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THE INTERVALS OF EARLY FISH DEVELOPMENT
AND THEIR TERMINOLOGY

(A review and proposals)

E. K. BALON
Received January 12, 1970
I. INTRODUCTION

As the complete text of this paper was only mimeographed in the announced volume of
lectures of “The Intornational Conference of Ageing and Growth of Fishes' {(Smolenice 1968)
which was finally cancelled in Czechoslovakia, I feel that at least & part concerned with the early
development of fish should be published in this form.

Recently increasing interest has been shown in the treatment of the theory
of intervals in the life of the fish, and a great number of authors have attemp-
ted to make the terminology more precise. Nevertheless we still find in the
literature considerable differences concerning the characteristios of the
intervals of development and the terms which designate the individual
degrees of development. Even in recent books of Mansueti and Hardy
(1967) the illogical terminology is often used (egg stage, yolk-sac larva stage,
praejuvenile stage) without respect to any of in last decenium publiched
papers* and mentioned proposals (the complete review see in Balon 1958a,
1959b, 1960b).

However, so far such an abundance of material has been amassed that
it is possible to trace a plan of the intervals of development from fertilisation
to the death of the organism. Inm order to avoid errors and to be able to
compare studies of development, it may be even proposal to unify the ter-
minology and characteristics of each period of development.

II. REVIEW

Even earlier authors {e. g. Vogt, 1842) pointed out that the early development of the fish
consisted of several “‘epochs”, But subiivision of the development was carried out mechanically,
generally without any exact charactorization and hardly ever complete. Certain terms were
chosen but often they designated different poriods of development. The English authors called
the small fish with yolk sac after hatching prelarva (fry in the salmon species); after the resorption
of the yolk sac they called it a larva. Only Kyle (1926) suggested to name postlarva the young
fish after resgrption of the yolk,

* Vory simple cases found in Mansueti and Hardy (1. c.) Bibliography are cited incorrectly
(980 Bragensky, 1960; Krevanovaki, 1956),



Hubbs (1943) trying to introduce into the USA this ““European” terminology for the stagos
of development suggested the following terms: Embryo — from fertilisation up to hatching;
Larva-from hatching to the transition to the juvenile. But ho recommends that the latter stage
should be divided into prelarva (larva with yolk sac) and postlarva (larva after reaprption of
the yolk). This latter term should only be used when the larva looks essentially different from
the juvenils fish. Alevin -— a term for the larva of those species in which no postlarval stages are
obagrved, i. e, secies in which the larva with yolk sac (prelarva) change immediately into young
fish {e. g. Salmonidae); and so0 on. More later he (Hubbs, 1958) propesed even “prejuventle’ to
cover the intermediate interval between larval and juvenile form for special modified pelagic
developmental stages by some marme fishes (Holocentridae, Branchiostegidae, Chastodontidae,
Acanthuridas). It corresponds with similar proposals of the “metamorphic stage”” by Ahlstrom
and Couts (1958) end Gehringer (1959).

Balinsky (1948) davides the early development of the carp species into three periods: 1. the
embryonic period, 2. the period of non-feeding larvae and 3. the period of feeding larvae. He
further divides these periods into 46 stages. Lagler (1956) takes over in essence Balinsky's
division of developmental stages, which Winn and Miller (1954) have adapted for American
carp species, and also Hubhs' terminology, though slightly altered: 1. larva (pre- and post
larva), 2. young, 3. juvenile and so on. Raszs (1948) distingwishes four phases in early develop-
ment: & — spawn, b — prelarva (larva with yolk sac), ¢ — larve (from resorption of the yolk
up to the end of the change which coincides with scales formation), d — young fish (juvenis).
He further divides the larval phase into two stages: 1. unformed larve, larva T, protopterygiolarva
{eharacterised by the protopterygium or the embryonie fin fold without rays), 2. formed larva,
larva 1T, pterygiolarva (with rays m the unpaired fins D and A).

Vasnecov was the first to divide the early development of fish into intervals which differ
from one another not only in structure but also m theiwr physiology and biology. Such an extension
enabled his successors to explain and establish a whole series of laws of development and enabled
him later to identify with authentic material actual boundaries for the intervals of development
and above all to characterise precisely each interval of development. He called these intervals
“etaps” (steps). In 1946, Vasnecov drew attention to the theory of etaps for the first time,
He and his ecllaborators treated this thoroughly mn the volume entitled “Morphological pecularities
determining the feeding of the bresm, the caspian roach and the wild carp in all stages of develop-
ment” (Vasnecov et aln, 1948),

Kryzhanovski) et alii (1953) was the first to characterise precissly those intervals of develop-
ment which are larger than the steps. He ealled them periods. In the development of most
fish we can distinguish four periods: embryome, larval, young fish, and sexually mature fish.
The embryonic period 1s charactensed by exclusively endogenous nutnition, i. e. the yelk from
the yolk sac is the embryo’s only food. This period elapses m many fish during the development
in the egg membrane and in certain fish (salmonids) sometimes a very long time after hatching.
In many fish the whole embryoenic period takes place in the egg membrane. Independant collec-
ting of food i. e. exogenous nutrition characterises the larval period. At the beginning of this
poriod the larvas usually feed themselves with mxed nutrition — endogenous and exogenous.
They posses temporary larval organs e. g. unpaured fin fold with no skeleton or muscular system,
external gills, etc. But they still lack many of the organs which characterise adult fish (e. g.
ventral fins, scales, pyloric caeca, ote.), In the juvenile period the larval organs disgppear being
replaced by organs which characterise the adult fish — typical gill breathing ete., but many organs
may still be missing. We can assert that o group of conseecutive steps which 1s characterisad
by the same qualitative specification forms a period of development,

Fuirst we must explain the meaning of the term “stage”. According to Kryzhanovskij et alit
{1, e.) thiz term has been correctly used for a long time 1n agrecment wnth its etymological meamng,
indieating any defimte moment of development. It 1z, however, completely wrong to use it,
a3 often done, to mdicate several stuges or even periods of development, e, g. the “embryo stage”,
“prelarve stage”, “larval stage™, ete. It 1s just hke uaing seconds to indicate month or seasons.
Tn embryonology “stage’ 13 used correctly, but 1 hiterature about the development of fish the
expression is usually used in the wrong sense (Kryzhanovskij, 1956).

Earher T adopted Vasnecov’s theory of developmental steps and Kryzhanovskiy's
periods without alternation (Balon, 1956, 1958). But later 1t becarmne apparent that it was better
to divide the development mto intervals characterised morphologically, in order to achieve a more
practical orientation. Therefore was proposed the notion of “phases” (Balon, 1958a, 1959,
1959a, 1959b). Thus we used four terms to indicate separate intervals of development: perod,
phase, step and stage. The longest interval of development 18 the pericd, which is divided into
phases; each phase is divided into several steps; “stage’ refers only to just observed moment of
development. The reciprocal relationship between period, phase, step and stage can be compsared
to the relationship existing between measurable units of time as day, hour, minute and second.
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The embryonic period was divided into three phases: ovular, embryonic and prelarval {Balon
I. ¢.). By “ovular phase’’ 1 meant the mnterval of development within the egg membrane from
fortilisation until the begintung of nrgenogensse; but ovulation referring to the processes of egg
maturation and division before fertihsation, I have recently found 1t necessary to proposo
“clenvege’” rather than “ovular’” phase. The interval from organogenesis until hatohing (within
the egg membrans) 15 called the "embryonie phase'’. The interval from heatching until the trans:-
taon to independant feeding is termed the “prelarval phase’. The larval period was divided into
two phases: protopterygiolarval and pterygiolarval, with the characterisation mtroduced by
Rass {1946). I have suggested some munor alternations for these intervals which will be discussed
later when presenting the newly organized developmental system.

Kryzhanovskij {1966, p. 5) criticizing the wrong use of the word “stage” also pownted out
the illogical use of terms such as prelarval stage, postlarval stage and so on. According to him,
such classification lacked m elementary logic since each moment of development both precceded
the following one and succeeds the preceeding one. If we speak of “prelarva™, we should also
call “premorula” the stage of two blastomeres; we should also call the blastula “pregastrula’
ete. In the same way 1f we speak of postlarva we should, according to this clasaification, call
the adult fish “postjuvemle’’. The orgamsm 1s in each moment of development formed 11 one
respect and not yet formed in another respect. Therefore iIf we term what preceeded the young
fish “unformed young'', we should logically eall the young fish “unformed adult”™ and the blastula
*‘unformed gastrula”. Tn the *“phase’” terminology (Balon, 1058a, 1959a, 1959b) we limited
the use of the term “prelarva’ to the embryome period after hatching; we also divided the
larval period into unformed and formed larva. But aeccording to the above mentioned eniticism,
this was completely wrong, ““We have not yet noticed the tllogicality which this term has brought
into our sytem, but it does a great deal of damage and must be removed” (Kryzhanovskiym
Titt. 30 May 1958).

At the same time we must mention the wrong use of the expression ‘‘postembryonie develop-
ment”, Thes expression 13 used to indicate the early development after hatelnng. But in fact 1o
meludes the last phase of the embryonic period, larval period, ete. (Balon, 1958), Following
the correct terminology we can at best speak of embryonic development, larval development,
ete., always keeping 1 mind the period boundaries (Balon, 1959a).

Now wo can begin the reconstruction of the best corresponding characterisation of the n-
tervals of development and its terminology. In this paper we shall deal with the first two periods,
the onginal lecture takes into account even further juvenile, adult and senile periods.

IT. CONCLUSBIONS

As T have already mentioned, we shall use the following four terms to
indicate the intervals of development of fish: period, phase, step and stage.
The period is the longest interval of development; it 18 divided into phases,
and each phase into several steps. The shortest just observed moment of
development ig called stage.

The whole life of the fish, from fertilisation until the death consists of
five periods: embryonie, larval, juvenile, adult and senile (senective).
1. Embryonic period begins with fertilisation, the joining together of sex
cells. It is charycterised by the exclusively endogenous nutrition — yolk from
the yolk sac. I divided it into the following phases:
1.1. Cleavage phase — interval of development within the egg membrane
lasting from fertilisation to the begenning of organogenesis.
1.2. Embryonic phase — interval of development last from organogenesis
to hatching.
1.3. Eleuterembryonic phase — (eleuteros gr. =:free 'embryo from egg
membranes’) interval from hatching to the beginning of independant
feedeing. This latter phase may be very long as in the salmonid species for
example; but in most fish, it is very short becoming even completely omitted
if the fish begin to seek their own food immediately after hatching.

The boudary for the beginning of this phase — the release from the egg
membranes — is fairly artificial, since embryos of the same species hatch
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at different times, e. g. earlier in low oxygen concentrations (Dziekonska,
1956). Also different species hatch at different stages of development.
Therefore the eleuterembryonic phase seems to be more valid as a division
based on practical reasons as a synonym for “prelarva’, It is merely a con-
tinuation of the embryonic phase.

2. The larval period begins at the moment of transition to exogenous nutri-
tion. It lasts until the termination of the ossification of the main parts of
the skeleton and the complete resorption of the embryonic fin fold. Tt is
characterised by a large number of specific larval organs which secem to
replace the as yet undeveloped final organs. I divided the larval period into
two phases:

2.1. Protopterygiolarval phase —includes the interval between the transition
to exogenous feeding and beginning of the differentiation of embryonic
fin fold.

2.2 Pterygiolarval phase —laat from the beginning of the differentiation of
the unpaired fins until the complete disappearance of the fin fold.

We differerientiated the phases solely on the basis of morphological
criteria. Therefore it is expedient to name the fish accordingly and as follows
for each interval of development: cleavage egg, embryog, eleuterembryo,
protopterygiolarve, pterygiolarva.

The lowest category of development intervals for fish is the step. The
development from the egg to the senile fish takes place sporadically, not
gradually. Not only morphological changes but also ecological and physio-
logical changes typify the development. The old organs die, new ones appear;
the movement of the fish changes and with this also the places it lives in;
there are changes in the feeding habits, in its reaction to environment, ete.
During the time between one leap in development and another, no more
important changes in the fish organism appear which would be reflected in
its biology. And it is precisely this interval between one leap and another
which Vasnecov called “etapa’ (step here). And practically the steps here
are very similar to Brody’s (1945) “stanzaz’’ and leaps to his “thresholds”.
In different species of fish, the lenght and number of steps in the same
periods of life vary., Even if each individual step differs qualitatively from
one another they remain closely connected and dependant of one another,
since they are progressive intervals in the life of the same organism.

The gualitative leap from one step to another is very short, but the quan-
titave changes are long and take place between one leap in development
and another. In each step the fish needs a certain kind of nutrient. 1f this
is not available, itz development is arrested and sometimes the fish even
dies {Balon, 1860). The fish has in almost every step precise requirements
coneerning its environment. It is incotestable that the proposed plan of
development of fish is correct from the biological point of view. But I must
point out that this classification is not based on interruptions in develop-
ment but on the termination of one process of development and the beginning
of another.

The form of the transition from one step to the next, which some authors
have qualified ag violent and leapic demands further explanation. Kon-
stantinov (1957) wrote forexample: ’'The transition from one step to another
is connected with the leapic (rapidly elapsing) changes in the structure and
function of all or many organs and systems in the fish and hence also with
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Tne enanges In The TElAHONSNIP Ol LNe OSn B0 JUS enVIFoNnmeny . LNe Mor-
phological, ecological and physiological differences between the individual
steps of development do not arise suddenly; they evolve gradually, in the
lower steps of development, Only the functional changes which result from
these take place rapidly, - The mouth and the gas bladder, for example,
develop gradually over & fairly long period of time. Then the mouth begins
to move, as the fish must take in air, although respiration itself comes about
very quickly. Then the gas bladder fills with air equally quickly. Similarly
the adaptation to swimming takes a long time, but the transition from the
passive state to active swimming is and must be very rapid, since it is con-
nected with the transition to exogenous nutrition and the quest for food
which renders this necessary. In any case it is more correct to replace the term
“leap” from one step to another by the expression “‘transition” or “thres-
held”.

One must always characterise each step by several criteria, usually re-
ferring to linear growth, age and weight. But only the morphological charac-
teristics of the steps remain invariable; the other criteria alter with each
change in the environment, i. e. the lenght of the fish changes in the individual
steps, the fish reaches certain steps when young in some cases, when much
older in other, and weight also changes as the fish grows bigger. In other
words, the measurable criteria are always valid for certain environmental
conditions (Shamardina, 1957).

Vasnecov originally indicated the individual steps by letters of the
alphabet, and this is still practised by many Russian authors. Kryzha-
novskij (1953) introduced a more suitable notation; he denoted each step
by the initial of the period to which it belonged and the ordinal number of
the step in the period. It seems to be more advantageous to use the phases
as the basic category, and therefore I denote the individual steps in each
phase by the ordinal as follows: Cl1, C2, C3, ... (steps of the cleavage phase);
El, E2, E3, ... (steps of the embryonic phase); F1, F2, F3, ... (eleuter-
embryonic or free-embryo phase); PP1, PP2, . .. (protopterygiolarval phase);
P1, P2, ... (pterygiolarval phase). Such symhols are advantageous becouse

Table 1. Terms and indications of mtervals of early life history

Period FPhase Btep Stage
embryonic cleavage C1,C2, 03, ... a b, e, ..
embryonic El,E2 K3, ... a, b ...
eleuterembryonic F1,F2, F3, ... a, b,ec ...
iarval protopterygolarval PPIL, PP2, i a, b, e, ..:
i pterygiolarval P1, P2, . a b,o, . .

they immediately define the number of steps in each individual phase and
at the same time make it possible to determine the correct term for the
individual in a certain step of development (Tab. 1) e. g. cleavaged egg,
embryo, eleuterembryo etc. Vasnecov and his collaborators originally
identified only the steps from hatching to the beginning of the juvenile period.
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The steps of the embryonic period were defined for the first time by Kryzha-
novskij et alii (1953). Other studies have appeared later in which the steps
of several fish species have been identified (Disler, 1957; Smirnova,
1957; Balon, 1959, 1959a, 1860a etc.).

If we compare the steps of the eleuterembryonic phase and also the larval
periods of the different species, we establish increagingly greater differences
regarding the development of individual organs and the point when they
begin to function. The individual organs develops differently in almost every
species; in one species early, in another later. Indeed, while certain organs
develop earlier and others later in one species, in another species the former
organs develop later and the latter earlier — they develop at different steps.
Also the beginning of activity for the individual organs is different with the
above. But as the rapid functional transitions of the vital organs determine
the boundaries of the steps, the latter can be different in almost all species.

These minute differences in the cleavage phase intensify more and more
as development progresses. Therefore in the individual species, the claims
on the environment have different sequences in the same steps, and it seems
to be that one must observe each species independantly from this point
of view. Konstantinov (1957) for example realised that one can easily
find identical steps in Stizostedion lucioperca, S. volgense and Perca fluviatilis.
He did not succed, however, in aproximating these steps to the concrete
steps of the carp species, even though perch and carp have in common many
ganeral laws for their developmental steps. On the other hand, Vasnecov
et alii (1957) fond a significant correspondance between the individual steps
of the different species. There remains at present much to be discussed on
this point, but will become clearer in time, as more work is done on the
theory of intervals.

IV STUMMARY

Even recent studies of early development of fishes show illogical termino-
logy and do not respect the theory of intervals. After brief historical reviews
and discussions different terms used in the unification and characteristics
of each period of development are proposed. To indicate the intervals of
development four terms are used: period, phase, step and stage. Periods
are the longest intervals and stage is the shortest observed moment of
development, The first embryonic period characterised by the exclusively
endogenous nutrition is divided into:

1. cleavage phase, 2. embryonic phase and 3. eleuterembryonic phase. The
second larval period which start with beginning of transition to exogenous
nutrition and last until the ossification of the main parts of the skeleton
and resorption of the embryonie fin fold is divided into 1. protopterygiolarval
phase and 2. pterygiolarval phase. It is proposed to name the fish in each
mterval of development as: cleavaged egg, embryo, eleuterembryo, proto-
ptervgiolarva and pterygiolarva (juvenis, adultus, and senilis are the subject
of another paper). Further, the theory of development through thresholds
in steps is given in details.

I am very grateful for the reading of the first manuscript and helpful suggestions to the Iate

prof. 8 G. Kryzhanovski) (Moskva), prof Dr. F Slédeéek (Praguo), prof. Dr, J. Krato-
chvil (Brno), assiat. prof. Dr. O. Oliva (Prague) and Dr. J. Holéik (Bratizslava). For the
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reading and suggestions to the new present version my special thanks go to Mr. L. 8. Joer1s
(Chilanga) and Dr. A . Coche (Chilanga) who have given valuable advice and criticism.
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Abstract: The individual variation of external characters of 320 skins of Prionaslurus
bengalensis euptilurus (Elliot, 1871) from Korea is described and a brief comparizson of external
charscters of P. b. euptilurus and P. b. chinensia (Gray, 1837), which is the nearest related sub-
species, is given.

In 1968 1 had an opportunity to examine 320 skins of the Amur Leopard
(at, which were imported for furrier’'s purposes from Korea. As far as we
know this was the most numerous material examined from that country.
In spite of the lack of exact localities it can represent a rather valuable
contribution to our knowledge of the external variation in this subspecies.
Because the skins were bought directly in Northern Korea by an official
of the Firma KARA it is no doubt about their origin.

The type locality of Prionailurus bengalensis euptilurus (Elliot, 1871)
is the Amur River, 60 km downstream from the mouth of the river Zea
(Btroganov, 1962). The distribution area includes the Siberian Far East,
Ussuri and Amur bagins up to about 51° N, Korea and the extreme NE China
up to the Manchurian Lowland. Most of the Chinese Territory is inhabited
by a closely related subspecies, viz. P. b. chinensis (Gray, 1873).

The description of the individual variation of the subspecies P. b. euptilurus
from the northern part of its range (Siberian Far East) gave Ognev (1935)
and Stroganov (1962). We shall try to add to these excellent accounts
of the both well known authors a description of the external variation of
P. b. euptilurus from Korea.

Ground colour: from capuchine yellow to capuchine orange (cclour
nomenclature after Ridgway, 1912) with strong grey shade as in the hare
in the winter. In about of 2 per cent of examined specimens the colour is
darker on the dorsal side forming thus a dark dorsal stripe, about 10—15 mm
wide.

Head: with typical four stripes going from the front to the nape.

Throat: with numerous small rusty spots (mars yellow to micado orange)},
forming four not very distinet transversal eolar rings.

Body: the ground colour as described above, on the dorsal side brownish,
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mostly without spots, to the sides being gradually paler. Only 17 skin
(i. e. about 0.5 per cent) with distinct dorsal spots. Most of the examin
skins with 4 rows of rather indistinct side spots, of about 10 mm in diamete.
In the spots brown and black hairs are mixed. 28 skins (i. e. 8.7 per cenl)
without any spots on the sides, the ground colour being very similar to th
winter colour of an Kuropean hare.

Belly: whitish, with the spots of 20—30 mm in diameter, formin
4-—6 transversal rows. The hairs in the spots mostly black.

Extremities: with small rusty spots (about mars yellow).

Tail: bushy, with 7—8 indistinct rings. The tip of the tail is dark.

We did not take measurements of all the examined skins; measurement
of three largest and three smallest skins are, however, given here:
three largest specimens: total length 121 c¢m (head and body 87 em, til
34 cm); 113 cm (87,26); 114 cm (85,29) three smallest specimens: 87
(80,27); 82 cm (62,20); 83 em (62,21)

The length of the dorsal hair is 25—40 mm.

The Amur Leopard Cat is the largest subspecies of Prionailurus bengalenss,
The tail is comparatively short, measuring only about 1/3 of the head and
body length whilst in other subspecies and even in the most related P. 0
chinensis it measures about 1/2 of the head and body length. These fads
demonstrate the effect of the Bergmann’s and Allen’s Rules in this specis

Not only in eranial and body measurements but also in external charactes
the Amur Leopard Cat differs very distinctly from other subspecies. The
nearest related subspecies i the Chinese Leopard Cat, Prionailurus bengalenss
chinensis (Gray, 1837}, The most detailed deseription of the variation i
the Chinese Leopard Cat was given by Allen (1938) who examined 56 skis
from various parts of China. His statements are used for following comparisar:

The ground colour in P. b. chinensis is more grevish, very often withoit
any tinge of buffy. The spots are more numerous than in ewptirulus, formiy
sometimes small rosettes. On the dorsal side there are distinet rows of longr
spots. In P. b. euplilurus the spots on the body are less numerous or, eve,
completely absent, never forming any rosettes. On the dorsal side the spas
are generally entirely absent. The tail patterns forms a very characterist
distinction: in P. b, chinensis there are 10 or more indistinet rings, whilt
in P. b. euptilurus there are just 7 or 8 rings, not connected in the mik
dorsal line. Contrary to P. b. euptilurus, in which the proximal tail-hais
form a dark tip, the tail tip in P. b. chinensis is not dark.
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Abgtract: The taxonomic characters of K. ogneri wore analyzed and the species was compared
with the allied forms of the genus Eptesicus. The results indicate that the form under study
should be denoted as . botiae ognert (Bobrinskit, 1918). E. sodalis does not belong to the form
group of E. boltue but is related with X, serotinus with which it is perhaps conspecific. E. bobrinskit
is an independent species showing relation to the group of forms around E. naswtus and E. walli,

INTRODUCTION

During a collecting expedition to Soviet Turkmenia, the former author
succeeded to obtain, in the Repetek Oasis (70 kms SW of Chardchou, East
Turkmenia) on 2nd August, 1964, three specimens of Eplesicus ognevi, one
of the least known Palearctic bat species. Later on, the evaluation of the ma-
terial collected in Afghanigtan by the latter author has revealed a demand for
a defailed analysis of this form as well as of some additional medium-sized
and small species of the genus. We have attempted at such an analysis in the
present paper which, apart from E. ognevi and the group of forms around E.
bottae, involves also A, sodalis and E. bobrinskii.

Apart from our own materials cellected in Turkmenia (E. ognevi), Crechoslovakia, the Balkan
Peninsula and Transcaucasia (. serotinus) and Afghanistan (E. pasuius), our taxonomio analysis
is based also on the materials of the Zoological Museum of the Moscow University, Institute
of Zoology of the Academy of Sciences of the USSR in Leningrad, Central Asiatic University
in Tashkent, and the British Museum (Natural History) in London. Besides, we had the oppor-
tunity of examining specimens in the private colleetion of Dr. D. L. Harrison (S8evenoaks), from
whose papers we have adopted the dimengions of rertain other species, insufficiently represented
in the collections of the above institutions.

Although we accumulated all available data, it has appeared that the
hitherto materials of some of the forms compared are little numerous and do
not invariably allow to draw definitive conclusions, Nevertheless, we have
arrived at some new aspects on the taxonomy of the forms under study,
which we consider worth publishing, particularly as we have had the first
opportunity of comparing the materials from the Soviet museums with the
British and our own materials collected in Near and Middle East.
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At the same time, we would like to express our gratitude to all persons who have mado it
possible to us to examme the museum collections of the species under study; sbove all, to Pro.
feasor Dr. V. G. Heptner and Dr. 0. L. Rossolimo (Moscow} Dr. I, M. Gromov and Mr P. P.
Strelkov (Leningrad}, Dr. R. N. Meklenbureev (Tashkent), Dr. G. B. Corbet and Mr J. E. Hill
(London) and Dr. D. L. Harrison (Sevenoaks). We thank Mrs P. Bajtlerova for drawing the
illutrations and diagrams.

ON THE SYSTEMATIC POSITION OF EPTESICUS OGNEVI
Historial

E. ognevi was described m 1918 by N. A. Bobrinsk:j on ground of five specimens collected
on 30th June—12th July, 1914, at Sochta-Uhmmar, (issarsko bekstvo, in Bokhara (central
Tadzhilastan of today). The type specimen, an individual showing HB 58; FA 46.5; CB 17.6 mm,
with sex unstated, is mussing for all we know. In his paper, Bobrinskij states that he had
hesitated to deseribe a new species on the mers ground that his specimen differs from K. serotinus
by distinetly smaller dimensions. He decided to deseribe it only after having ascertained a dif-
ference in the colour of ita fur which he characterized as follows {Bobrinski), 1918); “Pellis
colore pallide similis sat Eptesico serotino sabelhno Blyth,*) sed setee bicclores sunt, nam
superiore corpors parte ab utio ex fuseo albidae, deinde flavi paulumagune cani; parte autem
inferiore &b 1nitio cani, deinde albi paulumque flavi ecanescenteque.”

In the papers of subsequent authors, this important character was considered of minor 1m-
pertance; the mamn emphass wes put on the =mze of the form examuned, and this criterion was
degisive in estimating the relationship of the form to the Eurasatic species of the same size,
Thus, e.g., Ognev (1928) considers the present form to be a mere subspecies, E. sodalis ognevt.
However, Ognev'e faily detailed dezeription doss not contain the above character nor a compar:-
son with the related forms from the Near East and North Africa that had been deseribed before.
Later on, this evaluation was adopted by Bobrinsk:] (1929) himself as well as by Tate
(1942) who states that he had not seen Bobrinskij’s paper and that he considers Ognev's
evaluation. Hence, 1t 13 natural that the form ognevi was lhikewise evaluated by Ellerman
& Morrison-Scott {1951) who had at their disposal only the papers by Ognev and Tate.
Only Kuzjakin (1950) has granted E. ognevi the status of & speries, as in his opmion £. sodalws
is ““merely one of the types of varisbihty wm K. serofenus” (oniginal siatement in RHussian), dif-
fering from the normal individuels of E. serofintg merely by having shorter wings, E. ognem
ié then evaluated as an independent speeies even in subsequent Russian literature (Bogdanovw,
1853; Sokolav & al., 1963; Bobrinsk:ij & al., 1865, ete.}. A new aspoct of the systematic
position of the form under study has lately been forwarded by Harrizon (1963a, 1864) who has
found that the forms bottue, hingstont and innesi are closely related and, at the same time, has
mcluded the form E, isabellinus under E. serotinus (Harrison, 1263b). Algo, Harrigen considers
the pale coloured and slightly bigger populations from the hingstoni group imhabiting Iragi Kur.
distan and Iran, expressing the opinion that “'They may prove to be closs to the Persian form
mirzae de Filippi, 1865 or to the Turkestan form ognevi Bobrimskii, 1918, which clearly belongs in
this species group.” Thus, the above conclusions tend to indieate indirectly that the smaller
Central Asiatic populations of the genus Epfesicus, characterized by pale two-coloured fur,
could be evaluated as £. dorfac ognevi, After all, this has begn indirectly pointed cut by Tate
(1942) who, in a paragraph concerning K. boilae, states that it is “more probably either near

1]

sadalis and ognevs . . .7,
Results

Body and skull dimensions. Let us mention first the relations bet-
ween the basic skull dimensions CL and ZB in the form ognewt and all the
remaining species and subspecies of the genus Epfesicus compared (Fig. 1).
It appears that the dimensions of the form ognevi fall within the variation
range of these values for the forms botfae, Aingstoni and innesi and differ
markedly both from the dimensions of the larger E. serotinus and E. sodalis
and from those of the smaller Asiatic forms. These relations arve precized by

*) Under E. 8. isabellinus, Bobrnskij arrenged pale-coloured Central Asatic populations
denoted at present as E. g, turcomanus {Eversmannm, 1840).
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Fig. 1. Seatter dingram on which the zygomatic width (4B) 1s plotted aganst the condylobasal
length (CL) in several species and subspecies of the genus Eptesieus, Ongin of material: &. &
serotinws, Central and Eastern Europe and Transcauceun: E. & saabellinus, Northern Afriea;
E. sodals, Central and Eastern Europe; the remawming forms, Near East, Soviet Centrfal Asis,
Afghamstan {for particulars, cf. the text). Dimensions of H. botlae oqnevi, £. 5. serotinus, E.
bobrinskii, E. walli, E. n. nasutus and of the holotype of E. sodalis have been ubtained by own
measurements, those of most of the remaming forms have been adopted from Harrison (1884)
or as stated in the text. T, holotype.
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Tab. 1. The comparison of external measurements of Eptesicrs b. ogrievi and E, b. hingstons (after Harrison, 1964)
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additional diagrams showing pairs of skull di-
mensions in the forms ognevi, bottae, hingstoni
and innest. Moreover, these diagrams indica-
te that the differences between the above forms
are minimum except for bottae, represented by
asingle specimen whose dimensions stand disti-
netly apartin all diagrams. In Fig. 4, hingstons
is slightly different from ognevi due to lower
values of C—M?® in the former. The dimen-
sions of the single specimen of innesi do not
altogether exceed the scatter of the values for
ognevi and higstoni.

A slightly different situation is found in
comparing the variation ranges and average
values of certain other body and skull dimen-
sions in the serics of specimens of ognewt with
those of the geographically closest form hings-
toni. While the above-mentioned correlation
diagrams demonstrate minimum differences,
far more appreciable differences are found
between the above two forms as far as the
average values of certain dimensions are con-
cerned. Disregarding the body dimensions
which are hardly comparable as they had been
meagured by various authors (Tab. 1), one
cannot omit distinct diferences in both skull
length values and in the length of the maxi-
llary toothrow (Tab. 2). Surprisingly enough,
these differences do not appear in the length
of the mandible and in that of the mandibular
toothrow. Equal values tend to oceur, above all,
in those dimensions which had been taken from
fairly large materials, minimizing the deviation
due to different technique of measuring. At all
events, the differences observed should be
considered real, although the results of testing
their significance are not unambiguously posi-
tive.

Colour of pelage. The pelage of E. ogne-
¢t is soft, dense and rather long (about 8 mm
in dorsal region and 6 mm on the belly). The
pelage on both the dorsal and the ventral side
is distinctly two-coloured; the tips of the dor-
sal hairs are brownish-yellow with a honey
tinge; the basal parts of these hairs are much
darker, slate grey to blackish-grey. The hairs
of the ventral pelage are also paler at their
tips which are whitish with a grey tinge; their
bases are pale grev. The line of demarcation
between the dorsal and ventral surface on the



Tab. 2 The comparison of cranial measurements of E. b. ogneri and E. b. hingstons
{after Harrizon, 1964)

Eptesicus bottae ogneri Eptesicus bottae hingatoni
| _
‘ n i Max, Min. 1 x n Max. Min. x
29 8 16,3 17,2 16,8 4 17,3 18,0 17,7
GL 38 5 16,0 17,0 16,4 3 16,7—17,4 17,2
9+ & 13 16,0—17,2 | 16,6 12 16,6 18,2 17,4
Qo 9 16,1 —16,8 16,4 4 16,8—17,4 17,1
oL a8 5 15,8—16,8 16,1 3 16.1—16.8 16,4
@+ 3 15 15,8—16,8 16,3 11 15,9 17,5 16,8
ZB e+ 3 18 10,3—11,8 11,1 8 10,8 11,8 11,2
IC e+ 4 25 35— 4,1 3.9 12 33— 39 3.6
BB 24+ 2 3 7.1— 7.8 7.8 12 7,3— 8,0 7.2
MB e+ 3 21 8,3- 0,1 8.8 —
HS 24+ 43 4 6,5 - 7.3 7.2 —
C—D @+ g 9 82— 6,5 6,3 12 57— 6,3 6,0
C—M, 4 2 8 66— 7,0 6,8 12 6.5— 6,8 6,7
Q0 9 11,0—12,6 12,3 4 11,6 - 18,0 12,3
M 3 3 12,2—12,8 12,3
Q4 3 19 11,8126 12,3 12 11,6- 13,4 12,4

side of the neck is rather distinet. The wing membranes and the auricles
are distinetly darker than the pelage; they are brownish-grey of much the
same shade as in K. serotinus turcomanus. :

In our earlier paper on the bats of Afghanistan (Gaisler, 1970a), we have
pointed out that two-coloured pelage is the comrhon character of the forms
bottae, hingstont, innesi and ognevi, separating them from all subspecies of E. se-

rotinus. Thus, by its colour, the
form ognevi resembles the sym-
patric E. serotinus turcomanus,
except that turcomanus shows
unicoloured pelage. In general
colouration, there are no subs-
tantial differences between
ognevi and bottae or hingsiont,
as stated by Harrison (1964 :
140, 142} and as we ourselves
could have confirmed by exa-
mining the specimens in Bri-
tish collections. The form inne-
8i is stated to show slightly
longer hairs and indistinet de-
marcation line between the
dorsal and ventral colour on
the sides of the neck.

45 L]
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Fig. 2. Beatter diagram on which the mterorbital con-
striction (IC) 1= plotted against the condylobasal length
{CL} in the subspecies of E. bottae. Short Iines pointing
upwards, males; short nes pomting downwards, fe-
males; T, holotype.
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¥ig. 3. Seatter diagram on which the mandible (M) 1
plotted agamnst the condylobasal length (CL) in the
subspecies of K. bottne Explanations as in Fig. 2.
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Hig. 4. Scatter diagram on which the maxillary tooth-
row (O-M3)1s plotted agamst the condylobasal length
(CL} in the subspecies of £. botige Explanations as mn
Fig. 2.

Shape of skull. The de-
tails of the shape of skull in
E. ognevt are shown in Figs.
5 and 6. Compared with that
of E. serolinus, the skull of £,
ognevi is distinctly smaller and
not so robust. Connected with
this fact is perhaps also the
weaker development of certain
projections and erests, e.g., the
sagittal crista. The descrip-
tions presented by Harrison
(1964 : 140 ff.) tend to
indicate that there are mo

appreciable  differences in
the shape of the skull
between K. ogneri and

the subspecies of K. boi-
tae.

Dentition. Apart from the
correspondingly smaller di-
mengsions, the dentition of K.
ognevt shows no marked diffe-
rence from that of E. serotinus.
The upper jaw shows a con-
spicuously large I! with two
peaks and a smaller, two-pea-
ked I? whose higher peak sli-
ghtly exceeds the cingulum of
It (Fig. 7). In the structure of
the molars, there is & marked
craniocaudal narrowing in M3
(Fig. 8) which essentially cor-
responds to thatin E. serotinus
bur separates E. ognevi from

E. nilssoni and certain other species. The dentition of K. ognevi is practically
identical with that of E. bottae innest and E. bottae hingstoni (ef. Harrison,

1964).

Penis and baculum. The penis of E. ognevi is not large, strongly en-
larged in its terminal part. In this basic shape, the baculum maintains the
type of penial bones of the genera Eptesicus and Myotis but differs in details
from all the allied forms of the genus Epfesicus which we could have ex-
amined in this respect (Fig. 9). Due to scarcity of our own material, we could
not have compared it with any of the forms of the E. boftae group, which
would have been most important for our purpose. In general, the baculum in
E. ognevi is very small (0.95 mm in length and 0.70 mm in width) and is
situated in the tip of the glans penis (Fig. 10). This small size of the baculum
hag obviously led Kuzjakin (1950) to his erroneous statement that in this

species the baculum is not developed.
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Fig 5. Skull of E oynevt in lateral view. Specimen No. 8A-218, Qad.. locality Repetek in Turk-
menia, Coll. Inst. Vert. Zool. Charles Univ Praha.

Auricle. In its shape, the auricle of E. ognevi is much the same as that
in #. serotinus but seems to be slightly broader and more tapering towards
the tip. The tragus reaches nearly the half of the length of the auricle; it is
about equally broad all along its length and obtused and slightly inwardly
bent at its tip. The outer margin of the distal part of the auricle is distinctly
incrassate and forms a suggestion of a pocket at its base. Kuzjakin's
(1950 : 387--389) opinion that the auricle of K. ognevi is simplified and appro-
aches the type shown in the genus Myotis does not appear to be well-founded.

Additional characters. The calcar in E. ognewi is well developed and
the epiblema is considerably reduced, similarly as described in K. b innes:
{Harrison, 1964).

Distribution. Zoogeographical data are another important base for the
evaluation of the systematical relationship. For this reason, we give the
present knowledge on the distribution of &. ognevi in comparison with that
of the subspecies of E. bottae. According to Kuzjakin (1950, ex Bobrin-
skij & al., 1965) and Afanasjev et al., 1953), . ognevi occurs in Turkmenia
(Kara-Kala, Kabakly, Ogri-dag, Repetek, Tachta-Bazar, Aktan mountains
north of Bokhara), Uzbekistan (Sochta-Cinar, Kiik-Dagan, Tamerlan’s
Canyon), Kazakstan (Aksu-DZebogly, northern coast of the Aral Sea, Mangy-
glak), SW Mongolia (Kczin), eastern Transcaucasia (Mingezéaur) and northern
Armenia According to Sokolov & al. (1963), it occurs in additional loca-
lities in Uzbekistan and Tadzhikistan where also the type series had been
collected, Besides the recent data, Veredéagin (1959) enumerates the fossil
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findings of this apecies in the Caucasian Pliocene. In Afghanistan, there are
two more or less uncertain records in Faizabad and Kabul (Gaisler, 1971).
The above data indicate that E. ogrert inhabits a large part of Soviet Central
Agiz and penetrates into Transcaucasia, northern Afghanistan and Mongolia;
the eastern limit of its range (Chinese Turkestan ?) is unknown. From among
the subspecies of £. bottae, K. ognevi neighbours only with ¥. b. kingstoni in
the western part of its area (Harrison, 1964); it is still uncertain which of
the two forms inhabits Iran. The remaining subspecies of B, bottae are distri-
buted more to the south.

Fig. 6. 8kull of X, ognewt in dorsal view. Spacimen No. 8A-218, fad., Repetek in Turkmenia, Coll.
Insat, Vert. Zool. Charles Univ. Praha.

Conclusions of the taxonomical analysis

As already mentioned in the Historical, the present literature contains
four different evaluations of the systematical position of the form ognewvi. The
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results obtained in our analysis can
be summarized in the following con-
clusions.

(1) While E. ognevt is very close to
E. serotinus by its eranial characters
and dentition, it is not conspecific with
it in any case. The specific difference
between the above formsis based, apart
from the zoogeographical viewpoints,
on marked difference in the colour of
their pelage, in size, in the shape of
their baculum, ete. Including . ogne-
i in the little known form E. sodalis
is also out of consideration with res-
pect to the difference in their colou-

Fig. 7. Incisorsand canines of E. ognewi.fpe-
cimen No. BA-218, @ad., Repetek in Turk-
menia, Coll. Inst. Vert. Zoal., Charles Univ,
Praha.

ration (absence of two-coloured pelage in E. sodalis) and size, to gay not-
hing of the problematical position of E. sodalis (see next chapter).

(2) With regard to the fact that cgnewvs shows a number of characters indi-
cating its close relationship to the form group of E. botiae, the prablem under
study is restricted to a consideration whether ognewi is an independent allied

species or a mere subspecies of E.
boitae. However, the solution of
this problem meets with difficul-
ties arising from insufficient ma-
terial, above all, of the subspecies
bottae and innesi. Nevertheless,
the cloge relationship between
hingstont and ognevi iz indispu-
table.

(8) The forms kingstoni and og-
nevi agree in their colouration,
shape of skull, dentition, and sha-
pe of auricle, as well as in a ma-
jority of body and skull dimen-
gions. It is a pity that it has
heen impossible to compare such
an important taxonomical cha-
racter as the size and shape
of baculum. With respect to
the fact that the areas of both
forms border on each other, it
cannot be ruled out that they
represent a single form. At dis-
cordance with this possible eva-
luation are only the differences in
the average values of some of
their cranial dimensions (CL,

a

C—M3) which, of course, could
have resulted from different ways
of measurement.

Fig. 8. Upper (a) and lower (b} toothrow of E.
ognevt. Specimen No. 8A-218, Pad., Repetek in
Turkmenia, Coll. Inst, Vert. Zool. Charles Univ.,
Praha.
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Fig. 9. The baculum of (a) E. ognern (No. BA-2186), (b) E. bobrinskws (after Harrison, 1863a),
{e) K. serotinus (No. 664/59, Czechoslovakia), (d) £ nilssonu {(No 361/58, Czechoslovakia).

(4) For the time being, it is our opinion that the medium-sized members
of the genus Epiesicus, showing pale, two-coloured pelage and inhabiting
Central Asia, Transcaucasia and Mongolia, should be evaluated as Eplesicus
bottae ogneri (Bobringkii, 1918). A definitive solution of the systematical
position of E. bofiee will be possible only after obtaining adequate series
of all four subspecies recognized at present; let it be remarked that according
to the priority rule, the following is the order of the respective forms: botize
(Peters, 1869), innesi (Lataste, 1R87), ogneri (Bobrinskii, 1918), hingstoni
(Thomas, 1919).

ON THE SYSTEMATIC POSITION OF EPTESICUS SODALIS
The taxonomical value of this form, described on ground of two specimens
from Roumania and Switzerland by Barrett-Hamilton in 1910, has not been

1mm

i

— ¥

a b C

Fig 10. The baculum of E. ognewi; &, doraal view, b, ventral viaw, ¢, lateral view
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plausibly elucidated up till now. The form ogneviincluded as a subspecies
under E. sodalis by certain authors (Ognev, 1918; Eilerman & Morri-
son-Scott, 1951). On the other hand, Harrison (1964) considers the possi-
bility of including sodalis as a subspecies under K. botfae. Hence, in evaluating
the form ognevi, we felt obliged to examine the hitherto data on E. sodalis
as well, The data on this form are scarce, as it has not been found szinee the
description until quite recently. Lately, Bauer (1968) reported on the
discovery of two skulls of additional two specimens in a recent material from
Austrian caves; in Bauer's opinion, this iz a valid species, very likely inhabi-
ting higher elevated areas of Central and Eastern Europe.

Through the courtesy of Dr. Corbett and Mr Hill of the British Museum
(Natural History), we have had the opportunity of examining the type spe-
cimen of E. sodalis, which is a male collected at Bustenari, Roumania,
No. 4 4.6.1. In the shape of this skull, auricles and in the colour of its pelage,
this specimen does not differ from the specimens of E. serotinus from Europe,
thus lacking in two-coloured pelage, an important character of all subspecies
of E. bottae. The specimen shows the following dimensions (our own measure-
ments*): HB, 63.0; T, 42.0; FA, 46 0; HF, 105; E, 18 0; GL, 18.7; CL, 18.1;
ZB,13.4;1C, 4 6; BB, 9.3; MB, 10.0; HS, 8.0; C—M?, 7.3 mm (for explanation
of the abbreviations, cf. Gaisler, 1970). Again, this measurement has
revealed smaller body and skull dimensions than those stated for Central
and Eastern European populations of E. serofinus; hence, the present one
is not a mere brachypterous form, as supposed by Kuzjakin (1950). As
shown in Fig. 1, the values of CB and ZB of the measurable skulls of £. so-
dalis are closer to the respective values of a large series of F. serotinus than
to those of the subspecies of E. botfae; however, they represent a fairly inde-
pendent series at the lower limit of the values for E. serotinus. Only one spe-
cimen of the series of E. serotinus (No 1503, a male, collected in a gallery at
Srbsko near Beroun, Czechoslovakia) shows dimensions quite corresponding
to the values of Austrian E. sodalis. In this connection it is necessary to point
out the rather great differences between the values of three measurable skulls
of this species. The lowest values are reported in the specimen from Switzer-
land (CL, 18.0; ZB, 12.8); the Roumanian specimen is slightly larger (CL,
18.1; ZB, 13.4); and the Austrian one is the largest (CL, 18.5; ZB, 13 1).
Thus, the Austrian specimen lies at the very lowest limit of the series of . se-
rotinus from Central and Eastern Europe.

The above data tend to furnish fairly convincing evidence that K. sodalis
has hardly anything in common with E. bottae and, hence, with E. b ognevi.
On the contrary, it has been reaffirmed that of all species coming into con-
sideration, F. sodalis is the closest to E. serofinus with which it is either
conspecific as maintained by Kuzjakin (1850, in Bobringkij, 1965) or an
independent species, sympatric with E. serotinus in the European part of the
area of the latter (Bauer, 1968). While the insufficient material of E. sedalis
available makes it impossible to adopt a definite view, our investigations
tend to corrohorate the opinion that E. sodalis is not an independent species;
since a subspecies is out of consideration, it would be a nomen nudum. The
small differences in the size of the skull between the Austrian specimen and
the least specimen of £. serotinus from Czechoslovakia indicate a considerable

*) Bauer (1968) states only shghtly different dimensions of the same specimen



variability of E. serotinus. It is possible that larger series of K. serotinus from
various parts of Europe would encompass a gradual transition from speci-
mensg of the sodalis type to the average ones of E. serotinus.

ON THE SYSTEMATIC PPOSITION OF EPTESICUS BOBRINSKIT

Including the form ognewi enlarges the complex of subspecies of E. bottae
whose relationship to smaller Asiatic forms of the genus Epfesicus has not
been investigated in detail as yet. This pertains, above all, to Eptesicus
bobrinskit Kuzyakin, 1935, as well as to several subspecies of Epfesicus
nasutus (Dobson, 1877). Of the two, K. bobrinskii is less known. This species
differs in a number of characters from E. bottae ognevs (smaller size, typical
shape of skull with low braincase, shape of baculum, ete.) with which it is
sympatric in the Soviet Central Asia and in the Caucasian region (Kuz-
jakin, 1950; Bobrinskij & al,, 1965; Veres¢agin, 1959) and, very likely,
even more to the south, e.g., in Tran. Like E. nasutus, even £. bobrinskis does
not show two-coloured pelage. Hence, E. bobrinskii cannot belong to the
E. boitae form group. A specific character is adscribed to E. bobrinskii both
by the Soviet authors (Kuzjakin, 1950; Strelkov in Sokolov & al., 1963,
etc.) and by Harrison (1963). Under X. bobrinskit, Harrison includes eve

Tab. 3. The comparison of some external and cranial measurements of E. bobrinsks {U.8.8.R.),
E. nasutus [Afghanistan) and E. nilssonii (Czechoslovakia)

E. bobrinskii | E. n. nasutus l E. nilssonii

| %

|
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FA oo |7 820370 35211, a0k 420  401| 9  37.0—436 40,5
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the seven specimens from Guter Su, NW Jran. His opinion is corrohorated
even by our diagram (Fig. 1) including, apart from the above-mentioned
values of the skull dimensions, £. bdobrinskiv differs distinctly not only from
the subspecies of K. bottae but also from B. n. nasutus and E. n. matschiei. The
latter very likely represents another independent species, as already consi-
dered by Harrison (1964).

Since concrete data on body and skull dimensions of E. bobrinskii are still
scarce in non-Russian literature and could not have been compared with
other Asiatic species, we have arranged them in a Table together with the
data on the dimensions of related forms (Tab, 3). Again, this Table tends
to corroborate the difference between K. bobrinskii and &. nasutus or &. nils-
soni, which latter species E. bobrinskii resembles by its size. In skull dimen-
sions, K. bobrinskii seems to be the closest to E. walli, another nearly unknown
gpecies (only two specimens being known). After doubt had been thrown on
the main charaeter of the form welli, i.e., interfemoral membrane with small
warty excrescences (Gaisler, 1970), a closer relationship between both
forms cannost be entirely ruled out. Since H. walli i known to occur in
southern Iraq only and, hence, is allopatric with respect to E. bobrinskii, one
might consider the possibility of including both forms as subspecies to one
species; in that case, the name walli Thomas, 1919, has the priority. However,
certain serious differences, above all, the low values of GL, CL and I0 of the
holotype of H. welli(BMNH 19.3.1.2, Basra, Mesopotamia, @, GL 13,9;
CL 13,7; ZB 9,8; IC 3,2; BB 6,7; MB 17.5; HS 6,0; C—M3 5,3; C—M, 5,8;
M 10.,4) support the opinion of specific independence of both these forms,

BUMMARY

The taxonomical characters of E. ogneyi are analysed on grounds of the
authors’ own material as well as those of the Soviet and Briiish collections.
In cranial and dentition characters, this form, distributed in Central Asia,
is close to E. serotinus but differs from it in such essential characters as the
size, colour and shape of the baculum. For the same reasons, it cannot be
included under . sodalis either. A detailed analysis of its dimensions, above
all, the cranial ones, as well as of the colouration of its pelage and certain
other characters indicates a cloge relationship of the form under study to
E. bottae hingstont. Although the definite solution of this problem will require
obtaining sufficiently numerous material, above all, of the nominate K. b.
bottae, the authors consider it right to tentatively evaluate the form under
study as a subspecies Eplesicus bottae ognevi (Bobrinskii, 1918).

The taxonomical value of E. sodalis was examined by direct examination
of the type specimen and by comparing the data obtained with the literary
data on the other two known specimens. In addition, £. sodalis was compared
with a large series of E. serofinus as well as with forms of the E. bottae group.
It has appeared that E. sodalis hag nothing in common with E. boftae but is
very close to E. serotinus with which it is probably conspecific.

Scarce literary data have been collected on another Central Asiatic species,
viz., . bobrinskii. A brief analysis of these data has confirmed the hitherto
opinion that #. bobrinskii is well separated both from the subspecies of the
slightly larger &. botlae and from those of the slightly smaller Z. nasutus.
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E. bobrinskii could be considered to be more clogely related to E. walli only;
however, a comparison of the dimensions of the two forms tends to indicate
that they are not conspecific.
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Abstract: The author describes the oceurrence of Rhodeus spinalis Oshima 1926, Acantho-
rhodeus macropterus tonkinensis Vaillant 1892 and Acanthorhodeus deignani Smith 1954, in the
Bai River at Chine, Hoa-Binh Province, North Vietnam. The finding of Rhodeus spinalis is the
first record in the continental Asia, that of Acanthorhodeus deignani the first discovery outside
of Laos,

The cyprinoid subfamily Acheilognathinae Bleeker, 1873 represents
a well defined group, its centre of distribution being is South-Eastern Asia,
mainly China, Korea and Japan. In the area lying southwards from the
Chinese-Vietnamese boundaries only one species of this group was known up
to 1945. Tt was Acanthorhodeus tonkinensis Vaillant 1892, described from the
Noi River in Upper Tonkin. Fifty years later another species of Acantho-
rhodeus was described by Hugh M. Smith (1945), named by him as 4. dei-
gnani. This species was found in the brook Nam Puat, Mekong River basin,
Laos. Despite this, only 4. fonkinensis is reported to inhabit the rivers of
Vietnam and adjacent countries in a few works dealing with fresh-water fishes
of that territory (Dao and Mai, 1859; Wu 1964).

In 1963 I obtained a small collection of Acheilognathinae fish from Vietnam, presented by
Professor D a o Van Tien from Hanoi. Fishes labelled as Acanthorhodeus tonkinensis were collected
in the Bbi River, Chine District, Hoa-Binh Province, Vietnam Democratic Republic (23°31" N,
117°17" E), Studying this sample T was able to find three speciea of Acheilognathinae: Rhodeus
apinalts Oghima, 1926, Acanthorkodews macropterus tonkinensis Vaillant, 1892 and Acanthorhodens
deignoni Smith, 1945. The first species — R. spinalis seems to be the first record from the conti-
nental Asia, the third — A. deignani is the first discovery outeide of Laos and the second record of
this speeies after its deseription at all. All fishes are now deposited in the ichthyological collection
of the Slovak Natienal Museurn (SNM-RY) in Bratislava, Czechoslevakia,

Rhodeus spinalis Oshima, 1926

SNM-RY 2171, 9 gpecimens {5 males, 4 females), 37.0—48.2 mm in stan-
dard length (40.98 mm in average).

DIII 11—13 (11.7), AIII 13—14 (13.7), number of transversal scale rows
35—37 {36.1), number of pored scales in lateral line 5—8 (6.6), number of
gill-rakers 8—9 (8.6), pharyngeal teeth uniserial, slightly hooked at tips,
completely smooth (Fig. 1). First three simple rays in I> and A (the first rays
rudimentary) transformed in hard spines which are, however, not so strong

25



and distinet like in the genus Acanthorhodeus. No barhels. Scales rthomboidal
with 8 —19 (15.7) mostly straight radii (grooves) (Fig. 1). The relationship of
the caudal and centrolateral radius of the scale to that of the oraliso: ¢ : el—=
1:1.83:241.

Colour in aleohol uniformly brown. The black “rhodeine™ strip of females
is more narrow than that of males. Besides this females possesses a distinct
black spot on first rays of dorsal fin near its base (Phot. 1),

Measurements in per cents of stan-
dard length: head length 23. 7— 25.1
(24.6), snout length 5.7—7.4 (6.7), inter-
nasal distance 4.0—5.4 (4.9), diameter of
eve 7,8 9.5 (8.8), distance between eyes
9.0—9.9 (9.5), postorbital distance
9.7—11.8 (10.7), head depth 19.9—25.7
(28.1), head width 12.5—13 8 (13.3), pre-
dorsal length 51.0—58.3 (65.7), preven-
=t - L ! ' tral length 445524 (47.2), preanal

length 59.3—65.4 (62.8), body depth

45.7—49.8 (47.5), caudal peduncle length

16.7—20.6 (19.2), caudal peduncle depth

15.2—17.8 (16.2), minimal body depth

= 12.3—14.1(13.3), P-V distanee 21.2 -25.1

B (23.8), V-A distance 15.4—19.2 (17.5),

length of D 24.4—29.5 (26.9), length of

A 25.2—28.4(26.9),length of C 22.8—27.9

(26.2), length of P 18.0—20.4 (19.8),

length of V 18.4—23.1 (16.7), depth of

Fig. 1. Form of pharyngeal teeth of Rho- D I8 425 (200), deptlh of A 16.6—
deus sprnalis {male, 39.3 mm of standard 19.0 (16.8). )

length) and the form of scale (fernale, This species was firstly described from

42.8 mmy). Soale: 5 mm. the Kachek River in Hainan by Oshi-

ma (1926), then mentioned also by Ni-

chols and Pope (1927), Lin (1935) and Wu (1964) also only from this

island. Our discovery in Vietnam shows, however, that Rhodeus spinalis

occurs algo in the mainland of Asia, probably mainly in the river basins of

North Vietnam flowing into the Bay of Tonkin. Rhodeus spinalis can be

easily recognized and distinguished from all the other members of the genus

by the presence of slight spines in D and A and by highest number of bran-

ched rays in both fins as well. I was unable to find any difference between

gpinalis from Hainan and Vietnam,

Acanthorhodeus macropterus tonkinensis Vaillant, 1892

SNM-RY 952, 13 specimens (3 males, 10 females), 41.6 —60.0 (49.03) mm
in the standard length.

DIII13—16 (14.6), A IIT 11 —14 (12.2), scales in lateral line 33 —37 (35.0),
pored scales in Jateral line 3135 (33.5), number of scales between hase
of D and lateral line 5—6 (5.9), number of scales between base of V and
lateral line 4—5 (4.9) number of gill rakers 5—9 (7.9), pharyngeal teeth uni-
serial, 5—5 in formula, deeply plicated on their inner sides, edges of the
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grinding surface sometimes even serrate (Fig. 2). First simple rays in D and A
transformed into the strong and hard spines. There are a minute but distinct
barbels at the end of maxillaries measuring 0.2—1.0 % (0.6 in average) of
the standard length. Lateral line in majority of specimens ends 1 —2 scales
in front of caudal base. In one fish (female 47.8 mm in standard length}
lateral line interrupted, showing the following formula (scales without pores
in parentheses): 25 (7) 1 (3). On the opposite (right) side the lateral line is
normal showing 34 4 1 scales. Scales rhomboidal, large with 16—39 (27.1)
dense, zig-zag vawed radii on their caudal part (Fig. 2). The relation of
different radius of scaleiso:c¢:el = I 1.83:2.18.

Jolour in alcohol uniformly brown
with pale fins. Very narrow black
“rhodeine” strip placed in the cen-
tre of another but wide (occupying
the width of two scales) and light
yellowish band running from the
opercle through the centre of body
to nearly end of caudal peduncle.
This black stripe begins just under
the dorsal spines or a litle in front
of them. Some fishes have a black
spot on D which is mark of juve-
nility especially in the species Aca-
nthorhodeus macropterus (Nikolsky,
1956; Holtik, 1962).

at

Fig. 2. Form of pharyngeal teeth and scale
of Acanthorhodeus macropterus tonkinenss
{female, 58.9 mm of standard length). L . R A

Measurements in per cents of standard length: head length 24.2—27.0
(25.6), snout length 6.1--8.5 (7.2), length of barbel 0.2—1.0 (0.6), inter-
nasal distance 3.8—5.3 (4.4), diameter of eye 8.7—10.0 (9.1), distance
between eyes 8.3—10.0 (9.0), postorbital distance 10.3-11.9 (11.0), head
depth 21.5—25.2 {22.8), head width 11.8—13.7 (13.0), predorsal distance
52.3—59.2 (55. 8), preventral distance 46.2—51.6 (48.4), preanal distance
61.6—66.8 (64.1), body depth 40.5—47.3 (44.4), caudal peduncle length
16.6—22.1 (20.2), caudal peduncle depth 14.3—18.6 (15.8), minimal body
depth 12,2--13.6 (12.9), P-V distance 21.8--28.0 (23.7), V-A distance 15.1 to
19.7 (17.5) length of D 28.4—-33.6 (31.4), length of A 20.8—25.7 (24.0),
length of C 22.0—28.1 (25.9), length of P 16,3 —21.2 (18.8), length of V 15.6 to
18.6 (17.6), depth of D 17.4 -21.0 (19.0), depth of A 14.1--18.4 (16.3).

Acanthorhodeus macropterus tonkinensis was firstly described as Acantho-
rhodeus tonkinensis by Vaillant (1892) from the Noi River, Upper Tonkin,
then from the river Kachek and the vicinity of Nodoa at Hainan (Oshima,
1926; Nichols and Pope, 1927), but later on it was described also from
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the Li-Kiang, China (Wu, 1939), Ni-
chols (1943) mentiones this species
even from Kienning, Fukien Pro-
vince, which is far from the “nor-
mal” area of distribution (the dia-
gnostic features, however, agree
well with typical A. macropferus
tonkinensis).

After a partial revision of the
genus Acanthorhodeus in which I
am still working, some deep chan-
ges in the taxonomy inside this
genus have to be realised. The du-
bious existence of some Acanthor-
hodeus species was pointed out al-
ready by Holé&fk (1962), Wu (1964)
and by Holéik and Nalbant
(1864). As this question will be
dealt with elsewhere I can only re-
fer here briefly that the species 4.
macropterus Bleeker, 1871, A. gui-
chenoti Bleeker, 187), A. taenianalis
Giinther, 1873, 4. asmussii (Dybow-
ski, 1872), 4. dicaeus Rutter, 1897,
A, longispinnis Oshima, 1826, 4.
geholicus Mori, 1934, have to be
lumped together because they repre-
sent a single species the correct na-

v ot ' ! J me of which is Acanthordeus mac-
ropterus Bleeker, 1871. All other na-
Fig. 8. Form of pharyngeal teeth and scale of mes are‘the ]uni_or Bynonyms On]y :
Acanthorhodeus asmusti from the Amur River A. lonkinensis Vaillant, 1892 (syn,
{female, 66.8 mm of standard length). A. longispinnis Oshima, 1926) also
belongs to the range of A, macro-
plerus but it can be regarded as the subspecies which differs from the nominate
form only by alesser number of branched rays in D (which is 13—16, against
15—18 in the nominate form). All other characters, including the important
number of gill-rakers, form of pharyngeal teeth and even the form and structure
of scales, are identic or very similar (Fig. 2, 3, 4). A further difference of ssp.
fonkinensis from the nominate form can be found in the body size. Ssp. tos-
kinensis is the smallest form (up to 70,0 mm of standard length) in comparison
with other macropterus populations from which those inhabiting the Amur
River seem to be the biggest (up to 120 mm of standard length). This can
be regarded as the further evidence of the Bergman’s rule influence in the
cold-blooded animals, as recently proved by Lindsey (1966). T'onkinensis
can be considered also to be the most southern cline of 4. macropterus.

It must be noted here, that Wu's (1964) 4. tonkinensis includes probably
also some other Acanthorhodeus species (polylepis Wu, or deignani Smith)

because of the lesser number of branched rays in D and the too high number
of gill-rakers.
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Acanthorhodeus deignani Smith, 1945

ENM-RY 2172, two specimens (females), 50.0—52.1 mm in standard length
(Phot. 3).

D III 12, A 111 10, scales in lateral line 36, pored scales in lateral line 34
and 35, number of transversal geales: 6 between the base of D and lateral line
and 5 between latter and the base of ventrals, number of gill-rakers 11,
pharyngeal teeth uniserial, 5—5 in formula, plicated, but also smooth in
some cases (Fig. 4), hooked at their tips: Unbranched rays in D and A deve-
loped into strong and hard spines. Maxillary barbel Weﬁ developed, visible
also by a naked eye, measuring 3.4—3.89%,
of standard length. Lateral line channel
ceases 1—2 scales before it reaches the )
base of caudal fin. Scales resemble tho-
se of A. macroplerus lonkinensis, but their
radii are thin, amounting only 16—17
(Fig. 3) in number. Relation of scale
radii is orerel=1:1.78 : 1.94, thus
showsing the more oval shape of scale.

Colour in alecohol uniformly brown with
pale fins is nearly identical with the co-
lour pattern of the previously mentioned
species. The difference is in the form of | ; ) . s —
“rhodeine” strip which is very narrow in
comparison withthat of 4. m. tonkinensis.

Measurements in per cents of stan-
dard length: head length 24.0, snout
length 6.0--7.0, length of barbels
3.4—3.8, internasal distance 4.2—5.2,
diameter of eye 7.7—8.6, distance bet-
ween eyes 7.7—8.8, postorbital distance
9.6—10.4, head depth 20.2—20.7, head
width 12.1—12.6, predorsal length 54.3 —
— 57.7, preventral distance 45.0—46.0, L . . L 1 i
preanal distance 62.3—63.2, body depth
42.6 —43.0, caudal peduncle length 18.8— ; - ;
—21.7. caudal peduncle depth 15.7—15.8, ﬂ;ﬂ:{)gfﬂ;g,;g;?;f;a;ﬁ?;mﬁg
minimal body depth 12.5—13.0. P-V dis- 52.1 mm of standard length},
tance 21.3—22.0, V-A distance 17.2—18.2,
length of D 282 -28.4, length of A
20.2—20.5, length o C 25.6—27.3, length of P 19.0—21.0, length of V 17.9--
18.0, depth of D 20.0, depth of A 16.9—18.0.

Almost all parameters of the investigated specimens from Vietnam agree
with those of the typical form described by Smith (1945) from Laos. As this
author inroduced only some features in his description, I have used the counts
and measurements of the type specimens kindly made for me by Dr. Petru
Banarescu from Bucarest during his visit of U.8. National Museum in
Washington. A more important difference I have found only in the number of
gill-rakers: 6—9 in the types and 11 in both specimens from Vietnam. As the
compared material is too small for any serious comparison I cannot give the
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explanation or speculation concerning this finding. Visually deignani resem-
bles macropterus tonkinensis with exception of more emphasized transition
from head to the back in the first species (Phot. 2, 8). The back of macropterus
tonkinensis is not so arched as in deignani. Despite this resemblance I cannot
agree with Smith (1945) that deignani . . . appears to be closest to Vaillant’s
imperfectly described species 4. tonkinensis”. Considering the counts one
can see more close relationship between deignani and omeiensis Shih’et'Tchang,
1934, or polylepsis Wu, 1964:

Table 1. Comparison of the chief meristic features in all Acanthorhodeus species
equipped with barbs

Species macropterus
macropterus  tonkinensis detgnani omerenats polylepis barbatus
Feature
Rays in D 15—18 13—18 12 10 12—14 Io--11
Rays in A 11—14 11—14 10—11 8 9 10
Lat. line 3238 3337 35—36 35—36 38-39% 35—39
Qill-rakers 8—10¢ 5~ 9 6—11 8 10—11 6

DISCUSBION AND CONCLUSIONS

The oceurrence of three Acheilognathinae species in North Vietnam and in
one locality of the relatively small river Bai, instead of one traditionaly men-
tioned species A. macropterus tonkinensis suggests three ideas:

1} more species of Achilognatkinae, hoth from the continental China as well
as from the Hainan island could be found over this territory. The emphasis
can be laid on the presumable occurrence of the species Rhodeus sinensis,
BRhodeus ocellatus, Acanthorhodeus afranalis, A. elongatus, A. omeiensis and
Paracheilognathus barbatulus occurring in the adjacent territory of China,
and on Pseudoperilampus hainanensis still known only from Hainan,

2) Acanthorhodeus deignani can
be found in the rivers of Hainan
and,

3) the Acheilognathinae fauna of
the Hainan island shows a closer re-
lation to that of Vietham than to
the bitterlings of China. It iz no
doubt that Acanthorkodeus macro-
pterus lonkinensis and Rhodeus spi-
nalis from Vietnam and Hainan
are of thesame origin. The oceurren-
ce of these two species in the rivers
of Hainan prove that thisisland had
' : il : : to be formerly connected with the
Upper Tonkin and its rivers had

Fig. 5. Form of seale of the type specimen of ; 3
Acanthorhodeus guichenoti from the Yangtze Ri- to be a part of river net of the Red

ver (Mus. Nat. Hist. Natur. Paris No 5043 — B’iver (Songh&). It is very int_eres—
standerd length 112.2 mm). ting, that 4. macropterus tonkinen-

30



sig both in Vietnam and Hainan forms very important and dense popula-
tions as stated by Nichols and Pope (1927) and Dao and Mai (1959).
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Abstract: The present paper contams but a list of marmne Tubificidae determinsd by the
author in the Black Sea and a description of a new species, Limnodrilosdes gurwitachi sp. n., from
the shore at Nesobar (Mesembria) and New Nesebar, Bulgaria.

In three papers about Oligochaeta of the Black Sea, published in the Publi-
cations de la aculté des Sciences de I'Université J. E. Purkyné (Hrabég, 1964
1966, 1967), I treated the marine Tubificidae from the collections of Professor
Dr. M. Bacescu {Bucaresti) and my own ones. T have found, in the Black Sea,
besides some immature indeterminable specimens, the following species on the
family Tubificidae:

Peloscolex svirenkoi (Jarosenko), Peloscolex euxinicus Hrabé, Tubificidarum
g. sp., Rhizodrilus ponticus Hrab&, Limnodriloides agnes Hrab®, Limno-
driloides gurwitschi sp. n., Tubifex costatus Clap.

The first three species oceurred in the sam plesin two collections of Professor
Dr. M. Bacescu. Peloscolex sviremnkoi {Jar.) occurs from the Danube Delta
to the Bosporus in depths between 9 and 79 metres. It occurred in 119 out
of 144 samples. Peloscolex euxinicus Hrabé occurred in only 8 samples. Two
mature but insufficiently preserved specimens of Tubificidarum g. sp. were
found in only 2 samples,

Rhizodrilus ponticus Hrabé, was collected by me in July, 1928, on the shore
near the casino in C'onstanta in Roumania, and on June 9th, 1966, on the
north shore in New Nesebar (loe. A) and June 18th, 1969, on the north shore
at the fishermen’s pier in Nesebar (Mesembria) (loc. B) in Bulgaria.

Limnodriloides agnes Hrabé. I discovered mature specimens “of this species
on May 29th and 31th, 1966, in loc. B; on June 18th, 1968, in the same loca-
lity: on June 17th, 1968, on the east shore in Nesebar (loc. (‘) and on June 10th
1966, in loc. A,

Tubifex costatus Clap. 1 found one immature specimen on June 18th, 1968,
in loe. B.

On June 10th, 1968, I collected 12 specimens of a further new species
of the genus Limnodriloides on the north shore at New Nesebar (loc. A) and
the east shore in Nesebar (loc. C).

1 dedicate this species to the late Professor Dr Alexander Gurwitsch
a famous scientist and an excelent man, in whose laboratory I had the good
luck to work some time.
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All the above-mentioned species collected in sand between stones on the
seashore in a depth of 0 5 to 0.75 metre.

Limmnodriloides gurwitschi sp. n.
Body up to 10 mm long, in segment 11 0,35 mm wide, composed of about
50 segments.
Prostomium conical, rounded at apical end.
All setae forked, with the upper prong shorter than the lower one.

_ _()8—=5. . .]2—3 |2 |23) ... .2
Setal formula =(2)3=5 ... =3 |— 20y . .. .2
shows the number of the setae in the mature specimens.
In segment 2 and 3 there are 2—4 forked setae in a bundle and 3—5 in the
other anteclitellial segments. In segment 10 2—3 normal setae in the dorsal
and ventral bundles; in segment 11, the ventral setae are missing. Posterior

the clitellum there are 2(3) setae, in the last segments only 2 per bundle.
Clitellum on segment 11 -12.

Hi

) LA &

Fig 1 — Liumnodrilosdea gurwt schy 1, ap Ventral sets of: A — segment 3, distal end; B — seg-

ment 24, ¢ — segment 45. D — male duct (half schematically) E — Non quite protruded distal
part of male duct

One pair of male pores in place of the missing ventral setae in segment 11.
Spermathecal pores and spermathecae absent.

Pharyngeal glands in segment 2—5.

Chloragogen cells invest the digestive tube beginning with segment 6.

Caecal diverticula missing

Coelomocytes of the type of subfam. Rhyacodrilinae absent.
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One pair of testes on dissepiment 9/10, one pair of ovaria on dissepiment
10/11.

One pair of cylindrical male funnels on dissepiment 10/11. Holotype
(Hr. 1806-3-VI) possesses ripe spermatozoa on the male funnels.

The spermducts 30 um wide, at most as long as the other parts of the male
ducts. They open into long club—sh&ped atrium. Numerous muscle-fibres
fasten both to the distal portion of the atrium and to the body wall. They form
a closed, thick-walled, bell-shaped sac.

In it lies freely the remaining part of the male duct. The narrowed portion
of the atrial ampulla bends knee-like after entering into the bell-shaped
sac and continues into the straight, long enough duct, opening directly on the
body surface. This duet does not show any ecircular fold which may be consi-
dered the penis.

The distal end of the male duct protrudes in the form of a conical pseudo-

enis.
¥ The cavity of the atrial ampulla is covered with cubic epithelinm.

The epithelial lining is misging on the external and internal side of the bell-
shaped muscular sac.

Compact prostate opens into the apical part of the atrium.

Granules of eosinophile secretion occur in the knee-bent part only in the
ripe specimens.

Spermathecae are absent in all the mature and maturing specimens,

Localities. Black Sea, Nesebar (Mesembria) and New Nesebar. Bulgaria, June 10th, 1968
Band between stones. Collectic Hrabs: Hr. 1806-3 and 6; Holotype, Hr. 1806-3-VT).

The species of the genus Limnodriloides can be divided into two groups:
one with large, well formed sac-like pseudopenis and another with only
narrowed distal portion of the male duct that is protracted during copulation
(and sometimes also during fixation — Fig. 1E). To the former group of
species belong Limnodriloides appendiculatus Pier., L. prostatus (Knollner)
and L. agnes Hrabé; to the second group, L. pectinalus Pier., L. roseus Pier.,
L. uanckelmanni Mich. and L. gurwitschi n. sp.

Limnodriloides gurwitschi sp. n. differs from the other species of this genns
and from the other Tubificidae by the muscular sac, surrounding the distal
end of the male duct like a continuous layer.

Only in Branchiure sowerbyi Bedd., Aulodrilus kashi Mehra and 4. step-
hensoni Mehra oceurs an organ resembling, in some extent, the mentioned sac
of Limnodriloides gurwitschi. But B. sowerbyt possesses only a thinwalled sac
(Stephenson, 1930 : 347—350) and in Aulodrilus kaski and stephensoni the
muscle-fibres are not compactly arranged but somewhat loosely connected,
so that narrow spaces are left between them.
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SOME NEW ORIBATOID MITES (ACARIFORMES) FROM CENTRAL ASIA

D, A. KRIVOLUCKIJ
Received November 24, 1969

These materials represent some interesting additions to our knowledge
aboute oribatoid mites of the Asia desert landscapes. By collecting in new
habitats and new localities (sandy, loamy and grey-brown desert soil types)
we have to add several species belonging to genera not yet found in Central
Asia. These mites were collected by A. A. Rethejum in Uzbekistan and by
V. V. Christov in Tadjikistan in 1967 —1969.

Since the aim of the present paper is solely the description of the new
species, I will desist from the detailed analysis of the several localities as well
as from ecological and zoogeographical evaluations.

The holotypes of the new specica described heteafter are deposited in the Zoological Institute
of Academy of Bcience of the USSR in Leningrad.

It is ma plesgant duty to express my thanks also in this place to Dr. A, A, Rethejum and
Mr, V. V. Christov, the collectors of the material, to Ing. J. Vansk and Doc. Dr. M. Kunst for
the help in preparing this paper.

Fam. Lohmanniidae Berlese, 1918
Astacarus gen. n.

Genital plate with transversal suture. Pracanal plate absent. Anal and
adanal plates not fused. Areae porosae ahsent. Body eylindrical, slight
pygidial and sternal neotrichy.

Aside of the characteristics given in the diagnosis, the new genus resembles
Thamnacarus Grandjean 1950, differing from it by absence of the pracanal
plate. The ventral structures recalls Papillacarus Kunst 1959, but Papilla-
carus has a short inequal notogastral hairs and its pygidial neotrichy is more
powerful. The genus Lepidacarus Csiszar 1961 is distinguished from Asiecarus
by the vera special spoon- or leap-shaped hairs and more powerful sternal
neotrichy,

Type species: Asiacarus elongatus sp. n.

Astacarus elongatus sp. n. (Fig. 1)

Qolor vellow. Average length — 0.529 mm, breadth — 0.218 mm. Body
cylindrical, cuticula with reticulate structure. Sensillus slightly incrassate,
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end pointed with 15—20 small ciliae. Every hair of prodorsum is long,
ciliated. Interlamellar and rostral hairs not longer than others. Rostrum
broad, rounded. Legs monodactyle.

The hysterosoma with distinct network consisting of regular hexangular
fields which are most distinet on the shoulder. The posterior margin of
hysterosoma is rounded. all notogastral hairs are almost equal on length,

i u: 3
Pt

.
r i

Fig. 1. Astacarus elongatus g. n. sp. n., dorsal and ventral.
thin, curved, The dorsal plate rather resembles that of Thamnacarus deserti-
cola Grandjean 1934,

Coxisternal neotrichy present, coxisternal formula: 4—5—3—3.

Locality: Tadjikistan, Beskentskaja valley, arrival soils.
Type material: Holotype (3}, L — 0.503 mm, B — 0.202 mm; 6 Paratypes (3).
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Fam. Microzetidae Grundjean, 1936
Arenozetes gen, n,

Sensillus filiform, ciliate. Lamellae broad with 2 sharp apices. Interlamellar
region with interlamellar apophysis in middle line. The lamellar hairs arisin

on cuspis, long, ciliate. The interlamellar hairs are very long, arising in
interlamellar region.

Fig. 2. Arenozeles christovi g. n. sp. n., dorsal and ventzal.

Aside of the lamellar structure and by presence of the long straight inter-
lamellar setae the new genus is very original and not resembles any other
genus,

Type species: Arenozetes christovi sp. n.

Arenozetes christovi sp. n. (Fig, 2)

Color yellow-brown, length 0.238 mm, breadth 0.150 mm. The lamellae
form an *“H” as a distinct translamella present a little behind the middle of
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the lamellae, there are two sharp apics on the distal end of lamella, The
lamellar hairs are rough, almost parallel, they project with more than half
their length beyond the tip of the rostrum. The rostral hairs are curved, thin
and directed forwards. Interlamellar hairs stout, rough bristles, which are as
long as the sensillus. The sensillus filiform, ciliate.

Hysterosoma is rounded and almost as broad as long; the integument is
smooth. The notogastral hairs are well developed, thin. On the shoulders
there are two stout bristles on the proximal part of the small pteromorphas.
Lags monodactyle.

Loeality: Tadjikistan, Beskentskaja velley, arrival soils,
Type material: Holotype (3).

¥am. Oppiidae Grandjean, 1954
Mystroppia rethejumi sp. n. (Fig. 3)

Color yellow-brown, length 0.301 mm, breadth 0.157 mm. This species has
rounded rostrum and well developed lamellae. The lamellae consist of two
longitudinal ridges which on short distance lack connection with the more
transversely running part of lamella issuing from the bothridium. On a level

Fig. 3. Mystroppia rethejums sp. 1., A dorsal, B sonaillus, C leg I.
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with the interlamellar hairs several tubercules are situated. The sensilli
are short; the head is very pointed, lanceolate with 35—40 short hairs on the
outher side. The lamellar and interlamellar hairs are spoon-shaped. Propodo-
soma is weakly granulated.

Hysterosoma fairly rounded, broadest in the middle and slightly pointed
posteriorly. Anterior margin rounded in the middle. The cerotogument is
weakly granulated. There are 9 pairs of notogastral hairs, all of which are spoon-
shaped. The ventral part of the body does not differ visibly from that of
M. sellnicki Balogh (Balogh, 1959),

This species can at once be distingnished from 3. sellnicki by the almost
smooth propodosoma and by the notogastral hairs inserted on the shorter
distence from the posterior margin of the hysterosoma.

Loeality: Uzbekistan, sandy soils in Ferganskaja valley.
Type material: Holotype (9).
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ERSTER FUND DER ART ALLOLOBOPHORA GEORGII MICHAELSEN, 189
(OLIGOCHAETA: LUMBRICIDAE} IN DER {SSR

Marie MIKULOVA
Eingegangen am 12. Juni 1970

Abstrakt: In der Regenwirmer-Ausbeute aus dem Fundort bei Muila, Sidslowakei (ge-
sammelt am 15. X, 1968 von Dr. K. Tiborsky) wurden acht Exemplare der Art Allolobophors
georgii Michaelsen, 1800 bestimmt. Es ist der erste Beleg des Vorkommens dieser Art aus dem
Gebiet der Tachechoslowakei.

Bei der Bearbeitung der Sammlung aus der Exkursion der Zoologischen
Abteilung des Nationalmuseums in die siidliche Slowakei im Jahre 1968 fand
ich im Material aus der Lokalitat MuZla bei Stiirovo 8 Exemplare nicht-
pigmentierter Regenwiirmer mit auffallend hervorstehenden eierformigen
Pubertdtstuberkein an dem 31. und 33. Segment. Alle Exemplare hatten
eingepaarte Borsten. Die iibrigen dusseren Merkmale bewegten sich in fol
genden Grenzen: Lange 49— 60 mm, der grosste Korperdurchschnitt vor dem
Giirtel 2— 2,5 mm, Anzahl der Segmente 80— 104, Lage des Giirtels an dem 2§,
1/n29, 30,—35. Segment. Den Bereich der Lange und Anzah! der Segments
bestimmte ich an 5, die Lage des Gurtels und den Korperdurchschnitt
an 7 Exemplaren, Zwei der gefundenen Exemplare waren nimlich defekt und
eines juvenil.

Bei zwei der gefundenen Stiicke habe ich die Zahl der Samenséicke (vesiculae
seminales) und die Zahl und Lage der Samentaschen (receptaculi seminis)
festgestellt. 4 Paare der Samensicke breiten sich vom 9. big zum 12. Segment
aus, 2 Paare der Samentaschen zwischen den Segmenten 10 und 1l. Di
Samentaschenporen sind an der Oberfliche des Korpers in den Intersegmen-
talfurchen 9/10, 10/11 in der Borstenlinie cd.

Nach Michaelsen (1900) und Pop (1940) stellte ich fest, dass die ge
fundenen Stiicke zur Art Allolobophora peorgii Michaelsen, 1898 gehoren
Weder Cernosvitov (1935), noch Zajone (1965) fihren in ihren Mone-
graphien diese Art aus unserem CGebiet an. Mit Riicksicht darauf, dass ich
kein Vergleichsmaterial aus anderen Lindern zur Verfiigung hatte und aw
den in den zitierten Literatur angefithrten Beschreibungen ein Unterschied
nicht ersichtlich ist, konnte ich leider nicht feststellen, ob es um eine typische
Form dieser Art oder um eine Vatietdit transylvanica Pop, 1938 geh:
Michaelsens Beschreibung ist bedeutend kiirzer, als jene von Pop, beid
stimmen jedoch in den grundsitzlichen systematischen Merkmalen iberein.
Sie unterscheiden sich in der Beschreibung der Ausmiindung der ménnliches
Poren und in der Beschreibung der Pubertitswille.
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Micheaelsen: , Minnliche Poren mit kleinen, schwach erhabenen Driisenhéfen, die nicht auf
die benachbarten Segm. itbergreifen. Pubertatstuberkel stark erhaben, saugnapfférmig, quer-oval,
zwel Paar am 31, und 33. Segm."

Pop: ,Minnliche kleine Poren ohne Driisenhife. Die Pubertatswilla liegen lateral lings
des Giirtels an 1/n30—1/n34. Ventral an dem 31. und 33. Begment bilden sie zwei Paar Tuber-
ke!n-li

An meinem Material aus Muzla sind die Dritsenhéfe bei der Miindung der
ménnlichen Poren iiberhaupt nicht entwickelt. Was die Lage und Form der
Pubertitswille anbelangt, handelt es sich in beiden zitierten Beschreibungen
gichtlich um eine subjektiv unterschiedliche Ausserung der gleichen Tatsache
(Abb. 1-A, B).

Abb, L. — 4. georgii, Vorderteil des Koérpers: A — ventral, B — lateral.

Diese feinen Unterschiede in den Beschreibungen gestatten mir nicht zu
entscheiden, um welche Varietdt es sich handel$, da in der Beschreibung der
anatomischen Merkmale beide Autoren vollig tbereinstimmen.

Der Fundort der Art 4. georgii Muzla liegt westlich von Stirovo in einer
Ebene, deren Grundlage Lésboden bildet. Dieses ganze Gebiet hat einen
ausgesprochenen Steppencharakter. Die Lokalitdt selbst liegt etwa 2 km
nordwestlich von MuZla. Es ist eine Wiese mit einem durchfliessenden Bach
112 m . M.

Das Material der Wiirmer — insgesamt 120 Stiick — wurde durch Heraus-
treiben aus der Erde mittels einer 2%, Formaldehyd-Lésung gewonnen. Es
wurden darin folgende Arten gefunden:

Dendrobaena plutyura (Fitz.) var, depressa (Roas) 40 Ex.
Allglobophora caliginosa (Sav.) 15 Ex.
Allolobophora georgid Michaelsen 8 Ex,
Lumbricus rubellug Hofim. 3 Ex.
Octolasium lactewm (Orley) 2 Ex.
Dendrobaena juv. 38 Ex.
Allolobophore juv., 12 Ex.
Lumbricua juv. 2 Ex.

" Die Dominanz der Art A. georgit in dieser Lokalitdt ist also 6,7 %,
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Die geographische Verbreitung der Avt 4. georgii begrenzt Michaelsen
(1900) wie folgt: Syrien, Palistina, Spanien, Irland. Pop (1949) findet ihre
Varietit A. g. v. transylvanica Pop, 1938 in vielen Lokalititen Ruméniens,
Zicsi (1958) findet diese Art an mehreren Orten in Ungarn, Moszynska
(1962) in der Umgebung Warschaus in Polen. Als neue Art fur Osterreich
meldet sie Zicsi (19865).

Der Fund vom 15. X. 1968 in MuZla bei Stiirovo ist der erste Beleg vom
Vorkommen dieser Art auch auf dem Gebiet der CSSR. Das Belegmaterial
ist in der Zoologischen Abteilung des Nationalmuseums in Prag unter
Inventarnummer 589 Kat. der Wirbellosen III, (Dr. K. Téborsky leg.)
aufbewahrt.
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Abstract: In studies of the life cycle of the nemetode Cystidicoloides tenuissima (Zeder, 1800),
parasitic in salmonid fishes, we infected mayfly nymphs (Hebrophlshic louta, Habroleploides
modeste and Ephemera danica) with cggs of this nematode species. The development of the larvae,
moulting twice in these intermediate hosts, to an invasive third stage was completed within
24— 38 days at 13—15° C. The presence of C. tenuissima larvae in the hody does not prevent the
mayfly nymph to complete its metamorphosis. The feeding of larvae:harbouring mayfly nymphs
to fishes (Salme trusta m. fario and Thymallus thymallus) resulted in the establishment of infestion
and in the findmg that adult male nematodes developed in 12 days in the stomach of the definitive
host, young females in 20 days.

Although the nematode Cystidicoloides tenuissima (Zeder, 1800) is one of
the most frequent parasites of salmonid fishes in Europe, Asia and North
America, there is little knowledge available on its biology. The only paper
dealing with the development of this species (under the synonym Wetabro-
nema salvelint) is that of Choquette (1955) who found the invasive larvae
of C. tenuissima in intermediate hosts, the mayfly nymphs Hexagenia recur-
vale and Polymitarcis sp., in North Americs (Canada — Quebec). To establish
infection of the definitive host the author fed speckled trout (Salvelinus fonti-
nalis) with invaded mayfly nymphs and found that the larvae underwent,
two moultings in the definitive host to mature in from 60 to 70 days. However
this report lacks detailed data on the individual larval stages in the definitive
host. The development of the larvae in the intermediate host has not been
studied at all.

Apart from some brief notes on the development of nematodes of the genus
Rhabdochona (Weller, 1938; Gustafson, 1939, 1942) and Spinifectus
(Gustafson, 1939), little is known about the life history of other related
genera of fish spirurids. Invasive larvae from intermediate hosts have been
desecribed only in the genus Asearophis (Uspenskaja, 1953; Uzmann,
1967), Spinitectus (Johnson, 1966), Rhabdockona (Stejn, 1959) and Cysti-
dicola (Baylis, 1931; Bauer and Nikolskaja, 1952).

MATERIAL AND METHODS
Adult females of C. tenuissima, obtamed from the stomach of Salmo truita m. farie, were

placed in batches of 10— 20 specimens in small petry dishes ( 2 45 mm) filled with water. The eggs
were liberated from the uteri by tearmg up the body of the nematode with fine preparation needles.
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After mixing the eggs with fine detritus and crushed dry leaves, 20 - 30 mayfly larvae were added
to each dish; the dishes were covered with fine nylon cloth, the top secured with a rubber band,
and submerged in water in large vesssls {40 % 32 em) under & eontinuous flow of water {13—15° C).
After 24 hre, the mayfly larvae were transferred into larger petr1 dishes containing detritus and
plant remnants but no eggs of C. tenuigsima; these were covered and submerged in water. At
fireb, the mayfly nymphs were examined every 24 hrs, later every 2— 3 days. Fishes from localities
not infested with C. fenuisstmae were used for infection experiments, These fishes kept in large
vessals (260 1) at 18° C were fed with mayfly nymphs harbouring numerous invasive larvae of
C. tenutssima by foreing them directly into thewr stomach with a large pipette. Then the fishes
were fed with minced meat. The larvae of €. tenuissime, obtained from bhoth mayfly nymphs
and fishes, were fixed in 2—49/ formalin and studied without clearing.

RESULTS

Experimental infection of intermediate hosts

In our experiments, three species of mayfly nymphs were found to be the
intermediate hosts of C. lenuissima — Habrophlebia laute McLachl.,, Habro-
lepioides modesta (Hag.) and Ephemera danica Mill, The incidence was
50—100Y%,, the intensity of infection 1—22 larvae per nymph. No difteren-
ces were observed in the incidence or intensity of infection of the individual
intermediate host species when using the same concentration of eggs. All
attempts to infect nymphs of the species Heplagenia sp., Ecdyonurus sp.,
Caenis sp., Clodon sp. and Baétis sp. (Ephemeroplera) remained unsuccessful.

Advanced eggs of O. tenusssima containing fully formed first-stage larvae
are ingested by the mayfly nymphs together with detritus. In the gut of this
intermediate host, the larvae emerge from their egg capsules and penetrate
the gut wall on their way to the body cavity to continue their development
there. They are mostly located in the abdominal cavity of the intermediate
host, mainly on the surface of the gut and later alzo in the thorax. During the
development in the intermediate host, the larvae moult twice (between the
5th— 18th day and 23rd to 26th day after infection) to attain the third, invasive
stage. Contrary to what happens in the development of most spirurids, the lar-
vae of O, lenuissima do not encyst in the arthropod host after attaining the
invagive stage but remain free, coiled, in the body cavity of the abdomen
or in the thoracic muscles of the intermediate host, less often (mainly in
heavier infection) also in the legs or the head. However, the development of
Jarvae does not cease after attaining the third larval stage; the larvae continue
to grow and an additional development of the sexual glands takes place.
Even though the third larval moulting has not been observed in the inter-
mediate host, it may be concluded, judging from the body size and the
advanced sexual glands of some larvae found in naturally infected mayfly
nymphs, that the larvae can develop up to the fourth stage in the interme-
diate host. The development of C. tenuissima to the invasive third larval
stage in the body cavity of mayfly nymphs lasts 24—38 days at 13—15° C.

Massive invasions often resulted in the death of the mayfly nymphs,
mostly during the period of intensive growth of C. tenuissima larvae, i.e.
mainly in the third and fourth week from the outset of the experiment.
It was found that as many as 22 larvae of €. tenuissima can develop to the
invasive stage in one mayfly nymph.

The presence of a smaller number of C. tenuissima larvae in the body does
not prevent the nayfly nymph to complete its metamorphosis, as observed
in the species Habrophlebia laula, when advanced nymphs of this species,
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experimentally infected with C. tenuissima larvae, were kept alive up to
the subimaginal or imaginal stage. The maximum number of larvae
found in the imago of H. lauta was 15, these being located in the abdo-
men and thoracic muscles. This finding is of considerable importance,
since the brown trout (S. trutta m,. fario) — the main definitive host of
C. tenuissima in Czechoslovakia — feeds mostly on winged insects during
spring and summer, catching them from the water surface, so that during
these seasons the adult mayfly is a more important source of infection with
C. tenuissime larvae than its nymph.

065 mm

\

Fig. 1. Cystidicolordes tenuissima {Zader, 1800} — egg and first-stage larva from the intermediate
host. A — egg, B — larva 24 hrs p.i., C — head end of larva 24 hrs p.1., D — larva 2 daya p. 1.,
E, F — larvae 4 days p. i.
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Experimental infection of fishes

To trace the development of O, tenuissima in the definitive host, a total
of 9 fishes has been used in feeding experiments — 4 Salmo trutla m. fario
and & Thymallus thymallus, coming from a locality where the species C. fe-
nuissima has not been recorded. We examined also a control group consisting
of 2 specimens of 8. trutta m. fario and 2 of Th. thymallus from the game
locality. Out of five experimentally infected Th. thymallus four turned out
positive after examinasion; of four 8. frutta m. fario three were positive, The
positive fishes were examined on the 1st, 8rd, 9th, 12th and 20th day after
infection.

The complete development of C. fenuissima, until egg production, could
not be observed because of a shortage of suitable fishes for experimentation.
However, it is obvious from our experiments that adult male nematodes
appear as early as on day 12 after infection in the stomach of the definitive
host and that the last moulting of the female larva occurs on the 12th to
20th day pi. Evidently, eggs are laid much later — after a month or even
more. In spite of the fact that only the last (fourth) larval moult was recorded
in the definitive host (12—20 days p.i.), it may be warrantably assumed that
also the third larval moulting can take place in the definitive host soon after
infection with invasive larvae. This assumption is supported by the fact that
the smallest larvae of C, tenuissima (length 3.04 to 3.63 mm), obtained on the
1st and 3rd day p.i., had a conspicuously thick cuticule.

The egg and larval development
a) Egg (Fig. la)

The egg of C. tenuissima is light, oval-shaped, size 0.036 — 0.048 X
X 0.024 —0.030 mm, The hyaline wall of the egg is 0.033 mm thick, with
a smooth surface. Near one pole the surface of the egg is provided with a feebly
vigible, small subapical protuberance. The eggs when laid contain fully
formed first-stage larvae. As verified experimentally, younger eggs with not
fully developed larvae are unable of infecting the intermediate host; when
released into water, their development ceases and the eggs gradually die.

b) First-stage larva (Fig. 1b—1, 2)

After ingestion of the advanced egg by the mayfly nymph, the first-stage
larva hatches from the egpg shells in the gut of this intermediate host and
passes through the gut wall into the body cavity. The first-stage larva,
recovered from the body cavity of the intermediate host 24 hrs after possible
infection, is light, slender, its length is 0.291 mm, maximum width 0.012 mm.
The cuticle is very fine, almost smooth. The internal organisation of the
larval body is indistinct, the anal pore is difficult to see. By contrast, 2—3 day-
old larvae exhibit, in addition to a slight body increase, some morphological
changes. Although the digestive tract is still little distinct, the cesophageal
part of the body can be distinguished; the oesophageal walls are becoming
pseudochitinized at the anterior end, this being the first anlage of the later
vestibule; also the nerve ring, the excretory pore and anal pore are becoming
visible. While 4 day-old larvae still resemble younger larvae in the shape of
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their body, their vestibule is already
diztinctly pseudochitinized, the oesopha-
gus well visible and numerous unice-
Tlular rectal glands surround the rectum,

More advanced larvae were obtained
as late as 14 days p.i.; in one case, ho-
wever, one larva {0.820 mm long) just un-
dergoing the first larval moult was found
as early as 5 days p.i. 14 day-old larvae
measured 0.450 mm; they were plumper
in shape and their internal organisation
was more distinct. The oral opening is
surrounded by four minute lips, the di-
gestive tract begins with a thin, long,
pseudochitinized vestibule, the cesopha-
gus is short, with several expressive cel-
Jular nuclei at its end. The intestine is
inconspicuous consisting of large cells.
The tail is conical, very sharp. The geni-
tal primordium, formed by four cells, lies
in the posterior part of the body. Du-
ring the following develepment the first-
stage larvae undergo little morphologi-
cal changes except an intensive growth
of the body and a gradual rounding of the
tail.

The majority of larvae, found 1718
days p.i., had started their first larval
moult; the length of these moulting lax-
vae was 0.82—1.35 mm. In the moulting
larvae morphological changes mostly con-
cern the vestibule, where a funnel-shaped
prostom forms at its anterior end; ita
walls are much thinner than those of the
remaining part of the vestibule. At this
stage, the oesophagus divides gradually
into an anterior muscular and a posterior
glandular part. The growth of the first-
-stage larvae is shown in Table 1.

¢) Second-stage larva (Fig. 3a, b, ¢, ¢, T)

The larvae remain in the sheath of the
cuticle of the first stage for several days;
immediately after shedding this cuticle
the larvae start their second moulting
which occurs on day 23 -25 p.i. The
length of the transitive stage larvae is
1.63—3.39 mm during this moult. Howe-
ver, all larvae do not develop contempo-
rarily and hence, individual moulting

18 days
0.690—1.3566
0.045
0.042_0.0693
0.240 —0.357
0.000—-0.117
G108 —0.171
0.069—0.078

14 days
(450
0.030
0.030
0.096

[ 0.080
0.09%
0.063

& days
p-i-
0.051
0.046
0.285
0.105
0.135
0.090

0.825

4 days
p.i.
0.014—-0.015
0.036
0.105—-0.126
0.0558—0.086
0.090
0,078 —-0.081

0.300--0.303

3 days
p.i.
0.012—0.015
0.079
0.113
0.067

Table 1, Growth of first-stage larvae in intermediate hoats
(0.282 —0.324

0.012

2 daya
p.i
9075 - 0009

0.300-0.215

1 day
pi.
0.201
0.012

from antor. end

Length of tail

from anter. ond
Thstance of exer. p.

Body length

Body with

Length of vestib.
Length of oesoph.
Distance of n. ring



larvae, 3.4 mm long, were found as late as 52 days p.i. In the course of this
moult the same type of vestibule as that of adult nematodes originates in
these larvae together with two slightly protruding lateral lips. Three large,
unicellular rectal glands are distributed round the colourless rectum.

005 mm

02mm

Fig. 2. Cystudicolordes tenuissama (Zeder, 1800) — first-stage larve from the intermediate host.
A, B — larva 14 days p. 1., C — larva 18 days p. i.,, D, E, F — larva during ths firsé moult
(18 days p.i,).

d) Third-stage (invazive) larva (Fig. 3d, 4)

When the second moult is over, the third-stage larvae remain free in the
body cavity (not in cysts). The first third-stage larvae, already without the
cuticular sheath of the second moulting, were found in mayfly nymphs
24 days p.i. Third-stage larvae, obtained in experiments 23 —38 days p.i.,
were 2.76—4.08 mm long, slender, with a transversely striated cuticle. The
mouth is surrounded by two minute lips; four subterminal head papillae are
visible on the anterior end of the body. The vestibule i3 of the same type
as that of the adult. The oesophagus is long, distinetly divided into a shorter,
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02 mm

Fig. 3. Cystidicolodes tenvassima (Zeder, 1800) — larvae from intermediate hosts, A — lesa
developed larva during the first moult (18 days p. i.), B, C — mors advanced larva durmg the
first roult (second-stage larva) 18 days p. i.,, D — head end of third-stage larva (24 days p.i.),
E,F — posterior end of larval hody durmg the sscond moult (laterally and dorsally) 24 days p.i.

anterior muscular section and a longer, posterior glandular section, opening
through a valvular apparatus into the intestine, The nerve ring encircles the
cesophagus at the anterior end of its musoular section, the excretory pore is
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situated shortly behind the nerve ring. The rectum is a thin-walled hyaline
tube surrounded by three large, unicellular rectal glands (two lateral and one
dorsal). The tail is relatively short, rounded, with a terminal papilla-like
protuberance, this heing absent in some male larvae. The tail of the male
larvae iz somewhat longer than that of the female larvae. The anlage of the
sexual glands is very elongated.

Having attained the third stage the development of larvae does not cease.
This is obvicus from the fact that the length of C. tenuissima larvae, found in

T

Q1 mi

Fig. 4. Cystrdicoloides tenuissima (Zeder, 1800) — invasive larva from naturally infected inter
mediate hosts. A — total view, B — head end, C, D — tail of mals larva, E, T — tail of femahk
larva.

naturally infected mayfly nymphs (Habrolepfoides modesta and Ephemera sp.),
was 4.08--7.94 mm while that of larvae obtained in experiments was only
2.76— 4,08 mm. Furthermore, the larvae from naturally infected intermediaie
hosts differ from those from experimental infection in having much advanecel
genital tubes, Therefore, it i3 possible that an additional (third} larval moul,
usually taking place in the definitive host, may occur in the body of the
intermediate host (probably if the larvae remain there for a long time).
These third-stage larvae (and probably also presumptive fourth-stag
larvae) from mayflies are infective to the definitive host, reaching its digestive
tract after having been swallowed together with their intermediate host. In
the body of the final host the invagive larvae adhere to the wall of the stomach
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Table 2. Measurements of second- and thard-stage larvae from intermediate hostas

Larvae of second (tranmtory) stage ‘Third.stage larvae
23 days 24 days 24 days 38 days
p. i Pt p. i. p. 1.
Body length 1.632—-3.114 2.847—3.391 3.440 2 760 —4.080
Body width 0.057—0.083 0.051— 0.057 0.066 0.057 — 0.088
Length of vestib. t.108—0.111 0.102—-0.117 0.114 0.105
Length of muse.
cesophagus 0,135 0.495 0.486— 0 603 0.570 0.486—0.600
Length of gland.
oesophagus 0.336- 0.924 0.702 - 0.843 0.900 0.882 — 1.060
Distanee of n. ring
from anter. end 0.126—0.159 0.150—0.162 0.159 0.156 —0.162
Distanee of exer. p.
from anter. end 0.188—0.225 0.189—0.201 0.210 0.207
Length of tail 0.066—0.087 0.051—0.073 0.069 0.057 — 0.060

and continue to develop. Although the third larval moulting has not been
observed in the definitive host, the smallest larvae, obtained on the lst and
3rd day p.i. (length of body 3.04—3.63 mm) from definitive hosts, exhibited
a conspicuounsly thick cuticle, suggesting that the larvae were prepared for

the moult.

e) Fourth-stage larva (Fig. §)

Tt is very difficult to distinguish morphologically between the fourth- and
third-stage larvac because both larval types are very similar. In addition to
differences in size the sexual glands and genital organs of the fourth-stage
larvae are more advanced than those of the third-stage larvae. Since the

Table 3. Comparison of measurements of the invasive larvae of O, tenuissima
with data given byChoquaette (1955)

After Choquette

Own material

(1955)
natural infection natural infection exper. infection
! .
Hervagenta recurvale | Habrolepioides modesta H;h;,agsp ‘:f;deg ey
Polymitarcis sp. HEphemera sp. Brapnshc iy
¥ fp P B Ephemera danica
' |
Body length 3.820— 7.000 4.080— 7.940 2.76G—-4.080
Length of vestib. 0.087—0.128 0,123 —0.147 0.105--0.114
Length of muse.
oesophagus 0.300-0.748 0.684—1.095 0.486 —0.600
Length of gland.
oesophagus 0.341--1.840 1 089 —2.322 0.882 1,060
Distance of n. ring
from anter. end 0.108—0.1%6 0.174--0.210 0.166—0.162
Distance of excr. p.
from anter. end 0.137—0.224 0,233 —0.279 0.207 —0.210
Length of tail 0.040-—0.083 0.051—0.081 0.057 —(.069
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third larval moulting has not been observed in
our experiments, it may be only assumed that
this moult occurs in the definitive host scon
after infection or even in the intermediate host.

Differences between third- and fourth-stage
larvae are less distinct in the male larvae. In
the female fourth-stage larvae the genital or-
gans develop rapidly. the vulva, muscular va-
gina, ulerus and ovaries become differentiated
(see Fig. 5). The uterusis a thin-walled tube,
posteriorly almost extending to the end of the
body, anteriorly to the oesophagus. For the

§§§' first time did we found small, little distinet
== cervical papillae in the fourth-stage larvae,
== gituated slightly in front of the posterior end

of the vestibule,

i

-7 Fig. 5. Cystudicoloides ienuisstma (Zeder, 1800) — fourth-
1 -stage larva from the definitive host. A — wvulva region
of female larva 3 days p.i.,, B — head end of female larva

. 005 mm 8 days p 1. (dorsoventral view).

In the intermediate host the last (fourth) larval moult of the male larvae
oceurred 12 days p.i., that of the female larvae 12—20 days p.i. In male
larvae just undergoing moulting (length 4.96—6.06 mm) the caudal papillae
and the not fully pseudochitinized spicules are visible under the cuticle from
the previous moult. The moulting fermale larvae measure 6.66—9.10 mm;
at this time, some of the uteri already contain several immature eggs.

f) Adults (Fig. 6)

Adult male nematodes were obtained from the definitive hosts on the
12th day p.i., young adult females on the 20th day p.i. Although some eggs
were found in the uteri of several females recovered from experimental
infection, oviposition seems to commence at a later period — after 2—4 weeks
or even later. The morphology of the adult nematodes from experimental
infection agrees fully with the description of this species as given by Moravee
(1967).

DISCUSSION

Our experimental results illustrate the following development of . te-
nuissima, Adult mematodes are found in the stomach of salmonids and
some other fishes. The eggs, containing fully formed first-stage larvae,
released to an aguatic environment along with the host’s facces, are ingested
by mayfly nymphs. In the gut of these intermediate hosts the first-stage
larvae hatch from the egg shells and penctrate through the intestinal wali
into the body cavity of the intermediate host, where the larvae moult twice
to attain the invasive third larval stage. The invasive larvae do not encyst in
the intermediate host but remain free in the body cavity. This development
is completed within 24 —38 days at 13— 15° C. However, the development of
the larvae does not cease; these continue to grow in the intermediate host and,
after a prolonged period, can moult probably once more to attain the fourth
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larval stage. The fish (definitive host) is
infected by feeding on mayflies (both
adults and nymphs), harbouring invasive
larvae of C. fenuissima (third- and presu-
mably also fourth-stage larvae). If the
definitive host had become infected with
third-stage larvae, two more moultings
occur in this stomach, but if presumpti-
ve fourth-stage larvae had caused the
infection, only one, the last moulting,
would take place in the definitive host.
The first adult males appear 12 days
after infection, the females 20 days after
infection. Egg production, however, starts
much later, probably one month after
infection or even later.

¥ig. 6. Cystedecolowdes tenurasuma (Zeder, 1800} — [ar-
va jJust undergomng the last moult. A — head end of
male larva (12 days p.i.), B — posterior end of male
larva (12 days p.1.}.

These experimental data are, on the whole, in agreement with the obser-
vations by Choquette (1955) concerning the naturally infected interme-
diate hosts of O. fenuissima in Canada. The comparison of the measurements
of invasive larvae, both from experiments and nature from Czechoslovakia,
with those of invasive larvae from Canada given by Choquette (1955)
shows the metrical identity of the larvae in both cases. Choquette {1955)
maintaing that the sexes of the third-stage larva can be differentiated by the
presence of a knob-like appendage on the tail of the female, whereas the
male’s tail lacks this appendage. However, our material shows that although
this appendage may be almost absent in some male larvae, it may be well
developed in others. On the contrary, in some female larvae this appendage is
little distinct. However, besides the characters of the developing genital
organs, these being often difficult to observe, the future sex of the invasive
larvae can be determined by the length and the shape of the larval tail
(see Iig. 4).

It is also interesting that the larvae of C. fenuissima, after having attained
the invasive third larval stage, do not stop their development in the inter-
mediate host; on the contrary they may even double their length and also con-
siderable progress of the anlage of their genital apparatus can be observed. Al-
though the third larval moulting has not been observed in the intermediate
host up till now, these advanced larvae may probably represent the fourth
larval stage. This presumption is also supported by the observations of
Gustafson (1942) in the related genus Rhabdochora. Also the larvae from
Gammarus sp., found by Baylis (1931) and belonging evidently to the related
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species Cystidicola farionis, are considered by this author to be fourth-stage
larvae. Very advanced larvae from intermediate hosts are also known from
other fish spirurids, for instance the genus Ascarophis (see Uzmann, 1967).
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Abstract: The present paper comprises & syst.emstic survey of parasitic worms collected
from 129 speclmcna of fishes (both freshwater and marine) in Cuba. Trematodes were represented
by 13 species of which 5 were adults (Crassicutis cichlasomae, Opistholebes adootylophorus, Sclero-
destomum diodoniis, Lecithochirium flovidense and Asymphylodore sp} and 8 juvenile forms or
metaceroariae (Pycnadenu 8p., Stephanostormum sp., Perezitrema viguerasi ?, Clinostomum ap.,
Parascotyle sp., Neascus sp. 1, Neascus ap. 2 and Digenea gen. sp.). From the clasa Cestoidea,
only two immature forms were recorded — Proteocephalidae gen. sp. and Peeudophyllidea gen.
8p. Also Acanthocephala were represented by juvenile forma only, determined as Paulisentis ap.,
Rhadinorhymohus sp. and Polymorphus mutabilis. Nematodes were found to belong to 8 species —
four adult stages (Rhabdochona ep., Spinitectus agonostomi 8p. n., Spectatus cichlasomae sp. n, and
Capillaria sp.) and four larval stages (Spiroxys sp., Coniracaccum sp., Eustrongylides sp. and
Nematoda gen. sp.). Besides some new data on the morphology and the metrie variability of
species in question also their geographical distribution and the range of hoats are discussed.

The helminth fauna of Cuban fishes is still very little known. Some investi-
gations were made only by Pérez Vigueras who, in the years 19351958,
published a series of 14 papers, comprising mostly descriptions of new tre-
matode species from marine fishes. The parasites of freshwater fishes are men-
tioned only in three of his papers. In 1936 he described a new cestode species
Proteocephalus manjuariphilus from the host Lepisosteus tristoechus (fam.
Lepisosteidae) and, in the years 1944 and 1955 (¢}, he recorded the finding
of the larval stages of the trematode Posthodiplostomum minimum in the
fish Lepomais gibbosus (fam. Centrarchidae). Recently Barud and Moravee
{1967a) reported on the helminth fauna of the gar (L. iristoechus).

In 1967 and 1968, during our work at the Biological Institute, Cuban
Academy of Sciences, Havana, we could examine some of the most common
species of Cuban freshwater fishes and a small number of marine fishes. Our
findings of the parasitic wormy substantially extend the knowledge of the
helminth fauna of these hosts.

MATERIALS

A total of 129 fishes representing 13 families and 19 species were examined. Freshwater fishes
weare caught at the localities of the provinces: Habans, Pinar del Rio, Las Villas and Oriente,

*} Thanks are due to Ing. H. 8agué Diaz, the director of the Research Laboratory of Fisheries
and Forestry, Cuban Academy of Seiences, and to all workers of this institution. For a part of the
material and the host determinstion we are indebted to Tng. J. Vostradovsky CSc. of the Ressarch
Institute of Fisheries and Hydrobiology, Lipno nad Vitavou.
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merine fishes in the litoral near Havana and on the peninsula Zapata. A list of the hosts examined

is a8 follows (the number of hosts examined is given in brackets).

Fam. Anguillidae — Anguilla rostrata (5)

Fam. Bothidae — Bothus lunatus (1)

Fam. Centrarchidae — Lepomis pallidus (13), Micropterus salmoides (9)

Fam. Centropomidae — Centropomus sp. (1)

Fam. Cichlidae — Cichl tetracantha (31), Cichl sp. (3}

Fam. Diodontidae — Diodon holacanthus (1)

Fam. Cyprinidae — Cyprinus carpio (5)

Fam. Electridae — Hieotris guabina (4). Dormitator maculatus {2)

Fam. Elopidae — Megalops atlantica {7}

Fam. Gerridae — iMapierus plumieri (1)

Fam. Mugilides — Agonostomus monticola (7)

Fam. Poeciliidae — Gambusia purctata (15), Limia vittale (10), Cubanichthys cubensis (3), Girar-
dinus metaliicus (3)

Fam. Tetracdontidae — Tetracdon lineaius (2)

SYSTEMATIC SURVEY

Trematoda
Fam. Lepocreadiidae Nicoll, 1935
1. Crassicutis cichlasomae Manter, 1936 (Fig, 1a)

Host: Jichl tetracantha (Cuvier et Valenciennes}.
Loecation: intestine.

Loeality: Rio Mosquito - new dam (province Pinar del Rio), Laquitc — Marianuo and the
canal near Guanimar (province Habana}, Laguna del Tesoro — Zapata (province Las Villas).
This species was found in 6 from a total of 31 hosts examined (intensity of infection 112 spe-
cimens).

Description: Body oval, with very strong, smooth cuticle. Body length of

adult specimens 1.088—3.100 mm, maximum width 0.684 —1.700 mm. Sub-

terminal oral sucker measuring 0.150—0.285 x 0,150 —0.285 mm, aceta-

bulum sgituated slightly preequatorially, 0.135—0.353 x 0.150—0,353 mm.

Size of muscular pharynx 0,060—0.082 x 0.075-—0.190 mm, cesophagus very

short. Caeca slender, ending near posterior end of body. Excretory vesicle

opening approximately at the level of caeca endings. Testes slightly lobed,

left testis usually more elongated and larger. Size of left testis 0.237—0.585 X

% 0.114—0.299 mm, of right testis 0.069—0.177 x 0.099—0.204 mm.

Seminal vesicle small, situated dorsally from acetabulum, Ovary small

(0.069—0.177 X 0.099—0.204 mm), globular, situated in space between left

testis and acetabulum, Uterus upward, genital pore medial, just anterior to

acetabulum. Eggs oval, size 0.063—0.069 X 0.096—0.114 mm. Vitelline
follicles extending mainly laterally and dorsally from caeca and connecting
in space behind testes.

This species has been known from Cichlusoma mayorum from the peninsula Yucatan (Manter,
1936} and Cichlasama sp, from Costa Rica (Bravo-Hollis, Arrava, 1962). Cichlasoma tetracantha
iz & new host.

Fam. Allocreadiidae Stossich, 1903
2. Pycnadena sp. juv. (Fig. 3a)

Host: Tatraodon lineatus (Palma).

Location: intestine.

Loeality: Litoral Playa Larga — Zapata (province Laa Villas).
In 1 of 2 hosts examined only one specimen waa found.
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Doscription. Length of pear-shaped body 0.544 mm, maximum width
0.367 mm. Oral sucker 0.163 x 0.150 mm, acetabulum 0.286 X Q.245 mm,
Oesophagus absent, pharynx large (0.122 x 0.109 mm), caeca reaching nearly
to posterior end of body. Length of cirrus pouch 0.136 mm. Slightly diagonal,
oval testes measuring 0,066 —0.069 x 0.051—90 054 mm. Small, globular
ovary in front of testes. Vitelline follicles not observed.

Fig. 1. A — Crasswcudis cachlasomae Manter, 1936, B — Opstholehes adeotylophorus Manter, 1947,
C — Lecithookarium flordense (Manter, 1034).

Fam. Opistholebetidae Fukui, 1929
3. Opistholebes udcotylophorus Manter, 1947 (Fig. 1b)

Host: Dewodon holocenthus Linnaeus.
Loeation: intestine.
Loeality. Latoral Santa Fé (pruvines Habana),
Description® Length of body 1.74—2.04 mm, maximum width 0.789 to
0911 mm. Oral sucker 0.190 x 0190 mm, acetabulum, surrounded by
a glandular disk, 0.354—0.394 x 0.354 mm Prepharynx short, pharynx
strongly muscular (0.150-0.163 x 0.122 mm), oesophagus absent, caeca
reaching nearly to posterior edge of acetabulum Two oval testes (0.231 to
0.272 x 0.190—0,204 mm) symmetrically in front of acetabulum. smaller
ovary (0.150 X 0.082—0.095 mm) pretesticular, submedial genital pore
situated submedially behind intestinal bifurcation, Vitelline follicles in space
from anterior edge of pharynx to posterior edge of testes. Eggs absent.

0. adcotylophorus has been known only from Flonida (Manter, 1947} from the game host. Our

specimens are of a somewhat more elongated shape of body than 18 obvious from the origmal
description.
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Fam. Sclerodistomatidae Dollfus, 1932
4. Sclerodistomum diodonfis Yamaguti, 1942 (Fig. 2)

Host: Disdon holacanithus Linnaecus,
Loecation: mtestine,
Locality: Litoral Santa Fe (province Habana).
In the only host exarmined five specimens were found.

Deseription: Length of body 6.25—8.59 mm, maximum width 1,985 to
2.584 mm. Oral sucker 0.653—0.885 x 0.639—0.748 mm, acetabulum situa-
ted approximately in middle of body length, size 1 197—1,523 x 1.129to

Fig. 2. Sclerodistomum diodontis Yamagut:, 1942,

1.887 mm. Pharynx rounded (0.313—0.476 x 0.272—0.381 mm), caeca
glender, reaching to posterior end of body. Testes oval (0.340-0.639 X
X 0.209--0.544 mm), diagonal or almost symmetrical, posterior to aceta-
bulum or at its level. Large seminal vesicle present, provided with very de-
veloped prostatic part; genital pore immediately behind intestinal bifur-
cation. Oval ovary (0.258 —0 558 X 0.163—0.367 mm) submedially behind
testes. Uterus with many upward and downward branches in space between
caeca. Kggs measuring 0.033—0.042 X 0.027—0,030 mm. Vitellaria consist
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of many tubular lobes sitnated dorsally and laterally to caeca in space from
testes almost to posterior end of body.

The species S. diodoniis was described from Diodon holacanthus from Japan (Yamagubi,
1942}, later 1t was found in the same host fromn the Mexican Paeific (Brave-Hollis, 1854},

In 1963 Pritchard, on the basis of the only speaimen, deseribed a new spesies, Sclerodistomum
bravoose, from the host Dioden hystrés (probably wdentical with D, holacanthus — see Gosline
and Brock, 1960) from the Hawanan Islands, differentiating 1t from 8. disdontis essentially by
the symmetrical position of testes only. To this new species Pritchard (1963) also attributed the
specimens recorded by Bravo-Hollis (1954) as 8. diodontis from the coast of Mexico. As we
obsgerved in specimens from our material, the position of testes is rather variable (see Fig. 2)
80 that this feature bas no taxonomical value., Smce there are no metrical differences as weil
between S, br and 8. diodontis, we congider the name §. bravoae Pritchard, 1963 a synonym
of 8. diodontaz Yemaguti, 1942,

Fam. Lecithochiriidae Skrjabin et Guschanskaja, 1954
5. Lecithochirium floridense (Manter, 1934) (Fig. 1c)

Host: Megalops atlantica Valenciennes.
Loecation: stomach.
Locality: Rio Guajaybon (province Habana).
Out of 7 hosts examined these trematodes were found m 2 {intensity of infection 1 and 2 spe-
cumens).

Description: Length of body 1.006—2.040 mm, maximum width 0.367 to
0.612 mm. Oral sucker measuring 0.081 —0.150 x 0.095—0.177 mm, aceta-
bulum 0.122—0.408 x 0.150—0.435 mm; sucker ratio 1 : 1.5—2.4. Pharynx
oval, 0,036 0,068 x 0,045—0.082 mm, oesophagus very short. Caeca extend
almost over the whole body length. Oval testes lateral, left testis measuring
0.109—0.218 x 0.177—0.229 mm, right testis 0.109—0.231 x 0.163 to
0.272 mm. Large seminal vesicle opens into an elongated hermaphroditic
bursa, provided with a fairly large prostatic vesicle; genital pore just posterior
to acetabulum. Rounded ovary measuring 0.095—0.136 X 0.177—0.190 mm,
situated below the left testis, Uterus forming an upward and a downward
branches, opening into the hermaphroditic duct of the hermaphroditic bursa.
Eggs measuring 0.018—0.024 X 0.012 mm. Compact, lobed vitellaria poste-
rior to ovary. Tail appendix representing approximately 1/5 of bedy length.

Specimens from the present material differ from the oniginal deseription in somewhat larger
eggs and slightly more lobed vitellaria.

The apecies L. floridense haa been known from many species of the marine fishes of Flonda
(Manter, 1934, 1947). In Cubsa it has already been found by Peréz Vigueras (1958) in the
fish Trisotropis venenosts apua. Megalops atlantica is a new hast for this parasite,

Fam. Monorchidae Odhner, 1911
6. Asymphylodora sp. (Fig. 3b)

Hoat: Cichlasoma tetracantha (Cuvier et Valensiennes).
Location: intestine.
Locality: canal near Guanimar (province Habanal,
Out of & total of 31 hosts examined only one specimen was found m 1 of them.

Description: Length of body 1.605 mm, maximum width 0.5908 mm.
Cuticle covered with fine spines. Oral sucker measuring 0.204 x 0.231 mm,
acetabulum 0.150 X 0.190 mm. Prepharynx short, pharynx globular (0.122 x
X 0.122 mm), cesophagus very short. Caeca very difficult to see, but they
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seem to reach the posterior edge of vitellaria. Ovary and testis considerably
damaged and their shape and size indistinct. Cirrus pouch (length
0.435 mm) opening laterally in front of acetabulum. Uterus occupying almost
entirely the space posterior to acetabulum. Operculated eggs elongated,
measuring 0.021—0.024 x 0.009-0.012 mm. Lateral vitelline follicles ex-

tending from the level of posterior edge of pharynx approximately over 3/5 of
body length.

Sinee the only specimen recorvered is consderably damaged and a precise determination of the
morphologieal characters of sume of its organs 18 impossible, we designate it as Asymphylodora sp

Fam. Acanthocolpidae Lithe, 1909

7. Stephanostomum sp. — metacercaria (Fig. 3¢, e)

Host: Tatraodon lineatus (Palma),

Location: liver.

Locality: Litoral Playa Larga — Zapata (province Las Villas).
In 1 out of 2 hosts examined one cyst was found.

Description: Globular cyst large, pellucid, measuring 1.387 x 1.40} mm,
wall thickness 0.064 mm. Liberated body of metacercaria pear-shaped, with
very strong cuticle. Anterior half of body densely covered with small spines,
the size of which is gradually making smaller in the backward direction.
Length of body 1.36 mm, maximum width 1.020 mm. Two small pigmented
eye spots present at the level of anterior edge of pharynx. Oral sucker, measur-
ing 0.272 x 0.150 mm, provided with two rows of big, almost equal spines
(length 0.078—0.090 mm), each row consisting of 19 or 20 spines. Prepharynx
short, globular pharynx measuring 0.190 x 0.190 mm. Oesophagus in-
distinct, wide caeca reaching nearly to end of body. Acetabulum measuring
0.408 x 0.286 mm situated at the boundary of the first and the second third
of body length. Testes measuring 0.136 x 0.082 mm, ovary 0.060 x
X 0.051 mm. Posterior part of body filled in with excretory vesicle.

The number, distribution and size of spines of the oral sucker od the metacercaria found re-
semble the species 5. anisotremi Manter, 1940 and &. longisomium Manter, 1940,

Fam. Acanthostomidae Poche, 1926

8. Perezitrema viguerasi Barud et Moravec, 1967? — metacercariae (Fig. 3g)

Hort: Cichlasoma tetracantha (Cuvier ot Valenciennea).
Location: encysted in hody cavity.
Looality: Laguna del Tesoro — Zapata (provinee Las Villas).
From & total of 31 hosts examined nine cysts were found m 1 of them.

Description: Elongate, transparent, thin-walled cysts measuring 0.653 to
0.748 % 0.286 —~0.408 mm. Liberated metacercaria of oval shape, length
of body 0.680—0.707 mm, maximum width 0.272—0.286 mm. Anterior part
of body covered with very fine spines. Oral sucker large, elongated, measuring
0.204—0.258 % 0.136—0.163 mm, oval acetabulum 0.099 x 0.075 mm,
Pharynx or cesophagus not distinct; globular pharynx measuring 0.075 X
% 0.060—0.069 mm, caeca extending to posterior end of body. Slightly
diagonal or symmetrical testes measuring 0.030—0,033 x 0.024—0.027 mm
situated at the posterior part of body. Oval ovary (0.033 X 0.027 mm)
anterior to acetabulum, Seminal vesicle dorsally from acetabulum,
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According to thewr morphology the metacercariae found in €. tetracantha correspond, on the
whols, to the speciea P. miguerasi Barus et Moravec, 1967, differring alightly in the location of
sexual glands and the distmibution of cuticular spines. Adults of P. viguerasi are frequent para-
sites of the gar {Lepisosteus trichoechus) at this locality,

Fig. 3. A — Pycnadena sp. juv., B — Asymplylodora sp., C, E — Stephanostomum sp. — mets-
cercaria, D — egg of Asymphylodora sp., F — Clinostomum sp. — metacercana, G — Perezitremo
viguerasi Barus et Moravoe, 19677 — metacercarie, H — Parascotyle sp.— metacercaria,

Fam. Clinostomidae Liihe, 1901

9. Clinostomum sp. — metacercariae (Fig. 3f)

Hoat: Qichlasoma tefracantha (Cuvier et Valenciennes),
Loceation: encysted in body cavity.
Locality: Rio Mosquito — cld dam (province Pinar del Rio).
Qut of 3! hosts examined these metacercariae were found only in 1 of them (85 cysta),



Description: Cysts measuring 1.2656—2.108 X 1.088—1.496 mm. Length
of liberated metacercariae 2.625-—3.142 mm, maximum width 0.816 to
0.898 mm. Oral sucker, surrounded by colar-like fold when retracted, measur-
ing 0.190—0.218 x 0.163—0.177 mm, acetabulum 0.530—0.571 % 0.435 to
0.503 mm. Pharynx small, dia 0.068 mm, Caeca long, undilated, reaching to
the end of body. Testes tandem (0.217—0.299 x 0.109-- 0.136 mm), at about
middle of body. Small ovary (0.072—0.096 x 0.048 —0.072 mm) situated sub-
medially in space between testes. Immature uterus anterior to sexual glands.

The meteacercariae found resemble those of the speciea €. margingtum, as described by Van
Cleave and Mueller (1834), 8ince, however, more speciea of the genus Chnostomum occur in
Cuba (see Yamaguti, 1958), we designate them only as Clinostomum sp.

Fam. Heterophyidae Odhner, 1914
10. Parascotyle sp. — metacercariae {Fig. 3h)

Host: Gambusia punciale Poey, Girardinus metallicus Poey, Cichlasoma sp.
Location: eneysted in body eavity.
Locahity: Laguna del Tesoro — Zapata (province Las Villas).

Qut of 16 G. punctetn found m 2 (intensity of infection 1 and 2 eyats), of 8 @. metallicus in 1
{intensity of infeetion 2 eysts), and of 8 Cicklasema sp. in 1 (2 cysts)
Description: Globular, transparent cysts measuring 0,313—0.372 X
X 0.272—0.286 mm, wall thickness 0.046 mm. Body of liberated meta-
cercaria 0.276—0.282 mm long, maximum width 0.160 mm. Funnel-shaped
oral sucker measuring 0.039% x 0.030 mm, provided with a row of about
25 spines. Acetabulum, measuring 0.048 % 0.039-0.042 mm, situated post-
equatorially. Short prepharynx, oval pharynx (0.042 x 0.021 mm) and
oesophagus present. Caeca extending somewhat over the posterior edge of
acetabulum. Testes (0.060—0.066 x 0,030 mm) situated symmetrically at
the end of body, ovary (0.051 x 0.036 mm) medially just anterior to testes.
Oval gonotyl anterior to acetabulum.

Fam. Diplostomatidae (Poirier, 1886)
11. Neascus sp. 1 — metacercariae (Fig. 4a)

Host: Cichlasoma tetracantha (Cuvier et Valenciennes), Utchlasoma sp., Lepomis pallidua Mittchel,
Micropterus salmoides (Lecépéde), Limia vitiate (Guichenot), Gambusia punciata Poey.
Loeation: freely in imntestine of M. salmoides and encysted in body cavity of other hosts.
Locality: Babanilla and Rio Guajaybon. Laquito — Marianao (province Habana), Rio Mosquito
-- new dam (provinee Pinar del Rio), Laguna del Tesoro — Zapata (province Las Villas),
dam Cacoyuguin {province Qriente),
Out of 31 C. tetracantha examined cysts found in 4 (1 — 3 eynts)}, of 3 Cirhlasomasp. in 1 (2 eysts),
of 13 L. pallidus in 1 {1 cist), of 9 M., salmoides in 1 (3 specimens), of 10 L. vittate in 3 (1 — 2 cysts)
and of 15 @, punctate in 4 (2—10 cysts).

Description: Thin, transparent, oval or egg-shaped cysts measuring
0.993—1.968 x 0,639 1,360 mm. Liberated metacercariae measuring 0.598
to 1.170 mm. Anterior part of body 0.394 —0.898 mm long and 0.258 te
0.694 mm wide, posterior part 0.204—0.313 mm long and 0.218—0.381 mm
wide. Oral sucker measuring 0.042—0.066 x 0.039—0.054 mm, acetabulum
0.057—0.099 x 0.057—0.096 mm. Oval pharynx measuring 0.033—0.048 <
X 0.024—0.030 mm. Holdfast situated at the end of anterior part of body,
mesuring 0.099—0.174 X 0.090—0.186 mm. Second part of body provided
with immature sexual glands.
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12. Neascus gp. 2 — metacercariae (Fig. 4b)

Host: Gambuma punciata Poey.
Location: encysted in body cavity.
Lacality: Laguna del Tesoro — Zapata (province Las Villas).
Out of a total of 15 hosts exemined eysta were found in 2 (1 and 2 eysts)

Description: Very thin, elongated, transparent cysts, somewhat pear-
shaped, the larvae inside by far not filling the entire space of the cyst. Size
of eysts 1.006 -1.088 x 0.358—0.653 mm. Free larvae elongated, length
of body 0.639—0.707 mm, maximum width 0,109 mm. Posterior part of body
0.136 mm long. Oral sucker (0.024—0.030 x 0.021—0.027 mm) little distinct,
pharynx measuring 0.008—0.015 » 0.009—0.012 mm, ghort oesophagus
present. Acetabulum (0.060 —0.075 x 0.054—0.063 mm)} protruding from body
surface, as well as holdfast (0.090 x 0.060—0.087 mm). Large testes (0.060 X
x 0.061 mm) situated at posterior part of body, smaller ovary (0.048
% 0.021 mm) anterior to testes.

According to the shape of body and the arrangement of sexual glands these
larvae probably belong to the genus Uvulifer Yamaguti, 1934,

13. Digenea gen. sp. — metacercariae (Fig. 4c)

Host: Gombusis puncista Poey. i
Location: body cavity.
Loeality: dam Cacoyugum (province Oriente).

Out of a total of 15 hosts examined these cysts were found mn 2 (4 and 5 cysta).

Description: Thin-walled, oval cysts measuring 0.587 x 0.476—0.503 mm.
Free metacercariae 0.721--0.993 mm long, maximum width 0.272 —0.299 mm.
Overall cuticle covered with fine spines, at the level of anterior edge of
pharynx two pigment eye apots present. Subterminal oral sucker measuring
0.135-0.150 x 0.123—0.126 mm, acetabulum, situated slightly postequa-
torially, 0.108—0.117 x 0.084—0.106 mm. Short prepharynx, globular
pharynx (dia 0.084—0.090 mm) and short oesophagus present. Coeca ex-
tending slightly below acetabulum. Testes situated symmetrically near
posterior end of body (size 0.075—0.081 x 0.042—0.045 mm), ovary (0.084 to
0.090 x 0.045—0.060 mm) medial, anterior to testes.

Cegtoidea

14. Proteocephalidae gen. sp. — cysticercoids (Fig. 4d)

Host: Ciehlasoma tetracantha (Cuvier et Valenciennes), Cub hthys cubensis (Eigenmann).
Loecation: body eawnity
Loeality: Laguna del Tesore — Zapata (provines Las Villas).

From 31 C. tetracantka exumined found in § {(intensity of mfection 5—111 cysticercoids) and

from 8 €. cubensis examined m 1 (5 eysticercoids).

Description: Oval to egg-shaped cysticercoids measuring 0.219—0.544 X
X 0,183 —0.503 mm. Outer cover lighter than scolex, its thickness irregular,
reaching 0.015—0.075 mm. Secolex, measuring 0.159—0.330 x 0.144 to
0.315 mm, provided with four equal oval suckers (0.057—0.120 x 0.033 to
0.168 mm). Moreover, in some cysticercoids a weakly developed terminal
organ is visible, measuring 0.039 0,069 x 0.030—0.066 mm,
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The cysticersoids found probably belong to the genus Ophiofaenia La Ru
1911 or Proteocephalus Weinland, 1858,

15. Pseundophyllidea gen. sp. juv.

Host: Agonocstomus monticola (Bancroft), Cichlasoma tetracantha (Cuvier et Valenciennes).
Location: intestine.
Locality: Rio Mosquito — old and new dam (province Pinar del Rio).

From 7 A. montrcoly examined found in I (2 specimeng) and from 31 €. leirgeantha in 2 (L s
2 specimens).

Fig. 4. A — Neascus ap. 1, B — Neascus sp. 2, ¢ — Digenea gen. sp. — metacercaria, D — Pr¢
teocephalidae gen. sp. — cysticercoid, B — Paulwsentis sp. — scanthella, F -~ Polymorphu
mutabiliz (Rudolphi, 1819) — acanthells.

The scolex of these juvenile forms are provided with two bothria (on
dorsal and one ventral), every scolex being followed by 3 to 4 short, immatur
segments. The length of scolex is 0.707—0.830 mm, width 0.313- 0.340 mm
the entire body is 1.63—2.04 mm long.



Acanthocephala
Fam. Neocechinorhynchidae Van Cleave, 1619
18. Paulisentis sp. — acanthella (Fig. de)

Host: Agonostomus monticola {Bancroft),
Location: intestine,
Logality: Rio Guajaybon {province Habana).
From 7 hosts examined in 1 of them only one acanthella was found.

Description: Length of body 1.428 mm, maximum width 0.666 mm.
Proboscis short {length 0.326 mm, width 0.340 mm}, with 30 hooks arranged
in 6 spiral rows of 5 hooks each. Hooks of the first circle 0.081 mm long, of the
last cirele 0.054¢ mm. Lemnisci very long, one provided with 4. the other
with 5 large nuclei.

Fam. Rhadinorhynchidae Travassos, 1923
17. Rhadinorhynchus sp. juv.

Host: Bothus lunatus (L.).
Logation; intestine.
Loeality: Latoral Santa Fé (province Habana).

Description: The better-preserved specimen 4.162 mm long, maximum
width 0.530 mm. Proboscis somewhat cudgel-shaped, 0.612 mm long and
0.340 mm wide. Hocks arranged in 18— 19 longitudinal rows of 35— 36 hooks
each. Anterior five transverse rows consist of distinetly larger hooks than the
following rows. Hooks of anterior rows 0.068 mm long, of posterior rows
0.042 mm. Anterior part of the trunk covered with smaller hooks (length
0,036 mm) arranged in rows.

In the number and the arrangement of hooks the specimens found are close
to species Rh. terebra (Rudolphi, 1819) and Rk. ornatus Van Cleave, 1918,

Fam. Polymorphidae Meyer, 1931
18. Polymorphus mutabilis (Rudolphi, 1819). (Fig. . 4f)

Host: Cichlasoma tetracantha (Cuvier et Valenociennes).
Location: body cavity.
Loeality: Laguna del Tesoro -- Zapata {province Las Villas).
TFrom 31 hosts examined the acanthellae were found in 2 (1 and 2 specimeng).

Description: Length of body 1.496—1.850 mm, maximum width 0.707 to
0.816 mm. Proboscis 0.666 -0.721 mm long, maximum width 0.245
0.286 mm at its middle. Hooks arranged in 15 to 16 longitudinal rows of
18 hooks each; length of hooks 0.048 —0,051 mm. Anterior (retracted) part of
body covered with fine spines.

According to Meyer (1932), Hartwich (1956) and Petrodenko (1958) adulls of this species
are the parasites of piscivorous birds of the orders Pelecaniformes { Phalacrocoraz), Ciconiformes
(Ardea, Bulorides, Nyctariassa, Nycticoraz) and also Ralliformes (Fulica) of South gnd Central
America. In the game locahity {Laguna del Tesoro) an acanthella of this species has already been
found by Groschaft and Barus (1970) in Crocodylus rhombifer.
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Nematoda
Fam. Rhabdochonidae Skrjabin, 1948
19. Rhabdochona sp. (Fig. 5)

Host: Gambusio punctaia Poey.
Loecation: intestine,
Locality: Rio Guajaybon (province Habana).
From a total of 15 hosts examined only in 1 of them one specimen (2} was found.

01 mm

—

Fig. 5. Rhabdochona sp. A — aterior part of body (dorsoventral view), B — prostom, ¢ — tail,
D — egg, E — vulva region, ' — cervical papilla.

Description: Length of body 8.43 mm, maximum width 0.122 mm. Prostom
relatively wide (length 0.015 mm, width 0.012 mm), anteriorly provided with
fairly big, forwardly directed teeth, the exact number of which could not be
determined. Teeth at the base of prostom absent. Vestibule (including
prostom) measuring 0.105 mm, muscular cesophagus 0.852 mm, glandular
oesophagus 1.904 mm. Nerve ring surrounding muscular oesophagus at
a distance of 0.144 mm from anterior extremity, excretory pore at 0.231 mm.
Conspicuous, bifurcate cervical papillae situated at a distance of 0.090 mm
from anterior extremity. Tail relatively long (0.165 mm), ending in a sharp
cuticular point, Anterior ovary reaching to the posterior end of glandular
cesophagus, posterior ovary slightly over the anterior end of rectum. Vulva
postequatorial, 4.08 mm from posterior extremity. Eggs oval, size 0.033 to
0.036 x 0,021 -0.024 mm, without filaments; advanced eggs with larvae
formed.
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Bince, at the present time, it is practically impoesible to determine a species of the g
fhabdochiona on the basia of female nematodes only, we designate the nematode found as [is
dochona sp. Metrically the specimen conmderably resembles the species Rh. kidders Pearso, i
described from Mexieo (peninsula Yucatan), and the species Rh. lgurentiona Lyster, 1940, lnm
from Canada.

20. Spinitecius agonostoms sp. n. (Fig. 6)

Hoast: Agonostomus monticoln (Bancroft) — Mugilidae.
Loeation; mntestine.

Loeality: Rio Guajaybon (province Habana) (23. 1. 1968),

Out of 7 hogts examed in 1 of them one specimen was found (3).

Description (male — holotype): Length of body 4.243 mm, maximn
width 0.108 mm. Cuticle of anterior part of body bearing rings of spines, #
with dorsal, ventral and two lateral interruptions. The total number of the
rings is about 30, last 3 to 4 rings being, however, inconspicucus. Single spis,
each projecting out from a cuticular thickness, measure 0.006—0.009 m
in anterior rings. From one side of the worm there are always 15 to 18 sps
visible, suggesting that each ring consists of about 30 to 36 spines. Muii
represented by two indistinet lateral lips. Vestibule relatively long (0.096 m)
funnel-shaped anteriorly. Muscular oesophagus narrow, beginning sligiy
in front of the first ring of cuticular spines. Length of muscular cesophu
0.240 mm, of wider glandular cesophagus 0.585 mm. Nerve ring surrouniy
muscular cesophagus approximately at the level of the third ring of spiy
ie. at a distance of (1,165 mm from anterior extremity. Neither excrdy
pore nor cervical papillac observed. Posterior end of body spirally coiledu
provided with subventral alae. There are 4 pairs of pedunculate preul
papillae and 6 pairs of postanal papillae, the last pair being probably sut
other pairs pedunculate. In front of tail alae the cuticle is ventrally cowd
with cutieular ridges. Longer spicule measuring 1.320 mm, with a coi
distal tip, smaller spicule 0.075 mm. Ratio of spicule lengths 1 : 17.6. Legh
of tail 0.156 mm.

The holotype is deposited in the collection of the Institute of Parasitology, Czechatimk
Academy of Sciences, Prague.

As far as can be determined from the literature available, the puw
Spinitectus Fourment, 1883 comprises 36 species at the present time®
Skrjabin, Sobolev, Ivafkin, 1967; Sahay, Prasad, 1965; Sobabs
Belogurov, 1968; Schmidt, Kuntz, 1969; Overstreet, 1970). Im
all these species S. agonostomi sp. n. differs distinetly in the spicule iy,
this being 1 : 17.6 in this species, while in all other species this ratvs
smaller than 1:10 (1 :10 only in 8. guntheri Baylis, 1929). In the lul
of the longer spicule 8. agonostomi sp. n. resembles only the species §p
lawanensis Schmidt et Kuntz, 1969 in which, however, the small spiciti
much longer so that the spicule ratio is 1 : 5. In addition the vestibule
agonostomi sp. n. is very long (0.096 mm), whereas in 8. palawanensisi
oesophagus begins near behind the mouth opening so that the wvestibiks
almost absent.

Fam. Spiruridae Oerley, 1885

21. Spiroxys sp. — larvae (Fig. 8a)

Host: Cichlosoma teiracantha (Cuvier et Valenciennes), Cichlasoma sp,
Loeation: Laguna del Tesoro — Zapeta (provines Las Villas),
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Out of 81 C. tetracanthe examined the larvae found in 5 (intensity of infection 1—2 larvae)
and 1n ail 3 (ichlasoma 8p. examined (intensity of infection 1—11 larvae).

Invasive larvae of the genus Spiroxys Schueider, 1886 have already been
recorded at the same locality by Groschaft and Barug (1970) in Croce-
dylus rhombifer. Larvae from the present material from the hosts C. tefracantia
and Cichlasoma sp. seem to be fully identical, both metrically and morpho-

Tig. 6. Spinitectus agonostoms 3p. n. A — anterior part of body {lateral view), B, C — posterior
end of body (lateral view).

logieally, with those described by these authors. It is probable that the
larvae in guestion belong to the species 8. conforfus (Rudolphi, 1819) which
is a frequent parasite of turtles Pseudemys decussata (see Barus and Mo-
ravec, 1967b). The life cycle of this species has been studied by Hedrick
(1939).

Fam. Stomachidae {Johnston et Mawson, 1045)
22. Contracaecum sp. — larvae

Hozt: Cickiasoma tetracantha (Cuvier et Valenciennes).
Location: encysted in body cavity.
Locality: Laguns Digue, Laguito-Marianao (province Habana), Laguna del Tesoro — Zapate
(province Lag Villas).
Out of 31 hosts exemined the larvae were found in § {intensity of mfection 1~ 5 larvae).

Morphologically identical larvae of the genus Confracaecum Railliet et
Henry, 1912 have been recorded in Cuba by Barus and Moravec(1967a, -b}
from the hosts Pseudemys decussaia (Chelonia) and Lepisosteus tristoechus
{(Pisces) and by Barué and Coy Otero (1966) from Tretanorhinus variabilis
variabilis (Serpentes). These authors consider this type of larvae, regarding
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their morphology, to belong to adult forms parasitic in birds of the orders
Ardeiformes and Pelecaniformes (probably to O. caballeroi, C'. microcephalum,
C. rudolphii, C. pelagicum and C. plagiaticum). The measurements of the
larvae from C. tetracantha are compared with those from some other hosts
in Table 1.

Table 1. Comparison of meagurements of Contracaecum sp. larvae from various heste

Tretanorhinus Lepisosteus Cichlagoma
variahilis truatoechus tetracantha
After Barud, After Barus,
Coy Otero (1966)  Moraveo (1967a) A
Length of body 15.11 —23.75 12.58— 2110 9.82 91 80
Width of body 0.590 —0.750 0 510—0.860 0 360 —0.660
TLength of vesoph 1.530— 1.890 1.610—2.280 1.530—2.240
Length of ventrie, 0.089—0.106 0.108—0.142 0.080—0 093
Width of ventric. 0.071 —0.106 0.071-—0.100 0.000—0.093
Length of ventric
appendix 0.223—0.329 0.315—0.445 0.290 —-0.470
Length of mtest. process 1.340—1.890 1.400—1.770 0.940--1.560
Length of tail 0.08%—(.161 0.074—0.157 0117—0.124

Fam. Kathlaniidae Travassos, 1918

23. Spectatus cicklasomae sp. n. (Fig. 7)

Host: Cichlasoma tetracentha (Cuvier et Valenciennes) — Cichlidae.

Location: mteatine,

Loecality: Sabanilla near the village Cuatro Camino (province Habana) (4. 7, 1967).
Of a total of 31 hosts examined only in 1 of them the only specimen was found {g).

Description (female — holotype): Dark nematode of middle size. Length
of body 8.24 mm, maximum width 0.422 mm. Cuticle very thick, with dense
transverse striation. Cone-shaped cervival papillae present at a distance
of 0.111 mm from anterior extremity, excretory pore not observed. Mouth
formed by six almost equal lips, mouth papillae indistinet. Small, funnel-
shaped mouth cavity immediately followed by very long oesophagus. Oeso-
phagus (overalilength 1.265 mm) composed of a very long, almost cylindrical
portion, this being weakly muscular only, and of a short strongly muscular
posterior portion, forming an indistinet bulb at its end. Whole cesophagus
internally lined with a thick cuticular layer. Nerve ring situated at a distance
of 0.159 mm from anterior extremity. Intestine straight, dark. Colourless
rectum very long (0.449 mm). Tail 0.120 mm long, with rounded end. Vulva
preequatorial (3.36 mm from anterior extremity), provided with a cuticular
cup, protruding out from body surface (measuring 0.045 x 0.030 mm).
Sexual organs little distinet, Uterus containing small number of thick-
walled, elongate eggs, with uncleaved content when laid. Size of eggs
0.120—0.123 x 0.045—0.048 mm, wall thickness 0.006 —0.009 mm.
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The holotype 15 deposited in the collestion of the Inatitute of Parasitology, Czechoslo]
Academy of Sciences, Prague.

At present the genus Spectatus Travassos, 1923 involves the only spe
8. spectatus Travassos, 1923, described from Brazilian fishes (Travass
1023; Travassos, Artigas, Pereira, 1928). The species S. cichlasomae sp
differs conspicuously from 8. speciatfus in having a cup-shaped vaginal for
tion in females, in the position of the vulva (in 8. spectatus the vulva is sit
ted postequatorially, whereas in 8. cichlasomae sp. n. preequatorially), in
length of the female’s tail and its ending, in the situation of the nerve ri
and in the length of the rectum.

iiillllI|r11J_LHI-i|Il|l|JJIII

A1 mm

Fig. 7. Spectatus cichla sp. n, A — anterior part of body, B — anterior extremity (dorsal
view), C — vulva, D — vulva region, E — posterior end of sessphagus, F — tail, G — posterior
end of body.
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Fam. Capillariidae Neveu-Lemaire, 1936
24. Capillaria sp.

Host: Tetraodon lineatus {Palma).
Location: intestine.
Loeality: Litoral Playn Lerga — Zapata {province Las Villas),
Out of 2 hosts examined in 1 of them two fragments of female nematodss wers found.

Fig. 8. Spiroxzya sp. larva — anteror extremity {lateral view), B — Eusirongylides sp. larw -
anterior part of body, C — Fustrongylides sp, larva — mouth, D — Bustrongylides sp. larw ~
posterior extromity,

Description: Body thread-like, length of larger fragment 11.94 mn,
maximum width 0.081 mm. Length of not entire oesophageal part of bdy
2.44 mm, maximum width of oesophageus 0.054 mm. Two narrow latenl
bacillary bands extending along the whole body, their maximum width
being 0.021 mm. Vulva at the level of the junction of oesophagus and intes-
tine (9.49 mm from posterior extremity), lips of the vulva not protrudiyg
Eggs resembling those of the species C. brevispicula, measuring 0.057 %
0.060 X 0.027—0.030 mm. Posterior end of body rounded, anal openiyg
almost terminal.
Fam. Dioctophymidae Railliet, 1815

25. Bustrongylides sp. — larvae (Fig. 8b, ¢, d)
Host: Gambusic punclaia Poey.
Location: body cavity.

Locality: Legnito-Marianao (province Habana),
These larvae were found in 1 out of 16 hosts examined {fragments of 4 larvae).
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Description: Body with relatively thick cuticle, transversely striated;
two lateral rows of small papillae extending along the whole body length.
Mouth without distinct lips, surrounded by 12 papillae, arranged in two
circles, 6 papillac each. Papillae of internal circle cone-shaped, outer papillae
rounded. The largest fragment of anterior part of body 656 mm long and
0.79 mm wide. Vestibule thick-walled, 0.146-—0.185 mm deep and 0.057 to
0.080 mm wide. Oesophagus 9.36 mm long, maximum width 0.49 mm. Nerve
ring situated at a distance of 0.25—0.27 mm from anterior extremity,
excretory pore at 0.45 mm. Posterior end of body 0.21 —0.36 mm wide, anus
terminal.

Larvae of the genus Fustrongylides Jagerskiold, 1909 are very frequent in North American
freshwater fishes (see Hoffman, 1967}, being considered by some authors to belong to the spe-
cies E. ignotus Jagerskuidld, 1909. The nematedes of the present material are both metrcally
and morphologically very close to the species E. dgnofus {? = syn, B wenrichi Canavan, 1929).

26, Nematoda gen. sp. — larvae

Hoat: Cicliasoma tetracanthe {Cuvier et Valenciennes).
Location: encysted 1in body cavity.
Locality: Laguna del Tesora — Zapata (province Las Villas).

Of a total of 31 hosts examined dark cysts, contaning insude always 1--32 minute, slender
larvae, were found in 3 of them {intensity of infection 1 — 52 larvae). As the internal organization
of these larvae was indistinet, their nearer determination was not possible. The length of the
larvae is 0.885—0.707 mm, their maximum width 0.027 mm. The tail iz relatively very long
(0.114—0.120 mm), with a slightly extended tip.
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SNAILS AS THE SECOND INTEEMEIMATE HOSTS
OF THE TREMATODE PLAGIORCHIS MURIS TANABE, 1822
(TREMATODA: PLAGIORCHIDAE)
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Abstract: The trematode aspecies Plagiorchis (Multiglandularis) murie Tanabe, 1922
obtained from two pigeons experimentally fed with metacercariae found in the snails Lymn
stagnalis L., L. suricidaris L. and L. peregra ovata L. The same species of trematodes was rean
also by MeMullen 1n experimentsl feeding of pigeons with infected insect larvae,

According to the present knowledge on the life-cycle of the trematod
of the family Plagiorchidae Lithe, 1901, the adult specimens or larvae
insect serve as the second intermediate hosts of their infective stages (Skrj
bin, 1958; Odening, 1959; Podjapolskaja, 1959; Zdarska, 1966).

MATERIAL AND METHODS

During examination of 15,967 snals of 16 specics collected 1n the years 1957— 1967 in the lak
of South Bohemia, metacercariae recovered from the snails Lymnoaes slagnalis L., L, auricularis
and L. peregra ovata L, were fod to the pigeons to obtain trematodes of the family Plagiorchidi
Luhe, 1901, Adult specimens were measured and studied both alive and after staining mn Bladim
carmine,

Metacercaria of Plagiorchis (M.) muris Tanabe, 1922 [-
Host: Lymnoea stagnalis L., L. suricularia L., L.peregra ovata L, !
Location: Hepetopancreas, freely in body cavity
Looality: lake Kofkov, Hornf Luskovec (Pisek), Tchofovicky (Lndbe), Maly Tisy (Lommnil
n. Lug.), Lenedicky (Louny)
Tntensity of infeotion: #— 28 metacercariae in 1 snail
Range of infection: 0.75%; in individual hiotopes up to 12.69}.

Metacercariae are spherical, colourless, measuring 0.18—0.2 mm. Th
cyst wall is simple, 0.01—0.012 mm thick. Oral and ventral suckers at
of the same size measuring 0.05 mm in diameter. Besides the suckers a wel
developed and highly refractile excretory bladder is distinctly visible.

Metacercaria was fed experimentally to 2 pigeons. The first bird weighin
300 g received 120 metacercariae recovered from hepatopancreas of the snai
L. avricularia and L. stagnalis originating from the lake Horni Luskove
After 6 days single eggs were found in the facces. At autopsy 12 trematode
Plagiorchis (M.} muris Tanabe, 1922 were found 10 days after infection.

The second pigeon, weighing 325 g, received 148 snails L. awricularia an
31 L. stagnalis without shells. The trematode eggs were found in the faece
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on the 6th day after infection. After 11 days the number of eggs increased
ten times, the intensity of infection being the same 1ill the 16th day when the
pigeon was killed and autopsied. From the 11th day the pigeon showel
symptoms of weakness, loss of appetite, increased thirst, its feathers wers
ruffled and the facces were coloured with gall colours. The killed bird weighed
220 g. At autopsy a heavy catarrhal up to crupose inflammation of the mucow
membrane of the middle parts of jejunum was observed. In this region,
measuring 7 cm, a great number of trematodes were found. Helmithological
examination of the whole intestinal tract revealed 284 specimens of Plagio-

W'y

Fig. 1, — Plagiorchis (M.} muris Tanabe, 1922: A — dorsal view of living fluke; B — metacs
carnel; C — egg: D — stamed fluke, ventral view.
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rehis (M.) murts Tanabe, 1922, 162 specimens of Echinoparyphium cine
{Rudolphi, 1802), 4 specimens of Hypoderceuwm conoideum (Bloch, 1
Dietz, 1909, 9 specimens of Echinostoma revolulum (Frohlich, 1802) Di
1909 and 2 specimens of Microsomacanthus compressa (Linton, 1892) Lop
Neyra, 1942,

The recovered adult trematodes were placed in the genus Plagiorg
{Multiglandularis) muris Tanabe, 1922,
Description: Body elongated, oval, covered with small spines arranged
intersecting rows. Pharynx adjacent to the oral sucker, which is situaf
0.36—0.5250 mm from the ventral sucker. Genital pore and uterus o

Table 1. Burvey of dimengions of found trematodes. (Measurements in mm)

McMullen, Chelupsky, Own findmgs
1937 1954 native stained
Body length 2.67 2.0 —2.67 2.7 —3.0 2.8 —2.9
Body width 0.52 0.6 —08 0.9 —1.02 0.56 - 0.645
Oral suckear 0.213 0.17 —0.22 0.2 —0.24 0.15 —0.21
Pharynx 0.107 0.1 x0.104 0.09 < 0,135 0.075 % 0.095
Ventral sucker 0,144 0.17 =<0.12 0.18 x 0.195 0.15 x0.18
Cirrus pouch L. — 0.23 —0.27 0.61 x 0.135 0.6 x0.06
4 — 0.07 —0.09
Ovary 0.198 0.16 —0.2 (.24 x 0.255 .18 x0.165
Testicle I, 0.231 0.25 —0.36 0.3 x0.345 0.21 x0.15
Testicle II. .252 0.18 —0.29 0.3% 03 0.22 x0.18
Eggs Length 0.038 0.038—0.04 0.041 —0.047
Width 0.019 0022 -0.024 0.026 — 0103

(.06 mm in front of the ventral sucker. This is surrounded by a sphine
about midway between the first uterus loop and the genital pore. Uter
contains a large number of dark yellow-brown eggs and extends nearly up
the caudal portion of the body. Ovary situated at a distance of 0.06—0.09 n
caudally from the ventral sucker, 6.15—0.24 mm more caudally the fi
testis and 0.076—0.15 mm from it the second one. Ovary and testes are 1
in a line. Vitelline follicles reach over the ventral sucker cranially, but do 1
unite neither in front of it, nor in the caudal portion of body. Under t
vitelline follicles the intestinal branches extent nearly te the end of boc

Measurements of the trematodes and their organs are shown in Table

Loeation: eranial to middle portion of jejunum
Host: Columba livie dom. L. (experimentally)

DISCUSSION

The life-eyele of Plagiorchis (M.} muris Tanabe, 1922 was described
Tanabe (cit. Dollfus, 1825) who infected the larvae and nymphs of Cki
nomus sp. and Caltbaetes sp. with the cercariae. Metacercariae were of gmal
gize, measuring 0,117—0.14 mm, MeMullen (1987) repeated this part
life-eycle and found metacercariae measuring 0.2 mm in diameter in 1
larvae and nymphs of Chironomus sp. He succeeded in obtaining adult tren
todes by experimental infection of rat, mouse and pigeon.



In Czechoslovakia, this species of trematodes was found by Erhardovi
(1956) in Microtus oeconomus mehelyi and by Tenora (1962) in Microfus
agrestis. Chalupsky (1954) reported a finding of Plagiorchis (P.) blatnensis
in Microtus arvalis from the localities near Blatna, where our snails origi-
nated from too. Rosicky (1959), referring to the opinion of Erhardova
(1958), considers P. blatnensis to be a synonym of P. muris. This is also in
accord with the finding of P. blatnensis in Ondatra zibetica L. {Tenora, 1956).
Styczynska-Jurewicz (1961) considers P. blatmensts Chalupsky, 1954
to be a synonym of Pl elegans Rudolphi, 1820. The author has described the
life-cycle of this species, which has been reared experimentally in mice.
However, the comparigon of the metacercariae and adult specimens described
by this author and by McMullen with our findings supports the opinion
of Rosicky (1959) and we assume therefore that P. blainensis can be consi-
dered to be a synonym of P. (M.) muris Tanabe, 1922.
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RECENSE—-REVIEWS

Mayr E. (1970): Populations, Species and Evolation, An Abridgerment of Anunal Species and
Hvolution. xv + 453 pp.. 51 figs, 29 tble. The Belknap Press of Harvard Univermty Press,
Cambridge, Massachusetta. Price § 10.00.

The subtitle says that this book is an abbreviated edition of Mayr's 1963 ““ A nimal Species and
Evolution'' (1ts German translation of 1967 was reviewed by L. Sigmund, 1968: dcta Soc. zool.
Bohemoslov., 32 : 393}, but 1t iz certainly more than just thet. Mayr's onginal book was a re-
markably well written summary of what was known about the animal species, particularly from
the evolutionary and genetical points of view, but because it was a first attempt at the synthesis
of this ramified subject and beeause many conclusions were completely new, it had to have meny
features of a volurmnous research paper, for instance numerous citations of hterature, extensive
inclusion of published evidenco snd its detailed discussion, long argumentative sections, cte.
This, and algo the extent of the book, made its use rather difficult for B non specialist, and there-
fore 1ts shortened version, which is easier to read and which is also more smtsble for teaching
purposes, has been published. Tt 18 coneise (453 pages agamst 787) and written in the textbook
style: many less important citations have been elimmated, evidence has been limited to the most
telling cases, conclusions are more categorieally stated (though the open questions are treated
gs such), and the (lossary has been extended by one third, mecluding now more then three
hundred entrieg. The general plan of the book has been retamed, even the titles of ali 20 chapters
are the same, but all of them have been not only shortened but also revised, and their subdivision
is often different from that applhed in 1963,

Inspite of the abridgement Mavyr was able to inelude a number of new data and evidence and
to incorporate the essence of importent recent publications concerning the animal spectes
{144 references to works published in the 1963 — 70 period). Soma chapters have been slmost
completely rewritten, namely those dealing with speciea concepts, factors redueing the genetie
variation of populations, storage and protection of genetic vanation, the unity of the genotype,
multiplication of speies, and the geneties of speciation (here the discussion of the chromosamal
aspectsa of speciation is even more extensive than in 1963).

Mayr's 1963 “Antmal Species and Bvolution summarized and deepened our knowledge of the
subject and stimulated research in this fiekd, but also provoked murh argument, S8ome chapters
of the present book ere therefore wrnitten with more insight than 1t was possible at that time.
“ Populations, Species and Epolution”’ is not only an abridgement, but also a necessary compie-
ment to “Anemel Spectes and Ewelution™ — the present book being both an introduetion to and
dovelopment of the subject more fully documented in the former one. The beginner as well as
the specialist in this field will benefit from reading it. Because of the lueidity of style, high scien-
tific and intellectual standards, and the overall importance of the subject 1t should be read by
virtually any biologist.

P. Stys

Viadimir Novik a kel.(196%): Historicky vyvo] organismi. Fylogenese mikroorganismnil, rostlin
& Zivoiacht, Academia, Nakladatelstvi Ceskoslovenskd nkademie véd, Praha, stran 835, obr. 441,
cena vaz, 78, — Keéa.

V nakladatelstvi C8AV vyila koneéns dlouho oéekdvang kniha, v ni¥ se koloktiv odbornikl
pod vedenim Dr. V. Novidks polusil podat pfehled soufasngch ndzort na vznik fivota na zemi,
nd vyvo] organismi poffnaje virusy a bakteriemi s konde primdty a sezndmit étendfe 1 3 nékte-
r¥m obeengmi otdzkemi fylogenetickymi. Dilo podobného rozsahu 1 pojeti je ve svitové lite-
ratufe ofedindld s jig z tohoto davoedu je nutno oeenit pili, jaké vyZadovalo sneseni velkého
mnoistvi dat zde shromazdanych.

Kniha je rozd8lena do 18 kapitol. V uvodni &&sti jsou kratee a ndkde velmi zjednodusenym zpii-
sobem vylofeny obeené otdzky vyvoje organismii. Zivodichumn je vénovéno celkem 460 stran
textu Jednotlivé kapitoly potinaji kratkymi charakteristikami systematickfeh skupin & kromé
vlastni édsts o fylogenesi nalezneme zde i nékteré obeendjii partie vénované napf. vyvoji orgne
vych soustav, veniku sexuality apod. Zévér knihy tvofi seznam pouZité i rozfifujief Literatury
a rejstiik. Slovni viklad jo dopinén nebo podepien fadon vyobrazeni rizné didaktické i technické
urovné, Knihea je vytiftina na pskném papife, bohutel grafickd dprava vyobrazeni neni Stastnd.
Zafazeni pérovek na ,.spadévéni* nemé ve vét&ing pripadii #4dné funkéni nebo estetické zdivod-
néni & nepisobi pkné Malsd péée byla vénovana i pomérmému zmensovéni obrazka {srv. napf.
obr. V11, 17—19 a L. 7).
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Dila podobného rozsahu, zpracovand tymem odbornikl trpi fasto nedostatkemn koordinuce
jednotlivich &4stl, Epatnou proporcionelitou rozeahu i podéni. Recensovand kmha nedini po této
strince fdnou vyjimku.

Prevaina vétdina kapitol je zaloZena na poznateich klasické morfologie, ménd jeou jiz vyuiita
novéi¥ data z funkéni morfologis, fysiclogiz a biochemie.

Nerovnomérnd jsou zafazovany udaje paleontologické, misty znaénd statickd (hmyz).

Ve véech kapitoldach mélo byt pamatovdno na graficks zndzorndni vivojovych vztahi mez
probirangim skupinami. U bezobratlych napf. tato dulegitéd pomicks vykiadu chybi.

V seznamech hteratury postridém szdkladni dila sutord takové vdhy, jakgmi jsou napr.
Simpson, Rensch, Remane, Barpll.

Tyto pozndmky oviern nejsou motivovény dojmem, ¥e by kniha mdle byt roziifens. Naopak
by bylo omezeni rozeahu a pondkud étivsjii podani pro fardi pouiiti kmby velm uZiteiné, Nevim
totiz, zda se i dobie fundovany buwlog zatte s chuti do kapitel o skupindch organismit jemu
vzdalendjiich a pH tom se domnivam, 2e autoh dila méli na mysli i tento integrujici ofl, dalegity
v dobd® vyhranéné s nékdy i pfehnané odborné specialisace.

Prea tyto ndkters kntické pripominky se domnivdm, fe recensované dilo je obohacenim nadi
pirvedni odbormé literatury 2 Ze so stane vyhleddvenym pfirastkem knihoven bologickych
pracovisé nejriznéjiino zaméieni. Jeji prostudovani bude i pro nase zoology pobidkeu k obes-
néjsimu hodnoceni vysledkia vlastni price.

M. Kunst
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Holtik J,; On the taxonomic status of Acheilognathinae fishes from North-Vietnam.,

- -

Photo 1. Male (top) and fomale (bottom) of Rhodeis spinalis. Note the differences in colour
pattern in female. Scale: centimefres.
Photo 2; Male (top) and female (bottom) of Aeanthorhodews macropteries lonkinensis. Note nearly
straight back course behind the head,



Holgik J,: On the taxunomic status of Acheilognathinae fishes from North Vietnam.
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Photo 8. Females of decanthorhodeus deignani. Note nearly invisible black “rhodeine™ strip in the
centre of caudal peduncle and the arched back behind the head.
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