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A MONOGRAPH

OF THE

BRITISH
FREE AND SEMI-PARASITIC COPEPODA.

INTRODUCTION.

SiNoE the publication, by the Ray Society in 1850, of
Dr. Baird’s work on the ¢ British Entomostraca,” much
has been done by various authors in this country as
well as on the Continent of Europe and in America, to
extend our knowledge not only of the morphology
and physiology of the group, but also of its distribu-
tion, both fossil and recent. Dr. Baird’s work admi-
rably fulfilled its purpose of gathering together what
was at that time known of the British species, a very
large amount of this knowledge being derived from
the painstaking researches of the author himself.
And though now of mnecessity somewhat obsolete
owing to the continued labours of more recent col-
lectors, no one who has studied the ¢ British Entomos-
traca’ can fail to have been largely indebted to Dr.
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Baird’s work, which must always take rank among the
classics of natural history. ;

The number of species of non-parasitic Copepoda
noticed by Dr. Baird is thirteen, since which time
several species, both fresh-water and marine, have been
described by Sir John Lubbock, the Rev. Alfred
Merle Norman, the late H. Goodsir, and by myself
both singly and in conjunction with my friend, Mr.
David Robertson, of Glasgow. The species com-
prised in this Monograph will number, so far as at
present appears, one hundred and fifty-one.

The truly parasitic forms—fish-lice, &c., are ex-
cluded as not coming within the scope of my work.
They are of themselves sufficient to occupy an
independent volume, and to afford abundant work to
any naturalist whose time and opportunities allow of
his taking them in hand.

The researches of recent German writers—espe-
cially of Dr. Claus—on the physiology, minute
anatomy, and embryology of the Entomostraca, are so
full and exhaustive, that anything I could have said on
those subjects would have been a mere cpitome of
what can be better studied in the works of those
authors. I have, therefore, in the following pages,
confined my descriptions to the external form, not
travelling into details of physiological anatomy except
so far as necessary for purposes of classification and
specific description.*

I have not thought it needful to give exhaustive

* 1hope, however, in an introduction to the second volume, to give
a brief outline of the state of our knowledge on these subjects.
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lists of specific synonyms, this, in the case of species
known to the older authors having been excellently
done by Dr. Baird. I have, however, given as fully
as possible references to the descriptions of more
recent observers, and when practically useful, also to
those of older date, omitting such only as seemed to
be of slight or merely literary interest. A list of the
memoirs from which these details are taken is printed
at p. 27

The great majority of the Copepoda are free swim-
ming species, a considerable number, however, being
truly parasitic and living suctorially on the juices of
Fishes, Annelids, Crustacea, and other aquatic animals.
These do not enter into the scope of the present work.
Another group, which may be called semi-parasitic, is
found living (not suctorially nor attached in any way
to the body of the host, but moving freely) in the
cavities of various marine animals, notably in those of
Ascidians, both simple and eompound. The genera
Notodelphys, Botachus, Ascidicola, Doropygus, Licho-
molgus, and Notopterophorus are among the most
important of this group. M. Hesse, of Brest, has
closely studied these animals, and has described many
species; as also have MM. Claparéde, T. Thorell, Van
Beneden, and others. Some species have also been
found, perhaps living suctorially—though this is open
to doubt—on the outer surfaces of sponges, sea-
urchins, and star-fishes; to this list belong some
members of the genus Artotrogus. These semi-
parasitic Copepoda exhibit for the most part a
transitional condition of the mouth organs, inter-
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mediate between the true biting and chewing
apparatus of the free swimming species, and the
true suctorial mouth of the fish-lice and other
thorough-going parasites. From a consideration of
these peculiarities M. Thorell has proposed to arrange
the Copepoda under three sections—Gnathostoma,
Peecilostoma, and Siphonostoma—which arrangement
though adopted by Claparéde and others is rejected by
Claus chiefly, as it appears, owing to a difference of
opinion as to the homologies of the various mouth
organs. In this work I adopt the three divisions
proposed by M. Thorell, because whatever opinion
may be held as to the nature of the component parts
of the mouth apparatus, each division seems to repre-
sent a well-marked natural group. Some remarks on
this part of the subject will be found at greater length
under the definition of the group I’weilostoma.
Throughout the whole class (‘rustacea the mouth
organs, and other cephalic appendages, are liable to the
most profound modification according to the needs
and circumstances of particular groups, and on this
account the conformation of these parts offers a
most natural and trustworthy guide to classification.
In no order is this more conspicuously the case
than in the Copepoda, which, from the lowest and
absolutely inactive Epizoa,* to the most agile and
highly organised of the free swimming Calanidsv, offer
an endless variety of structurc. So rudimentary,
indeed, in development, are some of the lower Epizoa,

¥ These, however, are often separated from the

. opepoda to form an
independent order.
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that without the evidence derived from the study of
their embryology, and the successive phases of their
life history, it would be impossible to assign them
with any certainty to the place which they are now
held rightly to occupy in the scheme of nature. And
though none of the species which form the subject of
the present Monograph, differ so widely as this, one from
another, there yet exist variations of great interest
pointing to very decided differences in mode of life.
Next to the mouth organs, the anterior antenn® and
the first and last pairs of swimming feet exhibit the
most important variations of structure, the distinctive
peculiarities of these parts being mostly connected
with the sexual function, and therefore most fully
developed in the male scx. The anterior antenna,
which in the female is wusually a simply-jointed,
slender, tapering limb, in the male not unfrequently
becomes partially swollen, nodose, hinged, or provided
with serrated plates for the purpose of affording a
more efficient grasp of the female, these modifications
occurring sometimes in one antenna only, as in many
Calanidze, sometimes in both, as in Cyclopide. The
modifications of the fifth pair of feet are very various ;
in some of the Calanide they become very powerful
auxiliary clasping organs, but more generally they are
quite rudimentary in both sexes (Cyclopidee), while in
most Harpacticide, though rudimentary in the male,
they are usually somewhat more largely developed in
the female, where they are foliaceous in character and
appear to act as a support or protection to the

external ovisac.
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The colouring of the Copepoda varies very con-
siderably, as does that of many larger Crustacea, with
that of their food material and of the vegetation
amongst which they live; a large number of the
oceanic species are translucent and almost colourless,
but one of these — Anomalocera Patersonii — often
exhibits wonderfully brilliant tints of blue, red, and
green; Peltidium interruptum, which is also chiefly an
oceanic species, is constantly of a deep reddish-brown
colour, and almost all the flat-bodied species (Pel-
tidiidee, Claus) are banded to some extent, sometimes
very gorgeously, with shades of red or purple; the
same may be said of some few species of Harpacticide,
notably of Thalestris rufocincta, Norman, T. longi-
mana, Claus, T. rufoviolascens, Claus, and estwoodia
nobilis, Baird. The colours of most of these are given
as faithfully as possible in the plates illustrating the
various species. The usual colour of the marine
Copepoda, however, is a transparent yellowish brown
or straw colour, against which the eye shows as a
spot of brilliant ruby red, the internal digestive and
glandular organs often being apparent as patches of a
darker brown. The ovisacs, especially in some fresh
water species, not unfrequently exhibit characteristic
tints of blue, brown, or green; but the colouring of
the inhabitants of fresh water seems to vary remark-
ably according to the locality and nature of food.
Thus, Diaptomus Castor, Jurine, is usually of some
shade of light brown, often with bluish ovisacs; but
in an elevated Westmorland tarn I have found it of a
brilliant vermilion red ; and in peaty pools of no very
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great elevation I have noticed Cyclops serrulatus to
assume a deep brownish-red colour. Similar instances
of variation might be noted in respect of many other
species. It is, nevertheless, very remarkable that in
many gatherings of Copepoda, the various species (or
at least some of them) may be unerringly picked out
by attending to the characters of colour only, and,
indeed, this is practically often by far the readiest way
of separating species under the low magnifying power
of a hand-lens.

Amongst the non-parasitic Copepoda there is very
great diversity of habit. Many of the marine species
pass their life apparently near the surface of the open
sea, and some of these—such as Calanus finmarchicus,
Gunner, and Anomalocera Patersonii, Templeton, are
frequently found in immense profusion, the first-
named species having been said to form a very
important part of the food of the Greenland whale,
and it is remarkable that in the Arctic Seas not only
do the Entomostraca attain an enormous development
in point of members, but also in individual size;
Arctic specimens, for example, of Calanus finmarchicus
and Metridia armate being many times the bulk of
those taken in our own latitude ; the same observation
is well known to hold good in respect of the higher
Crustacea, Amphipods, &c., as has been pointed out to
me by the Rev. A. M. Norman. A large number of
species haunt almost exclusively the forests of
Laminariee which grow on rocky coasts, at and below
low-water mark; the fronds of Laminaria saccharina
in particular are the favourite abode of many species,
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more especially of the flat-bodied Porcellidiine and
their allies, which appear to find shelter in the
numerous inequalities of its rugose fronds. Amongst
the groves of smaller alga with which tidal rock-pools
are often so densely overgrown, Copepoda are always
to be found in abundance, but though I have paid
particular attention to the matter I have not found
that the different species have any particular prefer-
ences as to the kinds of weeds which they haunt ; 1t is
probable that shelter rather than food is the reason of
their liking for these marine forests. The brackish
water of salt marshes and small estuaries sustains a
peculiar Entomostracan fauna, the most characteristic
members of which, amongst the Copepoda, are Teinoia
velox, Lilljeborg, Tuclidius brevicornis, Miller, and,
less commonly, Cyclops iusiguis, Claus, Naunopus
palustris, Brady, Platychelipus littoralis, Brady, Mcso-
chra Lilljeborgii, Boeck, and Delavalia palustiis, Brady;
with these there is usually associated a peculiar group
of Ostracoda, C('ytheve castauea, Sars, Cytheridea
torosa, Jones, Loroconcha clliptica, Brady. The Mala-
costraca, Foraminifera, and other branches of the
fauna of such localities present likewise features of
great interest, but it is impossible here to enter fully
into the consideration of the subject; the reader who
desires further information is referred to the papers

mentioned below * Pools of sea water above, or at

* ¢ On the Crustacean Fauna of the Salt Marshes of Northumberland
and Durham,” by G. S. Brady. C.M.Z.S. (- Natural History Trans-
actions of Northumberland and Durbam, vol. iii). * On the Ostracoda
and Foraminifera of Tidal Rivers,” by G. 8. Brady, C.M.Z.S..
David Robertson, F.G.S., and H. B. Brady. F.I.S. (" Annals and
Magazine of Natural History.’ ser. 4, vol vi, 1870, * On the Zoology of
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the extreme limit of high water mark, are very
frequently tenanted by a single species, Harpacticus
fulvus, Fischer, which is very rarely to be met with in
more purely marine situations. The bed of the sea,
down to the extreme depths attainable round the
British Islands, is inhabited by numerous Copepoda ;
on sandy bottoms the most abundant species are
Longipedia coronata, Claus, and Hctinosoma spinipes,
Brady, but Copepoda of some kind are found in greater
or less abundance on all sorts of bottoms. One
exception must be made to this statement; in various
hauls from a bottom of slimy argillaceous mud, the
product of the débris of disintegrating felspar rocks,
taken from a depression of the depth of fifteen to
twenty-five fathoms at the north end of Mulroy Lough,
County Donegal, Mr. Robertson and myself could not
detect one trace of life of any kind. The beds of
fresh water lakes seem to be very sparsely populated
with Copepoda, and as to swimming species it may, as
a general rule be said that the weedier the pool and
the smaller its extent, the more abundant in all
probability, the Entomostraca.

A few words as to the best modes of collecting
Copepoda will not be out of place here. In the case
of tidal marine pools and small fresh water ponds,
such as may easily be fished from the edge, a common
ring net fitted with a muslin bag and attached to the
end of a walking stick will answer every purpose.
This may be worked to and fro amongst the weeds

Hylton Dene,” by George S. Brady (* Transactions of the Tyneside
Naturalists Field Club,” vol. vi).
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or in the clear water, and the results, when cleared
from coarse débris and extraneous materials, may either
be put at once into spirit or, if it is wished to keep
the Entomostraca alive, into water, fresh or salt as
the case may be. Marine surface-swimmers may be
taken in a similar way by working the net from the
side of a boat, or a tow net may be thrown over and
attached to the boat by a cord. A tow net put over-
board from a vessel anchored for the night in a tide-
way will often be found in the morning to have made
good captures. And it may be noted that surface net
gatherings made during the hours of dusk or darkness
are commonly of much greater interest than those
taken in daytime ; it seems certain that many marine
Crustacea which are found near the surface at night
recede towards the bottom on the approach of day-
light. Some of the pleasantest and most profitable
hours which I have ever spent have been when, after
a day’s dredging, I have set out at sunset on a quiet
boating excursion for the purpose of capturing such
prey as could be got in the surface net. Many hours
of this kind spentin the company of my old friend
Mr. David Robertson, amongst the Scilly Islands, on
the Firth of Clyde, on the sheltered bays of Round-
stone and Westport, or on the stormier coasts of
Northumbria will long live in my memory, not only
by their results in the acquisition of valuable speci-
mens, but as times of unalloyed delight in the
contemplation of nature under a different guise from
that in which we usually see her.

The washing of fronds and roots of Laminarie,
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which may be dragged up by means of the hooked
grapnels used on many coasts by kelp burners, often
affords multitudes of Copepoda. The weeds should
be washed by agitation in a large tub of sea water,
and when the operation is completed, the water, after
being allowed sufficient time—a few seconds only—
for the subsidence of coarse material, is to be poured
off through a muslin net, on which the Copepoda, and
probably numerous other swimming animalcula, will
be intercepted. These may be cleaned while in the
net by repeated douches of sea water. The products
of the dredge, sand, mud, gravel, shells, &c., should
be treated in a similar manner before being thrown
overboard. I have no doubt that this method of
procedure offers by far the best chance of extended
acquaintance with the microscope life of the sea bed,
and that numberless new species and interesting forms
of life may be discovered by its means.

The preservation of specimens is probably best
effected by alcohol in the form of rectified or methy-
lated spirit, but this agent has the disadvantages of
destroying many colours, and of rendering the animals
opaque by coagulating their albuminous tissues.
Still, among the numerous solutions which have from
time to time been recommended none are on the whole
so convenient or efficient. Perhaps the next best is a
solution of chloral hydrate (twelve grains to a fluid
ounce) in camphor water. As microscopic prepara-
tions, Copepoda are best mounted in some gelatinous
medium containing a very small quantity of glycerine.
Treated in this way mountings will keep in perfect
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condition for many years—eternally for anything I
know to the contrary—without the trouble of cement-
ing round the edges of the glass cover. The formula
which I habitually use is given below.*  Before
dissecting Copepoda for microscopic examination they
should be macerated for a few hours in a solution of
caustic potash ; the fatty and granular tissues are by
this means removed and the details of structure
rendered clearly visible; the dissection is easily per-
formed under the microscope with fine needles, either
with or without the help of an erector.

The nomenclature of the body segments and append-
ages of the Copepoda, as of the Crustacea in general,
has been somewhat confused by the variety of terms
applied to the same part by different authors. It is,
therefore, necessary to explain the application of the
terms which I have here adopted. This will be
understood by an examination of the table, at p. 14,
which shows the names used by some recent writers
on the Entomostraca for the appendages of the first

* Take any quantity of Nelson's gelatine, and let it soak for two or
three howrs in cold water which has previously been saturated with
arsenious acid; pour off the superfluous water, and heat the soaked
gelatine until melted. To each fluid ounce of the gelatine add one
drachm of alcohol and mix well; then add a fluid-drachm of the
white of an egg; mix well while the gelatine is fluid, but cool. Now
boil until the albumen coagulates and the gelatine is quite clear.
Filter through fine flannel, and to cach fluid ounce of the clarified
gelatine add six fluid drachms of Price’s pure glycerine, and mix well.
(¢ Carpenter’s Microscope and its Revelations,” 8rd edition, p. 775.)

It is worth notice that this preparation is injurious to calcareous
structures, such, for instance, as the spicules of Echinodermata, these
being in a comparatively short time completely dissolved by the

glycerine. If used for preparations of this kind the glycerine should
be omitted.
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twelve (cephalothoracic) somites. The abdominal
segments in the Copepoda have no limb-like append-
ages.

The preparation of this Monograph has involved
labour extending over several years, and in now bring-
ing that labour to a close I must express my warmest
thanks to all who have lent me their aid during the
progress of my work. Especially are my acknow-
ledgments due to Mr. David Robertson to whom
for kind and ever active help during many pleasant
excursions, as well as for gifts of numerous valuable
gatherings of Copepoda, I am very largely indebted ;
to the Rev. Alfred Merle Norman who with unvarying
kindness and liberality has placed his valuable collec-
tions at my disposal, to Mr. E. C. Davison, R.N., of
Sunderland, for many very interesting collections made
during the voyages of the “ Porcupine’ and at other
times ; to Sir John Lubbock, Dr. Claus, and M. T.
Thorell for their liberal communication of information
and specimens.
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CLASSIFICATION

TuE sub-kingdom Annulosa, to which the Crustaceans
belong, 1is, according to the commonly accepted
arrangement, one of the primary divisions, and in the
number of its members by far the largest division, of
the animal kingdom. Its most conspicuous character
is that which 1s expressed by the term annulose, its
members being composed of a variable number of more
or less distant rings or body-segments (technically
termed somites), arranged in longitudinal series, one
behind the other. Besides the CrUSTACEA, a group of
which forms the subject of the present memoir, it
contains several other important classes, the most
familiar of which are the ANNELIDA (worms and leeches),
AracHNIDA (mites and spiders), and the INsEoTA.

The CRUSTACEA, in their typical forms, are very
distinctly segmented, the number of somites being
variously reckoned at twenty or twenty-one; some of
this number of segments are, however, in almost all
cases suppressed, and not recognisable except theo-
retically. Some or other of the somites almost always
carry appendages adopted for mastication, locomotion,
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and other purposes; and respiration is usually carried
on by means of branchiz or gills. There is always an
external skeleton or “crust” composed of a hard
calcareous or a more flexible ¢ chitinous’ material,
from which investment the class derives its name.
All, or almost all, the Crustacea pass through a series
of metamorphic changes before reaching maturity.
The Crustacea are divided into several sub-classes,
the most important of which are the CirriPEDIA or
"Barnacles ; MavracosTrACA, including such animals as
crabs, lobsters, shrimps, sandhoppers, and woodlice ;
and the KExToMOSTRACA, one order of which forms the
subject of this monograph. The Entomostraca are
mostly very minute animals, the vast majority of living
species varying between one fifth and one fiftieth of an
inch in length. Some, however, are much larger, reach-
ing alength of an inch or an inch and a half. The Ento-
mostraca are somewhat difficult to define in a wav at
once accurate and characteristic. The followin;g 1S
Professor Huxley’s statement:—“1In the Entomo-
straca, if the body possesses an abdomen (reckoning
as such the somites which lie behind the genital aper-
ture), its somites are devoid of appendages. Moreover,
the somites, counting that which bears the eyes as
the first, are more or fewer than twenty. There are
never more than three pairs of gnathites. The embryo
almost always leaves the egg in the condition of a
Nauplius ; that is, an oval body, provided with two
or three pairs of appendages, which become converted
into antennary organs and gnathites in the adult.
This division of the Entomostraca comprises the
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Copepoda, the HEpizoa,the Branchiopoda,the Ostracoda,
and the Pectostraca.

“ The Copepopa.—In these Hntomostraca, which
come nearest to the Furypteride, the cephalic shield,
which is discoidal and not folded longitudinally, is
succeeded by a certain number of free thoracic and
abdominal somites. The antennules and antenng are
large, and, as in the Hurypteride, are organs of loco-
motion and sometimes of prehension. The anterior
thoracic members are converted into foot-jaws; the
posterior serve as paddles, the limbs of each pair
being often united together in the median line, as in
Limulus. The embryo leaves the egg as a Nauplius.”



CHARACTERS OF FAMILIES.

1. CaLanipz.—Body elongated; abdomen distinct from thorax;
anterior antennz long, 24- or 25-jointed, that of the male, on the right
side only, partially thickened and geniculated ; posterior antenna large,
and usually 2-branched; mandible-palp usually 2-branched. Both
pairs of foot-jaws large and well developed, many jointed, marginally
setiferous. First four pairs of feet 2-branched, outer branches 3-jointed :
fifth pair similar to the foregoing pairs, or much modified (especially in
the male) and unlike on the two sides. Ovisac single.

2. MisoPHRIIDZE.—Like Calanide, but that the anterior antenne are
composed only of 7—18 joints, and are much shorter than the cephalo-
thorax; robust, and in general build decidedly cyclopoid.

3. Cycropripz.—Cephalothorax ovate and usually much more robust
than the abdomen ; anterior antenne seldom longer than the cephalo.
thorax; those of the male alike on both sides and modified for the
purpose of clasping; posterior antennz unbranched. Palps of mandi-
bles and maxillee usually well-developed. Foot-jaws mostly less deve-
loped than in Calanide. First four pairs of feet as in Calanide ; fifth
pair rudimentary, alike in both sexes, and usually 1-jointed. Ovisacs
two.

4. NotopELPAYIDZ.—Fourth und fifth body-segments of the female
usually coalescent, swollen dorsally tu form a matrix or covering for
the ova after their passage from the ovarium. Anterior antenne short,
5—15-jointed; posterior unbranched, 8-jointed. Mandible.palp 2-
branched. Foot-jags and swimming.feet like those of Cyclopide. Fifth
pair of feet rudimentary or altogether absent. No external ovisac.

5. BUPRORIDZ.—Body pouch-like, not distinctly segmented. An.
tenn® rudimentary, anterior 2. or 8., posterior 1. or 2.jointed. No
mandible-palp. Mouth-organs minute; maxille and foot-jaws short,
broad, and adapted for chewing or grasping. Fect very small, papilli.
form, 2-branched; no external ovisae: abdomen very small, fareate.
All the appendages of the body very small and imperfeetly developed.

6. HARPACTICID A —Body sometimes complanate. but nsually cylin-
drical; abdomen not sharply sepavated from the thorax. A.nt'orior
antennm shovt, +—10-jointed. length scaveely execeding that of the first
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somite ; those of the male modified on both sides, so as to form clasping
organs. Posterior antennse 2—4-jointed, bearing a small secondary
1—4.jointed branch. Mandibles provided with a palp, which may be
either simple and very minute or larger and 2-branched. Maxille
composed of a setiferous grasping segment and a more or less complex
laminar palp. First pair of foot-jaws jointed, with several marginal
setiferous processes; second pair usually (not always) forming a strong
prehensile hand. First four pairs of swimming-feet 2-branched, first
pair usually unlike the rest, and converted into a prehensile appa-
ratus; second, third, and fourth pairs alike or nearly so, and adapted for
swimming; fifth pair foliaceous, larger in the female. Ovisac single,
very rarely double.

7. CorycamIpE. —Body subpyriform ; abdomen elongated, much nar-
rower than the cephalothorax. Anterior antennze 5—7-jointed, alike in
both sexes, short; posterior simple, 3—4-jointed, forming a strongly
clawed, prehensile hand. Mandibles, maxille, and first pair of foot-jaws
minute, destitute (or nearly so) of palps. Posterior foot-jaws prehen-
sible, and, in the male, powerfully clawed. First four pairs of feet
adapted for swimming, 2-branched. Fifth pair rudimentary, alike in
both sexes, rarely absent. One median eye, and usually two large
simple lateral lenses. Ovisacs usually two.

8. SAPPHIRINIDZ.—Body either elongatedand subpyriform or broadly
ovate and complanate; cephalothorax subovate and much broader than
the abdomen, which may be either broad or elongated and subpyriform.
Anterior antenn® 5—7-jointed, alike in the two sexes; posterior simple,
clawed or setose at the apex ; mandibles small, subulate, or very feebly
dentate ; maxillee small, and attached to the base of, or near to, the
mandible. First pair of foot-jaws setiferous at apex; second pair
clawed in both sexes, but much more strongly in the male. First four
pairs of feet 2-branched and adapted for swimming; fifth pair small,
usually 1-jointed. Ovisacs two.

9. ARTOTROGIDZ.—Body broad, complanate; abdomen short, but
distinctly separated from the cephalothorax. Anterior antenn® short,
9—20-jointed, those of the male often modified to a small extent for
clasping ; posterior short, 3—4-jointed, secondary branch (when present)
1-jointed. Mouth produced into a short bell-shaped, or into a long,
tubular siphon. Mandibles stilet-shaped, simple or provided with a
slender, filiform palp; maxille composed usually of two setiferous
digits; first and second pairs of foot-jaws simple, 2—4-jointed, strongly
clawed at the apex. First four pairs of feet 2-branched (fourth pair
rarely 1-branched); fifth pair rudimentary or wanting.
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