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PREFACE

THE '_rt')le of Crustacea in the nuirition of a number of animals, including man, needs no emphasis.
The ggopiankton, a major part of which is composed of crustaceans as adults or in larval stage,
foml: ood of a large number of fishes when they are plankton feeders or form food of smaller
) which are eaten by the camivorous ones. In the recent years the crustacean shelifish as a
ood item of man bas gained considerable importance and today the shrimps (prawns), lobsters and
ible varieties play a significant role in the fishery wealth of many a nation. In India they

rank frst in marine fish production and their potentialities are still greater, though the resources have
not hef:n fully developed. Man is now seriously thinking of utilising the smaller crustaceans as a
source of food. As boring and fouling organisms the crustaceans remain still a major problem
to manlin his attempts to keep clear his ships of them. There is a large variety of parasites and com-
mensqls among this group of animals and since a majority of them are harboured by fishes of eco-
nomi¢ importance they have been studied in some detail. With the object of bringing together
the available information on the various aspects of systematics, biology and fishery of these animals
from different parts of the world, to discuss their relative merits and to plan for future programmes
of res the Marine Biological Association of India conceived the idea of holding a Sympostum

ON CRUSTACEA.

The Symposium on Scombroid Fishes conducted by.the Association in January, 1962, at
Mandapam Camp was a success to the extent that quite a good number of the foreign and Indian
contributors participated personally at the meetings and that the recommendations made at this
Symppsium were also considered at the F.A.O. World Scientific Meeting on the Biology of Tunas
and related species held at La Jolla, California, in July, 1962, The Proceedings of the Symposium
on Scombroid Fishes consisting of 72 papers presented at the Symposium have been published.

When the idea of holding the Symposium on Crustacea was broadcast, there was a very good
response from scientists of many parts of the world and over 150 contriburions were registered. It is
out goad fortune that in a short time after announcement it was possible to conduct tae Symposium
as the contributors were as enthusiastic as the organisers were. The Symposium was held from
12th to: 15th January, 1965, at Ernakulam in the Oceanographic Laboratory of the University of
Kerala. Ernakulam was chosen as the venue since there are a number of institutions at this place
carryiig out fisheries, marine biological and oceanographic research. This area accounts for a
large tage of prawn fandings in India and an export trade for this product excelling any other
centre i the South-East Asia has come to stay. A number of freezing and canning indusiries have
sprung up and the trade is expanding at a fast rate. Hence by holding this Symposium here, it was
intendefl to bring together people from all these fields and make it a purposeful one, All those who
attended the Symposium are sure to bave departed with the feeling of having disseminated the
information in their possession and having been taken to new thoughts to conduct further investi-
gations:on fresh lines. To a wider circle of scientists the Proceedings, it is hoped, would compensate
what ‘would otherwise have been missed.

Iﬁ V%view of the large number of papers it has been decided to publish them in a series of six parts.
The papers have been arranged as presented under different sections at the time of the Symposium.
Part T of this series encompasses the sections Taxonomy and Phylogeny, and Zoogeography.

»  Considerable help and assistance have been received from many quarters in conducting the
Sympesium. The role played by Dr. S. Jones, Président of the Association, in organising the
Svmpésium deserves special mention. He gave not only the initiative to this work but was also a
onstant source of inspiration to those engaged in this endeavour. He personally corresponded with
a large pumber of forcign scientists and was in no smal} measure responsible to get many of the
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articles from abroad, Despite his recent illness, he bestowed his personal attention even to the
minutest details of the arrangements, Mr. K., Alagarswami looked after the duties of the Convener
and completed the printing of the Abstracts until the official Convener took charge at the time of
the Symposium. To him and to Mr. P. V. Ramachandran Nair, Assistant Secretary of the Associa-
tion, who was of immense help in organising the Symposium we are very much thankful,

We express our sincere thanks to the authorities of the University of Kerala who whole-
heartedly co-operated with us in conducting this Symposium. To Prof. Samuel Mathai, Vice-
Chancellor, we are thankful for according permission to hold the Symposium in the Oceanographic
Laboratory and for kindly inaugurating the same. Prof. A, Abraham, Dean of Faculty of Sciences,
was of great help and we express our thanks to him. Dr. C. V. Xurian, Head of the Department
of Marine Biology and Oceanography, took an active interest in this venture and made elaborate
arrangements for the Symposium. As Chairman of the Reception Committee he made excellent
arrangements for the participants. To him and his colleagres who co-operated with him- we are
very much thankful. _

As Chairman of the Exhibition Committee, Mr. G, K. Kuriyan made sincere efforts in organising
the Exhibition and our thanks are due to him. The Indo-Norwegian Project played an active role
in this connection. To Mr, Per Sandven, Director of the Project, who kindly inaugurated the Exhi-
bition and to Mr. A, I. George, Chief Fisheries Project Officer, we are thankful for their kind co-
operation, The Indo-Norwegian Project, the Central Institute of Fisheries Technology, the Uni-
versity of Kerala, and the Central Marine Fisheries Research Institute took part in the Exhibition
at our request, and we express our sincere thanks to them,

It has not been possible to mention here the names of all those who actively co-operated with
us and we record our gratefulness to them all. '

N. KRiSHNA PILLAj,
Convener,



SUMMARY OF THE PROCEEDINGS

. i [The inaugural function of the Symposium on Crustacea took place on the 12th January, 1965
in & well decorated pandal in the Oceanographic Laboratory of the University of Kerals.
Dr. 8. Jones, President of the Marine Biological Associadon of India, was in chair and
Prof. Samuel Mathai, Vice-Chancellor, University of Kerala, and Mr. Per Sandven, Director, Indo-
No ian Project, were the chief guests. The function began at 4 .M, with the invocation song.
Dr. C. V. Kurian, Chairman of the Reception Committee, welcomed the g‘theﬁng which consisted
of einent men in the field of Science, Education and civic life, Dr. N. Krishna Pillai, Convener
of the Symposium, introduced the foreign delegates to the audience. Prof. Samuel Mathai deli-.
vered the Inaugural Address and declared the Symposium open. He expressed his appreciation of
the yarious institutions conducting marine biclogical and oceanographic rescarch and stressed the
importance of such symposia which would bring together eminent scientists in the field 1o enable
frojtful discussions. Mr, Per Sandven declared open the Exhibition on the Biology and Fishery of
Crastacea. Dr. S. Jones delivered the Presidential Address in which he traced the birth, growth and
presgat status of the Marine Biological Association of India. He laid stress on the importance of
this{tudy of the marine sciences in this part of the world in view of the increasing demand for food
and the vast resources of the seas around us, He rigntly pointed out the role the Association is
playing in promoting contacts among scientists from various parts of the world thereby

minating knowledge and useful information on marine biological sciences, Mr, P. V,
Ramachandran Nair, Assistant Secretary of the Association, tendered the vote of thanks. The
function came to an end with the singing of the National Anthem.,

. The Scientific Sessions began in the forenoon of the 13th and were spread over a period of three
ys, ending on the afternoon of the 15th January, 1965, The various sections were presided over
,Tteported on as follows: (1) Taxonomy and Phylogeny: (a) Decapoda—Dr. R. Serene
), Dr. C. Sankarankutty and Mr. K. N. Sankolli (Rapporteurs); (&) Copepoda—Dr. S,
wamy (Chairman), Dr. A, N. P. Ummerkutty and Mr. M. J. Scbastian (Rapporteurs); -

¢)| Amphipodo—Dr. N. Krishna Pillai (Chairman), Dr. A. N. P. Ummerkutty (Rapporteur);
: anﬁ,-- Crusiacea—Dr. D. G. Frey (Chairman), Mr, M. J. Sebastian (Rapgorteur}. (2) Zoo-
geography—Dr. D. S. Johnson (Chairman), Dr. E. G. Silas (Rapporteur). (3) Morphology and
(@) General Biology—Dr. G. H. Stubbings (Chairman), Mr. M. J. George (Rapporteur). (5) Re-
prodiction and (6) Larval Development—Dr. B, Rasmussen (Chairman), Mr, K. N. Sankolli
Rapporteur). (7) Ecology and - Behaviour—D1. J. Crane (Chairman), Mr. K. H. Mohamed
(Rdpporteur), (8) Endocrinology and (9) Physiology—Dr. L. B. Kirschner (Chairman), Dr. S, Z,
sip and Dr. A. L. Rice (Rapporteurs). (10) Fouling—Dr. H. G. Stubbings (Chairman), Dr, N,
ishnan Nair (Rapporteurg. (11) Parasitism and Symbiosis—Dr, B. G. Silas (Chairman),

dr, K. Alagarswami (Ralggteur). (12) Togging, Marking and Migration and (13) Fishery and

* Beanpmics—Mr, M. J. rge  (Chairman), Messrs. M. M. Kunje and P. Vedavyasa Rao
(Ripporteurs). (14) Bibliography and Review.

i Special Lectures were delivered on the evenings by distinguished scientists. Following the lec-
turps films relating to crustacean fisheries and aspects of socio-economics of fishermen were
screened. The lectures and film shows were open to the public and were largely attended.

- The Exhibition drew a good crowd every day. The Indo-Norwegian Project, The Central Insti-
tute iof Fisheries Technology, the University of Kerala and the Central Marine Fisheries Research
Ingtitute, arranged their exhibits depicting various aspects of fishery and biology of Crustacea high.

g the investigations carried out in the various institutions.

participants were entertained at Tea by the Marine Biological Association of India, Depart.
of Marine Biology and Oceanography of the University of Kerala and the Sea Food Canners
Associgtion and at Dinner by the Indo-Norwegian Project,
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The Reception Committee consisting of Dr. C. V. Kurian (Chairman), Capt. K. Larssen,
Messrs. K. H. Mohamed, P. Vedavyasa Rao and K., P, Balakrishnan made all possible arrange-
ments to receive and look after the comforts of the participants. The Exhibition Commitiee with
Mr, G, K, Kuriyan (Chaitman), Mr. M, J. George and Mr, K. C, George arranged an informative
Exhibition.

_ At the concluding session Dr. S. Jones expressed his deep appreciation of the various indis
viduals and institutions whose efforts made the Symposium a success. He spoke as follows:

I am taking the privilege of proposing the vote of thanks since I have been, from the beginning,
associating myself with the organisation and conduct of the Symposium in my capacity as the Presi-
dent of the Association and since perhaps more than any one else, I am aware of the efforts put in
by various persons and the trouble taken by them in making the Symposium a success. T feel it is
my duty to thank them all on behalf of the Association.

I should mention here that it was our intention to have Dr. John S. Garih of the Allan Hancock
Foundation as the External Convener for this Symposium. Though he had agreed to this, towards
the later stage he found it difficult to be present here at this time and so we had to go without
enjoying the benefits of his vast experience in the field of carcinology. Nevertheless hé was doing

" the job of an External Convener by corresponding with several scientists on behalf of the Associa-
tion and it is maiuly by his efforts we received a good number of contributions especially from the
United States. [ express my sincere thanks to him for all that he has done for the success of the
meeting. T must also thank Mr. K. Alagaiswami who was looking after the duties of the Convener
until Dr, Krishna Pillai assumed charge a few weeks back, He has come here on his own and

" has been most helpful in various ways. As Convener Dr, N, Krishna Pillai has been doing his very
best and 1 express my sincere thanks to him,

I am very much thankful to Mr. P. V. Ramachandran Nair, Assistant Secretary of the Associa-
don, who came over here on his own, well ahead of the schedule of the Symposium, and made ali
arrangements in collaboration with the various committees, In the absence of the Secretary he
discharged his duties in connection with the Symposium with great devotion, I am also thankful
to Mr. Clement Adolph who helped in various ways in the organisational stage and also attended
to the projection arrangements here,

We are thankful to Prof. Samuel Mathai, Vice-Chancellor of the Kerala University, for kindly
inaugurating the Symposium and to Mr. Per Sandven, Director of the Indo-Norwegian Project, for
opening the Exhibition. Qur thanks are due to Prof. A. Abraham, Dean of Faculty of Sciences,
Dr. C. V. Kurian, Head of the Oceanograpaic Laboratory, his colleagues, and other authorities of
the Kerala University who took an active interest in arranging to hold the Symposium in their pre-
mises in the most fitting manner and for all the facilities they have afforded to the participants. The
Engineering Department of the University has been very co-operative in making these arrangements
and we are thankful to them. _

We express our sincere thanks to the Chairman, Dr. C. V. Kurian and the members of the
Reception Committee who ably did the job of receiving the delegates and arranged for their accom-
modation in the best possible manner. Our thanks are due to Capt. Kéare Larssen, Drs, S, Z,
Qasim and E. G, Silas for providing transpori facilities to the foreign delegates.

We are thankful to the Chairman, Mi. G. K. Kuriyan and the members of the Exhibition Com-
mittee who organised an interesting and educative exhibition.

We are thankful to Mr. Per Sandven, Director, and to Mr. A, I. George, Chief Project Officer
of the Indo-Norwegian Project, for their personal efforts in taking part in the Exhibition. The
Cenfral Institute of Fisheries Technology, the University of Kerala and the Central Marine
Fisheries Research Institute participated in the Exhibition and we are thankful to them.
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Our thanks are due to the distinguished scientists who served as Chairmen of the various sec-
tiops and also to the rapporteurs. QOur thanks are also due to Drs. D). G. Frey, Jocelyn Crane,
I.B. Kirschner and H. G. Stubbings fo1 their interesting lectures. :

’We thank the U.S. Fish and Wildlife Service, the Fisheries 'Department of the State of
Madine, U.S.A. and the United States Information Service, Madras, for sending the films connec-
tﬁ with crustacean fisheries for screening, and Mr. Rodney Jonkleas for the film—*Beneath
the Seas’. ) :

| ‘We also thank Messrs. Kerala Travels, the State Bank of India, Ernakulam Branch, the
postal authorities at Ernakulam and the Bharat Cafe for kindly offering their services to the
participants,
© During these few days we have enjoyed the hospitality of the Indo-Norwegian Project who
eni_e'rtained us to a Dinner, of the Department of Marine Biology and Oceanography of the Uni-~
vensity of Kerala at their Tea, and the Invitation by the Sea Food Canners and Freezers Association
for a Tea this evening is in our hands. To all our hosts we are very thankful.

-+ ‘Last, bug not least, we are thankful to all the participants who attended the sessions. To those
who have come from abroad under stress of time and hardships in spite of the comparative shortness
of inlotice and gave rightly an international touch to the Symposium we owe our sincere thanks.
Notwithstanding the fact that the schedule was a little pressing for them they did not miss even a
sirigle session and they bore the inconvenience of an alien climate, with extraordinary fervour.
I am sure they will cherish pleasant memories of their stay in India and carry along with them the
warmth of our hearts.

‘Thank you all,

. II)l' H. G. Stubbings, speaking at the end, on behalf of the participants, especially the foreign
dejegates, expressed his appreciation of the manner in which the Symposium was conducted. His
speech was in the following manner:

Dr. Jones, Gentlemen,

- I have been asked on behalf of those present and particularly on behalf of the foreign delegates
to: this Symposium to say how very much we have enjoyed this very short stay in your midst. 1 have
also to express our most appreciative thanks to you all for the very hearty welcome you have
extepded to us and for the very kind way in which you have made sure we have wanted for nothing
it wms in your power to provide. The warmth of your welcome has surpassed even ihe warmth of
yout climate. We shall not easily forget—either!

. We all know that Symposia are for two purposes: to discuss the matiers on the agenda and to
meet fellow workers in specialised fields under circumstances and in an atmosphere that is only
possible in such a gathering as this. I am not absolutely sure which is the more important, the

pers or the meeiings. Personally, I think the meetings. The papers we shall be able to read at
a m ure date. The memory of yourselves we carry away with us and I am sure we shall all long
remember the circumstances of this very happy gathering of which we have been part,

’ f You have worked us hard, Sir. But we expected to have to work and we have enjoyed it.
Work under such circumstances, both early and Jate, has been a pleasure. In fact it is with pleasure
we shall remember all the incidents of this gathering. . :

.1 am sure 1 speak for all the foreign delegates when I say we have enjoyed our stay among you,
_aaﬁ‘if the opportunity offers we shall come again to India. T personally, if the chance arises, shall
strain every merve to come again to your country, to meet you again and to enjoy living among you,
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Dr. Jones, Gentlemen, from us all, the foreign delegates thank you very much indeed for your
hospitality, your kindness, and your care for our creature comforts; for working so hard to make
this Symposium a success and for ensuring that we, the delegates, and in particular, the foreign
delegates, should take away happy memories of it. '

Thank you sl
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CLADOCERA IN SPACE AND TIME* -

Davib G. FREY

Department of Zoology, _Indiana. Un}'versity, Qlodmmgtou,- Indiana, US.A,

PARED with all other groups of crustaceans, the freshwiter Cladocera offer one big advantage
tudy: their exoskeletal components occur in substantial numbers in all kinds of lacustrine
iments, and they generally exhibit sufficient diversity of morphological detail that the fragments
a |be identified positively at the species level. Thus, here is a significant reservoir of material
fol working out the present and past distributions of species and communities in relation to various
e(lﬂii_'onmental' parameters, the changing community composition in a lake in relation to its

onfogenetic changes and watershed development, and hopefully even the evolution of these
o%nisms when long and continuous sedimentary records eveniually become available, More-
ovér| study of these exoskeletal fragments has revealed a number of morphological characters of

phi}pgenetic value that give promise of helping resolve the uncertainties and confusion in the
presént taxonomy, particularly in the family Chydoridae and perhaps also the Bosminidae. Much
mare study is needed of the other families before corresponding predictions can be made for them,
but at least in the Polyphemidae this seems a very good possibility.

THE MATERIAL

| The order Cladocera consists of -eight well-defined families, containing an estimated 400 or
80 ppecies in the world. Most of the species are confined to freshwater, although two unrelated
fanyilies—the Sididae and Polyphemidae—have species that are regularly marine and may at times
bulk!farge in the zooplankton biomass. Nearly all the other species are intolerant of high sait
concentrations, either inland or marine, although there are some that regularly occur in endorrheic
basins of steppe and desert or in brackish-water habitats. In general, though, increasing salt
content progressively restricts the occurrence of these crustaceans,

: In the process of molting, as is true of all arthropods, the chitinous exoskeleton is cast off and
replaced by a new one. These exuviae accumulate in the sediments, as do also the exoskeletons of
animals that have died of causes other than predation and probabl{ even those that have passed
throggh the guts of predators, providing the molar action has not been too extreme. The chitin

- is '.ge'ty inert chemically. Ordinary methods of sediment preparation by hot 10% KOH and hot
HF have no effect on the remains, The fact that these fragments are still abundant and apparently
unchanged chemically in sediments from the last interglacial age (Frey, 1962 a), perhaps 100,000
yeaps ago, also attests to their stability. ‘ . . o .

_ ! What is present in the sediments are not the intact exuviae but rather their disarticulated com-

ponents. Most abundant of these are shells and head shields, and generally much less abundant

are| posi-abdomens and post-abdominal claws, At still lower levels of abundance are ‘ephippia,

autennal segments and antennules, male copulatory hooks of the chydorids, and caudal spines. of
-}
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some of the predacious Cladocera, Mandibles are abundant, but to date they have served for
species identification only in the Leptodoridae and Polyphemidae, Other fragments, such as filter
combs of daphniids and thoracic limbs of chydorids, the latter seldom intact, also are common
and may eventually min'eld useful information on past populations. Occasionally, two or more
components are found associated with one another, which greatly aids in the initial identification
of species (Frey, 1958) and in sorting out the fragments among the various species,

Even at this carly stage in the study of animal remains in lake sediments, at least one species
from each family has been positively identified (Table I), and there are suggestions that perhaps all
species of Ciadocera leave some kind of remains in sediments (Frey, 1960) which hopefuily even-
tually can be used for identification of species. In all freshwater situations investigated to date
the ;‘lemai:nj of Bosminidae, Chydoridae, and Daphniidae are numerically dominant, and generally
in that order. .

TaBLE |

Number of species In each family of Cladocera that have been pomlve!’g;efdem{ﬁed from their remains In freshwater
sediments, and the varlous exoskeleial eomponenrs that have been helpful in these identifications
(Largely from Frey, 1964)

Exoskeletal components

Nomber . Anten- '
of Head Ephip- Post. Post- Cauda! nal Man- & Copula-
Family species  shield  Shell  pium  abdo- abdo- spine  seg-  dibles*  tory
identi- men  minal ments hooks
fied claw or
to anten-
date . _ nules
Leptodoridae w1 . . .. . X .. X
Sididae . k| X X . X
Holopediidae o2 . - X
Daphniidae o 17 X X X . .
Bosminidae . 3 X X X X X X
Macrothricidae .. 3 .. X X X ..
Chydoridae .. %9 X X X X X X X

Polyphemidae© .. 2 . - .. R X X

-# Mandibles of the Sididae, Daphniidae, Bosminidae snd Chydoridae are abundant in sediments but ﬁs yel
have not been soried out by species.

Table 1 indicates that apparently only in the Bosminidae and Chydoridae are all the skeletal
componerits capable of preservation. The heads and sheils of the Daphniidae, for example, are
never found except occasionally in the most recent surficial sediments that are not yet stabilized.
This suggests that all cladoceran chitin may not be equally resistant to biological degradation,
contrary: to the statement made earlier, The dilemma here is that the only records thus far of
Cladocera from the Tertiary are the egzlppia (which are shell structures) of Daphniidae, principally
the genus Daplmia (Frey, 1962a, 1964). '

Of‘ all thé families of the Cladocera, the Chydoridae has by far the greatest number of species.
These are well enough differentiated morphologically that nearly all their major exoskefetal com.
Pnoents can be identified to species without particular difficulty. The chydorids almost invariably
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onhiins te  afiy- list of species compiled from intact animals or from the remains in sedimenis. For
. : reasons, the chydorids have received most attention to date.

© < 1 Cladoceran remains commonly number several thousands to 10,000 or more per c.c. of fresh
jaic sediment (Frey, 1964), with generally much smaller numbers in clastic sediments (Megard,
#). The maximum reported to date is approximately 500,000 per c.c. from Schelinsee in
outhern Germany (Frey, 1961 ), although there are indications that sometimes a sediment may
ongist aimost entirely of cladoceran fragments, for which Wesenberg-Lund proposed the
ety | hitin-gyttia. In such instances the numbers of remains per ¢.c. of fresh sediment must
‘almost astronomical. With such numbers to work with, close-interval biostratigraphy can be
td in glmost any detail desired. Cladoceran diagrams, describing the progressive changes
in parcentage composition of the population by species with time, can be constructed in the
samie| way as pollen diagrams or diatom diagrams. Where absolute dates (C%) are available, the
~ number of fragments sedimented per cm.? per year can be calculated (Livingstone efal, 1958;
Dedvey, 1964). , : .
g | I

SYSTEMATICS AND EVOLUTION

: Because of the close similarity in morphology between adult Cladocera and the larvae of
some; Conchostraca, the Cladocera are regarded as neotenic derivatives of the Conchostraca
(Brodks, 1959). But although the Conchostraca are known from as far back as Cambrian time,
the iCladocera are tersely dismissed in text-books of palaeontology as not eccurring in the geological
record.” This is not true. There are at least six reliable records of daphniid ephippia from the
Tertiary (Oligocene and later) (Frey, 1964), and it seems likely that when suitable lacustrine deposits
are knowingly examined Cladocera will be found from the Mesozoic or even earlier.

i Bven these few Tertiary records, however, suggest a long prior period of evolution and indicate
& mharked fphysiological and ecological stability in the group. The Daphnia ephippia from the
Tertiary of the Western United States all are from species of the subgenus Ctenodaphnia, which
today characteristically occur in marginal habitats that experience intermittency by drying or freez-
ing andfor have a high salt content, Similar environmental conditions (except freezing) are indi-
vated: for the Tertiary localities. Moreover, the ephippia of all species of Crenodaphmia present
and; past are very similar morphologically, making it virtually impossible to identify a species solely
from its ephippia. The only present basis for regarding the Tertiary forms as separate species is
the :very long interval of time involved.

.The first detailed study of Cladocera from late-glacial time (Frey, 1958) could detect no
significant morphological changes over the EaSt 11,000 years among the 18 species and varieties
recdvered from a small pond. Similarly, the 25 species of chydorids recovered from a Danish
deposit deriving from the last interglacial age (Eemian) were indistinguishable from their present-
day: counterparts in Denmark (Frey, 1962q). Thus, particularly in the chydorids, one has the
imprassion that the major speciation in the group occurred long ago, and that the species have been
relaa'sely stable morphologically since at least well back into the Pleistocene and probably earlier.
‘A by-product of the attempt to identify all the cladoceran fragments in lake sediments has becn
fiscovery in the chydorids of two series of pores onor near the mid-tine of the head shield toward
the jpbsterior end (Frey, 1959, 1962 5). These pores ar¢ constant in arrangement for any species
thromghout its postembryonic ontogeny, showing anly a progressively greater displacément from
the posterior margin in the later instars of some species (Smirnov, 1964). ' Two major types of pore
arrapgement occur, one in which there are 2 or 3 large pores on the mid-line generally connected
with pne another by a channel, and a pair of small pores fvcated laterally; and the other in which

ek iare oply -2 large pores on the mid-line completely and widely separated from one another,
it the, sptaller pores now close to the mid-line between the large pores. :

2 g
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This demonstration of a major phylogenetic dichotomy in the chydorids has since been sub-
stantiated by the structure of the thoracic limbs (Smirnov, 1965) and by the way in which the
mandibles are attached to the head, permitting the realistic definition of a number of subfamilies
(Frey, 1965¢). The species of the chydorids are quite distinct, but the relationships between
species at the generic level have been obscure, based to a considerable extent on subjective
characters., As a result, quite a number of species have been shifted from one genus to another
at the whims of various investigators. This has been particularly true for species in the genera
Alona and Alonella, which on the basis of the three major characters listed above are now placed
in separate subfamilies.

The head shield is the most useful single exoskeletal part for identifying species and indicating
relationships beiween species and between genera. In a number of instances discrepancies in
taxonomy have first been indicated by head-pore patterns. Thus, the species rostrata, which
formerly was included in the genus Rhynchotalona, had to be reassigned to the genus Alonella in
a different subfamily (Frey, 1959). The species Alona rustica, which previously had been reported
only from Great Britain, was shown to be confused in the literature elsewhere with a closely
related species Alona costata (Frey, 1965 a). A. rustica is now known to be widely distributed in
Western Europe, the United States, and South America. The species Alonopsis ambigua was shown
10 be unrelated to the other species (4. elongata) in this genus but to be closely related to a species
(Euryalona collesti) in another genus, which itself is not related to the other species in Euryalona.
Accordingly, these two species have been removed from their previous genera and combined in a
new genus Trefocephala (Frey, 1965 b).

These are but a few instances of many, which are largely ungublishcd as yet, of the greater
insight into phylogenetic relationships that is developing from the study of the morphological
details of the exuvial fragments in sediments. Even with intact animals it is often desirable to
*“fossilize™ them, that is, to treat them in such a way that the individual skeletal components can
be mounted and studied unobscured by internal soft tissues. This can now be accomplished in
most instances by treating the intact specimens with hot concentrated HC! for a short period of time
and then mounting in polyvinyl lactophenol (Megard, 1965). )

Head pores also occur in the Macrothricidae, Bosminidae, and Daphniidae, but the pattern
is different than in the Chydoridae, and the pores may not be homologous, In the Bosminidae
there is a prominent pore located laterally in the general region of the mandibular articulation, The
location of the pore and its shape are different in Bosmina coregoni sens. lat. than in B, longirostris
sens. lat. (Goulden and Frey, 1963). This character is of value not only in indicating phylogenetic
relationships in the genus but also for studying the quantitative aspects of the replacement of
B. coregoni by B. longirostris during the ecological aging of a lake (Goulden, 1564). Each head
shield recovered from sediments can now be assigned readily to one or another of these species
groups.

DISTRIBUTION

In biogeographic and ecologic studies one would like to have complete lists of species from
varions localities as well as some quantitative expression of the importance of each species in its
toial community integrated over a substantial period of time. These data are difficult to obtain
by ordinary collecting methods and especially for small aquatic organisms, which may be restricted
to specialized microhabitats and which experience marked fluctuations in numbers over the course
of a season or year, To get the desired information under these circumstances one would have to
collect at frequent intervals in all conceivable habitats where the organisms might occur, and even
then he would have reservations about his results.

In the lakes at Madison, Wisconsin, E. A. Birge studied the Cladocera intensively for about
30 years before shifting his attention to other matters. His combined list of species should be about
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-hdarly complete as could reasonably be expected using the traditional methods of collecting intact

mats" To check on the feasibility and validity of using exoskeletal fragments in sediments for
ompiting. a list of species present in a given body of water, a sample of surficial sediment from
oo | water- in each lake was analyzed for its Cladocera (Frey, 1960). -Birge had 23 species in his

11 A1l these species except one were recovered from the sediment samples, and in addition six

wiies that Birge had not collected in his intensive effort. The species not recovered from the
ent-was ene that Birge had collected only once in one of the lakes. Since it is primarily a
hern species, it may have had a brief and isolated development after a chance introduction
resting eggs during a favourable period, and it does not therefore necessarily represent a
dics permanently established in the lake.

]

.- {In fact, evidence is accumulating (e.g., DeCosta, 1964; Mueiler, 1964) that such temporary.
local developments in favorable seasons of *‘southern ™ species far to the north of the zone in wm‘

lare regular constituents of the biotas year after year may be duite common, There isa
distinct tendency for species from the south to press northward as fapidly and as far as possible,
the ern limit probably being extremely variable in position from one year to another. The
counter-tendency for ‘‘northern™ species to extend their range southward either is not so weil
dwﬁopedm else is obscured by the fact that there is really no diversified assemblage of species

[ teristic of high latitudes that corresponds to the large reservoir of tropical and pan-tropical
8 , .

!The sediments of a lake to a considerable extent represent an integration of time and space.

ysis of the remains in the sediments affords the best, and certainly the easiest, means of com-
piling a list of species including even the rare ones in a body of water, and moreover the total
number of refiains of each species gives a quantitative expression of its relative importance in the

all . population.
i _
. |A study was conducted on three Jakes of contrasting size in northern Indiana to determine just
howj thoroughly cladoceran remains of different origins (such as littoral vs. pelagic) become mixed
or iptegrated before they become incorporated into the permanent sediment (Mueller, 1964). The
litoral remains, chiefly chydorids, become quite thoroughly integrated before they are moved off-
shore by currents, but they apparently never become compietely integrated with remains of plank-
toni¢ species, such as Bosmina, originating in the open water., For assembling a list of species of
chydorids from a given body of water a sample of surficial sediment from almost anywhere in the
lake; is oqually suitable, although for ease in preparation we prefer the offshore sediments,
Unf tely, no place in a lake offers a complete integration of cladoceran remains from ali
rts of the lake. Deepwater sediments away from shore approach this condition the closest, and
e 'for studying the dynamics of a cladoceran fauna during the history of a lake, offshore rather
than! ittoral cores are recommended.

il .
flising their remains in surficial sediments of 45 lakes, DeCosta (1964) attempted to work out
the distribution of chydorids along the Mississippi River Valley from Northern Minnesota to below
w Qrleans, a distance of more than 17 degrees of Iatitude, Some species occurred predominantly
‘north, others mainly in the south, and quite a few occurred over the entire fransect. When
rcentage abundance of the Sjp,:cm in each lake was related to latitude, three groups of species
ibe distinguished: (1) northern species, which increased in relative abundance toward the
+{2) southern species, which increased in relative abundance toward the south, and (3) euryropic
;, which showed no change in relative abundance with respect to latitude along this transect,
) the responses that chydorids make to their complex of environmental conditions, to the
ent; these ‘are reflected in growth and reproduction, are evidenced in the relative abundance of
imdividual species in the integrated populations of ‘sedimentary remains. DeCosta recovered
lat ‘of about 40 species of chydorids from these lakes, including a number that represent new
gagde for the United States. This forther substantiates the usefulness of sedimentary yemains
Fing the total population present in any water body. -
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Although many species of Cladocera are considered wide-ranging and even frequently inter-
continental in distribut?:g: the validity of this belief has been snbstan%liatged by detailedegorphglogitg;l
studies only in the genus Daphnia (Brooks, 1957) and in some of the chydorids {e.g., Frey, 196l g,
1965 2). In other instances it is known, for example, that species in North America (such as
Camptocercus rectirostris) currently listed under the same scientific name as their European counter-
parts are in reality different. When these eventually will have been sorted out, it is likely that
significant and interpretable patterns of distribution will emerge, such as the relatively restricted
and completely allopatric distributions of the two species in the genus Tretocephala, one occurring
only in Western Europe and the circum-Mediterranean region and the other only in Southern
Africa (Frey, 1965 &),

ECOLOGY AND PALABOLIMNOLOGY

Although the present-day ecology of the chydorid Cladocera is very imperfectly known, in
part because many of the species are not yet realistically defined and in part because there very
- likely are physiological races or ecotypes within particular species, studies of the changes with time

of cladoceran populations in panicurar lakes give great insight into the ecology of at least the local
populations and their response to changing environmental conditions.

Interpretation of past conditions from the present-day ecology of organisms must always be
based on the assumption that the response and reactions of otganisms have not changed appreciably -
over the time interval involved, At least for the chydorid Cladocera this appears to be a rea-
sonable assumption, The 25 species of chydorids recovered from the Eemian Interglacial of
Denmark, all of which also occur in that country today, exhibit roughly the same relative abundance
then as now (Frey, 1962 4). That is, in general the species most abundant today were also most
abundant in the Eemian, and the species that are uncommon today were also rarein the Eemian,
Thus, the various species of Cladocera in Western Europe have been ecologically adjusted to one
another for a long time in their total occupation of the aquatic habitat, The present assemblage
is not something new that has developed through recolonization of aquatic habitats created by the
wasting of the most recent glaciers but is much older. And, by inference, other aquatic micro-
organisms likewise have been in dynamic balance with one another for long periods of time, even
though displaced elsewhere during the glacial ages. The occurrence and evolution of species cannot
be divorced from the communities to which they belong.

Colonization of water bodies by Cladocera is rapid, effected by the passive distribution of
diapause eggs in their ephippia, Thus, in a small extinct lake in Northern Germany in Iate-glacial
time there were few species present in the Lower Dryas stadial, but in the following Allerdd inter-
stadiai the number of species increased rapidly and dramatically as the climate ameliorated,
reaching a maximum and then declining to low numbers again in the Upper Dryas with the return
of tundra conditions (Frey, 1958). The late-glacial response of terrestrial vegetation to the climatic
amelioration of this interstadial is much less obvious, The advantage possessed by Cladocera and
other aquatic organisms that reproduce by unisexual means (parthenogenesis) during at least part
of their life-cycle is that the introduction of a single viable resting egg is sufficient for starting a
population. One has the fecling that the passive distribution of the Cladocera is so_effective via
these resting eggs that almost as soon as ecological conditions in the total ecosystem have become
suitable for a particular species it will appear and become established.

The meagre evidence available (Frey, 1961 5; Goulden, 1964) suggesis that near the begin-
ning of post-glacial time the north temperate humid lakes acquired virtually their entire present.
day complement of Cladocera, Since then the response of the population to changing climate
and other ecologica! conditions has been primarily an internal adjustment of the abundance
(sucoess) of the species to one another. Changes in abundance are usually progressive and

obviously in response to changing conditions, but our present knowledge of the ecology of the
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pigus species does not afford a very satisfying interpretation of these fluctuations, Eurytopic
d.istenotopic species can be distingtished by their behavior over a long interval characterized
pronounced changes in environmental conditions. Sometimes there is a replacement of one
08 by another in the aging of a lake, as of Bosmina coregoni by B. longirostris (Deevey, 1942;
nyden, 1964). At other times there is a very gradual diversification of the population in post-
glacial time (Frey, 1961 b), which becomes accelerated in response to changes in the watershed
sffacted by man (Goulden, 1964). A lake obviously is very sensitive to changes in its watershed,
and manifests them in part by adjustments in its aquatic biota.

[

“Ja Linsley Pond, Connecticut, Deevey (1942) found an exponential increase in Bosming remains
negr! the beginning of the deciduous forest phase in post-glacial time. He postulated this was a
esponse 1o the increasing productivity of algae (the food of Bosmina) during the early nutrient-
imiting phase in the development of the lake. A similar increase in the organic content of the
iments was interpreted as reflecting the growth of the entire lake as a sort of superorganism,
Later, Livingstone (1957) concluded from a recalculation of the Bosimina data on an absoluie basis
hat |the increase in the Bosming population with respect to time was real but that the increase in
ganic content of the sediments resulted at least in part from a decrease in rate of inorganic sedi-
ation in post-glacial time. A still later study on the phosphorus content of the sediments
ivingstone and Boykin, 1962) demonstrated that the low initial productivity may well have
sufted to a large degree from the silts and clays curtailing the rate of regeneration of the phose
ﬁw us. Thus, studies on the changing populations of Cladocera in lake sediments have implications
ri beyond the organisms thcmsejves, and they can lead to real advances in our understanding

f ithe dynamics and controls of lake development.

. Rotifers and copepods, in addition to Cladocera, feed heavily on algae and algal detritus, but
unfortunately they do not leave sufficient remains in sediments for estimating the magnitude and
compposition of past populations. Hence, small quantities of remains of Cladocera in sediments
cogceivably might have resulted from large populations of these other competing filter feeders,
rather than being direct indications of low levels of productivity. However, a study of a chain
of four lskes at Madison, Wisconsin, suggests that perhaps the cladoceran populations in sedi-
mnﬂa are quite closely related to productivity (Frey, 1960), in spite of the reservation mentioned
above. These four lakes exhibit certain differences in dissolved organic matter in the water,
avergge standing crops of net phytoplankton, nanno-plankton and zooplankton, and the amount
of ‘organic matter in the sediments. These are all parameters that can be considered related to
the productivity of lakes. For each of them the rank order of the four Madison lakes is the same,
as lit also is for the absolute quantities of cladoceran remains in their offshore syrficial sediments,

, the overall cladoceran population of a harmonic lake with a balanced biota apparently
s closely to changing levels of productivity, and hence the accumulated exoskeletal fragments
in the sediments can be used as a rough index of past levels of productivity.

| 'Lakes can also exhibit abrupt changes in composition and abundance of the Cladocera from
onk level to another in the sediments. These were so marked in Dead Man Lake, New Mexico,
thdt: Megard (1964) was able to define five successive faunal zones, each with its characteristic
asgemblage of Cladocera and midges. He concluded that rather than representing successive
intermittent lacustrine phases, which would necessitate recolonization each time with the possible
introduction of different species, they represent faunal changes in a tem orallil continuous lake
brought about by subtle environmental changes during the Wisconsin gﬁdop uvial,

ProseBCTUS

éMany further invesﬁéatibns of the Cladooera are suggested by these studies, some of whxch
can: be tackled by the remains of the animals in sediments. In the Ponto-Caspian region, for
are many bizarre endemic Cladocera of the family Polyphemidae, Since the freshwater

i
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genus Polyphemus is known to leave recognizable mandibles and Bythotrephes caudal spines in
sediments, it might be anticipated that these other species are likewise so represented. Hence,
gonceivably, the Caspian Sea sediments contain a record of the morphological evolution of these
orms.

The genus Bosmina is extremely complex, particularly in the Baltic region, where almost every
lake has its own differentiated population. The origin of this variability—whetber it derives from
introgression between a number of ancestral species that entered the region in. late-glacial time,
from environmental selection acting on a large reservoir of heterozygosity, or from some other
cause—might well be interpretable from a study of the microfossils in the sediments, and especially
now that the isolated head shields of the two major groups of species can be distingnished by means
of their lateral pores. '

Some of the most fascinating studies to contcmglate are those concerning the very old lakes
of the world, such as Lake Baikal in Siberia, Lake Biwa in Japan, and Lake Tanganyika in East
* Africa. Each of these lakes originated in the middle Tertiary or even earlier. There might be
almost as much justification for obtaining continuous cores of the sediments of these lakes as there
is for the current Mohole project in the oceans, not merely for the Cladocera but for the entire
complex of information—physical, chemical, and biological—that is contained in basin sediments,

Much effort is being expended today in studying the biostratigraphy of marine sediments,
especially with respect to the Foraminifera. Perbaps the predacious marine Cladocera are also
represented, and if so would heip in the interpretation of past conditions.

.. Various studies are underway to determine the extent of climatic change and the biotal response
to these changes during the Pleistocene in regions unaffected directly by continental or alpine glaciers,
The altitudinal zones of vegetation were appreciably depressed during the glacial ages, and there
was certainly a general displacement of latitudinal zones southward (Frey, 19654). Since the
Cladocera are so labile in their distribution and since the community response is more rapid than
that of the terrestrial vegetation, it should be possible from the changing cladoceran fauna of a lake
to get some independent estimate of climatic change in such non-glaciated regions as Florida, Lake
Victoria and the other East African Iakes, Indonesia, etc.

Besides these there are many studies to be made on the living Cladocera, other than their
straight taxonomy and -distribution. For example, what is the function of the pores on the heads
of the chydorids ? Are the widespread eurytopic species in reality a collection of smaller geo-
graphic populations with dlﬁ‘ercnt ecologies and physiologies 7 Since closely-related species of
chydorids can be collected with the same dip of a net, what are the isolating mechanisms in these
species ? Are they largely behavioral or genetic, or have the closely related species moved into
and become adapted to different microniches that are still not appreciated by man? Genetic
studies in the Cladocera are confronted by the dual problem of controlling the generation cycle
with sufficient precision so that males of one population or species and receptive females of another
are available at the same time, and then, if cross-breeding is accomplished, of breaking the diapguse,
frequently very resistant that the bisexua! eggs enter into,
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THE ROLE OF CRUSTACEA IN MARINE FOULING

H. G. STUBBINGS _
Admiralty Maverigls Laboratory, Holton Heath, Poole, Dorset, UK,

MARINE ship-fouling is a complex of animal and plant organisms,_rgredominantly attached forms,
in the branches of or between which other errant species may live, is assemblage derives basically
from the natural community of organisms found on yocky shores. Except in the extreme case of
fouling after long exposure in the sea, ship-fouling represents 0“3; a stage in the sequence of
development of this shore community or alternatively selective growth of parts of that community.
When developed on or in Service or commercial structures this growth becomes of economic
" significance. Without entering into a detailed discussion of fouling and its economic consequences,
suffice it to say that a fouled hull reduces the maximum speed attainable, demands increased fuel
consumption to maintain a given speed with increased attendant wear on machinery, promotes
corrosion and impairs or prevents the functioning of essential services, e.g., firemains or condensers.

It is virtually impossible to arrive at a realistic estimate of the cost of fouling to marine interests
and few “guesses’ have been made. Visscher (1928) gave $ 100 million as the annual price paid by
American shipping interests alone. Allowing for the rise in costs over the years and despite the
very real improvements in preventive techniques the cost can scarcely be less today.

The basic problem of fouling and its prevention is not new, Whilst the last war stimulated
great activity particularly in the biological aspects of the problem, there were earlier workers in
this field. Hentschel (1923) had examined ship-fouling and from 1928 to shortly before the last
war Visscher was publishing the resuilts of inspections of fouled ships and of studies on barnacle
behaviour. The results of this early work and of the wartime studies are summarised in Marine
Fouling and Its Prevention written by Woods Hole experts and published by the United States
Naval Institute (1952). That work covers the whole field of fouling and its prevention. Here
1 can only consider the development of fouling on a more or Jess plane surface and, as this
symposium is devoted to Crustacea, the matter of barnacle settlement and growth in particular.

Prominent among the early settlers on a ship’s hull are one or more species of barnacle of the
genus Balonus. They are of primary importance in that many of them have more tolerance of the
usual antifouling lEOison’ cuprous oxide, than say the Jamellibranch molluscs or serpulid worms.
They share with these latter groups the doubtful distinction of producing the greatest bulk of hard
calcareous “fouling”. Pedunculate species of barnacle, Lepas or Conchoderma, may settle on the
paint at a much later period, or more probably attach themselves to pre-existing organisms. They
and the epizoic or interstitial Crustacea such as Jassa or Corophium and young crabs, together with
sponges, hydroids and so on are of only secondary importance in that they attach only after the
protective antifouling paint is exhausted.

Of the 600 or so species of barnacle, comparatively few enter the fouling community. The
book Marine Fouling and Its Prevention lists 106 species as “Foulers”, but only half of these
. have been found on ships, the remainder being recorded from cables, buoys, wrecks, test-surfaces

or other objects. For obvious reasons the real ship-fouling species come from the intertidal or
immediately sublittoral habitat, B. balamoides, B. crematus and B. improvisus in the northern
hemisphere, B. eburmeus, the B. amphitrite complex of species and varieties, B. tintimabulum,
B. trigonus, B, algicola and B. maxillaris in subtropical and tropical waters are typical fouling
species, Of these species, the biology of B, balangides is the best documented. Whilst not so -
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frequently & source of fouling.as B. crenatus it has distinct advantages as a research animal being
eagy to obtain from the shore and having only a single short annual breeding season. Among

lier workers using this species may be mentioned Moore (1934-36) and Parke and Moore
(1935); postwar, Crisp and Barnes and their collaborators and Connell (1961). Time does
nat permit of a review of all the facets of work on B. balanoides and 1 shall confine my detailed
remarks to work on the several phases of attachment, settlement and orientation, those activities
most apposite to the problem of ship-fouling.

{ "To put this story into perspective, the life-history of a typical barnacle shouid be recalled. The
eggs are retained in the parental mantle cavity, hatching into a free-swimming stage I Nauplius

A, 4 stage of very short duration, This moults successively through stages II-V nauplii, the
soscalled Metanauplius or Nauplius VI and finally the cypris larva or cyprid which attaches,
seftles and nl:__]etamorphoses into the adult form of barnacle, The -activities of the cyprid alone
contern us here. :

[

. - Certain phenomena of barnacie settiement on hulls and other structures have been familiar
for a long time, e.g., settlement abaft rivet heads and the faying edges of ships® plates, in grooves
or: depression in wood, on the outer curve of the bore in pipe bends, on the darker side of raft-
exposed test panels, The factors determining this behaviour are now becoming clearer, Briefly
tl}e)r are rcsion;es of the cyprid to surface texture, directional stimuli and to the presence of others
of its own kind,

. Cyprids of B. balanoides are at first photopositive, swimming towards the light and, therefore,
‘sea surface. A little later, presumably in response to an as yet unidentified stimulus, they
ome photonegative and seek deeper layers in search of 2 suitable substrate (Knight-Jones and

Ctisp, 1953; Barnes, 1955), On finding a solid surface the cyprids become indifferent to light and
proceed to crawl over the surface. They may detach and swim off again a number of times in this
pHase, before finding a surface that is texturally suitable for settlement. When such a surface
is found the exploratory activity becomes more detailed, a small area being minutely explored.
Finally if a settled member of the same or a closely allied species is met with, permanent attach-
ment and seitlement is induced. Tt has been shown that only a nearly allied species can evoke the
settlement behaviour, Substrates treated with extracts of the same or closely allied species or with
remains of those species on them, are colonised, but treatment of the substrate with extracts. of
unrelated barnacles, other animals or seaweeds evokes no settlement response (Knight-Jones, 1955).
This behaviour pattern has been suggested as a possible means of elucidating the relationship of

species in difficult genera. Knight-Jones himseif proposed using it to investigate affinities within

the. serpulid genus Spirorbis.

_The nature of this attractive substance or “settling factor’ has been investigated by Crisp and
Meadows (1962, 1963). Their conclusions may be summarised as follows:

(1) the stimulating substance was probably arthropodin, the water-soluble protein fraction
of arthropod cuticle; _ . .

(2) it was active only when adsorbed on a solid substrate.. Cyprids gave no fesponsc to
solutions of arthropodin; _

(3) the settling reaction was much stronger. if the substrate was favourable as regards surface
" ‘texture, i.e., with irregularities, grooves, pits, etc, They cite some most striking figures
(1963) in support of this; - o T

ER
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Treated panel Unireated panel

No. of cyprids - - -
with pits nopits withpits  no pits

(&) Exploring after 3 hr. 43 21 12 2
(b} Exploring afier 4 hrs. 34 3 10
(¢} Settled afier 24 hus. 54 3 0 0

-

(4) As the substance is only active when adsorbed on a substrate the response must be to a
particular molecular configuration presented only - when the molecule is bound to the
substrate;

(5) this configuration must be the same as that present in the barnacle epicuticle to which
cyprids respond in the field.

There is thus a series of stimuli which have to be presented in a particular order if settlement
is to be achieved, namely () a stimulus, as yet uncerfain, bringing about the reversal of the reaction
to light; (b) a stimulus to attach (by the antennal suckers only) and to explore, evoked by contact
with a solid substrate; (¢) a stimulus for detailed examination of a small area of substrate evoked
by surface irregularities or the presence of the *‘settling factor™; (d) a climactic stimulus to settle,
i.e., 10 secrete cement, evoked by the presence of both a surface concavity and the settling factor.
It is worth noting that the several intermediate steps appear to be reversible if the next in the
series is not presented quickly enough. The necessity for the complete series of stimuli to be pre-
sented is clearly not absolute or no new colonisation could ever occur. It has been suggested that
in the absence of a suitable substrate and as the cyprid aged, there was a loss of discriminatory ability
resulting in settlement on any available surface regardless of suitability, This supposition could
account for the occasional large-scale settlement of cyprids on highly toxic paint films, 2 pheno-
menon experienced at some time by all who have conducted panel trials of paints. Such loss of
discriminating ability has been shown to occur in larvae of Spirorbis borealis (Knight-Jones, 1953),
There are few well-substantiated instances of such a loss of selectivity in older larvae but delayed
metamorphosis  of planktonic larvae of benthic animals is well known (Thorson, 1946;
Wilson, 1952). It is a matter requiring further invebtigation to survey the general occurrence of
this phenomenon, Crisp and Meadows (1963) were unable to find any evidence of loss of ability
to detect the presence or absence of the settling factor in older cyprids of B. balanoides. As
colonisation of toxic panels occurs—or at least is most noticeable—when large numbers of cyprids
are about to settle, it might be suggested that settlement ijs: stimulated’ through contact with
the settling factor on other cyprids whilst the whole mass of cyprids is jostling for position on the
substrate, As yet this possibility does not appear to have been put to the proof,

Cyprids of many species tend to settle in grooves or depressions in 2 surface, a reaction
termed by Crisp and Barnes (1954) rugophilic, If the depression is in the form of a groove then
the cyprid may orientate its long axis along the groove (rugotropism). The term ‘groove’ as used
here covers a wide variety of possible microhabitats from actual furrows such as cracks in rock,
the grain of wood, or flutes in mollusc shells to brush marks or scraiches on a paint film and even
the angle between a bristle from the brush and the paint film to which it adheres. It is noteworth
that the rugophilic reaction is extremely sensitive and is evoked by irregularities of surface mucﬁ
shallower and narrower than are necessary to give initial protection to the settling cyprid.

In contrast to the effect of ‘grooves’, s ly convex surfaces, e.g., angles and ridges, tend to
cause cyprids to detach and swim off. Connell (1961) has demonstrated the survival value of the
rugophilic reaction in B, balgnoides. Counts were made of séttlements on adjacent congave and
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FIG. 1, Orientation of Elminius modestus Darwin at 10° intervals about the vertical on a vertical board
i .. (0-61m.), (i) 2’9" (-84 m.) and (ilf) 5°3° (1-60m.) below surface. The ]
at () 21t ©-61m., @) Z 8 e B e shows by the Broken e resultant angle

cofivex surfaces of equal area as settlement progressed. As wotild be expected settlement on the
cofivex ‘area_commienced later, not starting until the depressed areas were fuily occupied. The
nupbers setiled on each area became approximately equal as the space became filled up. When
a gale sprang up, the colony in the depression was practically untouched but that on the convex
hce suffered heavy mortality. Further investigation of the settlements by:age groups con-
pd that this was an effect of situation and not of the age of the individuals. Connell (1961)
figures as follows:
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Asff-wks 94 mortality
om -
settlernent in concavity on convexity
2 0 62
3 T - 60
4 8 : 92

The survival value of attachment in depressions for the early metamorphosed barnacle is
obvious.

Brief examination of a settlemént of barnacles will show that the majority are aligned in
roughly the same direction. On a vertical surface, lit from above, they may be expected to lie with
the carino-rostral axis more or less vertical and the carina uppermost, Figure 1 shows the frequency
of orientation of a settlement of Efminius modestus Darwin at 10° intervals about the vertical at
three different levels on a vertical board. The resultant angle of the orientations of all barnacles
measured was only 4° off the vertical, actually on the down-current side of the vertical. This is
the characteristic position resulting from the cyprid attaching with the anterior end towards the
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Fro. 2, ‘The orientation of Balanus amphitrite Darwin at 10° intervals about the vertical on the two sides of
: a pane!l%eaced in a constant stream of water and shaded from light from above.
resultant angle of distribution (R} is shown by the broken line.



THE ROLE OF CRUSTACEA IN MARINE FOULING 15

light. In consequence a newly metamorphosed barnacle will cast the cirral net away from the
ction of illumination, except in so far as it is able to twist the body within the sheli, and vary
the; direction of cast (Barnes, Crisp and Powell, 1951).

I :

| Only -under exceptional circumstances will the orientation be affected by a single factor.
Unglér shore conditions water movements also play a part. Work by Crisp (1953, 1955) and Crisp
and Btubbings (1957) showed that the cyprid has only a very weak orieatating response to current
diraction which is only demonstrable in the dark, e.g., on settlements in sea-water culverts, It
is completely obscured by the sirong orientating influence of light. Growing.-and adult barnacles,
on the other hand, show strong orientation to a water current, especially if this is constant in direc-
tion as in pipes and conduits, The experiment was tried of plach}g a vertical panel in a continuous
effipent stream of sea-water with a metal hood shading the panel from iacident light, The orienia-
tiog -of adult barnacles (in this instance, Balanus amphitrite Darwin) obtained is shown in Fig. 2.
The orientation was more than 60° off the vertical in a direction such that the barnacles fished into
the! current, -f.e., with the rostral end of the long axis upstream. '

 There is practically no change of orientation at metamorphosis and reorientation to take
advantage of current direction occurs during growth, It is greatest during the early growth of the
metamorphosed barnacle but may continue at a diminished rate during the life of the individual,
This change of orientation during growth may be seen in the curvature of the radial pores in the
basis of species with a caicareous basis. [n situations offering appropriate conditions such as con-
duits and the outer bottoms of boats swinging in a tidal stream barnacles can effect a close orienta-
tion to current, but in general the position taken up has to be a compromise between orientation
to light and to current. As already stated the current stimulus is relatively weak compared to the
light stimulus and in the field its effect is largely nullified. - - '

. From the point of view of ship-fouling the cyprid is the most .interestipg phase in the life of
a barnacle, A fairly detailed description has been given above of the events taking place during
this phase. Two gaps in our knowledge are obvious,  Firstly, what causes the initial reversal of
photo-sensitivity from positive to negative ? “Secondly, is there in any species of barnacle a loss
of discriminatory sensitivity on the part of the aging cyprid if settlement 1s delayed? The second
point needs to be clarified for several species if a general assumption is to be made. 1t has clear
implications for the worker on fouling. .

.. A subject of even greater importance for anti-fouling has not been discussed, mainly because

of ‘aur lack of information. This is the nature of the adhesive cement secreted at fixation and
during growth. It has been little studied in barnacles but is believed to be of a similar nature to
the cuticle of insects. The evidence linking the two is rather sparse and barnacle cement per se
should be examined in much grester detail. To look a long way ahead, if a chemical means of
preventing the setting (hardening) of this cement were discovered and if the appropriate material
could be incorporated effectively in a ship-bottom paint, then a major part of the problem of fouled
ships would be solved. There is a long way to go!
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PHYSIOLOGY OF THE CRAYFISH ANTENNAL GLAND'

LEONARD B, KIRSCHNER
Department of Zoology, Washington State University, Pullman, Washington, U.S.d.

Tug mode of operation of nephridial organs in most forms is completely unknown, and in no
group of invertebrates does there exist the wealth of detail that characterizes our picture of verte-
bra Irenal physiolegy., The magnificent experiments of J. A, Ramsey (1955, 1956) have provided
insight into events in the insect malpighian tubule; his experiments may be even more important
in ghowing what can be done when modern techniques of micro-sampling and ultramicroanalysis
are ‘applied to such problems. An equally exciting picture is developing in the Jaboratory of
Professor A, W. Martin who is studying excretion in cephalopod molluscs. 1 propose here to
deséribe research which has shed a little light on the mechanism of urine formation in the crayfish.*

FILTRATION-REABSORPTION OR SECRETION

: Although crayfish urine has not been completely characterized, we know something about
its eamposition. Sodium, potassiom and chloride concentrations are low, as is the total osmotic
pressiire.  The fluid is normally devoid of glucose even when it is circulating in the blood in
appreciable concentrations. Even such scanty data indicates that urine composition differs markedly
from that of the blood from which it was derived. This immediately raises the question of whether
the ‘antennal gland operates on a filtration-reabsorption basis, or as a secretory organ. That is,
whether an ultrafiltrate of blood is expressed into the tubular lumena after which the fluid is pro-
cessed by reabsorbing many of the constituents back into the blood: or alternatively, whether urine
is formed by transporting each constituent, including water, across thé peritubular cells into the
lumenal fluid. Maluf (1939, 1941) concluded that the excretion of dyes as well as inulin and xylose
showed that the antennal gland was a secretory organ. Such a point of view is also commensurate
with the lack of a morphologically distinct fittration site analogous to the vertebrate glomerulus.
However, Martin (1958) pointed out that many of Maluf’s observations could also be explained
on & filtration-reabsorption basis, and that the secretion of dyes also occurs in the vertebrate
kidney which is basically a filtration-type organ. Thus, as recently as 1958 extant data did not

pertitit us to resolve even so fundamental a problem.

:More recent studies appear to show that urine formation occurs by a process analogous with
filtrgtion-reabsorption in the vertebrate. Thus, a series of polymers, all foreign to the animals, are .
excrpted after injection into the blood. Text-Figure I shows the blood and urine concentrations of
inulin, a polyfructosan with a molecular weight of about 5,000, after such an injection. It is
apparent that the urine to blood (U/B) ratio is greater than | throughout the period of measure-
ment.” In addition, the U/B ratioc was shown by Riegel and Kirschner (1960) to be independent
of its blood concentration even when the latter varied over three orders of magnitude, Two
dextrans, one in the molecular weight range 15-20,000, the other in the range 60-90,000, are also
excreted as shown in Text-Figs. 2 and 3. Text-Figure 4 shows that human serum albumin, with a
molecular weight of 68,000, is also excreted in the urine. Formation of urine by a secretory process
would require a transport mechanism for each of these compounds. Since they are foreign to the

1
{*iMost of the work on filtration is described by Kirschner and Wagner (1965) unless another source is cited,
12



i8

LEONARD B. KIRSCHNER

|48
oo
i -
24
N A1 : 4 ¢
S
3 20} X
4 X
_J' []
| i | | | | |
0 12 24 36 48 60 72 B4
HQURS

’I‘m"r-Fla.mle Cogzmrauon of inulin in blood (——x—-) and uring (- »--x----} following injection into

hemocoe) at

0 hours, The inset shows the time course during the first six

hours, The U/B varied between 2-1-2+5 during the period 24-72 hours,

L

DEXTRAN CONC.__MG/M

Text-FiG. 2. Concentration

following injection of 052 mg. into the veniral

24 72
. HOURS
of low molecular weight dextran in blood (——@——) and utine (- -~ -@----}
hemocoel. The U/B varied

between 2-8-6:0 during the period 24-72 hours.



BHYSIOLOGY OF THE CRAYFISH ANTENNAL GLAND

- 1200+

|ooo$ .
g 1" H“““‘M
O BOOT / TN
(& F; "~

e

Z 600- ¥,
(v 4 o
-
S 400k
fm]

2 00

| 1 i i 1

0o 5 10 15 20 25 30
HOURS

“Text-Fig. 3. Concentration of high molecular weight dextran in blood (——@—-) and urine (- < @----}
: following injection of 3-0mg, into the ventral hemocoel. The U/B varied between 0-7-1-7
during this experiment. The first urine sample was taken early and the low
concentration miay have been the resule of dilution by bladder
urine formed before the dextran was injected, ’

- 100
3
2 78l
[ o,
Z
3 50
S 28 e
@ B
- ol e
o i i | 1 ! -
0 5 10 15 20 25 30

HOURS

?'I‘mr‘ Fic, 4, Concentration of albumin in blood (==~ @ ——) and utine (- ---@ - ---) following injection
o FmofO*O!Am. into the ventral hemocoel, The U/B wag 0-52 at 24 hours, It was 0+6 after
98 hours when the blood concentration had fallea to 1-84 ug./ml.



20 LEONARD B. KIRSCHNER

animal and chemically unrelated to each other the existence of such mechanisms must be
considered unlikely. On the other hand, in a filtration type organ fransport mechanisms are

responsible for reabsorbing compounds from the primary filtrate and their absence would ensure
excretion of compounds small enough to be filtered.

Studies on glucose excretion by the antennal gland provide independent evidence for filtration,
The absence of giucose from normal urine might be the result of total reabsorption after filtration;
but it mifht equally be due to the absence of a secretory transport system. However, it was shown
by Riegel and Kirschner (1960} that when the blood concentration is elevated glycosuria occurs.
A summary of their data is shown in Table 1, and it appears that the renal threshold is about
200 mg./100 ml. Table II shows that phloridzin, a compound known to block glucose reabsorp-
tion in the vertebrate kiduney, results in prolonged excretion by the crayfish even at normal blood
levels. The absence of glucose from normal urine cannot be rationalized with glycosuria
at elevated blood concentrations or in the presence of phloridzin if the antennal gland operates as

a secretory organ. But they ure completely consistent with a filtration-reabsorption type of
operation.

TABLE 1
Blood and wine glicose
(Mg. per 100 ml)

Animals Zero 1 hour 4 hours 7T hours
8 U 8 U B U B u
1 5 0 9 0 8 0 & .
2 0 192 0 56 7 18 0
3 0 0 20 o0 50 0
4 10 0 560 0 20 30

Glucose excretion in crayfish urine.  Each animal was injected with glucose after removing zero samples, Blood
and urine samples were taken at the times noted, Transient glycosuria in animals 2 and 4 in the samples taken
4 hows later. Dashes indicate that no sample was obtained,

TabLE 1
Effect of phloridzin on glucose excretion
(Mg. per 100 ml)

Animals  Mg./Kg. Zero 4 hours 10 hours  23-26 hours

B v B v B v B v

1 12 2 .. 3 16 39 5 40 3
2 32 2 0 3% 43 17 48 27 18
a 77 22 0 4 w06 28 ¥ 25 7
4 102 2T 0 3 65 33 14 38 6

Glycosuria after injection of phloridzin (dosages are shown in columa 2),
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i hﬁcroguncture studies on the composition of fluid in the antennal gland lumen are also con-
sistpnt with filtrate formation. These will be discussed later in a slightly different context.

PERMEABILITY OF THE FILTRATION SITE

b f'a'ﬁlttate is formed some mechanism must ensure that blood protein is not lost, In the
vertebrate nephron glomerular permeability is normally low enough to prevent protein passage.
T:dn$sess filtration permeability in the antennal gland we injected a series of different sized polymers

|

measured their excretion. As indicated earlier, dextrans in the mojecular weight range 15-20,000

greted with U/B ratios essentially the same as those for inufin. On the other hand, larger
ans, with a molecular weight range 60-90,000 appear to have lower urine concentrations at
. given blood level. This suggests that large polymers may be restrained at the “filter”. To
test: this surmise two animals were injected simultaneously with tritium-labelled inulin and
C"-Llabcllcd dextran of low molecular weight. Another pair of animals were injected with labelled
inulin and the high molecular weight dextran. Table IIT shows that the ratio of low molecular
weight dextran to inulin was essentially the same in urine as in blood which would be expected if
the ‘two were handled identically. On the other hand, the urinary ratio of dextran to inulin for
animals injected with the larger carbohydrate polymer is significantly less than in blood and indicates
that excretion of this dextran occurs only about 70%, as rapidly as inulin,

1
i

a

Tapre I
Blood and urine conceniration of dextran and inviin

Number Number Dextran: Inulin ratios

Dextran”  Animals  Sample - U/Bsd.
Periods Blood Utine !
Hil
: HMWD .. 4 16 137 0-93 0-69:£0-19
LMWD .. 3 7 2.2 204 0-9240-24

See text for description of the experimenial protocol. The U/B ratio (column 6) is a ratio of dextran: inulin
valws, ie, column $: column 4,

'Human serum albumin, labelled with I'%, was also excreted, but its concentration in the urine
was never as high as in blood. This also shows that compounds in the molecular weight range
60-90,000 are not freely filtered. It also suggests that restraint on filtration of proieins is more
rigorous than for carbohydrate polymers since the urine concentration of the high molecular weight
dextran always exceeded that in the bloed: although this compound is approximately as large as
albyntin, Mammalian serum globulin (MW 180,000), labelled with a fluorescent dye was injected
intol 8 group of crayfish. No fluorescence could be measured in the urine, indicating that a pro-
tein: of this size cannot be excreted. Evan's Blue was also injected into a group of animals but was
not excreted. This compound is known to bind to blood protein in vertebrates, and the same
thing happens in crayfish {unpublished observations).

“These experiments indicate that compounds in the molecular weight range 15-20,000 are freely
filtexed in the antennal gland but that species with molecular weights much above 50,000 are
restrajned. Smaller proteins, including human serum albumin, can be excreted but proteins as
large as mammalian serum globulin do not appear in the yrine. Since most of the blood protein
in crayfish -is hemocyanin (MW 875,000) the antennal gland is obviously structured to prevent loss
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LOCATION OF THE FILTRATION SITE

The coeclomosac has been suggested as a possible filtration locus, but without much evidence
beyond the fact that it is the most proximal region of the organ. Its gross morphological appear- -
ance certainly does not resemble that of a filter, although Kfimme! (1964) has observed, with the
electron microscope, membranes in the coelomosac which look like filiration sites. Indeed the
absence of any obvious morphological specialization was one of the original arguments advanced
against the operation of the antennal gland as a filtration organ (cf. Prosser, 1961). Nevertheless,
several observations support the idea that the filter is located in the coelomosac. One of the most
important is that analyses of fluid taken from this region show that it approximates an ultrafilirate
of blood. Peters (1935) showed that chloride concentration int the coelomosac is nearly the same
as in blood. Riegel (1963) confirmed this, and observed that the osmolality is also the same,
More recently Riegel {(unpublished observations) measured sodium and inulin concentrations and
found them nearly identical in the two fluids. He noted that potassium was more concentrated in
coelomossc fluid, but this was the only discrepancy, We have found that when glucose and inulin
are introduced into the hemocoel, extracts of coelomosac contain essentially the same relative con-
centrations of the two as blood. Since inulin concentration is wnaitered in coelomosac fluid the
same must be true for glucose.

A different approach provided independent evidence for filtration in the coelomosac. During
our studies on protein excretion we were surprised to find that Evan's Blue becomes very concen-
trated in .the coelomosac following injection into the hemocoel. Since the dye is bound to cir-
culating protein we suspected that protein might be concentrated in this region, This was tested
by injecting labelled proteins and measuring their appearance in different parts of the gland,
Inulin, injected simultaneously, served as a reference compound. The following experiment
itlustrates the procedure. Several animals were injected with I8 labelled human serum albumin
and C'" inulin, After several hours the animals were sacrificed; a blood sample and portions of
coelomosac, labyrinth and tubular region were analyzed for the labelled compounds. The data
are shown in Table IV where the ratio of albumin to inulin in blood is arbitrarly assigned the
value 1-0. It can be seen that the injected protein becomes much more concentrated in the coelo-
mosac than does inulin while it is less concentrated in the other regions of the organ. The latter
observation is expected on the basis of data presented earlier that inulin is filtered much more
freely than albumin. The high protein concentration in the coelomosac might be explained by
filtration in this region which would remove both water and inulin leaving the protein concen-
tration high. Indeed, the data are difficult to rationalize on any other basis. :

TABLE IV
© Albumin-imdin ratlos in Bood and amtennal gland

Albumin: Tnulin ratios
Blood Coelomosac Labyrinth  Tubule

| (25 gglt 1-00

' Time
Animals  (hours)  Gland

058

825
bref

«3 g-
0 o 0-57
2 60 R i 17-7 0-60 1-61
_ 7% A R S ¢! 057 1-29

See text for experimental protocol. Values for the ratios have been normalized to a blood value of 100 in
order to facilitate eom'parisonp of -the two animals,

If filtration really occurs in the coelomosac then use of an appropriately marked protein might
permit us to delimit more pregisely its logus, Fluorescent dye-labelled mammatian serum globulin
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wad injected into several animals, permitted to circulate for several hours, following which the

ls were sacrificed and the glands sectioned and mounted for histological observation. The
fiu n{ protein was localized with an ultra-violet microscope. Plate I, Fig. 1 shows a cross-

n of an antennal gland through the labyrinth and tubular region and it can be seen that only
purictile spots of fluorescence appear. These may be blood vessels or sinusoids. Plate I, Fig, 2
shogwis & section through the coelomosac and it can be seen that the fluorescent protein is highly
concentrated here. Note that the fluorescence is more or less confined to the peritubular regions,
which is compatible with the formation of an ultrafiltrate at this site, It can be seen that the
flugrescence is intracellular, an observation that was totally unexpected. If the vertebrate nephron
servep as a model, we should expect that filtration would occur directly out of blood vessels leaving
the!protein concentrated in the capillary. Its appearance within the peritubular cells here suggests
thal the mechanism may differ considerably from that in the vertebrate.

‘iheSe studies, together with the data obtained from analysis of tubular urine, point to the
coelomosac as the site of filtration in the antennal gland. However, they indicate that more work
wilf be necessary before we understand the mechanism of filirate formation. -

SitE OF GLUCOSE REABSORPTION

. The ability of the antennal gland to excrete glucose when the blood level is high or after
phlbridzin is injected shows that this compound can enter the presumptive urine. Indeed, free
filtration of compounds as large as inulin suggests that it must appear in an ultrafiltrate even at
norimal blood levels. Yet examination of hundreds of urine samples indicates that normal urine
is glucose-free. It must be completely reabsorbed from the tubular Jumen and translocated back
into the blood. One is then faced with guestions regarding the site and- mechanism of reabsorp-
tion.: Preliminary evidence makes it appear likely that glucose reabserption occurs in the labyrinth,
The evidence for this will not be presented in detail since it is still unpublished, but a brief desecrip-
tiont of the results will indicate both our approach and the nature of the evidence. First, glucose
and inulin are injected simultaneously and their concentrations examined in deproteinized extracts
of blood, coelomosac, labyrinth, and tubules. Analysis shows that the glucosefinulin ratio is the
same in coelomosac extracts as in the blood, but that it rises very sharply in the labyrinth, and is
reduced once more in the tubule, Since we know that inulin is freely filtered into the coelomosac
lumen (¢f. above), identity in glucosefinulin ratio in coelomasac and blood is expected if glucose
is {Lfly filtered in the coelomosac. Assuming that inulin is ipert (neither reabsorbed nor secreted)
in the antennal gland a larger ratio in the labyrinth suggests that the quantity of glucose has increased
in this region. This may mean that it is reabsorgcd here, becoming concentrated in the cells
because its movement from lumen to cell occurs more rapidly than from cell to blood. A decrease
in glucose/inulin ratio in the tubule would then be expected since the lumen in this region would
contain inulin and only such sugar as had passed by the reabsorption mechanism,

"1t was pointed out by Bourne (1943) that epithelia that translocate glucose in the vertebrate
invariably show high alkaline phosphatase activity located at cell borders. This is true, for example,
of the proximal tubule of the vertebrate nephron and in the small intestine and rectum. In every
cas¢ the enzyme is located on the lumenal membrane. When the antennal gland was examined
histochemically alkaline phosphatase was found in high concentration only in the labyrinth.
As shown in PL I, Fig, 3, the enzyme concentration is especially high on the lumenal border.

These experiments indicate that filtration of glucose in the coelomosac may be followed by its
reabsorption somewhere in the labyrinth. Dr. Riegel has now underiaken micropuncture studies

- of Erﬁmenal“ﬂlﬂd to see whether glucose, in fact, disappears from the fluid in the labyrinth as
would be predicted "from our observations,
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Site of DiLuTioN OF URINE

Since all freshwater animals are hypertonic to their environment they must cope with an
osmotic influx of water. They preserve an osmotic steady state by excreting a dilute urine, and if
the primary filtrate is isosmotic, solute must be reabsorbed or water secreted somewhere in !;he
nephridial organ. Schmidt-Nielsen (1961) recently surveyed a diffuse literature showing
among oth>r things that where marine and freshwater representatives of several taxa can be com-
pared the nephridial organs of the latter have a segment of tubule intercalated between the proximal
regions and the urinary bladder or nephropore. Decapod Crustacea are no exception. Crayfish
have a long tubular segment between the labyrinth and bladder: lobsters do not. Since only
freshwater animals must dilute the urine, this morphological specialization points to the tubular
segment as the dilution site. By taking samples of lumenal fluid throughout the antennal gland
Peters (1935) showed that chloride concentration did, in fact, become hypotonic in the tubule.
Riegel has recently confirmed this and also showed (1963) that osmotic pressure dropped as
chloride concentration decreased. Their data are shown in Table V., Note that bladder urine is
even more dilute than samples from the tubule. This will be discussed later.

TasLE V
Chloride and sodium concentrations in tubular himena
(Values in mM)
. Distal tubule
Variable Blood Coeclomosac Labyrinth Bladder
Proximal Distal

Chloride (R) o 184424 168420 162421 12124 81415 34118
Chloride () oo 1964 3 1984 2 2094 7 .. 90+ 6 101406
Osmotic pressure .. 200410 208422 181411 1694+ 7 1211414 1941-5

Chloride concentrations and osmolality of tubular Auid taken from different reﬁons of the antenna) gland.
Oamolality is expressed as mM/I NaCl, e chloride data designated R and osmolality are from Ricgel, 1963.
Chloride concentrations designated P are from Peters, 1935, :

Dilution of the isosmotic filtrate requires either that solute be reabsorbed through an epithelium
less permeable to water or that water be transported into the tubule by some kind of water *pump”.
Now if water pumps are not quite an anathema to general physiologists, neither are they very
respectable, and one of the main points of Schmidt-Nielsen’s review is that both concentrated and
dilute urine may be produced without need for invoking water pumps in kidneys. Her argument,
although indirect, is convincing. It has been strengthened by some unpublished work in Dr, Riegel's
laboratory showing that inulin becomes concentrated in the tubular segment (remember that the
final urine concentration is about twice that in biood). The simplest explanation encompassing
these observations is that water as well as chloride is reabsorbed from the tubule. Faster chloride
reabsorption would dilute the fluid, but removal of some water would canse the inulin concentration
to rise. This is analogous to events in the distal tubule of freshwater vertebrates and entirely
compatible with observations of linked salt and water fluxes across a variety of epithelia.

A ROLE roR THE URINARY BLADDER

One other structure has been investigated recently, this one not proper!
gland at all.  Several observations suggest that the urinary bladder in crayfis

K a part of the antennal
may be important in diluting the urine by reabsorbing sodium chloride,

like that in amphibia,
- Thus, Table V shows



PHYSIOLOGY OF THE GRAYFISH ANTENNAL GLAND 25
thax chioride concentration in the distal tubular region is much higher than it is in the final bladder
uriné. This could be explained if chloride is reabsorbed from the bladder itself. Two observations
-make this appear likely. Kamemoto ez al. (1962) showed that the concentration of cholinesterase
!ll"th urinary bladder in crayfish was much higher than in any part of the antennal gland (Table VI).

tenzyme has been implicated in sodium transport across the frog skin (Kirschner, 1933)
and Eriocheir gilis (Koch, 1954). In addition, introduction of Na3? into the urinary bladder was
followed by its appearance in the animal’s blood and the rate of absorption from the bladder was
dimipished by eserine. Clearly the bladder wall is permeable to sodium, and its permeability is
somehow depressed by eserine. Kamemoto (1961} has also shown that the same cholinesterase
inhibitor (eserine) causes a large increase in urine sodium concentration suggesting that its reabsorp-
tion has been inhibited. This group of observations points to the existence of a sodium transport
methanism in the bladder cells, and its action would explain why normal bladder urine was more
dilte than tubular urine taken from the most distal regions of the kidney.

TasLe VI

Cholinesterase activities In kidney of Procambarus clarkii
{pH 9.0, 0-015 M AChBr, 25°C)

hydtalyssalon
A mg.
N/min,
Kidney— 12 pairs e 027
Kidney— Eserine inhibition (4 pairs) .. en
Kidney— Series 1 (12 pairs):
Croenipe o3
Tubule 0-64
Bladder 1-10
Kidney—- Series 11 (8 pairs):
Coelomosac 044
Labyrinth 0-00
Tubulke 065
Bladder 2-1%

*

%(ﬁhohnqsterasc concentrations in antennal gland and bladder. Enzyme activity is expressed in tenms of raée
ot hydrolysis. .

SUMMARY

" The crayfish antennal gland appears to form an vltrafiltrate from which a final urine js manu-
factured primarily by a differential reabsorption of solutes and water by the peritubular cells.
Filtration apparently occurs in the coelomosac, but by a pracess different from that occurring in
the. vertebrate glomerulus. The filtration locus is freely permeable to molecules at least as large
as t4rbohydrate polymers with molecular weights of 20,000. Larger polymers, including injected
pratein, can be excreted if their molecular weights are below 100,000, but their filtration appears
to ba restricted.  Very high molecuiar weight compounds, including the animal’s own blood protein,
are. not excreted, probably because they are too large to appear in the primary ultrafiltrate.

As the fluid passes progressively through more distal régions of the gland, glucose appears to
be irpabsorbed in the labyrinth. Little change occurs here in NaCl concentration or in osmotic
srekqure, — Chtoride and water are absorbed from the tubular segment of the gland, but the former

H
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more rapidly so that the tubular fluid becomes progressively more dilute. Final dilution of the
urine may occur in the bladder through further NaCl reabsorption,

Although certain aspects of antennal gland physiology have been clarified much more remains
to be done. - We have barely begun to describe the variety of processes that occur, let alone search
for their sites and mechanisms, To take only lwo examples: we have no idea about the fate of
most of the small, blood-borne solutes that must appear in an ultrafiltrate; nor do we know
whether this organ has a role in regulating blood pH similar to the one played by its vertebrate
counterpart, Comparative studies on marine decapods are badly needed and these might well
be extended to freshwater and marine representatives in other groups of invertebrates. The tools
for attacking these problems have been refined by vertebrate renal physiologists. We need only
be sufficiently interested to learn to use them incisively on inveriebrate problems.
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PHYSIOLOGY OF THE CRAYFISH ANTENNAL GLAND 27
EXPLANATION TO PLATE 1

‘Pias, 1-3. Fig. 1. Section through the labyrinth and tubule of an antennal gland yemoved four hours after
injection. of flucrescein-labelled globulin, The labyrinth comprises the outer border {upper edge) of the- section;
the tubular tissue is more looscly arranged atound larger lumina, The section is illuminated with ultra-violet light,
Magnification 80%. The symbols delimit regions of the organ. Lb, labyrinth; Tu, tubule, Fig. 2. Section
through the coeslomosac of the same organ shown in Fig. 1, The coelomossc. tubule border can be seen in the
upper cdge of the photomicrograph, Iilumination and magnification as in Fig. 1. T, tubule; Co, cotlomosac;
pre, peritubular cells of coclomosac; /v, Jumen of coelomosac, Fig. 3, Cross-section through the labyrinth of
an - antennal gland treated to show sites of alkaline phosphatase activity. The black deposits, confined to the
lumenal border of the peritubular cells, show that the enzyme is Jocated here, Sections through the coelomosac
and tubulo show no detectable activity.



COMPARATIVE ASPECTS OF SOCIAL BEHAVIOUR IN FIDDLER CRABS
OF THE WORLD (OCYPODIDAE, GENUS UCA)*

JOCELYN CRANE
The William Beebe Trapical Research Station, Simla, Arima Valley, Trinidad, West Indies

THE film was composed of sequences on the following topics, all illustrating aspects of social
behaviour in Ura: (1) The wide range of species-specific visual displays in fifteen selected species
of fiddler crabs, photographed in the field in South-East Asia, the South Pacific, Australia, Africa
and Tropical America; (2) characteristics of general and specialized types of social behaviouwr;
(3) persistence of the characteristics of visual display in populations which are geographically
widely separated; (4) examples, in contrast to the latter sequence, of subspecific differences in
disptay; (5) aspects of agonistic hehaviour in relation to display. ’

A simple method of keeping marked fiddler crabs in captivity was described, under condi-
tions which elicit approximately normal social behaviour. Qut-of-door 1anks, measuring not less
than six by ten feet in dimensions, are provided at one end with a bank of mud and one or more
young mangrove plants, from a local swamp; sea-water, of any desired salinity, is pumped o
and from an adjacent storage tank. If the population is not overcrowded and if a fresh layer of
mud is occasionally added, no additional feeding is needed. Individuals from a number of loca-
lities in Asia and the Americas have been kept this way successfully for a maximum of two vears.

The film was sopplemented by tape recordings of certain acoustic signals used variously in
territorial, threat and courtship behaviour, in species from Trinidad. Some are made through
rappings of the lower outer part of the major manus against the ground; others through vibration
of water or air against membranes at the base of the chelipeds: others through stridulation of
tubercles and vidges on various parts of the body.

Territorial behaviour, intermale threat, fighting and courtship activities depend largely on
short-cycle rhythms which have not yet been physiologically investigated. Tt was suggested that
this field would be particularly rewarding for further research,

Details of the work presented at the Symposium will be found in the references given below.

REFERENCES
CRrang, 1. 1957, Basic paiterns of display in fiddler crabs (Ocypodidae, Genus Uca). Zoologica, 42: 69-82,
1958. Aspects of social behaviour in fiddler crabs, with special reference to Uea, Ihid., 43: 113-130.
Int PREPARATION. Fiddler crabs of the world (Ocypodidae, Genus Uea). (Book: for publication in 1966,)

* Summary of the Ailm screened. Thie study has been made possible principally by grants from the National
Scienge Foundation (NSF G-1316 and 0-111533}. thld from the Newp\’ork ZOOIOSPIC:ll Society.



' ﬂiYLOGENETlC RELATIONSHIPS IN THE FAMILY CHYDORIDAE (CLADOCERA)*

Davip G. Frey

Department of Zoology, Indiana University, Bloomington, Indiana, U.S.A.

ABSTRACT

Relationships of the chydorid Cladocera at and above the genus level have been based hitherto largely
¢n superficial ressmblances, except .mibly_for the single genus Ewrycercns. The arrangement of two series
of 'p':ées on the head shields, descrived earlier by the author, shows a major dichotomy in the family, which
is substantiated by a parallel dichotomy in the suspension of the mandibles, '

INTROBUCTION

THE species in the family Chydoridae are generally distinct and easily recognizable entities once
they: have been realistically circumscribed, whereas relationships between species at the generic
level are often much less clear cut. As a result, interpretations of relationships have often been
baged as much on subjective impressions as on objective evidence. Except for a number of mor-
phologically very distinctive genera, some of them mono- or di-specific, species have been shifted
freely from one genus to another at the whim of the particular investigator.

i At still higher taxonomic levels, little has been accomplished that is generally accepted except
thd splitting off into a separate subfamily of the highly distinctive genus Eurveercus. Recent studies
" onispecies from all over the world have revealed morphological details that indicate phylogenetic
relationships between genera and also aid in assigning species to their proper genera. The time
seeims propitious, therefore, for subdividing the family into a small number of natural subfamilies.

ReviEw OF PReEviOUs WORK

0. F. Miiller (1785) included nine species of crustaceans in his genus Lynceus. The first species
he idescribed—Lynceus brachyurus—is a conchostracan, which is now the type species of the family
Lynceidae, based on an assignment by Leach (1816) and a subsequent interpretation by Stebbing
(1903). The second species—Lynceus sphaericus—-was designated by Leach (1816: fide Stebbing,
1902) as Chydorus sphaericus. The taxon Chydorus sphaericus (0. F. Miiller, 1785) is now the type
species of the family Chydoridae, as it was not only the first cladoceran Miiller described in the

nus Lynceus but also the first to which a new generic name was applied (see Stebbing, 1902,
or a detatled discussion of the matter). Baird (1843) subsequently assigned most of Miiller's other
species of Lynceus to the new genera Alona, Eurycercus, Pleuroxus, Peracantha, and Camprocercus
listed in order of their mention in Milller’s paper (see¢ Table 1). Lynceus longirostris, the seventh
species in the genus, was later assigned to the new genus Bosming in a different family (Baird, 1845),
Only the ninth species—Lynceus socors—has not been positively identified with any modern species.

P. E. Miiller (1867) included in the family Daphnidae all the Cladocera currently distributed
ampng the families Sididae, Daphnidac. Bosminidae, Macrothricidae, and Chydoridae. The

. * Contribution 737 from the Department of Zoology, Indiana University, Bloomington, Indiana, US.A. This
study; hag been aided by grants GB-87 and (GB-2773 from the National Science Foundation. I am also indebted 1o
ha University for a travel grant enabling me to attend the conference at Ernakulam and to Dr. N. N. Smirmnov

of Bprok for graciously letting me examine the manuscripts of his as-yet-unpublished studies,
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chydorids were listed under the subfamily Lynceinae and the others under the subfamilies Sidinae
aind Daphninae. Miiller recognized that the genus Eurycercus differed markedly from the other
genpra of the Lynceinae, and accordingly he defined two *‘series”, the first including only the genus
Eurycercus and the second the remaining genera recognized at that time (Table I). Tn this action
he anticipated Kurz (1874), who on elevating the Lynceinae of P. E. Miiller to family rank like-
wise elevated the two “series™ to subfamily rank, giving to the first the name Eurycercinae and to
the-i'spcond Lynceinae. The latter was subsequently changed to Chydorinae, following the change
in family name recommended by Stebbing (1902).

éMost subsequent authors (e.g., Herrick, 1884; Herrick and Turner, 1895; Lillieborg, 1900;

Keilhack, 1909; Birge, 1918; Berg, 1929; Wagler, 1937; Behning, 1941; $rémek-Husek, 1962)

have! adopted this primary breakdown without attempting any further elaboration. Thus, all

tglgrd&mds except Eurycercus have been included in the single subfamily Lynceinae, or more recently
ydorinac.

i Dybowski and Grochowski (1894) split Kurz’ subfamily Lynceinae into four subfamilies—
Actoperinae (2 genera), Aloninae (8 genera), Pleuroxinae (6 genera) and Chydorinae (2 genera)
—an: the basis of relatively minor and to a certain extent subjective characters. The Acroperinae
were distinguished by having a prominent keel or ridge on the head, which resulted in the eye and
ocellys being located far from the margin. Although these characters apply to the common
Eutopean species, they do not apply to Campfocercus. oklahomensis Mackin, 1930, which has an
unkeeled head, nor to Alonopsis elongata (Sars, 1861), which Smirmov (1965 a) has recently trans-
ferred to the genus Acroperus on the basis of the structure of its thoracic limbs,

. The remaining subfamilies Aloninae, Pleuroxinae, and Chydorinae are distinguished on the
basis of the shape of the animal (egg-shaped, modified egg-shaped or subspherical), shape and
height of the posterior margin of the shell (with exceptions noted), and the presence of one or two
basal spines on the postabdominal claw (again with exceptions noted). The latter iwo characters,
as will be noted later, are reasonably good subjective characters associated with a primary division
of the Lynceinae, but they are sufficiently variable that they are not universally applicable.

‘In the following year Dybowski and Grochowski (1895) elevated Kurz’ subfamilies Eurycer-
cinge and Lynceinae to family rank and made a number of other changes at the subfamily level
without giving any justification for their action. Thus, they changed the name Aloninae to Lyn-
ceinae, even though their restricted monospecific genus Lynceus was located in a different subfamily
Lyncopleuroxinae along with the genus Landea, both of which had been separated from the Pleuro-
xinae. The subfamily Chydorinae was made monogeneric by removing Monospilus to its own
subfamily (see Table 1). Subsequent authors have either been unaware of these studies or have
disregarded them.

In his key to the genera of the Lynceinae, Kurz (1874) made a primary separation into two
groups on the basis of the length of the posterior margin of the shell in relation to the maximum
bheight of the shell and the means whereby the eggs or embryos are retained in the brood chamber.
Group A has the posterior margin scarcely shorter than the height of the shell, and the brood
chamber is closed by the posterior portion of the abdomen being bent rather strongly upward to
establish contact with the shell. Group B has the posterior margin considerably shorter than the
maximum height of the shell, and the brood chamber is closed by the downward-sloping posterior-
dorsal portion of the shell, rather than by any special modification of the abdomen.

“This first subdivision of the family (excluding Eurycercus) although considerably subjective
and not realistic for some species not occurring in Europe is largely valid, since all the more recent
attempts at subdividing the family have either retained this dichotomy or have worked within it
(Table I). Dybowski and Grochowski (1894, 1895) merely split Group A into two subfamilies
and Group B into at first two and subsequently four subfamilies.
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Recent studies concerned with the configuration of the head pores (Frey, 1959, 1962), the
morphology of the thoracic limbs (Smirnov, 19654, 1965 b), and the articulation of the mandibles
with the head (Frey, this study) demonstrate that Kurz’ Group A is a phylogenetic unit, here
designated at the Aleninae, and that Group B is another major phylogenetic unit, here designated as
the Chydorinae. The anomalous genus Monospilus has been placed at least temporarily in the
subfamily Aloninae. The even more anomalous genus Saycie, known only from Victoria, Australia,
seems to be related to Euryeercus in the morphology of its thoracic limbs and the fact that it is
poivembryonic, but otherwise is quite different. Considerable study is still required to determine
its teue relationships. In the meantime, T have placed it in its own subfamily, the Sayciinae.

HEAD-SHIELD PORES

Frey (1959, 1962) has demonstrated (wo series of pores on the head shields of all the chydorids
available at that time—45 species. representing 16 genera. These pores consist of a series of
large pores, most generally 2 or 3, on the midline and a pair of generally minute pores that are
cither lateral to the major pores or are on the midline between the major pores if these are widely
separated. Except for the genera Eurycercus and Monospilus, which seemed monotypic at the time,
the pore patterns of all the other species fell into two major groups (Fig. 13}, which correspond
precisely to Kurz’ (1874) dichotomy in his subfamily Lynceinae: the Alona Section is equivalent
to Kurz’ Group A, and the Chydorus Section to Group B, excluding Monospifus. Within each
of these sections two or three types were recognized based on details of pore pattern and on the
location of the pore configuration with respect to the posterior margin of the head shield, The
dichotomy in the Chydorus Section, in particular, seems to have phylogenetic value.

[n our further studies on the chydorid Cladocera we have found a number of pore configuras
tions that do not conform to the strict definition of this primary dichotomy. These instances are
mainly among tropical and sub-tropical species. Thus, Chydorus hybridus, C. poppei and C. barroisi
have lost their major pores entirely. Interestingly, these three species seem closely related on the
basis of other morphological evidence as well. Eurvalona occidentalis (= orientalis) has just a
single major pore (Fig. 14 in DeCosta, 1964; Fig. B in this paper) as in Eurpcercus and Mono-
spilus, and in some specimens even this is absent, leaving just the two minor pores. Alona globulosa
(Fig. 17 in Mueller, 1964; Fig. 6 in this paper), which has generally been assigned to the genus
Alonella, is also atypical, in that the major pores have been lost completely, and the minor pores
are enclosed by prominent parenthesis-like thickenings on either side of the midline. It would be
difficult to assign these particular species to their proper subfamily oi even genus on the basis of
pore patterns alone. Most species can be assigned readily, however, and fortunately for the
anomalous cases other fundamental characters are available to help decide the relationships.

THoRACIC LiMBs

N. N. Smirnov (1965 b) has recently turned his attention to the morphological details of the
five {sometimes six) pairs of thoracic limbs of the chydorids, with exciting results. Since these
structures are the chief means whereby the various species obtain their food or otherwise have
become specialized for a particular niche, they would be expected to vary considerably in their
morphology from one species to another, and they do. (Fryer, 1963, has recently studied the
morphology of these limbs in Eurvcercus lameflatus in relation to the feeding habits of this clado-
ceran.) Yet the 3rd, 4th, and 5th limbs have retained a remarkably constant number of setae on
the exopodite, which permits the family to be divided into three sections (Table [I). Section I,
cantaining only the genera Euryecercus and Sayeia, has more seétue on each of the three limbs than
do the other genera, Section [l, which is equivalent to the subfamily Chydorinae as defined in
this paper, diflers from Section lll—the Aloninae—by having 7 setae on the 4th limb instead of
6. The 4th limb by itself provides a good key for differentiating the three sections, being represented
by 8, 7 and 6 setae, vespectively. On this basis, Sapcia seems closely related to Ewrycercus, and
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Tank 11

Sections of the ﬁé’ni{y Ckydqr% mr;ﬂn%_to number of setae onarthe exopodites of fkc;:l')acic Iinlgb;s Hg, IV and ¥
S in that order in . Figures in parentheses after genera represent the number of species
examined in each {from Smimov, 1965 §)

S

Section 1  Section 1 Section 11
Seiae: 8-8-7(6) Setae: 7-7-4 _ Setac: 7 (5)-6-4
Eurycercus (2) Chydorus (5) Alona (6, includi
' %&Ié globul?oga and
Alonopsis ambigua)
Sayela (1) Dunhevedia (1) Oxyurella (l)
Hora O s Rihomiora ()
y 10C ' alona
Auchd b;eﬂa ro.gliala) Levdigiopsis (1)
(ropus e
Leyﬁm'ﬁap(a)
Graptoleberis (1)
Euryalona (1) ,
Acroperus (2, including
Alonopsis elonzata)
Campiocercys (2)
Monospilas (1)

Alonella globulosa, which is anomalous in its head-pore configuration as already explained, is
assignable to Section 111 (= Aloninae), as also is Monospilus. Alenella rostrata, which was earlier
mnﬁacd from the genus Rhynchotalona on the basis of its head pores (Frey, 1961), fits propetly in
Section II (= Chydorinat), Aloma karua (Fig. 4), which has often been placed in the genus
Alonella, belongs in the 4lona Section on the basis of head pores and in Section 111 on the basis of
thosacic limb setae. Thus, the patterns of relationship deduced from the two series of morpho-
lagieﬁl data are completely concordant. '

SUSPENSION OF MANDIBLES

‘A third basic character has been discovered incidental to our study of head shields and pore
configurations. Head shields isolated from exuviae have their labrum, antennules, antennae,.

:gibles, and sometimes maxillae still attached, enabling the spatial relationships of. these parts
to Be. observed readily. Head shields recovered from lake sediments generally have lost their
a dages, although the proximal articulation contacts of the mandibles are always present and
. readily visible. The latter are shown in the illustrations of the head shields as originally published
(Frey, 1959, 1962). They demonstrate a dichotomy in the suspension of the mandibles, which
was not appreciated at that time. Later (Frey, 1961) a brief statement was made that there are
two' types of mandibular articulations, corresponding to the Adlona and Chydorus Sections of the
family based on head pores.

‘Further study of this character has involved the examination of 74 species from various parts
of the world, including at least one species from each of the 21 genera of Chydoridae we currently
accept as valid (Table 1: the genus Tretocephale has only recently been described—Frey, 1965),

+ studies have confirmed the previous preliminary observation that there are wwo principal

3 contrasting types of mandibular suspension in the chydorids.

" Type I—In this type the pointed base of the mandible articulates at the point where the free
matgins of the head and shell come together. This is readily observable in the intact animal when
vie fron the side. Both the head shield and the shell have chitinous thickenings at this point
of ddntact, which together form the articular surface. Isolated head shields and shells recovered
frdﬁlakc sediments still show these chitinous thickenings. At the time of molting, the ecdysial
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line between the head shield and shell splits apart, leaving the head and shell connected oniy at the
point of mandibular articulation. When the head is teased from the shell for microscopic prepara-
tion only the head appendages (labrum, antennules, antennae, mandibles and sometimes maxillae)
remain attached to the head. The thoracic limbs along with the postabdomen remain attached to
the shell.

This type of suspension occurs in Eurycercus (Fig, 1} and in the 13 genera listed in the family
Aloninae in Table 1, including Monospilus (Fig. 7). Other examples of this type of suspension are
shown for Alona affinis (Fig. 3), Alona karua (Fig. 4), Alona globulosa (Fig. 5), and Euryalona
oriemialis (Fig. 8). Saycia (Fig. 2) also appears to have this type of suspension, although there
are some differences from Eurpcercus that have not yet been resolved.

Type H.-~In this type the proximal pointed end of the mandible is attached to and articulates
with the head shield at some distance from its free margin. There is no commeon articular surface
shared by the sheil and head, so that these separate parts do not have the chitinous articular thicken-
ings present in species of Type . The mandibles are attached to a thin flap of the exoskeleton,
which permits a much greater flexibility of movement than the more rigid suspension of Type .
When the head shield of an exuvia is teased from the shell, gencrally all the appendages and the
postabdomen remain attached to the head shield, leaving the shell completely free. This, too, is
in marked contrast to Type 1.

Examples of this wype of suspension are shown for Alonella excisa (Fig. 9), Dadaye
macrops (Fig. 10), Chydorus sphaericus (Fig. 11), and Chydorus latus (Fig. 12). Dadaya is
apparently rather closely related to Alonella, based on its head-pore configuration. Only one
major pore is present—the anterior one—posterior to which is a pair of small pores close
together on the midline. Unfortunately, the mandibles were not present in the specimen photo-
graphed, but the articulation surfaces show distinctly that this species belongs in Type 11  This
was confirmed by examination of intact specimens.

DiaGNosts oF HIGHER CATEGORIES

Eurycercus is different in so many respects from the other chydorids that it may be necessary
eventually to place it in a separate family, as Dybowski and Grochowski (1895) have done, or to
establish superfamilies in the family Chydoridae, with a special one for Euwrycercus.

Family CHYDORIDAE Stebbing, 1902
Type species: Chydorus sphuericus (0. F, Miiller, 1785)

Body completely enclosed by a shell and head shield. The latter projects over the bases of
the antennules as a rostrum and laterally over the bases of the antennae as fornices. Antennules
single-jointed, more or Jess movable, generally not extending beyond tip of rostrum. Both rami
of antennae 3-jointed. Antennal formula either 0-0-3/0-1-3 or 0-0-3/]1-1-3. Labrum with
expanded flattened plate projecting ventrally. Five (sometimes 6} pairs of thoracic limbs, the
first 2 pairs more or less prehensile, the next 3 pairs flattened, the 6th if present usually vestigial.
Postabdomen strongly compressed laterally, usually provided with teeth or denticles along the
dorsal margin and with bundles of movable or noa-movable setae lateral to these. Ocellus
always present, compound eye usually so. Mate is smaller than female, with a special seta on the
antennules and a stron% copulatory hook on the first pair of thoracic limbs; it also generally exhibits
a marked reduction of denticles and setae on the postabdomen and often a marked change in
shape of the postabdomen from the condition in the female. An ephippium is produced but is
weakly developed. '
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Subfamily Eurycercinae Kurz, 1874
Type spccies: Eurycercus lamellatus (O, F, Miiller, 1785)

_ Single iarge major pore on head shield, with minor pores closely adjacent laterally. Man-
dibles articulate at junction of head shield and shell, Six pairs of thoracic limbs, the 6th less strongly
developed. Setae on theracic limbs 111, 1V, and V number 8, 8, and 7, respectively. Gut has
2 cacca anteriorly. Anus at end of postabdomen, which is extremely broad and flattened, witha
single irow of saw-like denticles along the dorsal edge. Polyembryonic, both for parthenogenetic
and bisexual (resting) eggs. Genital pore of male opens at base of postabdomen ventrally.
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IN THE |
. l |'
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FiG. 13. Phylogenetic relationships in the Chydoridae according to head-pore configurations (f_rbn_'l Frey, 1962)

Subfamily Saycinse nov.
Type species: Sapcia cooki (King, 1866) _
{Saycia orbicularis Sars, 1904, was synonymized with this species by Smirnov, 1965 5)

Np visible pores on head shield. Mandibles articulate at or near junction of head shield and
shell. . Setae on thoracic limbs II, IV, and V number 8, 8, and 6, respectively, Gut without
anterior caeca. Anus at some distance from end of postabdomen. Postabdomen flattened, with
groups of marginal spinules on both sides of dorsal margin distally, a single row proximally.
Larg specimens polyembryonic. Males not known. . . .
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Subfamily Aleninae nov.
Type species: Alona quadrangularis (0. F. Miiller, 1785)

Generally 2 or 3 large pores on midline of head shield, usually connected by a channel, some-
times isolated, sometimes (Oxyurella) with middle pore fragmented into 2 separate pores, sometimes
only 1 pore (Euryalona) or even none (Alona globuloss). Minor pores lateral to major pores,
Mandibles articulate at junction of head shield and shell. Typically only 5 pairs of thoracic limbs,
sometimes a 6th represented by an undifferentiated lobe. Setae on limbs IlI, IV and V number
7(5), 6, and 4, respectively. Gut without anterior caeca, but usually with g single posterior caccum.
Anus in an embayment on dorsal side of postabdomen near its base, Postabdomen compressed
laterally, typically with a row of denticles on either side of dorsal margin, and usually with an
approximately egual number of bundles of movable spinules or setae lateral to these. Postabdominal
claw typically with only 1 basal spine, sometimes without any. Posterior margin of shell usually
more or less convex, generally but little shorter than maximum height of shell. No more than
2 parthenogenctic eggs or embryos at one time, and always only a single bisexual (resting) egg.
Sperm ducts open near tip of postabdomen on ventral side. '

Subfamily Chydovinae nov.
Type species: Chydorus sphaericus (O. F. Miiller, 1785)

Two major pores on midline of head shield, widely separated from one another; sometimes
only 1 (Dadgya) or even none (Chydorus barroisi and related species). Minos pores have moved
to midline between major pores. Mandibles articulate with a chitinous extension of the head
shield at some. distance from the margin. Typically only 5 pairs of thoracic fimbs, sometimes a
6th represented by an undifferentiated: lobe. Setae on limbs [I1, 1V, and V number 7, 7, and 4,
respectively. Gut without anterior caeca, but usually with a single posterior caecum. Anus in
an embayment on dorsal side of postabdomen near its base. Postabdomen laterally compressed,
with a row-of denticles on either side of dorsal margin; lateral surface with groups of non-mov-
able, rarely movable (e.g., Chydorus globosus) spinules, Postabdominal ciaw typically with
2 basal spines, the more proximal one smaller and sometimes virtually or completely absent.
Posterior margin of shell less convex, often egsentially straight, generally only about half as long
as maximum height of shell. No more than 2 parthenogenetic eggs or embryos at one time, and

a];vays only a single bisexual (resting) egg. Sperm ducts open near tip of postabdomen on ventral
s1de.
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DiIscussioN

Dr. S| Toncs: Have you been able to examine the recent collections from Ceylon and South India 2
Dr. D. G. Frey: No. I have not yet examined them.



NERITIC COPEPODA CALANOIDA FROM THE NORTH-WEST COAST OF KYUSHU

OTOHIKO TANAKA
Fisheries Department, Faculty of Agriculture, Kyushu University, Fukuoka, Japan

ABSTRACT

Six apecies of Calanoida were collected by straining sea-water led into the Fishery Research Laboratory
in Tsuyazaki near Fukuoka City, These species have never been obtained by usual net collection in the north-

wost m?m of Kyushu. Some of them are¢ very suggestive in the zoogeographical distribution of copepods
m s6a.

THE present study is aimed at the investigation of copepods, both qualitatively and quantitatively,
contained in sea-water led into the aguarium from the tank which is connected directly with naturat
sea-water of the coastal region of Tsuyazaki where the Fishery Rescarch Laboratory of Kyushu
University stands, The sea-water was filtered by running the water for 24 hours through fine
bolting silk X 13. The samples contained species of Calanoida, Cyclopoida and Harpacticoida.
In the present paper several species of Calanoida are dealt with,

Family STEPHIDAE
Genus Srephus Th. Scott

Stephus tsuyazakiensis sp. nov.
(Fig. 1, a-n)

Description: FEMALE—Length, -78 mm. The body is robust. The head is fused with the
1st thoracic segment, and the 4th segment with the 5th. The cephalothorax and abdomen are in
the proportional lengths 68 to 32, The last thoracic segment is asymmetrical; the left side is more
elongated, extending almost to the middle of the genital segment; the distal corner of the segment
is narrowly rounded in the lateral view. The rostral prominence is low, without filaments,

The abdomen is 4-jointed; the segments and furca are in the proportional lengths as 52:
16:12:8: 12 = 100. The genital segment is swollen on the left lateral margin about in the
middle and is furnished with minute spinules around the apex; the ventral surface of the segment
is considerably produced below near the distal margin. The furcal rami are slightly asymmetrical ;
the right ramus is larger, slightly longer than wide; the left ramus is about as long as wide; the
innermost seta arises apart from the distal margin of the ramus,

The 1st antenna is 24-jointed and almost reaches the distal margin of the geniial segment. The
segments are in the following proportional lengths:

Segment 1 2 3 4 5 6 7 8 910 11 12 13
95 63 39 24 32 32 36 47 24 28 36 47 44
14 15 16 17 18 19 20 21 22 23 X4
39 39 39 39 39 39 39 39 47 55 39 = 1000
The 12¢h segment has a smail spine on the anterior distal margin,



Fia. 1. Stephus tsupazakiensts sp. nov.
Femals: o, dorval as % 50; b, head, lateral aspect, ®100; ¢ last thoracw segment and abdomen
ls-tnra’lupmt. b 200 rami ) x200;

xioo. 4, fureal ; nd antenna, 200; £, mandible,
#. maxilliped, xzoo ::. 18 leg, i, 2nd leg, xzeo 7, 3rd leg, x200;
]egbx Sthpmrot’lem, %200,
Male: m, dorsal upect. n, !st ‘antenna, x100; o, 5th pair of legs, X100.
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Tn the 2nd antenna the exopod is 1-3 times as long as the endopod. The mandible is strong,
the exopod is shorter than the endopod. The maxilliped is well developed; the endopod is
about as long as the 1st basal segment.

The 1st leg has 3-jointed exopod and 1-jointed endopod; the Ist segment of the exopod
has no outer marginal spine. The 2nd leg has 3-jointed exopod and 2-jointed endopod ; the outer
marginal spine of the 1st segment of the exopod is very strong; the outer marginal line between
the 2nd and 3rd marginal spines of the 3rd segment of the exopod is not straight but suddenly

changes in outline. The 3rd and 4th legs have each 3-jointed exopod and endopod. The exopod
of the 4th leg is slender and long.

The 5th pair of legs is symmetrical, 3-jointed; the distal segment ends in an acute spine
directed somewhat inwards; a row of gpinules, about 5 in number, runs obliquely at the distal 4
of the segment; an outer marginal seta arises from the middle of the segment,

MaLe—Length, 0-73mm, The male resembles the female in general appearance. The
last thoracic segment is sli%htly produced on the left side. The abdomen is S-jointed. The seg-
ments and furca are in the following proporiional lengths: 28:22:14:11:8:17 = 100, The
genital segment is more produced on the left lateral margin. The furcal rami are as long as wide.

The 1st antenna is 23-jointed and extends to the distal margin of the 2nd abdominal segment
when fully reflexed. The segments are in the following proportional Jengths:
Segment 1 2 3 4 5 6 7 8 9 10 11 12 13
78 94 39 24 20 28 32 63 28 35 43 39 47

14 15 16 17 18 19 20 21 22 23
43 39 39 35 39 43 43 47 63 39=1000
The 12th segment has a small spine on the anterior distal margin,

The mouth parts and swimming legs are as in the female,

The 5th pair of legs is asymmetrical. The right leg is long and slender, composed of 4 seg-
ments; the 3rd segment is very slender and long; the last segment is claw-like and carries a process
on the inner proximal margin. The left leg is 4-jointed; the distal segment is furnished with a
dense fascicle of lanceolate appendages varying in size.

Remarks.~The present species is easily distinguished from the species hitherto reported by
the armature of both the female and male 5th pair of legs. It is uncertain whether the species
is identical with Stephus fultoni Th. Scott, whose description and figures I could not consult.

Occurrence—~Faitly common in the neritic water of the north-west coast of Kyushu,
Distribution.—North-west coast of Kyushu.

" Family PSEUDODIAPTOMIDAE
Genus Pseudodiaptomus Herrick
Psendodiaptomus corsntus Nicholls
(Fig. 2, a-f)
Pseudodiaptomus cornuius, Nicholls, 1944, p. 12, -fig. 4.

Description; FeMALE.~-Length, 1-14 mm. The anterior and posterior regions of the body
are in the proportional lengths as 70 to 30, The head is separated from the 1st thoracic segment;
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the 4th and Sth thoracic segments are fused. The Ist thoracic segment bears dorsally two knob-

like processes on the posterior margin. The lateral distal margin of the last thoracic segment is
i rly produced, extending beyond the middle of the genital segment. The rostrum consists

of"two fine filaments. - S :

Fia. 2. Pseudodioptomus cornutus Nicholls,
emale: a, dorsal % 35; b, head, lateral aspect, X50; ¢, last thoracic segment and "
Fi a, m 06; g s and abdomen

anal segment and furcal rami, X 100; ¢, 2nd leg, Sth leg, <200,

lateral aspect, X

. The abdomen i8 4-jointed and symmetrical. The segments and furca are in the proportional
lengths as 31:14:17:16:22 == 100. The genital segment is globular in shape; a group of
minute spinules is observed on the lateral swelling on each side. The genital, 2nd and 3rd segments
are cach furnished with small denticles on the distal margin. The furcal rami are about 3 times

as long as wide.

The Ist antenna is 22-jointed and extends posteriorly to the end of the 3rd abdoﬁ:ina‘l segment,
Tho segments are in the following proportional lengths:

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13
70 38 38 32 27 16 38 16 32 43 48 59 54

14 15 16 17 i8 19 20 21 22 :
54 59 64 54 43 43 48 54 70 = 1000

The Ist.4o 4th legs have each 3-jointed exopod and endopod,
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- The Sth pair of legs is symmetrical; the distal segment is short, has 2 strong spines; the outer
one is slightly longer than the inner,
Occurrence.~Fairly common in the neritic water of northwest coast of Kyushu.
Distribution—The species has been recorded from the South Australia,
Pseudodiaptom inopinus Brackhardt
(Fig. 3, a-h)
Pseudodiaptomus inopinus, Bruckhardt, 1913, p. 379, pls, 11, 12,

b

\

FiG. 3.  PBseudodigpromus inopinus Bruckhard

Female: g, dorsal aspect, > 35; b, head anterior aspect, X 200; ¢, last thoracic segment and abdomen, lateral
aspect, x70; d, genital segmmt, ventral aspect, <200; e, furcal ramus, x100; 7, 1st leg, x200;
, 2nd leg, x200; &, 5th leg, <200,
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Description: FeMaLe.—Length, 1:22 t0 1-28 mm, The anterior and posterior regions of
¢ body are in the proportional lengths as 62 to 38, The cephalothorax gradually attenuates in
nt. The frontal margin of the head is narrowly rounded in dorsal aspect. The lateral distal
mhargin of the last thoracic segment is irregular in outline; the antero-distal corner of the seg-
ment is provided with a small fpine and the ventro-distal corner with a row of fine hairs. The
rPstrum is composed of two rather strong spines,
|
. The abdomen is 4-jointed; the segments and furca are in the proportiona! lengths as 31: 14;
20:10:25 = 100, The genital segment is dilated much on the proximal margin, and is furnished
on each side with several short hairs at the apex. The genital, 2nd and 3rd segments are finely
striated on the distal margin. The furcal rami are about 2-5 times as long as wide; the ramj
are broad near the distal end; the 3rd inner seta is broad.

i The Ist antenna is 22-jointed' and reaches the middie of the last thoracic segment when fully
e#tended; the segments are in the following proportional_ lengths:

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13
68 44 25 39 31 25 37 19 25 31 44 56 56

14 15 16 17 18 19 20 21 22
62 62 62 56 43 43 50 56 68 = 1000

. The Sth pair of legs is symmetrical; the 3rd segment has a blunt process on the inner distal
margin; the distal segment has three spines of which the outer is long and curved.

Occurrence—Very common in the coastal waters around Japan.

Distribution.—This species has been recorded from east and west coasts of Asia.

Prewdodiaptomus marings Sato
(Fig. 4, a-n)

Pseudodiaptomus marinus, Sato, 1913, p.28, pl. 7, figs, 69-71,

Description: FeMaLe.—Length, 1-32mm. The anterior and posterior regions of the body
have the proportional lengths as 62 to 38. The head is separated from ths_: 1st thoracic segment;
the last two thoracic segments are fused. The frontal margin of the head is narrowly rounded in
dorsal aspect, but evenly rounded when viewed from ti}e lateral; the lateral distal corner of the
last thoracic segment is symmetrical with a strong spine directed outwards at the apex. The rostrum
consists of two fine filaments.

The abdominal segments and furca are in the following proportional lengths:

Abd.t 2 3 4 Furca
26 18 20 1422 =100

i nt is slightly asymmetrical, the left progimal margin is more inflated; the right
};};:ragle trilzs;ﬁ:'l‘g.:'s:;gil:wfumishs:clgv.-ity‘n rgws of ghort hairs; -the ventral surgge of the segment is fumigfgd
ith an acute triangular process just below the genital opening. The distal margin of the genital,
.'g:d and 3rd segments is striated with small denticies. The furcal rami are more than 3 times as
long as wide (sll? +3), The present specimen carried an egg sac.



Fra. 4. Psesdodiaptomus marinus Sato.

Female; q, dorsal aspect, < 35; b, head, lateral agpect, X 50; ¢, !nst thoracic segment and abdomen, latoral
aspect, »50; d, last thoracic se‘%nen} agld genital segment, lateral aspect, right side, x100; e, anat

segment and furcal rami, x1 N antenna, <200 g, lst leg, x100; &, 2nd leg, x100;
i, endopod of 3rd leg, X100 j, 4th leg, %100; k, Sth leg, 200,

Malo: 4, last thoracie segment and abdomen, dorsal , %X70; m, 1st antenna, x70:
m, Sth palr of logs, X300,
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. The 1st antenna is 22-jointed and extends when fully reflexed about to the distai margin of
' th!h 2nd abdominal segment. The segments are in the following proportional lengths:

Segment 1 2 3 4 5 6 7 8§ 9 10 11 12 13
69 40 35 29 29 23 29 17 35 40 58 64 64

14 15 16 17 18 19 20 21 22
64 58 64 52 40 40 46 46 38 = 1000

The 2nd antenna has 4-jointed exopod which is 1-4 times as long as the endopod.

The Ist to 4th swimming legs have each 3-jointed exopod and endopod. The Ist basal segment
ofl each leg is furnished with rows of fine hairs.

The Sth pair of legs is 4-jointed; the distal segment has two apical spines, of which the outer
one carries a small subsidiary spine; the inner distal spine is coarsely serrated on (he inner margin.

| MaLe.~Length, 1-02mm. The anterior and posterior regions of the body are in the pro-
portional lengths as 66 to 34. The last thoracic segment is symmetrical with a wing-like expan-
siogn on each side of the segment.

The abdominal segments and furca are in the proportional lengths:
Abd. 1 2 3 4 5 Furca
13 18 8 20 11 20 =100

Tl':tc furcal rami are about 3 times as long as wide (14: 3).

! n - n
| The right Ist antenna is 2l-jointed; the middle section is not so much inflated; the 18th
se*ment has a delicate ctenate process on the anterior margin,

i The 5th pair of legs is bifurcate on each side. The right leg has 3-jointed exopod; the 2nd
basal segment has two spines of which the inner one is trifurcated at the apex; the endopod is
absent; the segment of the exopod has, besides a normal outer edge spine, a bifurcated large spine;
m 3r<(i)d segment ends in a strong claw. The left leg has 2-jointed exopod and 1-jointed rudimentary

Gopod. .

Occurrence.—The species is very common in the coastal waters of Kyushu.

. Distribution.—This species was recorded for the first time from the coastal water of Hokkaido,
and is common in the coastal waters of Japan. .

Family ARIETELLIDAE

Genus Paramisophria Th. Scoit

Paramisophria cluthae Th. Scott
(Fig. §, a-n)

Paramisophria cluthae, Sars, 1903, p. 128, pl. Ixxxvi, 1xxxvii.

 Description: FEMALE.—Length, 1-59mm. The cephalothorax is fairly robust, ThE head
is lsoparated from the Ist thoracic segment; the 4th and 5th thoracic segments are fused. The
frontal margis of the head obtusely rounded in lateral aspect. The cephalothorax is considerably



Fig. 5. Paramisophria cluthae Th. Scott,

Female: (4) dorsal aspect, »25; (b} head, lateral as%aect, » 50; {c) last thomolc semnmtandabdomm, lateral
: aspect, - X 50; 4, fu real’ rami, x<50; e, antenna *»100; f, an
I'a mandible, ><100 k. 1st mnxnlla. x100; i, 2nd maxilla, ><100.
®100; k Ty eg, xlm I, 2ndleg, x100; m, 4thleg, %1
Sth pair of legs, % 100.
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vaujted, the dorsal surface of the thoracic segments forms an even curve to the rostral prominence ;
the :distal margin of the 2nd and 3rd thoracic segments is each furnished, beside a normal line of
demarcation, with another ling arising from the normal line when viewed from the dorsal aspect.
Th%alast thoracic segment is symmetrical; the lateral distal margin is obtusely rounded with an
acute process on the dorso-lateral margin. The rostrum is composed of two small filaments,

[
gThe abdomen is 4-jointed; the segments and furca are in the proportional lengths:

Abd.1 2 3 4 Furca
31 23 17 6 23 =100 _
'l‘hq: genital segment is about as long as wide. The furcal rami are about 2 times as long as broad.

‘The 1st antenna is 2l-jointed and very short, only attaining the distal 1 of the head. The
segﬁlwnts are in the following proportional lengths:

| Segment 1 2 3 4 S5 6 7 8 9 10 li 12 13
26 42 S0 25 17 25 17 34 13 8 17 34 34

14 15 16 17 18 19 20 2
42 34 50 70 70 70 42 92 = 1000 _ :
‘The 2nd antenna has the endopod much larger than the exopod. In the mandible the endopod
is represented by a small knob furnished with a long seta. The Ist maxilla is reduced, the inner
rambs has 3 spines on the distal margin; the exopod s elongated with 3 setae onm the apex; the

endopod has 2 small setae on the apex. The 2nd maxilla is strong. The maxilliped is elongated;
the 1st and basal segments are each furnished with a tuft of hairs on the inner proximal margin.

‘The 1st to 4th legs have each 3-jointed exopod and endopod. The Ist leg has a long outer
inal spine on the 1st segment of the exopod. In the 2nd leg the outer marginal spine of the

2nd’ segment of the exopod is strong. . __
‘The 5th pair of legs is si:mmctrical and composed of 1-jointed exopod and endopod; the
exopod is longer, and is furnished with 3 apical spines of which the outer one is much fonger than

the jnner; the outer margin of the setﬁmcnt carries 3 spines. The endopod terminates in a smalt
spine and has a fairly long seta at the base of the spine.

‘Oceurrence~Fairly common in the coastal water of north-western Kyughu,

.
Distribution—This species has been recorded from the coasts of Scotland and Norway.

Family PSEUDOCYCLOPIDAE
Genus Pseudocyclops Brady
Pseudocyclops australis Nicholls
(Fig. 6, a-I; Fig. 7, m-o0)
_ Pseudocyclops australis, Nicholls, 1944, p. 12, fig. 4.
Description: FEMALE.—Length, 0-80 to 0-83 mm, The proportional lengths of the anterior

and|goneﬁor regions of the body are as 73 to 27. The anterior region of the body is oval in shape.
The| ead is separated from the 1st thoracic segment, so are the 4th from the Sth. The lateral distal



Fia. 6.  Psendocyclops australis Nicholls,

Female: &, dorsal aspect, > 50; b, head, lateral aspect, <100; ¢, thoracic segments and abdomen, lateral
aspect, x100; d, abdominal segments and furca, x100:e, 1st pntenna, x100;
J.2nd anienna, x100; g, mandibular palp, > 100: A, 1st leg, »+200;
i, 2nd le& x200; §, 3rd leg, %200, k, endopod
of dth.leg, x200; ¢, 5th leg, x200,
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i in of the last thoracic segment is narrowly rouﬁdéd, but the segment is much smaller than the
soeding. The rostrum is very strong and pointed.

m

F1o. 7. Pseudocyclops australis Nicholls.
Male: m, thoracic segments and abdomen, dorsal aspect, }100; #, st antenna, X200;
o, Sth pair of legs, %200,
The abdomen is 4-jointed; the segments and furca are in the proportional lengths:
Abd.1 2 3 4 Furea
4 15 17 4 20 = 100

The lateral margins of the genital segment are nearly parallel; the ventral surface is slightly pro.

duced below. The anal segment is telescoped into the 3rd segment. The furcal rami are about
as Jong as wide.

E'I'he Ist antenna is 18-jointed and short, not reaching the distal fnargin of the head when
full;:,r extended. The segments are in the following proportional lengths:

Segment | 2 3 4 5 6 7 8 910 H 12 13
148 44 44 44 17 17 17 34 .44 44 52 4 52

14 15 16 17 18
44 60 78 104 113 = 1000

" The mouth parts and the 1st to Sth legs are as illustrated by Nicholls, In the 5th leg the 2nd
segment of the endopod is furnished with short dense spinules on the posterior surface.

MaLg~Length, 0-71 mm. The anterior and posterior regions of the body are in the propor-
tional lengths 70 to 30. The general appearance s as in the female. The abdomen is 5-jointed;
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the segments and furca are in the proportional lengths:
Abd.1 2 3 4 5 Furca
27 18 18 14 § 18 =100

The segments and furca are much wlescop'ed in the present specimen. The furcal rami are slighﬂy
longer than wide (8:6); the distal margin of the ramus is furnished beside the usual seta, with
spinules and hairs.

The 1st antenna is 18-jointed. The clasping antenna is on the right side; the segments are
in the following proportional lengths:

Segment 1 2 3 4 5 6 7 8 9 10 11 12 13
153 35 47 29 35 24 18 27 24 53 47 M9 53

14 15 16 17 18
70 88 62 82 94 == 1000

The 16th segment has a sirong spine on the upper margin.

The Sth pair of legs is asymmetrical and resembles that of Pseudocyciops obtusus Brady and
Robertson. The left leg has I-jointed exopod, and is of a very complicated structure; the
endopod is large and carries 4 setae and 2 small spines on the distal margin; the exopod has a
strong cuter marginal spine, one large process and two claws on the anterior margin. The right
leg has 2-jointed exopod; the 2nd segment of the exopod is represented by two strong claws and a
short spine; the outer marginal spine of the Ist segment of the exopod is very strong; the endopod
is apically trifid.

Occurrence~Fairly common in the coastal water of north-western Kyushu,

Distribution~This species has been recorded by Nicholls from South Australia,
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SOME RARE SPECIES OF HARPACTICOIDA FROM THE IZU REGION

- OTOHIKO TANAKA o
Fisheries Department, Faculty of Agriculture, Kyushu University, Fukuoka, Japan

ABSTRACT

£ 1 Among harpacticoid copepods the genera Aegisthus Giesbrecht and Misophrin Boeck were known
tb be bathypelagic. Two new species of Misophria taken from deep waters of the Izu region are described,

Aegisthus aculeatus Giesbrecht and A, mucronatus Gigsbrecht have been recorded from deep waters
of the Atlantic Ocean, Pacific Ocean, Malay Archipelago and Laccadive Sea. One of these
A. mucronatus was taken from the deep water off the Izu region. The other deep-sea harpacti-
coid copepod, Misophria pallida Boeck, was reported by Sars from the west coast of Norway in
depths varying from 20 to 50 fathoms. Brady recorded the same species from the English coast,
Th. Seott from the Scottish coast and Giesbrecht from the Guif of Naples.

Family MISOPHRUDAE
Genus Misophria Boeck

The genus Misophria is very interesting in having the external appearance of a cyclopoid.
However, the genus has been included by Sars in Harpacticoida on the ground that the animal has
biramous 2nd antenna and carries a single ventral ovisac. Indeed the species of this genus resemble
in some respects the Cyclopoida and partly the Calanoida. It seems reasonable to place it at
present in Harpacticoida but it would be more reasonable to transfer it to a new sub-order for the
following reasons: general appearance comes nearer to Cyclopoida; the anterior antenna is longer
and has more articulations than in Harpacticoida; the swimming legs resemble those of Cyclopoida;
thé 5th pair of legs resembles in structure that of Cyclopoida.

The family comprises at present of a single species Misophria pallida Boeck. The following
two species are clearly congeneric with Misophria Boeck.

Misophria japonica sp.nov.
{Fig. 1, a-n; Fig 2, a-d)

Description: FeMalt.—Length, 2-67mm. The body is soft-skinned. The anterior region
of the body measured 1-87 mm.; the posterior region, 0-80mm. The anterior region of the
body considerably expanded. Anteriorly the head terminates in' a broad immovable rostrum,
The posterior region very narrow and sub-cylindrical in- form; the segments of the posterior
region are in the following proportional lengths:

“Th.5 Abd.1 2 3 4 5 Furca
36 16 18 17 12 10 11 =100



F¥6. 1. Misophria japonica sp. nov.

Female: () dorsat aspect, x14; (5) head, lateral aspect, < 35; (&) head, anterior aspect, = 25; (d) last thoracic
segment and abdomen, Jateral aspect, %50; () ist antenna, < 50;(f) 2nd antenna, x!00;(g) mandibie,
% 350: () 1st maxilla, % 100; (1) 2nd maxilla, xX50; () maxilliped, x50; (k) st leg,
%50; () 2nd leg, x350; (m) 4th leg, <50; (n) 5th leg, %100
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‘The! Wor_ and posterior regions of the body except the anal segment and furca are furnished
with/ reticulations. The Sth thoracic segment is acutely and outwardly pointed at the distal
ms y The furcal rami are slightly longer than wide; the apical seta is short but well developed.

i
fl'pc Ist antenna is 18-jointed, short, just extending to the dista! margin of the head. The
pts are in the following proportional lengths:

Segment 1 2 3 4 5 6 7 8 9 1011 12 13 14
07 99 21 20 64 35 53 53 47 53 42 53 69 353

15 16 17 18
69 41 41 80 = 1000

Thei’ﬁroximal segments are fringed with minute spinujes only along the posterior margin.

1

e d
Fio. 2. Misaphria japonica sp. nov.

Male: {g) last thoracic segment and abdomen, dorsal aspect, x35; (b) lst anterma, x30; (¢) Sth leg, x100;
: {d) 6th leg, <100,

" The 2nd antenna is composed of 2 basal segments, 6-jointed exopod and 3-jointed endopod;
the: ¢ndopod is strong, 25 times as Jong as the exopod and carries 5 setae on the distal margin of -
the - segment, The mandibular palp is large; the exopod is S-jointed; the endopod is
2-jéinted; the masticatory lobe is slender, with 8 teeth and an inner marginal spine. The 1st
maxilla is well developed as in Calanoida; the 1st inner lobe is furnished with 10 strong spines,
3 delicate ones; 2 setae arise from the anterior margin; the 2nd inner lobe has 3 setae on the distal
in; the 3ad inner lobe has 2 setac on the dmtaf margin; the 2nd outer lobe is fusnished with
rginmal and 4 rerminal setae; the Ist outer Yobe is farnished with § sotae,  The 2nd manifla is




Fia. 3. Misophria maculata sp. nov.

Female: {q) dorsal aspect, X 35; (b) head, anterior aspect, X 100; (¢) last thoracic segment and abdomen, lateral
aspect, X35; (d) abdomen, proximel segments, ventral aspect, X 100; (¢) abdomen, distal segments, ventral
aspect, < 100; (lestaqtenm. x100; (g) 2nd antenna, <100 (A) mandible, :<100; (i} 1st maxilla,
%100; () 204 maxilla, X 100; (k) maxilliped, x 100} () stleg, }100; (m) 2nd leg, x 100
(#) 3rdleg, X100; (o) Sth pair of legs, X 100.
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minal setae; the 5th outer lobe is not modified into a strong claw as is seen in Misaphria pallida
Sars. The maxilliped is as in Calanoida and is composed of 2 basal joints and 5-jointed

F

The 1st to 4th swimming legs have each 3-jointed exopod and endopod; the segments are
broad.! In the st leg the 2nd basal segment has a pointed process, bifid at the apex on the inner
distal gorner. The 2nd to 4th legs have each 5 inner marginal setac on the 3rd segment of the
exo '.

The 5th pair of legs is small, 3-jointed and biramous; a smail endopod arises from the middle
of the.2nd segment and carries 3 distal setae. The 6th leg carries 2 setae and a small spine.

WLE.--Length,_Z-SZ mm, The proportional lengths of the anterior and posterior regions
of the body are as 69 to 31. General appearance as in the female. The posterior region has the
segménts and furca in the following proportional lengths:

f  Th,5 Abd. 1 2 3 4 5 Furca
16 22 16 16 10 10 10 =100

The mrcal rami are slightly longer than wide.

'i'he Ist antenna is 13-jointed, and modified into a clasping organ; the proximal 5 segments
are broad; the middle section is 6-jointed; the hinge joint is situated between segments i1 and
12; the distal section is 2-jointed.

The mouth parts and swimming legs are as in the female, The 5th pair of legs is just as in
the female. : . .
' kémarks.——'l‘he present species closely resembles Misophria poilida Boeck but is easily dis-
tingujshed from it by the structure of the 2nd maxilla and the 5th pair of legs.
' O&currence.—Onc female and a male from depths 1000-Om, in the Izu region.

b{s!ﬁbmion.—lm region, the Pacific coast of Middle Japan.

Misophriz  maculata sp. nov,
(Fig. 3, u-0)

Description: FeMALE~Length, 1-39 mm, The body is soft-skinned, The proportional lengths
of the anterior and posterior regions of the body are as 74 to 26. The body is furnished with fine
reticelations except the anal segment and furca. The anterior region is rounded oval in shape.
The head is fused with the st “thoracic segment. The immovable rostrum is triangular and
projects downwards, The lateral distal corner of the 4th thoracic segment is pointed at the apex,

The posterior region of the body has the segments and furca in the following proportional
lens@:g:
" Th.5 Abd.1 2 3 4 5 Furca

19 19 17 13 12 10 10 =100

Theé enital se .nt is produced below on the ventral surface; the genital opening lies on the
ventr istal % pThe furcal rami are longer than wide (8:6) and carry on each side a
wellddefined  apical scta, .
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The Ist antenna is 16-jointed, does not extend to the distal margin of the head and is
0-44mm. long. The segments are in the following proportional lengths:

" Segment - 1 2 3 4 5 6 7 -8 9 i0 11° 12 13
138 80 46 3 58 52 52 46 58 58 68 58 68
14 15 16
46 46 92 = 1000

The proximal segments are furnished with minute spinules along the posterior margin.

The 2nd antenna is biramous; the exopod is 2-jointed; the distal segment of the exopod
carries 2 setae, the remaining 5 segments of the ext:god have each a single seta on the inner distal
margin; the endopod is 3-jointed, much stronger than the exopod. The mandible is biramous;
the palp is large; the exopod is S-jointed; the endopod is 2-jointed; the biting blade has 7 teeth
and a spine. The Ist maxilla is well developed; the 1st inner lobe has 9 strong spines and a
smaller one and 3 setae; the 2nd inner lobe has 2 setae; the 3rd inner lobe has 2 setae; the endopod
is small and has S setae; the exopod is moderately large, has 4 terminal and 3 marginal setae; the
outer lobe carries 5 setae. The 2nd maxilla has 5 lobes on the inner margin; the Sth lobe has a
- strong claw and 2 feeble setae. The maxilliped consists of 2 Jarge basal segments and a small

S<jointed endopod. : :

The 1st to 4th swimming legs have each 3-jointed exopod and endopod; the segments of the
exopod and endopod are broad. In the ist leg the 3rd segment of the exopod has 4 inner marginal

setae; the distal segment of the endopod was abnormal in structure in the present specimen; -the

scfgmeut has only 4 setae instead of 6. The 2nd to 4th legs have each 5 setae on the inner margin
of the 3rd segment of the exopod. :

The 5th pair of legs is simple in struciuvre, very small, l-jointed, and carries a fong seta on
the apex and a small spine on the inner margin.

The 6th leg was not observed,

Remarks—The present species comes nearer to Misophria pallida than the foregoing species
in the structure of the mouth parts and also in the swimming legs. But it can be easily recognized
by the size and by the simple structure of the 5th pair of legs in the female.

Occurrence.~QOne female from depths 1000~-0m. in the Izu region,

Distribution.—Izu region, the Pacific coast of Middle Japan,
REFERENCES
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l?ﬁELMNARY REPORT ON THE COPEPODS FOUND IN THE TIDE POOL ALONG
THE NORTH-WEST COAST OF KYUSHU

OTOHIKO TANAKA AND JONG Soo HUg*
Fisheries Department, Faculty of Agriculture, Kyushu University, Fukuoka, Japan

ABSTRACT
i InJ apan, pelasic copepods are fairly well known. However, the neritic and littoral species are unforiu-
inately obscure. paper the following species are reported: two species of Acartia, one species

fhewdoﬁamamandmwmduofﬁammmo les were collected from the tide pool in
I(be rocky shore of the north-west coast of Kyushu in August“ga

T}m samples were collected from tide pools along the coast of Shingu, a smali town near Fukuoka

City, by using a small silk-net in August, 1964, These pools directly communicate with sea-water

out%lde during spring tide but are isolated from it during the neap tide. The samples were rich

:ilzsc pecb;;s In the present paper only a few species of Calanoida and Harpacticoida will be
ri

CALANOIDA
Family PSEUDODIAPTOMIDAE
Genus Pseudodiaptomus Hersick
Pseudodiaptomus marinus  Sato
Pseuda:ﬂaptom marinus Sato, 1913, p.28, pl.7, figs. 69-7L.
Length —MALE, 116 mm.

Occurrence—Two male specimens were taken at Shingu tide pool.
Distribution.—Coastal waters of Japan, :

" Family ACARTHDAE

‘Genus Acartia Dana
Acartia clausii Giesbrecht _
_. -Acartia claysii Giesbrecht, 1889, Ari Accad. Lincel. Rome, p.25; 1892, p, 507, pis, 30,
42, 43, . '
' Acartia clausii Mori, T, 1937, p. 103, pl. 50, figs. 8-13.
Length~-FEMALB, 0:96 to 1-04 mm.; MALg, 0-85 to 1-02mm.

 Océurrence.~Thirteen females ‘and four males at Shingu tide pool.

Dism‘bmiou.—-Thls species has a wlde dmmbuuon in-the Arctic Ocean, Pacific, Atlantic and

li' n Oceans, .

* Prosdit Address: Flahierice Rossmsch and Devslopment Agency, Pusan, Kores.
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Fia. 1. Syngostes pletschmanni Posta (2=f).
Female: (@) Lateral view, x100; (4) let antenna, ¥ 300; %%mﬂma, ®300; () Maxilliped, x300;

() 1st leg, »300; () * 300,
Microsetella norvegica (Boeck) (g-k).

: view, x75; (M) Furca, dorsal view, X150; (/) Furca, lateral view, x1350:
Female: (g) Latera view, (nﬂlw %50; (k)saneg,xns& '
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. Acartia erythraea Giesbrecht
o : lifﬁima erythraea Giesbrecht, 1889; 1892, p, 508, pls. 30, 40. Mori, 1937, p. 102, pl. 50,
ss:‘ ! L]

Eiength.—FBMALﬁ, 1-31 {0 1:48mm.; MALE, 1'18 to 1-27mm.
Occurrence.~More than twenty females and six males were taken at Shingu tide pool.
Disiribution.—South Coast of China, Arabian Sea, Malay Archipelage and Pacific Ocean.

HARPACTICOIDA

Family ECTINOSOMIDAE
Genus Microsetella Brady and Robertson
Microsetella morvegica (Boeck)
(Fig. 1, g-k)
Setella norvegica Boeck, 1864, p. 281,

Microsetella norvegica, G. O. Sag,owll, p. 44, pl, 24; Wilson, 1932, p. 176; Lang, 1948,
p. + .
FeMALE,—Length, 0+ 35 mm,
The body is extremely slender and compressed, almost linear in form, the cephalic segment is
dorsally flattened. The rostrum is short and abruptly deflexed. The first antenna is six-segmented.
The segments of the urosome with rows of minute spinules arranged transversely. The caudal

rami are scarcely.shorter than broad, in the lateral view two of the distal setae are situated between
these two triangular plates, as is shown in the figure given by Giesbrecht (1892, Taf. 44).

- The inner expansion of the proximal segment of the fifth leg reaches the tip of the distal
segment, its inner seta is shorter than the outer and is nearly half the length of the outer seta.

- Ocenrrence—~One specimen was taken at Shingu tide pool.

?)isfr!bution.—'l‘his species is widely distributed in alt the oceans.

Family PELTIDIIDAE Sars

Genus Peltidium Philippi
Peltidinm londatum up. nov.
(Fig. 2, g-0; Fig. 3,.a-)
FEMALE.—Length, 1-1 to 1-46 mm.

The body is elliptical in outline and very broad; the lateral margins of the head are turned
ventrally; the anterior margin of the cephalic segment is very wide and is contained one and
fourfifth times in the tofal body length, _



Fia. 2. Peltidium laudatum, sp. nov, (a-9).

Female: () Dorsal view, x25;(b) Lateral view, Xx25;(¢) Dorsal view of genital seg. and furca, xS§0;
() Puarca, %x200; (e} 18t antenng, <150; (S? 2nd antenna, x130; (g) 2nd maxilla, =150;

(%) Maxilliped, x150; (@) Maxilla, x130; (/) Mandible, }150; (k) 1stleg, x100;
() 2nd X75: (m) Jrd keg, x 75;(n) 4thleg, x75; (o) 5th leg, e:'5150.
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‘The proportional lengths in the dorsal median line of the body are as follows:

Ceph.  20d seg. 3rd 4th 5th Genital seg.
46 15 12 10 8 9 = 100,

. iThe rostrum is very large and produced, the frontal margin is truncate and extremely broad .
the ‘distal ends of the cephalic and thoracic segments are pointed and produced posteriorly.

" -The genital segment is very large and much produced posteriorly reaching the end of the
furcal joints; the furcal joints are 1-5 times as long as wide; the middle part of the outer margin
* of the ramus is furnished with one small and short seta. The antennae are six-jointed, first three
joinks are very long and stout. The joints have the following proportional lengths:

Joint 1 2 3 4 56
33 24 25 7 3 8 =100

.. In the first leg, the exopod is 3-jointed and stout; the lengths of first and second joints are
nearly the same, the third joint is very short, armed with two short spines and two slender curved
claws on the apex. The endopod is 2-jointed, and much shorter than the exopod, the joints
are; equal in length and width, the apex of the second joint is furnished with two stout, broad
spities and two setae. The second, third and fourth legs are as figured. The distal joint of the
5th pair of legs is wide and diamond-shaped, furnished with 5 setae, of which the second outer
marginal seta is stout and long; the fourth seta is short and bends inwardly.

MALE~Length, 1-10 to 1:27 mm.

- .The body is a little smaller than in the female; more or less different in structure from that
of female, The body is oval and broad in outline, the lateral margins of the head are turned
vemtrally; the cephalic segment is much wider than the remaining segments, and is contained
nearly 19 times in the total length.

. The proportional lengths in the dorsal median line of the body are as follows:

Ceph. 2nd 3rd 41h Sth Geni.
43 13 10 10 9 15 =100.

The rostrum is very large and produced, the fronial margin is broadly rounded. The furcal
rami are 2-3 times as long as wide, and turn inwardly.

- The 1st antennae are 7-se‘gmented, the 6th joint is very small. 2nd antenna, mandible and
maxillae are similar to those of the female, but the maxilliped is well developed, the 2nd joint
is stout and swollen, the anterior margin is densely covered with smail needle-like spinules, and is
armed with a very strong claw, strongly curved and somewhat screwed at the distal portion, the
claw is furnished with one long seta and one small seta at the anterior proximal margin.

-In the first pair of legs the exopod is much wider than the endopod, the 2nd joint is much
longer than the 1st joint; the 3rd joint is very short, armed with three short spines and two
slender- curved claws on the apex, the endopod has the Ist and 2nd joints of equal length.
The 2nd, 3rd and 4th legs are similar in structure to those of the female,

-+ The 5th pair of legs is small but robust; the proximal segment has one seta on the outer distal
margin and two setae on the inner margin, of the latter one is small; the distal segment is armed
with five setae, the second outer marginal seta is broad and strongly developed, the distal half is
differentially branched. : e
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FiG. 3. Peltidium laudatumt sp. nov. (D).

Male: (o) Dorsal view, x25; (6 Furca, dorsal view, x100; (¢} 1st antenna, ><100; (&) 2nd antenna, <75;
{e) maxilliped, XISU;((}{) 2nd maxilla, xX100; (g 1st legbox‘?s; () 2nd leg, x85; () 3rd leg, x75;

4th leg, X75; (&) 5th leg, x () 6th leg, =<200.
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" Remarks.—The female resembles Peltidium intermedium (A. Scott, 1909) when viewed from
the dorsal, but in P. intermedium the urosome is longer in proportion 1o that of the present species.
The endopod of the first leg is much broader in P. intermedium: the fifth pair of legs of the present
spedies is different in shape from that of P. infermediym. The furcal ramus of P. intermedium is
devoid of a seta on the middle of the outer margin, whereas, the middle seta is present in the
present specimen.

" .The male resembles P. exiguum (A. Scott, 1909) and P. minutum (A. Scott, 1909), but in the
present species the endopod of the first leg is much narrower, and the 2nd segment of the maxilliped
is ‘distinctly different; in the present species the anterior margin of the 2nd segment of the
maxilliped bears one stout claw-like spine, :

. -Qceurrence.—Four females and three males were taken at Shingu tide pool.

Family TAGASTIDAE

Genus Syngastes Monard

Syngastes pictschmanni Pests
(Fig. 1, af)

' ;Syngastes pl’etschxrggm‘z Pesta, 1932, 8. 155 Abb, 5, 6: 1, Taf. 4, Abb. 2. Lang, 1948, p. 487
. 203. .

JMMATURE FEMALE.—Length, 0-29 mm.

_ The body in lateral view is almost circular in outline, with the back much curved; the head
is fused with the first thovacic segment, and is greatly produced downwards and backwards, the
anterior margin is denticulated.

- The Ist antenna is 8-segmented; the first 2 segments and the 4th segment are considerably
longer than the others. The 2nd antenna has one-segmented exopod with three setae on the
distal margin; the endopod is very slender; the terminal segment is armed with three setae on the
tip la!m:l c:jne on the outer } of the distal margin, the middle of the distal margin is very strong and
prolonged.

. The maxilliped is exceedingly long, the Ist segment is fringed with plumose hairs on the
posterior margin, and a short spine on the anterior distal part; the 2nd segment is broad, fringed
with small needle-like spinules on the anterior margin, the end claw is strongly curved and with
a seta near the base.

The 1st leg has one-jointed exopod and endopod, the rami of the Ist leg are shorter than
the 2nd basal joint; the exapodal segment is more or less slender and longer than the endopod;
both rami are armed with five spiniform setae: threc of them are on the distal margin; ’

. An the 4ih leg, the exopod consists of three segments, the 1st segment of the exopod is very
small, distal segment is more or less longer than the 2nd segment, the distal segment with two
small outer marginal spines, two apical setae, and a long inner marginal seta bearing a strongly
developed long spine, which looks like a blunted sword, its outer margin has 8 teeth-like bumps;
the endopod is 2-segmented, the proximal segment is broad and swollen in the middle, it has wo
short spines-on the inner margin, the distal segment is slender and stick-like, it is as long as the
proximal segment and has two apical setae and one seta on the outer margin.
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<

F1a. 4. Eudactylopus latipes (T. Scott) (a~j).

Female: (o) Lateral view, »« 50; (&) Abdomen, dorsal view, X30; (c) Rostrum and 1st antenna, X150; () 2nd
antentia, % 75; (¢) Maxilliped, % 200; (f) Ist leg, x100; (g) 2nd leg, x75; (B 3rd leg, X75;
(1) 4th leg, < 150; (j) 5th leg, > 50.
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;l!iemarks.-—The.présent specimen is smaller in size than that reported by Pesta (1932) and
appears to be an immature stage.

R :
Occurrence——One specimen was taken at Shingu tide pool.
flj?l‘.mibwlon.w(?oast of Hawaii Island (Pesta, 1933).

Family THALESTRIDAE Sars

Subfamily DACTYLOPODIINAE Lang
Genus Eudactylopus A. Scott

~ Endactylopus latipes (T. Scott)
(Fig, 4, af)

Qac{yfopus latipes, T. Scott (non Boeck), 1893, p. 99, pl. X, figs. 38-43.
Budactylopus latipes; Sewell, 1940, pp. 20107, textfigs. 31-32.
;.qladmtylopus latipes, T. Scotf, 1908, p. 219, pl. LXIII, figs. I8—l4.
EBudactylopus latipes, Lang, 1948, p. 561, Abb. 227.

FEMALE—Length, 1-45 mm.

The anterior division is stout and more or less depressed, posterior part is rather slender, the
anterior region is a little shorter than the posterior region. The cephalic segment is well developed ;
the rostrum is long and sharply pointed at the apex. The abdomen is composed of foui segments;
the genital segment is very wide and long, but the anal segment is very short; the genital, 2nd
and 3rd segments are each fringed with three rows of fine spinules, one of which is parallel to the
distal margin of the segment, and the other two run obliquely near the lateral margin.

'I'lle furcal rami are slightly shorter than broad, and more or less divergent; the 2nd furcal
seta is much longer than the others, and is about as long as the combined lengths of the abdominat

segments and furca.

"The first antenna is 7-segmented, the lst segment is long, broad and stout, the 2ad, 3rd
and 4th segments also well developed, 5th and 6th segments are short and small, but terminal
s%t is elongated, In the second antenoa the exopod is 2-segmenied; the basal segment
has two setae; the terminal segment bears three setue, agreeing well with the figure given by
Sewell (1940, p.210, Text-Fig. 35). :

=_1{he maxilliped has no characteristic leatures,

l-f the first leg the axopod is 3-segmented; the distal segment is very short and bears three claws
andi dne seta; the endopod is 2-segmented, the Ist segment is touch longer than the 2nd, the
terminal joint is short, and is armed with one large stout claw, one small claw and a shori seta

on the distal margin.

In the 2nd and 3rd legs both rami are 3-segmented, and the 2nd seFment of the endopod bears
two:setae, but in the 4th leg the 2nd segment of the endopod beats only one seta,

3
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The setal formula of the 2nd to 4th legs is as follows:

Endopod Exopod
1 2 3 2 3
Py 1 2 2:2-1 1 1 2:2:3
Py 1 2 321 1 1 3:2-3
P, 1 1 221 1 1 3-2-3

The fifth pair of legs is 2-segmented and extends to the end of the second abdominal
segment; the segments are very large and foliaceous, the proximal segment is broad and wedge-
shaped; the outzr margin of the segment is furnished with five short feeble setag; the distal seg-
ment is sub-quadrate in outline and bears six short feeble setae, and is fringed with short hairs on
the periphery. :

Occurrence~Three specimens were taken at Shingu tide pool.

Distribution.—~Nankauri Harbour, Nicobar Islands, East coast of Aru Islands (T. Scott, 1909).

Family DioSACCIDAE Sars

Genus Metamphiascopsis Lang

Metamphiascopsis hirsutus (Thompson and A, Scott)
(Fig. 5, a-m)
Dactylopusia hirsutus, Thompson and Scott, 1909, pl. 9, figs. 19-24.
Ampf;iascus-hirmms, T. Scott, 1909, p. 221,
Amphiascus hirsutus, Sewell, 1940, pp. 247-51.
Metamphiascopsis hirsutus  Lang, 1948, p. 683, Abb, 275,
FeMALE.—Length, 1-25 mm.
The body is slender and cylindrical: the anterior division is broader than the posterior, the
proportional lengths of the anterior and posterior regions of the. body are as 54 to 46.
The proportional lengths of the body are as follows:
Ce. 2nd-  3ud 4th 5th Abd, 1-2nd 3rd 4th 5th Fu.
28 9 9 7 7 - 17 8 8 5 2=100.

The rostrum is very prominent and slightly curved dovlvnward :oa small s ises
side near the apex. The first antenmn is Sosogmentad. s; a small seta arises on each

A rst two and 4th joint
The proportional lengths of the segments are as follows: o8 0 Joints are very long.
Segment: | 2 3 4 5 6 78 9

21 19 10 17 5 8 5 5 10=100.
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_ FiG. 8. Metamphiascopsis hirsneus (Thompson and A, Scott) (e-m).
Fefnph {a) Dorsal view, xso;l(gg l(:)wrsl view, x350; (¢) Furca, x100; (d) Rostrum, X150; (e} 1st antenna,
tixl H

00; 2nd antenna, X150;(g) Mandible, % 75; (A} Maxilliped, <200; () 1st leg, %753 () 2nd leg,
05 (N ¥ 100; (k) 3rd leg, %100; (/) 4th leg, <100; (m) 5th leg, x75.
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According to Sewell (1940, p. 248) the proportional lengths of the antennal segments are as
follows:

Segment: ! 2 3 4 5 6 7 8 9
26 17 18 15 ¢ 8 5 5 10=100.

Thompson and A. Scott have given the following proportions:

Segment: 1 2 3 4 567 889
20 20 10 15 4 7 6 4 13=100

The proportional lengths of the antennal segments are more or less different from those of
the above two specimens.

The eiopod of the second antenna is 3-segmented, lst and 3rd segments are long but the
2nd segment is very short; 1st segment bears one seta, and the distal segment bears four setae,
of which three are on the distal margin and one seta on the inner proximal margin, '

The maxilliped has needle-like spines on anterior margin of the 2nd segment and the
terminal claw bears two setae near the base, -

The st le¥l has 3-segmented exopod and endopod, exopod is very short, it is about two-thirds
the length of the Ist segment of the endopod; the outer margin of the Ist and 2nd segment
is armed with a strong spine; the distal segment bears four spines and one seta; the inner margin
of the 1st segment of the endopod is fringed with a row of small setag; the distal segment is
armed with two strong claws and one small seta.

In the 2nd to 4th legs the setal formula is exactly the same as described by Sewell (1940, p, 250)

but according to Lang (1948, p. 684, Abb. 275} the 2nd segment of the endopod of the 4th leg
bears two sctac,

The setal formula of the 2nd (o 4h legs is as follows:

Endopod ’ Exopod
1 2 3 1 2 3
P, 1 2 1.2:1 1 1 223
P, 1 2 3241 1 1 32:3
P, 1 1 2:241 1 1 3-2-3

The proximal segment of the 5th leg is wide; the inner expansion of the segment extends

beyond the middle of the distal segment, and is armed with 5 setae, the distal segment is broadly
oval and bears six marginal setae.

Occurrence.—Three females were faken at Shingu tide pool.

Distribution.—Nicobar Island (Sewell, 1940).
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Family METIDAE Sars
Genus Metis Philippi (lyopsyllus Brady and Robertson)
Metis holothwriae (Edwards)
(Fig. 6, a-)

Abacola holothurige sp. nov., Edwards, 1891, S. 92, Taf. V, Abb, 1-17.
Metis jusseaumei, Sewell, 1940, pp.346-51, Text-Figs. 86, 87, 88.
Metis holothuria, Lang, 1948, p.777, Abb. 315, Fig. 2.
:l?;Bqu.-—-Length, 0:35 to 0-46 mm,

The body is short and stout; the cephalic segment is very large and swollen, the anterior
and posterior regions of the body are as 67-33, it has the same proportion reported by Sewell ( 1940},

‘The rostrum is large and acute.angled, triangular and tipped with two movable juxtaposed
spines; its basal joint is furnished with one short seta on each side.

‘I‘he caundal rami are about as long as broad, the inner apical setae is a littie shorter than the
body length, the outer one is much shorter.

The first antenna is 6-segmented, 1st and 2nd se%lmcnts are very stout and swollen; the
last three segments are small. In the second antenna the terminal segment is armed with 6 spines,
one of the distal spines is very long,

‘The first leg has 3-segmented exopod, the terminal segment is armed with two coarse spines
and-two long satae, the endopod is 2-jointed and has two strong terminal spines, of which one is

longer than the other.

.In the 2nd, 3rd and 4th legs the exopod and endopod are 3-segmented, the setal formula of
the _legs is as follows:

Endopod Esopod
1 2 3 1 2 3
a1y
P, 0 0 1-2-1 ) 1 1-2-3
P, 1 o 2:2:0 0 1 222
_ @1 213
P, 1 0 2-2:0 0 & 2:2:2

According to the descriptions of Sewell (1940, pp. 346-51) and Lang (1948, p.776), the setal
formula of the legs seems to be different according to the localities in which the specimens were

taken.

_The 5th pair of legs is fused into a single lamina, its shape varies even in specimens taken in
the |shme u&?zi; three diferent shapes are observed and figured (Fig. 6, i); it is caused by
body! length, '



gL\ , OTOHIKO TANAKA AND JONG $00 HUE

Fig. 6. Merls holothuriae Sars (a=1}.

Female: (g) Dorsal view, xX75; (5) Lateral view, x75; (¢} Rostrum and lat antenna, x300; (d) 2nd antenna,
X300 (¢) lst log, X300; (f) 2nd leg, x300; (2) 3rd 1%., X300; (4) 4th le’g. x300; (D 'Sth teg, x300,
-Male: (7} Rostrum and lst antenna, x300; (k) 1st leg, x150; (/) 5th leg, X300,
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MaLe.—Length, 0-34 to 0-39.mm.

i

iJhe body is smaller and more slender than in the female, the maie resembics the female in

: pral appearance. The Ist antenna is 8-segmented, 1st and 2nd joints are large and swollen,
the 3rd and 4th segments have each a slender aesthetask, the 7th segment has a dentiform
proje¢tion. The rostrum is a litfle wider in proportion to that of the female, and the two movable
apical spines are blunt at their tips, and more or less inwardly curved. The first three pairs of
legs dre exactly of the same structure as in the female,

‘The fifth pair of legs is fused into a lamina with two small digitiform lappets on both sides.

Occurrence~12 females and 4 males were iaken at Shingu tide pool.

bifrrfbufion.—Nankauri Harbour, Nicobar Island, in weed washing,

Family AMERIDAE

Genus Nitocra Boeck
Nitocra spinipes Boeck
(Fig. 7, a-)

Nitokra spinipes mihi, Boeck, 1864, 8, 274

Nitocra spinipes, Savs, 1907, p.213, pl. 139.

Nitocra spinipes, Wilson, 1932, p.240, fig. 160.
Nitocra spinipes, Lang, 1948, p.810, Abb. 325.

FemALe.—Length, 0-63 to 0-74 mm.

The body is very slender and cylindrical, the cephalic segment is shorter than the rest of the
thoracic segments combined. The urosome is a little longer than the metasome, the caudal
rami are spinuvlose on the surface, and are mich wider than long; the apical setae are jointed
near their base. First antenna is 8-segmented, the st and 2nd joints are much swollen, the 3rd

joint is shorter than the 4th. The exopod of the second antenna is 1-segmented

with three apical

setae. The 1st leg has 3-jointed endopod and exopod, the Ist segment of the endopod is long,
more than twice as long as the combined lengths of the remaining two segments of the endopod,
In the 2nd to 4th legs the 1st to 3rd segments of the exopod and endopod have each a row of

spinules on its outer margin.

The setal formula is as follows:

Endopod Exopod
1 2 3 1 2 3
P, 1 1 121 0 1 2:2:3
P, 1 1 2:2:1 0 1 2-2:3
1 1 2.2+ 0 i 2-2:3
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P16, 7. Niocra spinipes (Bowk) (a-1). -

Female: (a) Dorsal view of farca, x<50; () 1st and 2nd antennas, % 150; Mnuugd, :
X758 (¢} 2nd kg, >5150; (f) 4th leg, x150; (8} Stg:)bs, %1 X300; G 1st log,
Male; (A) Lateral view, x75; (/) Dorsal view of X200; (f 1st antenna, H
X001 ) Seb Togy a0, + O 1ot antenna, X130; () 3rd leg,
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I the fifth pair of legs the basal expansion extends to the center of the distal segment, and is
d with five setae, the second outer seta is longer than the others; the distal segment is oval
‘in shape with five setae on the distal margin; the middle seta is the shorfest.

iht;s.—-'-l.engfh, 0-55 to 0-68mm.

. The body is smaller than the female, The first antenna is 10-segmented, and geniculate; the
first two segments and the Sth segment are much broader and long; 4th and 6th segments are
very short, 7th-and 8th segments are elongated, and have the band of a chela. The shape of Ist
to &th leg is similar to that of the female, The 5th leg differs from that of the female in shape and
size, .the basal segment is wide, elongated laterally; its expansion with three setae; the distal
segment is more or less elongated and oval in shape, with 6 setae, of which the 1st and 4th outer
sotde are elongated, the second seta is very short.

- Remarks—According {0 Wilson (1932, p.240) the Ist antenna of the male is 9-segmented,
au&g the present specimen it is 10-segmented, and very well agrees with the figure given by Lang

: Qeeurrence *~Right females and five males were taken at Shingu fide pool.

' Distribution—Scottish coast, Norwegian coast, Adriatic (Carazzi, Pesta), Baltic coast,
Coast of England.
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PELAGIC COPEPODS FROM THE INSHORE WATERS OFF TRIVANDRUM COAST

M. SARASWATHY
Oceanographic Laborarory, University of Kerala, Erngkulam, India

ABSTRACT

Ninety-cight species of copepods belonging to the Calanoida, }macﬂooida and are
“b;rm‘me | é‘.‘alanoida 13 ¢ ted by d9 fCayrglilies,‘dzs bysenems 2 e 'ﬁli;pacies; thed Mig:
X genera an species  an opoida am genera an 8

Two species, Kelleria sp, and Pseudamthessius sp., are provistonally des;ibed 23 new, male of

the genus Ratamia is here recorded for the firsttime and the male of Dissaccus fruncatys in the present

collection makes it possible that the males previously described should be assigned to other species.

Ratania flava, Pontoeciella abyssicola, Corissa parva and Hersiliodes latericia are recorded for the first time

- from the Indian coasts during the course of thisstudy, Three copepodite stages of H. latericia were obtained
and these are also with notes and fgures.

THE present paper embodies the results of the investigations carried out between 1955 and 1958
by the author at the Marine Biological Laboratory of the University of Kerala, The classification
adopted in this work is that of Sars, which, as expressed by Wilson, ““is much the simplest one ever
offered and furnishes a place for every valid genus™.

The author records her deep sense of gratitude to Dr, C. C. John, M.A,, D.Sc. (Lond.), D.1LC,,
then Professor of Marine Biology and Fisheries, for_his constant encouragement and supervision
of the work. She is also greatly indebted to Dr, ‘N. Krishna Pillai, Research Officer, Marine
Biological Laboratory, for his helpful criticisms and assistance during the course of investigation
and also for the critical examination of the manuscript. The author takes this opportunity to
thank Dr, J. H. Stock, Dr. R. U, Gooding and Dr. J. Eiselt for constructive suggestions regarding
some of the species. Thanks are also due to the Syndicate of the University of Kerala for the
award of a Scholarship, which enabled her to pursue this study.

Suborder CALANOIDA
AMPHASCANDRIA

- Family CALANIDAE
Genus Canthocalanus A. Scott

Canthocalanus pauper (Glesbrecht)
Giesbrecht, 1892, p. 91, (Calanus); Sewell, 1947, p.16; Krishnaswamy, 19534, p, 107.

Specimens belonging to both sexes were obtained from November to April; a very rich
collection was obtained on 7-1-1957.

Length: 1-1-1-4 mm,
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Genus Undinuda A. Scott

_ Undinwla vulgaris (Dana)
Gilesbrecht, ‘1892, p.92, (Cafanus); Krishnaswamy, 19534, p.109.

The two varieties of this species, giesbrechti Sewell and typica Sewell were common, mannmum
occni'rcnce being from December to September, .

l_..englh Female 2:-2mm,, Male 2:1 mm.

Undinnla darwini (Lubbock)

Gwsbrecht 1892, p.91, {Calanus); Sewell, 1929, p, 42, Krishnaswamy, 1953 4, p. 110.
This species occurred along with U. vulgaris in moderate numbers
Lcngth Female 2mm., Male 1-8mm, :

Family EUCALANIDAS
Genus Encalanus Dana
Encalanus atsenuatus (Dang) :
‘Gieshrecht, 1892, p. 131; Sewell, 1929, p. 47; Krishﬁéswamy, 1953 a, p. 110, -

Only female specimens were oblained, mostly between April and October and sparingly during
lha rest of the year.

Length 4-1-4-3mm,

. Eucalanus crassus Giesbrecht
Giesbrecht, 1892, p. 132; Sewell, 1929, p.30; Krishnaswamy, 1953 a, p.11l.
Spec:mens of both sexes obteined along with E, attenuams
Length: Female 3 mm., Male 2-5mm,.

Ewcalanus subcrassus Giesbrecht

Giesbrecht, 1892, p.21; Sewell, 1929, p.5!; Krishnaswamy, 19534, p. 112,

. This is the commonest of the three species of Eucalanus obtained. This is present in moderate
numhers from November to December and Apnl to June, Stray specimens are met with even
dunng the other months, : :

Length: Female 2:5mm., Male 24 mm.

Genus Rhincalanus Dina

Rhincalanus nasutus Giesbrecht
‘Gacsbmcht, 1892, p.152; Lebnhofer, 1927, p.368; Sewell, 1947, p. 49,

A rare species, appearing only in small numbers during August and September. Some of
th¢ imens exhibit 1he dichotomous branchmg of the caudal setae found occasionally m species
of ; C! hocalanus and  Undinula,

‘ Length: Male 4mm., Female 4:2mm,
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Rhincalamus cormwrus Dans
Lehnhofer, 1927, p.359; Sewell, 1947, p.48; Krishnaswamy, 1953 a, p. 112,

b Th£ is also a rare species occurring along with the former. Only female specimens were
obtained,

Length: 3:2mm,

Family PARACALARIDAE
Genus Paracalanus Boeck
Paracalanus parves Giesbrechi
Sars, 1903, p.17; Wilson, 1932, p.38; Krishnaswamy, 1953 a, p. 133.
Present throughout the year, common during October to Sanuary.
Length: Male 0-8 mm,, Female 0:9mm,

Genus Acrocalanus Giesbrecht

Acrocalanus longicornis Giesbrecht '

Glesbrecht 1892, p.171; Wolfenden, 1906, p. 1000; Sewell, 1929, p.82; Krishnaswamy,
19334, p.114.

Common during November to March; rare during other months,
Length: Male t-1 mm., Female 1:2mm.

Family PSEUDOCALANIDAE

Genus Calocalanus Giesbrecht
Calocalamus pave (Dang)
Giesbrecht, 1892, p.175; Sewell, 1929, p.89; Krishnaswamy, 19534, p. 116,
Occurs mainly between July and September. Only females were collected.
Length: I mm,

Genus Clausocalanus Giesbrecht
3 Clausocalanus arcuicornis (Dans) _
Bsterly, 1924, p.87; Sewell, 1947, p.54; Krishnaswamy, 1953 4, p. 116,

Present in the collections only during December to February. The specimens resemble forma
minor of Sewell. Only females present.

Length: 1 mm.

Fawmily ARTIDEIDAR

Genus Kuaetideus Sars
- Ewaetidens glesbrechti (Cleve)

s A. Scott, 1909, p. 36, (detideus); Wolfenden, 1910-11, p, 209, (Aetideus); Vervoort, 1952,
p‘ L ]



PELAGIC COPEPODS FROM THE INSHORE WATERS OFF TRIVANDRUM COAST T

A egare form collected only in the months of July, August and September. No males were

| Length: 1-9mm.
Family EUCHAETIDAE
Genus Euchaeta Philippi
Euchaeta marina Prestandrea

. Giesbrecht, 1892, p.246; A. Scott, 1909, p.67; Sewell, 1947, p.113; Krishnaswamy,
1933 4, p. 117, . _

.. This is the commonest species of Euchaeta in the locality appearing in moderate numbers from
Novembcr to beginning of April. Sewell (1947) has enumerated the structural differences in the
different size groups. All the specimens in the present collection are referable to the small form
of Sewell (p. 114, Fig. 25¢).

Length: Female 3-8 mm, Male 3-5mm.

Enehaeta consimilis Fayran
Wolfenden, 1906, p. 1008, (concinng); Farran, 1935.39, p.90; Sewell, 1947, p. 116.
Found in small sumbers along with E. maring,
Eength: Female 3mm., Male 2:8 mm.

Euchaeta wolfendeni A, Scott _
Wolfenden, 1906, p. 1008 A. Scoit, 1909, p. 68; Sewell, 1947, p. 115,
One male and six females were obtained. ' -
Length: Female 2:8 mm., Male 2-4 mm.

Family SCOLECITHRICIDAE
Genus Scolecithrix Brady
Scolecithrix danae (Lubbock)
Brady, 1883, p.57; Sewell, 1929, p.209; Wilson, 1932, p. 82.
Present only during Febroary and March.
Length; Female 2:0mm., Male 1-8mm.

HETERARTHRANDRIA
Family CENIROPAGIDAE
Genus Centropages Kroyer
Centropages furcatus (Dans)

Brady, 1883, p.83; Sewell, 1914; p. 220; Krishnaswamy, 1953 a, p. 117.

This is the commonest species of Centropages and occuts in moderate numbers from December
to May.

" Length: Male 1:8mm., Female 1:9mm.
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Centropages calaninus (Dana)

Giesbrecht, 1892, p. 305; Woifenden, 1906, p. 1014; Sewel, 1947, p. 163, -Krishﬁaswamy,
1953a, p. 121 ' .

Two females were obtained in February 1957,
Length: 1-8mm.

Centropages gracilis (Dana)
* Wolfenden, 1906, p.1013; Seweli, 1947, p.163.
Only three female specimens were present.
Length: 2:Omm.

Centropages orsinii Giesbrecht
Giesbrecht, 1892, p.305; Wolfenden, 1906, p.1015; Krishnaswamy, 19534, p. 122,
Common during October to February.
Length: Male 1-2mm,, Female 1-8mm,

Centropages dorsispinatus Thompson and Scett
Thompson and Scott, 1903, p. 247; Sewell, 1932, p.228; Krishnaswamy, 1953 a, p. 120,

Specimens of both sexes were obtained in small numbers during May and June. The females
in the present collection do not show the spines on the two urosome segmenis observed by
previous authors.

Length: -Male [:2mm., Female §:3mm.

Centropages tenuiremis Thompson and Scott

Thompson and Scott, 1909, p.247; Sewell, 1912, p. 363; Krishnaswamy, 19534, p. 120;
Shen and Bai, 1956, p. 220.

Occurs from December to March, Slight variations in the shape of the exopod spine on the
right fourth leg of male and in the hirsute second endopod of the female fifth leg have been
observed. These are apparently intraspecific variations.

Leagth: Male 1-5mm., Female [:8mm.

Centropages trispinosus Sewell
Sewell, 1914, p.223; Krishnaswamy, 1951, p.75.

Found in small numbers from JSune to October. The females in the present coliection
possess numerous spinules on the genital segment which was not mentioned by Sewell.

Length: Male 1-5mm,, Female 1'5mm,

Centropages alcocki Sewell
S [Fig. 1 (1-2)]
Sewell, 1912, p.338, pl.XVIL '

Specimens belonging to both sexes were obtained in Au!gust, September and Qctober. Sewelt
figures the inner spines on the second exopod segment of female fifth leg without any spinules.
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But in the present specimens there are two rows of minute teeth. The ultimate segment of the
antennule is provided with a thick spine-like process and a few setae as in C. trispinosus, but
thig is not shown in Sewell’s illustration. It may be remarked that C. alcocki shows a close resem-
blapce to C. trispinosus. :

3I.u.mgth: Male 1:0mm., Female 1-1mm,
Family PSEUDODIAPTOMIDAE

Genus: Pseudodiaptomus Herrick
Pseudodigptomss mertoni Frucht
Sewell, 1932, p. 241.

Very common from May to August.
Length: Male 1 mm., Female 1-2 mm.

Genus Schmackeria Poppe and Richard |
Schmackeria serricandatus (T, Scott)

“T. Scott, 1894, p.40, (Hererocalanus); Sewell, 1932, p. 235, (Pseudodiaptomus); Sewell,
1947, p. 164; Krishnaswamy, 1953 4, p.123. _ . -

Qccurs almost throughout the year, common during May and June.
fength: Male 1-2mm., Female 1-3mm.

Schmackeria annandalei (Sewell)
Sewell, 1919, p.5, (Pseudodiaptomus); Marsh, 193, p.42; Krishnaswamy, 19534, p. 124.
A single female was obtained in December 1957,
Length: 1-2mm.

Family TEMORIDAE

Genus Temora Baird
Temora turbinata (Dan)

A. Scott, 1909, p. 118; Sewell, 1947, p.165; Krishnaswamy, 1953 a, p. 124,

. This species is common during the months July to November. Occasionally found during
the rest of the year. o .

- Length: Male i-3mm., Female -4 mm.

Temora discendata Gieshrecht

. giﬁbrecht, 1892, p. 328; A. Scott, 1909, p. 118; Sewell, 1947, p. 164; Krishnaswamy, 1953 4,
p. 125,

Abundant from July to November and rare during the rest of the year,
“Length: Male 1-8mm, Female 2:0mm.
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-Family METRIDHDAE
Genus Pleuromamma Giesbrecht
Plenromammg gracilis (Claus)
A. Scott, 1909, p.123; Sewell, 1932, p.264; Steuver, 1932, p.30.

A very rare species found only in July., Only male specimens.
Length: 1-5mm.

Plewromamma indica Wolfenden
