees in the haptor may bave been developed in
" ‘more than one evolutiopary line its characters not being exclusive to-

those of clamp-type.  The. outcome is the re-introduction of super-

- families and the. elevation of 6 of Bychowsky’s 7 families of the sub-

" .order Discocotylinea to.superfamily rank. Microcotyloidea (Unnithan
1957) s. str. emend. has 3 families: Microcotylidae s. str., Axinidae

- Unnithan, 1957, and Heteromicrocotylidae Yam. 1963 s. str. emend. ;
Gastrocotyloidea Price . 1959, has. 4 families:. Anthocotylidae Bych.
1957, Opisthogynidae Unnithan 1962, Gostrocotylidae Price- 1943 and
Gephyrocotylidae Unnithan, 1966. Present detailed revision’covers only’
the ' families - Axinidae, Heteromicrocotylidae, and Gastrocotylidae :.
some. emendations have been made in the definitions of the first, and

. some new allocations, including the new genus Axinoa. TFour new

‘subfamilies have been created for the second, and 4 genera are new;

the Jast contains the subfamilies Gastrocotylinae Sproston, 1946, Thora- - -

cocotylinae nov., Priceinae s. - str. .emend., Engraulicolinae mnov., and .

‘Gotocotylinae nov. considerable rearrangement is suggested and 2 new
_ genera ; the total novae, 6. subfamilies, 9 genera, 3 spp. n., some 18
new combinations: and several orthographical emendations for species -

and hosts are tabylated among the list of over 107 species reviewed,

with: their hosts and localities. . : ,
Comparative morphology of the clamps suggests that there has been
a ré-evolution of the sucker type of adhesive unit, but this return to
" 'the mode of the Polyopisthocotylinea is structurally a far more complex -
one in the higher Discocotylinea (even more complex in Hexostomatidae,
‘but two simpler types in Mazocraeidae). . Essentially it is_an opened
clamp in which asymmetrical stresses have distorted the sclerites  and
brought about a redevelopment of the adductor muscles to form a
framed acetabulum. ‘The -different types of “open-clamp-sucker” are
.. characterized by their mode of distortion and the decreasing number
" of sclerites contribute to their framework. = This has probably evolved
independently .6 times in Discocotylinea : .a deep. muscular cup sup-
ported by thick cylindrical simplified jaws and the meridional spring
in Uraxine ; the jaws opening like the hinged lid of a box, the C-shaped
_rami of both jaws forming the quadrants of the open sucker in species
" belonging to the Heteromicrocotylinae ; but in Heteromicrocotyle itself,
the sessile’ clamps have opened rather like a fan, and the spring has a
- roof-support developed from its expanded end, the ventral jaws form--
ing more than half the frame:; while-in the series Lintaxine, Amphi-
polycotyle, Thoracocotyle, Dawesia the clamp has opened like a' book,
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the ventral jaw-rami alone contributing to the frame, the dorsal jaw-
rami being jettisoned outside the rim along with the oblique sclerites ;
the rib-like thickenings in the capsule wall ‘are only developed in
.Thoracocotyle in this series, but they. are incidental to the clamp
mechanism in practically ail the many genera in which they occur,
hence their elimination as a diagnostic criterion of the subfamily
Priceinae as originally conceived. The *‘open-clamp-sucker” in

Diclidophoropsis appears to be a simple box-lid opening with asym-
" metrical quadrants framed by the rami of both jaws, but in Choricoryle
spp. and some Diclidophora sensu lato, the highly asymmetrical diclido-
phorid clamp has become secondarily distorted (see Bychowsky 1957,
figs. 303-306) and the abaxial-anterior sucker is framed by the median
spring and the abaxial ramus of the ventral jaw.

Secondary growth phenomena in the haptor, combined with the
various other peculiarities are considered valid criteria for separating
Monogeneoidea from all the rest of Platyhelmlmhcs, and indicative of
their very remote ancestry. -
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