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INTRODUCTION.

The present is the thirteenth * paper in the series dealing with the

parasitic copepods in the collection of the United States National

Museum, and comprises the family of the Lernaeidae.

This is the oldest family of the parasitic copepods and includes

some of the most eccentric and bizarre forms. The genera compos-

ing the family have often been wrongly interpreted, and their

systematic position and arrangement have been mere conjectures.

This was largely because they were imperfectly understood and

nothing was known of the male sex or of the life history.

Tbe development of Pennella consists of a broken series of larval

forms described by different authors—Steenstnip and Liitken (ISGl),

Lubbock (18G0), AVierzejski (1877), Brady (1883), Liitken (1893),

and M. T. Thompson (lOOo).

The development of Lernaeocera {Lernaea) was worked out in

admirable shape by Pedaschenko in 1898 and by A. Scott in 1901.

That of Sarcotretes was published by Jungersen in 1911, and the life

history of Lernaea {Lernaeocera) has just been completed by the

present autlior. We thus have now a life history for each of the

four subfamilies. These have all been included in a condensed form
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in the present paper, because of the opportunity thus afforded for

comparison and inference.

A. Scott (1901) and Sir William Turner (1905) are the only

authors who have verified the internal anatomy of the species they

described by means of sections; the others have relied entirely upon

what could be seen through the body walls. Scott described Ler-

naeocera hranchialis, while Turner portrayed Pennella halaenopterae^

representatives of two of the four subfamilies. In the preparation

of the present paper various species of the genera Lernaea^ Ler-

naeenicvs, Peniculus, and Collipravus have been studied by means

of serial sections, thus supplementing and completing the work of

Scott and Turner.

It was further found after trial with various reagents that if

specimens were properly dehydrated in absolute alcohol and entirely

cleared in clove oil, they became so transparent that the internal

anatomy in all its details was clearly visible without sectioning.

Nearly every species described in the present paper has been treated

in this manner, and the internal specific and generic characters have

been thus determined.

Hence the systematization here proposed is the result of a careful

study of the life history and of both external and internal mor-

phology, and is substantiated by serial sections.

Much of the work was done at the laboratory of the Bureau of

Fisheries at Fairport, Iowa, during the summers of 1914, 1915, and

1916.

That portion of the work which concerned the genus Lemaea^
which is parasitic upon fresh-water fishes, and the material for which

was collected at Fairport, has already been reported to the United

States Bureau of Fisheries. The remainder of the work is incor-

porated in the present paper, and as here constituted the family

Lernaeidae includes 17 genera, three of which

—

Gardiodectes, Colli-

pravus, and Trifur—are new to science, and 80 species, of which 15

are new. There are seven generic names which have been intro-

duced into this family, each of which is composed of the name
Lernaea or the corresponding adjective Letmalos and some other

word. Two of these compound names, Lernaeopoda and Lemaeomy-
zon, belong in the family Lernaeopodidae ; two others, Lemaeonema
and Lernaeo'penna, are synonyms; the remaining three, Lernaeenicus,

Lernaeocera, and Lernaeolophus, are still valid genera in the present

famih\ In the author's opinion, the first part of all these names
should be spelled alike, since each represents the same word which
was in existence and whose spelling had been determined long before

any of the compounds were formed.
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HISTORY.

Early literature and natural history.—Most of the genera und spe-

cies belonging to this family are buried in the liesh of their host,

with the posterior portion of the body and the egg tubes hanging

free in the surrounding water so as to be readily seen when the fish

are handled. Many of the species also are of excei)tionally largv

size, reaching 4 and sometimes even 6 inches in length. Such remark-

able size and prominence called them to the attention of fishoi-men

at a very early date, and we find mention of these parasites in se\eral

of the classical writers, the stories about them doubtless being de-

rived from the fishermen.

Aristotle, Pliny, Oppianus, and Athenaeus all desciibed the suffer-

ings of the tunny and swordfish in the Mediterranean in consequence

of the irritation caused by these pests. Two of the early natural

histories, Aquatilium Animalium Ilistoriae by Salviani (1554, p. 126)

and Libri de piscibus marinis by Rondelet (1554, p. 249), repeated

these accounts, and the latter author gave a figure of a tunny with

one of the copepods fastened near the pectoral fin. Conrad Gesner,

in his Historia Animalium—De Aquatilibus (1560, p. 112), gave a

more extended account of the parasite, described its structure and

appearance, and presented an enlarged figure of it, besides repeating

the figure given by Rondelet. But his description and figure resemble

a Lernaeopod far more than they do a Lernaean. Boccone, in his

Recherches et Observations naturelles (1671, p. 281), tells us that

the fishermen on the coast of Messina knew of another parasite which

they called " Sanguisuca," and which buried itself in the flesh of

the swordfish ; and he adds with reference to it . . .
" This sang-

sue appears to be tormented by a louse which I haNC never seen on

any other animal. It is of the size of a pea and attaches itself firmly

to the animal" (p. 292), Boccone considered his species the same
as that of Gesner, but the figures he gave proved it to be a PenneUa,

while the "louse" on it was doubtless a goose barnacle similar to

those shown in figure 147.

Lernaea and Lernaeocera.—Linnaeus obtained from a European
carp, to which he gave the name " Cyprinus carassius^''' a parasite

upon which he established the genus Lernea, in 1746,^ calling the

species simply ''''Lernea tentaculis quatuory In the following year

he described another species, from the gills of a Gadus, under the

designation " Lernea cauda dwplici teretiy - In the tenth edition of

his Systema Naturae (1758, p. 655) he designated the first of these

species as Lernea cyprinacea, the second one as L. asellina, and he

transferred to this genus Lernaea a third species, salmonea, which

»Fnuna Suecica, p. 307. fig. 1282.

'Iter Westrogotha. 1747, p. 171, pi. 3, fig. 4, a and b.
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had been described by Gissler under the name Pediculus salvionis.,^

arranging the three species in the order named.

Accordingly the species cypinacea^ upon which the genus was

originally founded, and which stands first in this tenth edition, be-

comes the oldest species in the family. It was the ostensible genus

type for nearly a century, and it may well be restored to that posi-

tion.

The second species, asellina.^ is a typical Chondracanthid, while the

third, salmonea, is as tj'pical a Lernaeopod, so that neither of them

can be even retained in the family.

In the twelfth edition another new species, hranchialls, was added

to the genus and was placed first, but the genus diagnosis remained

unchanged.

For many years every newly discovered parasite, whatever its

structure might be, was referred to the genus Lernaca, which thus

came to include a large number of heterogeneous species. jMany of

these have since been established as distinct genera. The first to be

thus established was the species hranchiah's, which was made the type

of a genus called " Leryieoccra'''' by Blainville in 1822 (p. 370).

Blainville included in his genus, besides the species hroncIiiaUs,

Miiller's Lernaca cycloptcrina^ a new species which he named sur-

rj.j'a.iis, and unfortunately Linnaeus's Lernaca cyprlnacca. If he had

only omitted this last species, which of course he had not the

slightest excuse for including, since it was Linnaeus's type species,

the two genera would never have been exchanged, but, as it was, his

mistake was copied by Desmarest (182.')), Nordmann (1832), Bur-

meister (1833), Kr0yer (1837), and Milne Edwards (1840). The
latter explained that Nordmann, Burmeister, and Kr0yer had re-

stricted Blainville's generic name to such species as had soft sym-

metric horns on the head and straight multiseriate Q^g strings, and

he adopted their restriction. Blainville, however, distinctly stated

in his genus diagnosis that Lernaeoccra had three immovable and

branched chitin horns, two lateral and one dorsal (p. 375). And
under the type species he said, " The egg sacks arise from just in

front of the posterior extremity of the body and are much twisted

or coiled" (p. 370). Furthermore, he stated plainly that he had

never seen the species cyprinacea., but only the figure published by

Linnaeus, which did not shoAv the Qgg sacks.

In other words, the authors above quoted deliberately exchanged

the two genus names to suit their own fancy, took away from Lin-

naeus's genus Lernaca the species which had served as its type for 90

years, and substituted for it the species which Blainville had made
the type of his genus Lernaeoccra., and forced upon Blainville, as a

« Kongl. Svensk. Vetensk. Acad, llandlingar, 1751, vol. 12, p. 185, pi. C, figs. 1 to 5.
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substitute type, a species which did not agree with his genus diag-

nosis and which he had never seen.

In such a dilemma only one course is possible, and that is to re-

store the two genera to their proper places, in spite of the great incon-

venience Avliich will result, and this has been done. The author sin-

cerely regrets the necessity for such a change, especially when the

genera are so widely known and so often quoted, but the evidence is

so convincing as to leave no choice in the matter, and both Linnaeus

and Blainville have claims for justice which far outweigh any tem-

porary embarrassment.

Location of the Lernaeans.—The early Lernaeans were so eccentric

and apparently lacked so many of the usual crustacean appendages

that Linnaeus did not suspect them of being Crustacea, and placed

them amongst the worms, characterizing them by the softness of their

body and the absence of a shell. Hans Strom in the first part of his

Physisk og Oeconomisk Beskrivelse (1TG2, p. IGT), under the head-

ing of insects, described both sexes of '''' Lernaea salmonis'''' and the

females of " L. uncinata.'''' On page 209 he described Lernaea corpore

teretl fexnosa^ which Linnaius afterward identified as L. hranehialis

and placed with his other species among the worms.

O. F. Midler, in Zoologiae Danicae Prodromus (1T76, p. 226),

gave il species of Lernaea; Fabricius, in Fauna Groenlandica (1780,

p. 33G), gave 7 species; Hermann (1783), Schrank (178G), Lamarti-

niere (1787), Brugieres (171)2), and Holten (1802) all added species

of Lernaea and all adopted Linnaeus's sj'stem of classification. Cu-
vier, in his Tableau elementaire (1708, p. 38p), placed the Lernaeans
under " JSIollusques gasteropods " in the division of those having

free motion in water. Lamarck, in his SystOme des Animaux sans

vertebres (1801), also placed them under the mollusks but under

"Molkisques ccphales."

Bosc published an Ilistoire Naturelle des Crustaccs in 1802, but

although he gave an excellent historical summary and a good account

to date of Caligus^ Arffulus, Cecrops, Dichelestlum^ etc., he included

none of the Lernaeans, which was equivalent to saying that he did

not consider them as crustaceans. In an Historia Vermium (n. d.)

published shortly afterwards he described (p. 51) 15 Lernaean species,

placing them among the mollusks, but stating that they approached

the intestinal worms. Lamarck, dissatisfied with his first attempt,

removed the Lernaeans from the mollusks in his Philosophic Zo-

ologie, 1809, and placed them among the annelids. Three years

later, in Extrait du Cours de Zoologie and again in Histoire Naturelle

des Animaux sans Vertebres (181G), he showed the need of forming a

separate class to receive these animals, which he named "" Epizoaires,"

and which, he said, " may properly fill up the great void which exists

between insects and worms."
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In 1815-16 Oken published a Lehrbuch Naturgescliichte, in

which he placed the Lernaeans as the third family in the order of

Erdleche oder Geschlechtsleche," and in this family were included

all the parasitic copepods then known (p. 181). Later, in the same

hook (p. 357). he revised his classification, which contained many
errors and called the group "Armwurmer," dividing it into two

tribes, the Lernaeans containing four genera, Axine, C'lavella, Pen-

nella, and Lernaea. and the Argulids, containing also four genera,

Anops\ Dichelestiurn, Caligus, and Argulus. Thus was shown for

the firr^t time the relations between the Lernaeans and the other

copepod parasites. In 1817 Cuvier, in his Eegne Animal, adopted

the view taken by Bosc, placing the Lernaeans among the intestinal

worms, while he located the other parasitic copepods among the

Crustacea.

Soon afteiw ards Surriray made the important discovery that the

long filaments suspended from the body of these animals contained

eggs and that the young when hatched bore no resemblance to the

adults, but were very similar to the young of Cyclops—that is, they

were crustaceans and not worms.

Blainville, in his Memoire sur les Lernees (1822), admitted the

truth of Siu-riray's statement and fully established the Lernaeans

among the Crustacea, where they have remained ever since.

ECOLOGY.

Sexual dimorphism.—The females of the Lernaeidae are fixed

parasites, and consequently there is a complete loss of the power of

locomotion, although the swimming legs are usually retained, and

there is great diversity in the means of prehension. Since the male

does not finally become a fixed parasite, but remains upon his first

host or swims about freely until his death, there is not the sexual

dimorphism which was seen in the Lernaeopodidae. Indeed, it can

not be said that there is any real dimorphism at all, because so long

as the two .'Jexes remain together and during the period of sexual

union they are of the same size, and it is only after the female has

become a fixed parasite for the second time and the male has perished,

that the former increases enormously and becomes misshapen.

The body of the female is always a little longer than that of the

male, and just before as well as for some time after fertilization the

genital segment increases greatly in length, but remains of the same

width, thus giving the female larva an exceptionally elongated form.

A considerable portion of this increase takes place during the sec-

ond free-swimming period, so that by the close of this period there

is a marked difference in the length of the fused genital segment

and abdomen between the female and such males as still survive;

but in other respects the two sexes are alike.
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Consequently the only dimorphism would be one of length and not

of structure, a difference which is common to all copepods, but is

here carried a little farther than usual.

Locomotion.—Judging by the size one would say that the larvae

alone possess the power of locomotion, and that the adults are fixed

parasites.

But we must remember that sexual union takes place during the

first parasitic period, and that it is followed by a second period of

free swimming during which both the male nnd female must be

sexually mature.

Moreover, the male never develops any farther, so that he is as

fully matured as he will ever become, and the subsequent develop-

ment of the female is a retrograde metamorphosis rather than an

evolution. Accordingly, we are justified in saying that both the

larvae and the sexually mature adults are capable of free swimming,

and in proof of this both are frequently taken in tow. The majority

of males remain attached to their host after sexual union, but all

the females and a small percentage of the males (4 per cent) dis-

engage themselves and become free swimmers for a second time.

Each of these free-swimming periods is fully as long as that of the

Lernaeopod larva, so that the two together give the Lernaeid larva

twice as much free swimming as is enjoyed by the Lernaeopodidae.

In the nauplius and metanauplius larvae tha swimming motion is

jerky and more or less spiral in direction; in the copepodid larvae

it becomes faster and more continuous, although it still remains

somewhat spiral.

These larvae dart about by spasmodic contractions of the swim-

ming legs and search for something to which they can fasten them-

selves. If they find nothing suitable they swim about until tired,

come to rest upon their backs on the bottom of the aquarium, and

remain thus for long periods.

Prehension.—On seeking its first or temporary host the larva uses

its second antennae and maxillipeds for prehension. After settling

upon the gills in this manner it either continues to use these append-

ages like Lernaea^ or fastens itself by a broad frontal filament to the

tip of the gill filament like Lemaeocera., Sarcotretes. and Pennella.

In the former case no change is produced in the host's gills, but in

the latter case the attachment of the parasite's frontal filament to

the fish's gill causes the gill to swell up and become tumid, while the

filamentous plates disappear on both sides for some distance from

the tip.

One or the other of these two modes of prehension, or both of

them, are the only ones ever practiced by the male; but the female

when she searches out a final host adopts a third method. She bur-
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rows or pushes her cephalothorax into the host's flesh until it is com-

pletely buried and only the genital segment and abdomen are left

on the outside.

From the sides of the head and anterior thoracic segments horns

and processes of various sorts now gi*ow out into the flesh of the host

and eventually anchor the parasite so firmly that it can not be re-

moved except by cutting away the flesh. The irritation produced by

the horns develops a tough membrane or skin immediately around

them, which adds considerably to the security of prehension. This

tough membrane also envelops the free thorax or neck of the parasite

and reaches as far as the real skin of the host. In addition to the

horns there also grow out on the front of the head in Pennella, Pero-

dermn^ and Cardiodectes curious misshapen warts and excrescences.

In Ilaemohaphes there are no real horns but only laminate processes,

flattened dorso-ventrally, and the free thorax is reflexed upon itself

so that the head points backward instead of forward, and the sides

of the cephalothorax and the first two or three thorax segments are

prolonged laterally.

Baudouin writes (1905(?, p. 720) that Lernaeenicus sard'mae is able

to cling with its cephalothorax to the vertebral column of its host

as a woodpecker clings to the trunk of a tree, which would be still

another or fourth method of prehension. He does not explain this

prehension any further than to say that it is * * * "de fagon a

s'assurer d'un solide point d'appui sur ce poisson tres mobile et tres

agile" (the sardine). However, from text figures accompanying his

paper we can see that the grip upon the backbone is obtained by the

short horns which grow out from the cephalothorax. The anterior

horn is curved over ventrally around the ventral surface of one of

the fish's vertebrae, the lateral horns are curled into the spaces be-

tween this vertebra and the one next to it on either side, while the

ventral surface of the parasite's cephalothorax is applied to the side

of the vertebra. The horns being cartilaginous and rigid furnish

a secure grip, which holds the parasite's head in close contact with

the fish's aorta.

Furthermore, in the case of Pennella, in addition to the tough

membrane around the head and thorax, the irritation penetrates the

surrounding tissue and causes the formation of an enormous cyst

as large as an English walnut or even sometimes attaining the size

of a lemon, and having the consistency of cartilage. Inside of this

the head and neck of the parasite is often twisted in corkscrew

fashion, thereby greatly increasing the difficulty of extracting them
uninjured.

Whichever method of prehension may be adopted by the adult

female can not afterwards be broken, but is kept throughout her life,

and may even continue longer. The author has repeatedly cut out
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of swoidfisli the chitin horns and portions of tlie cephalothorax of

females of the genus Pennclla, Avhich had been dead so long that the

remainder of their bodies had decayed and dropped off. The same

may be said of Lernaeocera hranchialis, whose chitin horns are often

found in the throat of codfish and other Gadidae. By thus burying

the cephalothorax in the flesh of the host the mouth of the parasite

is brought close to some large blood vessel, from Avhence it can derive

nourishment.

Burrowinff.—The different genera choose different blood vessels

and also different points on the outside of the host's body from

which to commence their burrowing. These differences will be found

stated for each genus under the generic characters. Of course the

larger the fish infested by the parasite the greater the distance it

must penetrate. In the case of Pennella on a large swordfish this

distance sometimes reaches 15 or 20 cm.

It seems probable that this burrowing through the flesh is what

causes the intense irritation mentioned by Aristotle, Pliny, and others

in the tunny and swordfish, when the latter leap out of the water and

often fall on board of ships.

The actual method of burrowing has never been witnessed, nor

from the nature of the case is it likely to be, but there are certain

inferences with reference to it which are inevitable. In the first place

we know that it is not accomplished by any special or temporary

organs, for no indications of anything of this sort have ever been

discovered in the larvae.

On examining the regular appendages with a view of selecting

those best adapted for burrowing, attention is at once drawn toward

the second antennae and also the maxillipeds in such species as

possess them.

The antennae are exceptionally large and powerful at the very

time Avhen the burroAving begins, and are armed with strong chelae.

Moreover they are on the frontal margin of the head at first and are

then transferred to the dorsal surface. Inasmuch as this is true of

every one of these burrowing genera but is found in no other family

of copepods there must be some significance in it. At least it would

seem to show that these antennae are used in burrowing.

The burrowing is preceded and may be accompained by an elonga-

tion of the thorax and abdomen of the parasite. In the gill parasite

Lernaeocera A. Scott stated that the genital segment elongates to

fully 15 times its original length. The increase is probably much
greater in Pennella^ Lernaea^ and other body parasites; Brian fig-

ured a young female Pennella in which the cephalic horns had not

yet begun to develop as being G5 mm. in length. Ordinarily the

burrowing must be completed before the horns and processes on the
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ceplialotliorax begin to grow, since it would be manifestly impossible

to move a set of long branched horns thrc)iigh flesh.

Torsion.—Baudouin (1905Z*), Quidor (1912), and some other ob-

servers have called attention to the torsion or twisting of the body of

the adult females, which may be due to several causes. The anterior

portion of the parasite's body is buried in the tissues of the host, and

is held rigidly in place by the horns and lateral processes of the

cephalothorax, and by the tough cyst that forms around them. The
posterior portion of the body hangs freely in the water and can be

moved in any direction.

"When the parasite takes a position on its final host we may assume

that its own long axis is parallel with that of the host (external

parasites), or with the water current (gill parasites). The body of

these female parasites is greatly elongated, while the antennae and
mouth parts are close to the anterior end. Consequently when the

parasite attaches itself to the fish and begins to burrow its way into

the flesh the long body will trail backAvard in the water in such a

way as to offer the least resistance. Furthermore the fish's scales

are arranged in such a way that if the external parasite is to burrow

under them, as is often the case, it must assume this position. At
first the posterior portion of the body would have a tendency to

stand out from the surface of the fish, but it is quickly bent by the

resistance of the water and thus the body of the parasite comes to

have a curve or bend just where it leaves the body of the host. The
angle of this bend varies with the direction taken by the burrowing

copepod. If the latter bores its way into the host at right angles to

the surface (Sarcofretes) the bend in its bod}'^ will be approxi-

mately a right angle; but if the parasite bores in obliquely the an-

gle will be larger (Lernaeenicus) ; and in the case of very oblique

boring there may be no bend at all {Lernaea^ species).

In those parasites whose point of entrance is on the median line

of the host this simple flexion of the body seems to be the only result

produced. Specimens of all three of the genera mentioned above

have been taken by the author from the median line of various hosts,

and their bodies showed no torsion whatever. This fact seems to

have escaped the observation of Baudouin and Quidor; at least they

make no mention of it. But when, as usually occurs, the point of at-

tachment is on the right or the left side of the host, then there fol-

lows a torsion or twisting of the body of the parasite upon its long

axis in addition to the flexion.

Of course the body may turn either to the left or the right, and
Quidor has defined as direct that torsion in which the body is turned

from the left over toward the right when viewed from the anterior

end, and as inverse when it turns from the right over toward the

left. The amoimt of torsion is measured by standing the parasite



NO. 2194. NORTH AMERICAN PARASITIC COPEFODS—WILSON. 11

upon end in a circle so that the long axis of the parasite will, if pro-

duced, pass through the center, and at right angles to the plane of

the circle. Radii are then drawn through the center of the anal and

mouth apertures and projected upon the plane of the circle. The
angle between these radii is the angle of torsion and is expressed

in degrees. There are almost always longitudinal ridges or stripes

or something of the sort which indicate clearly the direction of tor-

sion, whether to the right or left.

So far as observations have gone there seems to be considerable

regularity in the torsion, not only as to the direction, but also as to

the amount. Furthermore if the torsion of any given species is direct

on the right side of the host it is more often inverse on the left side,

and the opposite. But the present author is by no means prepared

to go as far as Quidor does and say that the kind and amount of

torsion possesses specific value. On the contrary both prudence and

actual observation strongly prohibit any such conclusion. In view

of the extremely meager data at present available it seems presumptu-

ous to assume that two given specimens of any genus are distinct

because they were found on the same side of their host, and the one

showed direct torsion while in the other it was inverse. And the dis-

tinction between a direct torsion of 45° in one specimen and 90° in

another possesses still less value.

Subsequent observations may show that such distinctions ought

to be considered in connection with certain genera, but the following

tables prove conclusively that in the genus Lemaeemcvs they are not

worth considering.

Sixteen tomcod heads were preserved by Mr. V. N. Edwards at

Woods Hole, each of which was badly infested on the side of the

head, along the margin of the gill covers, and behind the pectoral

fins with Lernaeenicus affixus^ the number of specimens varying from

2 to 24: and the total reaching 138. The direction and amount of

torsion of each parasite was carefully noted and is recorded in the

tables, together with the position on the host.

It is assumed that in its normal position the dorso-ventral axis of

the parasite is at right angles to the surface of the host's body and

that the ventral surface of the parasite is next to the skin of the

fish. This position is indicated in the tables by the term " dorsal 0°,"

and shows that there has been no torsion. 'WTien the parasite has

been turned 180° in either direction its dorsal surface will be next

to the skin of the fish, and this position is indicated by the term
" ventral 180°." In case of doubt as to the direction of torsion the

entire parasite was removed. The tomcod heads are numbered con-

secutively, the numbers appearing in the first column of the tables.
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10

11

12

13

Right side.

direct 90°

inverge,

inverse,

direct.

.

90«

G0°
90°

Center.

direct.,

dorsal.,

inverse,

flirett..

inverse,

inverse,

ventral,
inverse,

ventral.

.. 1.35°

.. 0°

.. 90°

. . 00°

.. 1.35°

,. 135°

. ]S0°

. 100°

. 180°

direct..

inverse,

ventral.

inverse,

inverse,

inverse,

direct.

.

.. 90°

.. 90°

.. 180°

45=

45=

45°

90°

dorsal 0°

inverse 1.35°

direct 136°

direct 90°

Left side.

inverse. 90°

direct,

direct.

90°

135°

inverse 90°

direct 90°

dorsal 0°

inverse 45°

dorsal 0°

inverse 90°

dorsal 0°

inverse 90°
direct 45°

dorsal..... 0°

direct 1.35°

inverse 90°

ventral ISO-"

dorsal 0°

direct 90°

direct 45°

direct 90°

direct 90°

direct 90°

direct 100°
inverse 45°

inverse 90°

direct 90°

inverse 45°

direct 90°

direct 90°
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14

Right side.

15

inverse 90°

inverse 90°

inverse 135°

inverse 90°

direct 45°

direct 90°

dorsal 0°

ventral.... 180°

16

Center.

inverse 45°

direct 100"=

Left side.

inverse 60°

dorsal 0°

dorsal 0°

direct 10

ventral 180
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From these tables we may safely draw certain conclusions:

1. In the majority of instances the torsion is inverse on the

right side and direct on the left side, but there is altogether too large

a minority in each case to warrant us in attaching any specific value

to the direction of torsion.

2. On the fifth head the necks of the four parasites from the

center all entered the same opening in the skin of the host, and yet

one showed no torsion, two showed inverse torsion, and one showed

direct torsion.

On the eighth head the first three parasites from the center all

entered the same opening in the fish's throat; one of them showed

no torsion, while the other two were strongly twisted in opposite

directions.

On the ninth head the first three parasites all entered a single

opening in the right operculum of the fish, on the eleventh head the

first three similarly entered a single opening in the left operculum,

and on the fourteenth head the last three also came from one opening.

Hence we are forced to the conclusion that the position of the para-

site upon its host can not be the chief cause in determining cither

the direction or the amount of torsion. There must be some other

influence so much stronger than the position that it c;in completely

overcome the latter and produce its own effects in spite of opposition.

3. With reference to the amount of torsion four or five successive

figures anywhere in the tables will show that for this species it pos-

sesses no significance whatever.

But Quidor, in the article already referred to and in another later

one, went even further and argued that the genus Sphyrion, which has

been placed with the Chondracanthidae, and a new genus Ilepatophi-

luSj which he had just established, should be transferred to the Ler-

naeidae, because they both showed torsion. He stated that the males

of the two genera were unlmown, and that the females showed dis-

tinct torsion, "which is found only in the Lernaeidae" (p. XL).
There can be no question that they show torsion, but such a twisting

of the body is merely mechanical, and there is no reason why any

fixed parasite should not exhibit it, provided the anterior end of the

body is firmly anchored in the flesh of the host while the posterior

part hangs free in the water. On the contrary, there is every reason

why all such parasites should show torsion quite irrespective of their

morphology and ontogeny. But obviously we can not bunch them all

in one family on the basis of torsion alone, when there are good
morphological and developmental reasons why they should be

separated.

Witli reference to the disposition of the above-mentioned genera

and others which have been crowded into the Lernaeidae, a full dis-

cussion will be found on page 34.
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Causes which produce the torsion.—Quidor stated that " This tor-

sion is the result of the mode of fixation of the parasite, of the habits

of the host, and of the mechanical action of the external medium "

(1912c, p. 87). ^

AVe can readily understand how the resistance offered by the water

produces both flexion and torsion in the body of the parasite, and

how the amount of each might be varied by the habits of the host.

But neither of these causes explains the differences enumerated in

the above tables, especially the different kinds and amounts of tor-

sion in specimens attached at the same point and on the same host.

Again we are forced to the conclusion that there must be another

cause, stronger than an}' of those already mentioned. Quidor did

not explain what he meant by the " mode of fixation of the parasite,"

but rightly interpreted this evidently becomes the controlling cause,

and is worthy of careful consideration.

First comes the choice of a location on the body of the host; some

genera choose tlie gills or gill chamber, while others select some place

on the outside of the fish's body, a few species even preferring the eye.

Attention has been elsewhere called to the burrowing of the para-

site into the tissues of the host, which varies greatly according to

the locality selected. In the throat it is only a short distance from

the outside surface or from the gill arches to the ventral aorta or to

the heart, and it is an easy matter for the parasite to find those blood

vessels.

From the back or the sides of the fish it is a much greater distance,

varying with the size of the fish, and the parasite, after burrowing

through the tissues, will be fortunate if it strikes at once the blood

vessel that it started for. Then, too, the knowledge of the fish's

anatomy possessed by the parasite is not infallible, and it frequently

happens that the burrow strikes a rib or the backbone, around which

it must turn before reaching the desired goal. In such a case the

parasite may have to hunt around for some little distance before it

finds the blood suppl3\ This turning aside of the anterior end of

the body and the adjusting of the mouth to the blood supply is what

produces the torsion. Jungerson told (1911, p. 7) of a J'oung Sorco-

tretes scopeli fixed on the back of its host on a line with the root of

the pectoral fin. "It went nearly straight down through the mus-

cles, curved in front of the right pronephros over the upper pharyn-

geal bones, and had its anterior end lying in front of the left prone-

phros, with the sucking apparatus close to the jugular vein." Such

a twisting of the anterior part of the body would have produced

torsion even if there had been no external resistance.

Similarly, Baudouin described the mode of fixation of Lernaeent-

cus sardmae, in the back of the sardine near the dorsal fin: "The
cephalothorax buries itself almost perpendicularly to the axis of
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the body of the sardine, and crosses over in the midst of the muscles

to the hiteral portion of the vertebral column, going along one of

the faces of the series of spinous hypophyses to a distance of about

1 cm" (1905, p. 32G).

Here the cephalothorax seems to be able to cling to the bony frame-

work, as a woodpecker clings to a tree, and in order to do this the

cephalothorax must be definitely adjusted to the framework. The
crossing over to the hypophysis and the adjusting of the cephalo-

thorax again produce torsion.

In the case of Pennella on the swordfish there is a more marked
twisting about before the final adjustment. The distance to be pene-

trated through the flesh is always several inches, and it seldom hap-

pens that the parasite gets very near to a blood vessel at first. Like

the sardine Lernaean it starts perpendicularly to the axis of the

fish's body, but often meets some obstruction around which it must

turn aside. And when it has reached the body cavity it is compelled

to move backward or forward, to the right or to the left before it can

find a suitable food supply.

The result is that the head and neck of the Pennella is often

twisted in corkscrew fashion or even thrown into a coil inside of the

enormous cyst. The author has tAvo of these cysts, taken from a

200-pound swordfish, in one of which the cephalothorax of the para-

site describes a complete circle, 1^ inches in diameter, while in the

other it takes the form of an ellipse \% by 2^ inches.

Such a coiling of the cephalothorax and neck must be accompanied

by a considerable torsion of the body, and would very easily over-

come the external resistance of the water. We are forced, therefore,

to the conclusion that the real cause of torsion is internal, inside the

tissues of the host, and not external. In the fresh-water genus

Lernaea it sometimes happens that the torsion accidentally proceeds

much farther than usual. Thus one specimen showed a direct tor-

sion of 315°, or seven-eighths of a complete revolution, Avhile another

showed four complete revolutions, 1,440°.

Food.—Whatever ma}' be the case with parasites of other families

there can be no doubt that these Lernaeidae feed upon the blood of

their host.

The simple fact that they burrow through the llesh until their

head and mouth are brought into close proximity with some large

blood vessel, and sometimes penetrate into the heart itself, leaves

us no choice but to conclude that the parasite is making sure of a

copious food supply. During the first free-swimming period the

larvae of both sexes niaj', and probably do, obtain food from the

plankton like other copepod larvae. But during the parasitism

which follows this free-swimming period it is just as probable that

77403—Proc.N.M.vol.5»—17 2
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they feed upon the blood of their temporary host. Upon this food

the various appendages develop and the sexes reach maturity. The

male undergoes no further change and usually remains parasitic

upon this first host. A few males, however, sometimes join the

females for the second free-swimming period, but it is highly im-

probable that either sex takes any plankton food during this period.

Their mouth parts are only suited for obtaining food parasitically.

The male has completed his life work, he does not increase at all in

size, and dies in a very short time.

The female is seeking a final host, to which she fastens as soon as

it is found, and the copious supply of blood obtained from this host

seems to be necessary for the formation and ripening of the eggs.

No females of any genus produce egg strings until after this final

food supply has been secured. The female does not increase in size

during this period nor undergo any other changes, but awaits for a

suitable food supply.

Hosts.—This family, like the Lernaeopodidae, is found upon fishes

in both salt and fresh water. In consequence of the fact that the

first or temporary host is always a different species from the final

one, the number of hosts is greatly increased. We find these para-

sites also upon fishes at all depths from near the surface down to

2,000 fathoms and over.

Lemaeocera seems to prefer the gills of the Gadidae for a final

host and the gills of the Pleuronectidae for a temporary host: Ler-

naeolophus is found upon the gills of the parrot fish, the barracuda,

and the groupers of tropical seas; Peroderma often frequents the

lateral muscles of the sardine, the goby, and Cuvier's genus Scopelus

as its host; Pennella for its final host burrow^s deeply into the sword-

fish, the tunny, the sunfish, the dolphin, and the flying fish; Peni-

culus is found upon the fins of the Gadidne; Ler7iaeenwu8 penetrates

the flesh of the Mugilidae, the Clupeidae, the dolphin, and the bar-

racuda ; Lernaea chooses the gars and pike perches for its temporary

host, and the basses, the catfish, and the carp for its final host.

Parasites.—The Lernaeidae are notable examples of the fact that

one parasite often serves as the host for another. Many of them are

attached to the outside of the body of the fish, where they can catch

ail that floats in the water, and the}^ very quickly become covered

with algae, ciliate infusoria, hydroids, and even barnacles (fig. 147).

The striped goose barnacle, Conchoderma virgatum. has been found
upon several species of Pennella,, and Fowler, in his Eeport on the

Crustacea of New Jersey (1912, p. 91), stated that many of the speci-

mens of Pennella filosa were parasitized with this barnacle and with
the hj'droid Eucope parasitica.

Other Lemaeans from both salt and fresh water are often so
covered by algae that it is difficult to see any portion of the para-
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site's body. Jungersen (1911, p. 1) found the external portion of

the body of the new copepod which he described completely coa -

ered with a gyninoblastic hydroid, so that "the parasite at first,

sight appears made up of a stem and a large number of branchlets,'"

the latter being the hydroids.

Kellicott (1880, p. 66), in speaking of the adult Lenvicd cruchiio.

said that " the chitinous exterior, together with the external load of

confervae and infusorial life which they usually bear, render then\

too opaque for satisfactory examination."

Cunnington (1914, p. 827), in his remarks upon Lernaea haplo-

cephala^ a new species from the ganoid fish, Polypterus^ taken in

Lake Tanganyika and the White Nile in Africa, said: '" \'orticellids

infest many of these Lernaeids from the Nile to such a degree as to

render diflieult the study of their anatomy. Among a considerable

number of specimens taken on a Polypterus senegalis almost all are

infested, some of them as markedly as the one photographed (fig. 7).

The region where the vorticellids are most thickly attached is about

the junction of the thin anterior third of the body with the more

dilated posterior portion. It seems highly probable that the manner

in which these parasitic copepods can be so densely encrusted by such

organisms is directly related to the peculiar fact that after fixation

to their host they appear no longer to undergo ecdysis."

Jungersen also mentioned several other examples of triple asso-

ciation between a hydroid, a parasitic copepod, and a fish. He him-

self had seen Ohelia geniculata "flourishing on a Lernaea'^ hran-

chialis attached in the gills of the common cod; a similar case is

mentioned by Saemundsson" (p. 28).

Alexander Agassiz (1865, p. 87) found the hydroid Eucope

parasitica "on a species of Pennella parasitic on Oi'ihagonscufi

mola.^^ Later the same hydroid was taken by Leidy (1889, p. 165) on

another Lernaean, ^^ Lerneonema^ procera^^'^ parasitic on fiJo-^U(^)>'^

littoralis."

Many of the specimens of Lernaeenicus longiventns and L. radi-

atus in the United States National Museum collection are well cov-

ered with hydroids and algae.

Ciliate infusoria are also often attached to Pennella and Lernaeeni-

cus, sometimes in company with algae, sometimes alone. The
Lernaeans which fasten to the gills or on the inside of the gill

chamber for the most part escape these Epizoans, but specimens of

Lernaeolophvs and Haemohaphes are occasionally obtiiined with

algae fastened to the posterior processes or the abdomen. Indeed

Peniculus is the only genus upon which none of thest' Forms have

been recorded, and this is probably an omission.

1 A synonym of Lernaeocera hranchialis.
* A synonym of Lemaeenicus procerus.
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Among them all there has not yet been found a true superparasite.

They are merely inquilines; that is, none of them use the copepods

for anything further than a means of anchorage or support. They

all provida their own food, and they neither give anything to nor

take anything from the copepods. The food which they take from

the water can not affect the copepod in any way, since the latter is

sucking thf^ blood of the fish.

The only influence they can have is a mechanical one, loading the

copepod down with a comparatively heavy weight, and increasing

considerably the surface of water resistance.

If they are distributed evenly over the copepod's body they do

not affect the torsion, but if there is only a single goose barnacle, or

tuft of algae, or colony of hydroids, they must of necessity have

more or less influence on torsion according to their position.

EXTERNAL MORPHOLOGY.

General body foi'in of adult female.—During the copepodid

stages when fertilization takes place the different body regions are

as clearly defined as in the Caligidae. Indeed these stages show

such a marked likeness to the corresponding ones in the Caligidae

as to leave us in no doubt of the close relationship of the two. But

as soon as the female has fixed herself to her final host a retrogressive

metamorpliosis begins. Horns or processes begin to develop on the

sides of the cephalothorax and sometimes [Pennella, Cardlodecfes,

Peroderma) over the anterior end. In Peniculus^ Phrixocephalas^

and Collipraviis the anterior thoracic segments remain fairly distinct

and each carries a pair of swimming legs. In Lernaea while the seg-

ments are fused the swimming legs remain separated by a consid-

erable distance and still indicate the thoracic divisions. In the other

genera the swimming legs are bunched together close behind the head

and there is a corresponding fusion of the thorax segments. The
antennae do not increase in size with the growth of the rest of the

bod}', but remain minute, and the same is true of the swimming legs;

the eyes are buried by the growth of new tissue over them and become
invisible, and in some genera {Pennella^ Lernaeolophus) the mouth
parts disappear or are possibly represented by small chitin knobs.

In genei-al, therefore, the body of the Lernaean is unsegmented,

but may be more or less distinctly separated into three parts—

a

cephalothorax made up of the head and one or two anterior thorax

segments, a neck or free thorax, and a SAvollen posterior portion or
trunk, consisting of the fused genital segment and abdomen.
In Phrixocephalus the first two thorax segments are fused with

the head; in other genera only the first one. The resulting cephalo-

thorax is globular in Lemaeocera^ Pennella^ and Lernaeolophus^

while it is more or less flattened dorso-ventrally in Peniculus, Lev-
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naeenicus, and Lernaea; and in Peroderma it is conical. Further-

more, in this latter genus the head and neck are attached at right

angles to the trunk, \Yhile in other genera the head alone stands at

an angle with the neck.

In Pennella the anterior surface and often the entire oephalothorax

is covered with small globular or irregular processes which help to

anchor the parasite firmly in position. In Peroderma and Car-

diodectes branched processes are developed from the front of the

head alone, while in Phrixocephalus these anterior processes take the

form of small lobed and chitinous horns.

Again in most of the genera processes, flattened dorso-ventrally,

are sent out from the lateral and sometimes from the dorsal margins
of the head and anterior thorax segment. These afterwards develop

into horns, which complete the anchorage of the parasite to its host.

There are no horns on Peniculus, Ilaemohaphes, Cardiodectes, or

Peroderma, the anchorage being accomplished by the strong claws

on the second antennae, by the frontal processes, or by a flexure of
the neck.

In Lernaeocera and Lernaeolophus the horns are well developed
and often branched dichotomously ; in the other genera they are

nearly always simple.

Tliese horns are outgrowths of the epidermal tissues and at first

are short and wide and soft in texture; subsequently they elongate,

become more or less cylindrical, and are gradually hardened into

chitin.

Too much systematic value must not be given either to the number
or the arrangement of the horns in any genus or species, although a

certain number and arrangement may be typical in each species: loi-

example, the five radiating horns in Lemaeenicus radiatus. But
there is always so much variation that no dependence can be placed

upon negative CYidence; positive evidence is more conclusive. No
specimen of any other species has thus far been found which possesses

five horns radiately arranged, but there are many specimens of

Lemaeenicus radiatus which do not show them. The number and
arrangement of the horns depend more upon the difficidties encoun-

tered by the parasite in attaching itself to its host, and upon the

kind of configuration of the tissue of the host surrounding the point

of attachment, than upon any specific inheritance in the parasite

itself. "When the head of L. radiatus is buried in Ihe muscles of the

menhaden there is no trouble in developing five radiating horns, but

the result is very different when the head is wedged between two of

the bony plates of the operculum. The horns, therefore, must be

given an insignificant place in the determination <»f the species, and

it would be extremely rash to establish a new genus simply upon the

possession of two extra horns, as Fowler has done.
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The neck or free thorax is usually cylindrical and much narrower

than the other two regions; it is sometimes straight {Lernaeenieus

and Lernaea) and sometimes flexed {LerTiaeolophus and Eaemoha-

ph€s).

In Peniculu^ it is short and flattened dorsoventrally. while in

some species of Pennella it is 100 mm. or more in length. Its length

is largely determined by the thiclaiess of the skin and underlying

tissue that must be penetrated in order to bring the mouth of the

parasite into close contact with some large blood vessel. Even the

same species will haA e a longer neck on a thick-skinned and thick-

muscled fish like the sunfish and a shorter neck on a thinner-skinned

and thinner-muscled fish like the swordfish. The neck often becomes

hardened into chitin like the horns and is always much firmer in

texture than the following region, especially at the point where it

emerges from the skin of the host.

Usually it is not segmented, the moniliform appearance of such

species as Lernaeenieus sprattae being something very distinct from

segmentation.

In Lernaea the neck and body are the same width where they

come together, and the point of union is indistinguishable; but the

segments are indicated by the attachment of the swimming legs.

From these it can readily be seen that all the thorax segments have

shared in the elongation of the body. In Peniculus the neck is very

much narrower than the body, where the two come together, and is

ilistinctiy segmented, with a pair of legs attached to each segment.

These show us that while all the thorax segments share in the elonga-

tion of the body the .size of the shares increases rapidly from in

front backwards.

hi Leroaeocera and Pennella the swimming legs are found at the

anterior end of the neck, packed together as closely as possible just

behind the head. This may possibly be a real migration in some of

the genera—^that is, the legs may have moved from the segment

where they originally appeared onto preceding segments, as happens

lo the maxillipeds in the Lernaeopodidae. But the lengthening of

the genital segment during the second free-swimming larval period

indicates that the anterior thorax segments contribute very little to

the neck and that the great bulk of the latter is made up of the ante-

rior end of the fused fifth and genital segments.

The swollen trunk is made up of the fifth and genital segments

and the abdomen, and is much softer in texture than the preceding

regions. It is usually greatly elongated as well as swollen, but is

larely short and stout. In Lernaeocera and its close relatives it is

also convoluted or bent in the form of the letter S. The abdomen is

the portion behind the attachment of the ^g^ strings, it is always
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narrower than the genital segment, and is often reduced to a mere

knob. To this abdomen are attached various kinds of appendages

in some of the genera. In Fennella and PegesiTnallus tliere are very

long rows of branched barbules, from which the former and better

known genus derives its name. In Lernaeolophus there are similar

appendages massed together closely, so that they bear more resem-

blance to a yarn mop than to the barbules of a feather. In Uaemo-
baphcs and Hiiemohaphoides there are two or three large knobs or

processes along either side. In the other genera the abdomen is with-

out appendages.

The egg strings vary greatly in the different genera, not only

in their general makeup, hut also in the arrangement of the eggs in-

side the string. In the Lernaeinae the cases are sacklike and the

eggs are multiseriate ; in all the other genera the cases are thread-

like and the eggs are uniseriate. The multiseriate egg strings are

shorter than the body and straight, while the uniseriate egg strings

are often many times the length of the body, and are either cylin-

drical and straight, or coiled into a loose snarl, or flattened laterally

and curled into a tight spiral.

Th£ appeTidages.—Tliese are the same as those of the Lernaeopo-

didae, namely, two pairs of antennae, a pair of mandibles, two pairs

of maxillae, a pair of maxillipeds, and four or five pairs of swim-

ming legs. These are all present in the sexually ripe male, but some

of them are usually wanting in tlie female.

The first or anterior antennae are simple jointed cylinders, well

armed with short setae, and are evidently tactile sense organs. The

second or posterior antennae are also simple jointed cylinders, short,

stout, and strongly chelate. They serve as the principal organs of

prehension during the larval stages and often maintain that func-

tion in the matured female (Feniculus, etc.).

The proboscis is made up of a fusion of the upper and under

lips, often combined with a considerable portion of the ventral sur-

face of the head.

In this latter form it is Aery extensile and may be protruded a

considerable distance from the head and moved about freely, the

movements being controlled by numerous powerful muscles. When
strongly retracted, as sometimes happens during preservation, it is

drawn in so far as to produce a saucer-shaped or bowl-shaped

depression of the ventral surface of the head. Wlien protracted

the maxillae are carried along with it and are then found near the

tip of the proboscis, a considerable distance from the ventral surface

of the head. In those genera (Lernaeolophvs) where the ventral

surface of the head is chitinized and takes no part in the movements

of the mouth tube, the latter is always withdrawn in prpsorvation
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and forms a pit or shallow depression. In Ilaemohaphes the pro-

boscis is apparently confined to the mouth tube proper and the max-,

allae are attached to the ventral surface of the head at its base.

The mandibles are simply curved claws or spines, one-jointed and

entirely devoid of teeth. The first maxillae are also one-jointed and

armed with short setae; the second maxillae are tAvo or three jointed

and terminate in one or two stout claws. There is also usually a

stout spine on the inner or outer margin of the basal joint. These

appendages are important organs of prehension in the copepodid

larvae, and doubtless assist in the burrowing of the female into the

flesh of her final host.

The maxillipeds are found in both sexes of Lernaea^ but so far as

known only in the males of other genera, and are made up of a

large swollen basal joint, a smaller distal joint, and from one to

five terminal claws.

The swimming legs, as Claus pointed out, do not increase in size

from the larval condition and, therefore, appear rudimentary and

degenerate upon the greatly enlarged body of the adult. There is,

however, no actual degeneration or retrogression in their structure,

but it often, perhaps usually, happens that the rami or even the

entire legs get broken off. This may result either from the move-

ments of the parasite itself or during its removal from its host

and subsequent separation from the cyst which envelops it. But

in such cases there is always left the scar at either end of the chitin

rib which connected the legs or the stumps of the rami. AVe can not,

therefore, regard the swimming legs as having actually degenerated

or retrogressed, but simply as having failed to increase in size with

the rest of the body. And we must not conclude from an examina-

tion of one or two specimens that the legs are destitute of rami, when

further search will likely yield a specimen on which they are still

retained.

In general we may say that the genus Lernaea possesses five pairs

of sAvimming legs, of which the first four pairs are biramose Avith-

three-jointed rami, while the fifth pair is uniramose and unseg-

mented.

In most of the other genera there are but four pairs, even in the

larval form—the first tAvo pairs biramose, the third and fourth pairs

uniramose, all the rami two-jointed. In Perodcrma and Sarcotretes

there are but three pairs—the first tAvo pairs biramose, the third pair

uniramose, and all the rami two-jointed. In Uaemohapholdcs there

are only two pairs of legs, both biramose with tAvo-jointed rami.

The copepodid larvae of Sarcotretes possess only three pairs of

swimming legs in contrast to the four pairs found in the larvae of

Lernaeocera and Pennella, and the five pairs in the larvae of Lernaea.
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It will be of great interest to find the larvae of Peroderma and

naemohaphoides and ascertain if they also show a reduction in the

number of legs, the latter genus having only two pairs.

INTERNAL MORPHOLOGY.

The body icall.—The body wall is composed of two laj'ers—an

outer transparent layer, which may or may net become chitinous,

and an inner opaque and cellular layer, the chitinogen membrane
of Claus and other authors.

The outer layer is made up of thin lamellae, lying one upon
another, with no intervening spaces. In Lernaea harnirnii Hartmann
described quite a complicated pattern of raised sculpture on the ex-

ternal surface of the outer layer. This may be seen on fresh and liv-

ing specimens but usually disappears during preservation. Through
this outer layer run pore canals, which vary in proximity in different

parts of the body, being closest together along the center of the

body and farthest apart on the antennae, swimming legs, and furca.

These canals are connected more or less intimately with the soft

inner layer of the wall and probably function in excretion.

The inner layer of the body wall is softer than the outer and is

never hardened into chitin. It is composed of polyhedral cells, which
vary greatly in thickness, those lining the posterior body and abdo-

men being much thicker than those found in the anterior body and
arms. The cells are not much flattened but are more or less inflated

and filled with a fine-grained brownish substance, glandular in

nature, and having spherical nuclei with small nucleoli. This layer

normally lies in contact with the inside surface of the outer layer,

but in alcoholic specimens the two la3'ers are often separated. In
the living animal the cells of the inner layer undergo certain

changes, thus described by Ilartmann :
" Some cells break loose,

stretch out, become narrower, take on the appearance of threads,

anastomose with one another, and send out many irregular processes "

(p. 73G). This wandering of the cells takes place in all parts of

the body, in the horns, and in the appendages. As a result they form
a meshwork of active protoplasm over the inside surface of the inner

layer and fill such spaces as the inside of the abdomen around the

intestine.

This meshwork is particularly thick inside the posterior body of

the copepodid larva and yrobably contributes greatly to the nour-

ishment and increase of that part of the body during its rapid

development.

The muscular system.—In the copepodid stages the muscular sys-

tem is well developed and very closely resembles that of the Caligidae,

thus furnishing another evidence of the close relationship of the two
families. But as soon as the female has fastened herself to her final



26 PROCEEDINGS OF THE NATIONAL MUSEUM. vol.B3.

host and has begun her retrogressive metamorphosis the muscles

share in the changes produced. As the body fuses and becomes

swollen and tumid and the appendages cease to be used the muscles

also fuse and disappear until there is nothing left in the adult female

but a simple network between the integument and the alimentary

canal to be noted under the digestive system (p. 27).

There are still the usual muscles connected with the antennae,

especially the second pair, with such of the mouth parts as are still

used, with the swimming legs of those genera in which they are bet-

ter preserved, and with the anal papillae in Lernaea, Penieulus, etc.,

and in even the most retrogressive genera there are still muscles con-

nected v.'ith the external openings of the o^ iducts, which control the

passage of the eggs into the external sacks. But the other muscles,

including all those which flexed or moved the body of the copepodid

larva, entirely disappear. In Lernaeenicus the proboscis is highly

developed and possesses a complicated system of muscles whereby each

part of it, as well as the mouth parts connected with it, can be moved
independently.

But the swimming legs are less well preserved and their muscula-

ture is correspondingly reduced. In Peniculus the jointed thorax

retains more or less of its capability of motion, and with this most

of the muscles.

Tke alimentavy canal.—^The mouth opens into a short esophagus,

which is usually straight or but slightly curved, and is inclined to

the axis of the head. It opens into the stomach on the ventral sur-

face of the latter, near or at the anterior end, and the opening is

guarded by a powerful sphincter muscle. In those genera {Ler-

tmeenicus, Penieidus^ etc.) in which there is a protrusible proboscis

the extension and retraction take place principally in the mouth
tube, and are shared only incidentally by the esophagus and at its

anterior end. The muscles, which control these movements, are at-

tached chiefly to the base of the mouth tube (fig. ()9) and draw it

in or push it out without affecting the esophagus very much.

When the proboscis is protruded the stomach is drawn forward by
the muscles at its anterior end, and this shifts the position of the

esophagus and allows it to follow the movement of the mouth tube

without itself undergoing much change of length or diameter. Its

walls, however, are elastic and are probably stretched a little dur-

ing the extension of the proboscis and recover their normal form

when it is retracted.

The stomach is abruptly enlarged behind the sphincter muscle

and is sometimes straight and sometimes convoluted. In the genus

Lernaea it also sends out a lobe on either side, but these lobes are

not connected in any way with the horns, nor can they be said to

enter the base of the horns, as Claus, Hartmann, and some others have
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declared. There are always two of them, no matter what the num-

ber of the horns may be, and sometimes they are not opposite the

base of the horns. Furthermore, they are present in the larva long

before the horns have started to grow. The stomach is lined with

a digestive epithelium of very irregular thickness, from which

scattering spherical cells project into the central cavity. These

contain the digestive fluids and also a large nucleus with distinct

nucleoli.

The stomach passes insensibly into the intestine, which, in most

of the genera, is narrowed to a mere thread where it passes through

the neck and then widens again in the trunk. Sometimes (Ler-

naeoJophus) the intestine is convoluted in the lower portion of the

neck, but it is usually straight. In the trunk it lies nearer the

dorsal surface, between the ovaries and the oviduct, and is sometimes

flattened dorsoventrally (Sarcotretes), again laterally {Lernae-

olophus), or may even assume a three-cornered shape (Fennella

tridentata) , but is usually cylindrical.

In species like Phrixocephalus tHangulus^ where the trunk is short

and wide, the intestine becomes baglike, and in the new genus C'olli-

praviis it is looped and folded back on itself, owing to the misplace-

ment of the neck. The intestine passes into the abdomen in those

genera {Lemaeolophus^ Pennella, etc.) which have a comparatively

large abdomen, and is bluntly rounded near the posterior end of the

latter. In the genera {Sarcotretes, Peniculus, etc.) with a small

abdomen it does not leave the trunk, but is bluntly rounded just in

front of the vulvae, and the rectum is given off from its upper pos-

terior corner. The re,ctum is very narrow and threadlike, and is

connected with the side walls of the abdomen by numerous muscles.

It is straight Avhen the abdomen is large, but in the other genera is

inclined dorsally.

In every genus thus far examined there is an anal lamina on

either side of the external opening of the rectum, sometimes fair

sized and armed with setae, sometimes minute and destitute of setae.

But no matter how small the lamina may be there is an opening

through the body wall into its interior that shows its real nature

(fig. 57).

The anterior end of the stomach is suspended from the dorsal wall

of the head by tAvo long and narrow muscles, and in the genus Ler-

naea there are additional sets of muscles on each of the lateral lobes.

The posterior end of the intestine is similarly connected with the

dorsal wall of the abdomen or trunk. The alternate contraction and

expansion of these muscles produce a forward and backward move-

ment of the entire digestive canal. This is most marked in the cope-

podid larvae, but persists to some extent in those adults whose bodies

are straight and not bent into a sigmoid loop. In addition to these



28 PROCEEDINGS OP THE NATIONAL MVSEUM. vol.53.

muscles the digestive canal is suspended by connective tissue from

the dorsal or lateral walls of the various regions of the body through

which it passes.

The walls of the stomach and intestine also contain both longitu-

dinal and transverse muscle fibers, which produce strong peristaltic

movements, so that the food is moved about and pushed back and

forth over every portion of the digestive epithelium.

The nervous system.—The copepodid larva has a nervous system

almost the same as that of the Caligidae, which has been described

in detail elsewhere; but, like the muscular sj^stem, this, too, gradu-

ally disappears, and but little of it can be found in the adult female.

There is enough of it left, however, to control such movements as

persist, and especially the working of the reproductive organs.

In a median section of the head (fig. C9) the remains of the supra

and the infra esophageal ganglia can still be seen, with scattered

nuclei representing the nerve centers. Even the nerves themselves

may be detected, but only those leading to muscles and organs which

are active in the adult. Of the other nerves and even of the ventral

chain of ganglia only traces are left, which are difficult to detect.

In all the genera the tripartite eye of the larva persists in the

adult, and there is usually a more or less distinct nerve connecting

it with the supra-esophageal ganglion. But it is buried deeply in

the tissues over the base of the esophagus and has evidently been

covered with tlie surrounding tissues during the growth of the

various horns and cephalic processes. The lenses are usually no

longer visible and, indeed, the eye itself can not be seen except in

specimens which have been cleared in oil or some similar medium.

The nervous system, therefore, shows the greatest retrogression of

any portion of the body ; it not only fails to increase proportionally

to the growth of the body, like the various appendages, but it really

diminishes and partially disappears.

The male reproductive organs.—The male reaches sexual maturity

during the fourth copepodid stage, and the sex organs consist of a

pair of testes situated in the posterior part of the cephalothorax

and separated some little distance from each ether, a pair of straight

vaSca deferentia, and a pair of sperm receptacles, containing the

spermatophores and located in the genital segment. Each testis is

an ovoid or ellipsoid and is somewhat flattened dorsoventrally; the

vas deferens leads from the testis directly back alongside the intes-

tine and into the genital segment, where it is enlarged into a recep-

tacle to hold the spermatophores. In the fifth segment the vas def-

erens is convoluted once, and this fold has glandular walls which
supply the cement material for the outside covering of the spermato-

phores. The opening through which the latter are extruded is on

the ventral surface of the genital segment.
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27ie female reproductive organs.—In the copepodid stage, when

fertilization takes phiee, the ovaries of the female are ovoids or

ellipsoids, like the testes of the male, and are similarly situated in

the posterior portion of the cephalothorax, near the dorsal surface.

The oviducts correspond in every particular with the vasa deferentia,

leading back alongside the intestine to an enlargement in the genital

segment, \Yhich is to receive the sperms from the spermatophores

deposited on the outside of the segment by the male; and in the

genus Lcrnaea the posterior portion of the oviduct secretes cement

substance, like the vasa deferentia.

During the retrogressive metamorphosis which follows the fixa-

tion of the female to her final host a great change takes place in

both the location and structure of the reproductive organs. The

ovary migrates from the cephalothorax through the entire length of

the free thorax into the genital segment, where it assumes a position

near the dorsal surface at the anterior end of the segment, except in

the new genus Collipravus, where it is near the posterior end at the

base of the abdomen. In most of the genera the ovary also reverses

its position, the anterior end becoming posterior and the posterior

end anterior, so that the oviducts in the adult always arise from

the anterior end. Furthermore, in some genera {Lernaeocera., Pen-

nella, etc.) the two ovaries move inward toward the midline and

finally come together and fuse, leaving only a pair of anterior and

posterior horns to mark their dual origin.

The oviducts noAv pass down around the intestine to the ventral

surface and strait back to the vulvae without convolutions, except

in Pennella, where there is a single fold just as they leave the ovaries.

A pair of cement glands is also formed, whose anterior glandular

portion originates at the anterior end of the genital segment at the

base of the neck and ventral to the oviducts. Each gland is cylin-

drical and without convolutions, and the two lie side by side along

the midline. At about its center each gland is contracted and passes

into a duct which empties into the oviduct of the same side just inside

the vulva. These ducts are also without convolutions in all the

genera except Lernaeolophus and Lernaeocera^ in which they are

vertically convoluted.

In the genus Lernaea the cells at the posterior end of the ovary

gi'adually loosen themselves from the epithelium and become asso-

ciated in longer oi* shorter filaments or strings, each of which is

made up of many cells flattened together like a roAv of coins and

which increase in size toward the anterior end of the ovary and there

break up into separate eggs as they pass into the oviducts, the con-

ditions being thus similar to those found in the Lernaeopodidae.

In all the other genera thus far studied the ovary consists of a

mass of tiny nucleated cells, with no arrangement into filaments or
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strings but with all the eggs separate and in close contact one with

another. Those near the opening of the oviduct are about twice the

size of those at the center and these in turn are much larger than

those at the posterior end. The increase in size is accomplished by

the absorption of food material or yolk, which goes on with much
greater rapiditj at the anterior end just as the eggs i)ass out into

the oviducts. In the latter the eggs are arranged in a single row

and are strongly flattened, so that they look like coins standing on

edge. •

The external &g,g sacks are short and bag-shaped in the Lernaeinae,

and the eggs are piled looselj^ into them, with almost no flattening

and without definite arrangement. In the oviducts also of this sub-

family the eggs are spherical instead of l)eing flattened, and they do
not quite touch one another. In the other genera the egg sacks are

filiform and very long, reaching 12 to 15 inches in the genus Pen
nella^ and the eggs are arranged in a single row and flattened as they

were in the oviducts; but there is this difference: In the oviducts the.

eggs are in actual contact, while here in the external sacks each is

separated from its neighbor on either side by a partition formed of

the Qgg membranes.

In the Lernaeinae the developing larvae are not arranged in any

order with reference to the walls of the egg sacks, but in the other

subfamilies there is the same arrangement as in the Caligidae-—

-

namel3^ the body of the nauplius appears on one of the flattened sides

of the egg, with the head on the edge of the egg that is nearest the

outer lateral margin of the sack. The long axes of the nauplii are

usually parallel, but occasionally one is reversed in position; and,

similarly, while most of the nauplii are on the proximal surface of

each ^gg^ occasionally one will be found on the distal surface.

Fertilization, as already stated, occurs during the last copepodid

stage; the spermatophores are attached by the male in pairs to the

ventral surface of the genital segment of the female, their openings

being brought into contact with the vulvae. The contents of the

spermatophore then pass into the enlarged end of the oviduct inside

the vulva and the emptied sack di'ops off. According to A. Scott in

Lemaeocera hranchialis the first pair of spermatophores are re-

placed by others in succession until the receptacula are filled, each

receptaculum holding the contents of four spermatophores. At
first the four lots remain separate in the oviduct, but they soon mix
and become one homogeneous mass.

A. Scott concluded that in Lemaeocera "the spermatozoa at once

pass up the rudimentary oviduct to the ovary and fertilize the

eggs." (1901, p. 43.) But there are several considerations which

render such an action highl}'^ improbable:
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1. The eggs are not ripe at the time the spermatozoa are intro-

duced into the oviduct, and it requires at least four to six weeks for

them to reach maturity. It is hardly possible for an ej^g to be fei"-

tilized so long before it is fully developed.

2. Segmentation does not begin until the eggs pass out into the ex-

ternal sacks; consequently if they were fertilized in the copepodid

stage they must then lie dormant during the four to six weeks

before they could begin to segment—an extremely improbable pro-

cedure.

3. If the spermatozoa swarmed up the rudimentar}-^ oviduct they

would go in sufficient numbers to fertilize every egg and leave a

considerable surplus.

We could hardly concede to the spermatozoa that were left after

fertilization the ability to pass back down the oviduct, and they

would have to remain in the ovary; but an ovary filled with dead

spermatozoa, or for that matter with living ones, Avould hardly be

a favorable place for egg development.

4. The fact that no sperm receptacle can be definitely made out

in the adult is what would naturally be expected. It has already

been stated that the spermatozoa pass out of the spermatophores

into the enlarged end of the oviduct when the copepodid female is

fertilized. There is never, therefore, any separate sperm receptacle

and none ought to be expected in the adult. Again, this enlarged

end of the oviduct in a larva only 1 or 2 millimeters in length is of

necessity very small, and it could easily persist in the adult and still

escape detection.

In every genus examined there are convolutions in the oviduct,

where it is narrowed before passing out of the vulva, that are

posterior to the last egg. Any one of these convolutions is large

enough to hold several sperm receptacles the size of the one in the

copepodid larva, and it Avould seem more reasonable to conclude that

one of them serves such a purpose.

5. But we are not confined wholly to negative evidence. In a

young Pennella flosa^ examined by the present author, the ovaries

have already migrated from the cephalothorax into the genital seg-

ment, although the larva w-as only 18 mm. in length. But at the

posterior end of this segment, a short distance inside of the vulva?,

there is an enlargement in each oviduct filled with a mass of some-

thing that has every appearance of being spermatozon. This speci-

men could not be sectioned to complete the proof, but there would

seem to be but little doubt that this is the same enlargement into

which the spermatozoa were originally introduced, and, if so, they

did not pass up into the ovary.

Consequently we can only conclude that the spermatozoa remain

near the vulva, and that each egg is fertilized not in the ovary
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when it is immature but after it has acquired its yolk material and

become fully ripe, just before it passes out into the external sack.

SYSTEMATIC TREATMENT.

Family LERNAEIDAE.

Family characters of female.—The largest of the parasitic cope-

pods, sometimes reaching a length of 200 to 250 mm., exclusive of

the egg strings. Body more or less cylindrical, elongate, and unseg-

mented; separable into three regions—a ccphalothorax furnished

with horns or processes, a free thorax in the form of a narrow cylin-

drical neck, and a trunk comprising the rest of the body, more or less

swollen and either straight or sigmoid; anal laminae present but

often minute; egg strings paired, either short club-shaped sacks or

long threads, straight, coiled into loose masses, or twisted into regu-

lar spirals. Antennae distinctly dorsal, second pair chelate; mouth
in the form of a sucking tube, more or less protrusible; a tripartite

eye buried in the tissues above the esophagus; mandibles and two

pairs of maxillae, but no maxillipeds except in Lernaea; three, four,

or five pairs of swimming legs; at least the first two pairs biramose,

rami two or three jointed, the others uniramose with jointed rami.

Adult female with the head and part of the neck buried in the

tissues of the host and firmly anchored in such a way as to bring the

mouth in contact with some copious blood supply.

Family characters of male.—Not developed beyond the fourth

copepodid stage, at which time it becomes sexually mature. Body
like that of Cyclops^ comprising a cephalcthorax covered dorsally

with a carapace, a free thorax, a genital segment, and a jointed abdo-

men armed with a pair of large anal laminae; antennae and mouth
parts like those of the female; proboscis also more or less protrusible;

sometimes a sixth pair of rudimentary legs on the genital segment;

a pair of large prehen.sile maxillipeds a little distance behind the

mouth tube.

The male never bores into the tissues of its host nor becomes perma-

nently anchored in any way, nor is it ever found attached to or in

company with the adult female.

KEY TO THE SUBFAMILIES AND CEXEKA.

1. Trunk straight; swimming legs widely separated, the posterior pair close to

the vulvae; egg cases sacl<like; eggs uuiltiseriate Lcnmcinac 2

1. Trunk straight; first two pairs of swiniuiing legs close together and near the

Lead, the others at short intervals; egg cases filiform and straight or

coiled into regular spirals; eggs uniserlate Lcniaccnicinnc 3

1. Trunk with sigmoid curve; all the swinnning legs close together and near

the head; egg cases filiform and convolute or coiled into spirals; eggs uni-

serlate and very numerous Lcniucoccrinac 8
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1. Trunk straiRlit; all the swimming legs close together and near the head;

egg cases liliform, straight, and very long; eggs uniseriate; abdomen with

n row of feather-like processes on either side Pcnucllinae 11

2. Head with 2, 3, or 4 soft and swollen horns symmetrically arranged; neck

and trunk smooth and without transverse grooves, the one passing grad-

ually into the other Lcrnaca Linnaeus, 173S, p. 30.

2. Head with irregular protuberances; neck and trunk transversely wrinkled,

the one passing into the other abruptly with a great difference in di-

ameter Lcptotrachclus Brian, 1903. p. 40.

2. Dorsal portion of head extended straight forward, longer than the body, and
bearing on its swollen tip the antennae; head and trunk the same diame-

ter without a nock Thcrodamus Kr0yer, 1SG3, p, 41.

8. Head and thorax smooth, without processes or horns, and in line with the

axis of the trunk Pcnicidus Nordmann, 1S32, p. 44.

3. Cephalothorax with horns or processes, or both, and often bent at an angle

with the neck 4
4. Bilateral symmeti*y perfect ; branched frontal processes covering tlie ante-

rior head, but no horns or lateral processes; egg strings straight 5
4. Bilateral symmetry perfect ; lateral horns or cushion-like processes, but no

frontal processes; egg strings straight 6
4. Bilateral synnnetry considerably distorted ; head and neck attached to the

side of the trunk; egg strings coiled into spirals 7

5. Cephalothorax and neck straight and attached at right angles to the side of

the trunk some distance behind the anterior end.

Peradcrma Heller, 1SG5, p. 49.

5. Cephalothorax and neck with a sigmoid curve and attached to the anterior

end of the trunk Cardiodectcs, new genus, p. 50.

6. Two to ten chitinous horns, or two or three small posterior knobs on the

cephalothorax; neck not enlarged behind the swimming legs; one pair of
maxillae Lcniaccuiciis Le Sueur, 1S24. p. 50.

6. Two lateral horns on the cephalothorax, soft and unbranched ; neck enlarged
behind the swimming legs; two pairs of maxillae.

Sarcotrctes Jungersen, 1911. p. GO.

7. Neck attached to a lateral anterior corner of the trunk ; abdomen minute and
hemispherical Phrixocephalus Wilson, 190S. p. 74.

7. Neck attached to the center of the dorsal surface of. the trunk, abdomen as
long as the trunk and turned sidewise CoUipravus, new genus, p. 78.

8. Egg strings looped into loose masses 9
8. Egg strings coiled into regular tight spirals 10
9. No abdominal processes; trunk soft and fleshy; cephalic horns very irregular.

Lcrnacoccra Blainville, 1S22, p. S3.

9. Five or six branched processes along either side of the abdomen; integu-

ment of every part of the body thick and chitinized; cephalic horns regu-

larly branched 1 Lcrnaeoloplins Heller, ISG-I, p. 89.

10. Head and neck with lateral processes, simple and soft ; nork rellexed upon
itself; abdomen two-thirds as long as the trunk and regularly tapered.

Ilacmohaphcs Steenstrup and Liitken, ISGl. p. 93.

10. Cephalothorax with branched cliitin horns; neck very short and not re-

flexed; abdomen as long as the trunk and expanded at the tip.

Ilacmobaphoidcs T. and A. Scott, 1913, p. 100.
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10. Cepbalothorax with three simple chitin horns, two lateral, one dorsal

;

neck much longer than the trunk, not reflexed ; abdomen half the length

of the genital segment, witliout processes Trifvr, new genus, p. 101.

11. Abdomen with a row of feathery processes along either side; cephalotho-

rax with numerous frontal processes and two or three horns, chitinous

and usually simple FcnncUa Oken, ISIG, p. 105.

11. Abdomen twisted spirally and covered with papilliforra villi; neck with

small excrescences attached by threads; no horns or frontal processes.

PcycsinxiUus Kr0yer, ISGo, p. V2G,

Remarks.—At first the genus Lernaca was the only one in the en-

tire group of parasitic copepods, and everything that was parasitic

and that seemed likely to be, or even to become, a copepod was placed

in this genus by the early investigators. One after another of theso

species have been removed and made the types of new genera, until

all that are left are those included in the present paper. lUit even

after they began to separate new genera investigators still placed

them all with Lernaea in the family Lernaeidae, which thus became

the final dumping ground for everything that was bizarre in form

and that could not be located elsewhere. Many of these genera have

already been removed and correctly located elsewhere, and it is pro-

posed now to remove all the others that do not show sufficient rela-

tionship in morphology and development. Accordingly the live

genera, Sphyrion^ Sti'abax^ Trypaphylum^ Opimia, and Rchellula^

which have heretofore been included in the Lernaeidae, must be

dropped for the following reasons: The adult females of these genera

haA'e processes at the posterior end of the genital segment in addi-

tion to the ^g^ strings, from a single pair (Opimia) up to large

bunches {Sphyrion) ; the second antennae are neither dorsal nor

chelate; there are no swimming legs or anal laminae, and the female

carries a pigmy male attached to the posterior end of her body. Tiiis

last proves at once that the life history is entirely different from

tluit here set forth for the Lernaeidae. These genera will be taken

lip in a future paper.

The genus Ive which was provisionally placed in the Lernaeidae

by its founder, Mayer (1879), can not possibly be left there, since it

is not a fixed parasite at all and the two sexes are found together

moving about freely, with the male 5 mm. in length, or half the size

of the female.

The genus Lernaea presents so many differences from the other

genera that it might seem a question whether it ought to be in-

cluded with them or established in a family by itself. But from the

account of that genus already given (see Bibliography under Wilson)

it will be found that the resemblances far overbalance the dill'er-

ences, especially in the matter of the peculiar life history, and the

genus is accordingly retained in the present family.
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Lernaeinae, new subfamily.

Suhfamily characters of female.—Cephalothorax armed with soft

horns or processes, two, three, or four in number and unbranched;

trunk straight Avithout a sigmoid curve; genital segment enhirged

on the ventral surface, just in front of the vulvae, into a pregenital

prominence; Qgg cases short and sacklike, eggs multiseriate. Two
pairs of antennae, second pair uncinate; a pair of curved and spine-

like mandibles; two

pairs of maxillae; one -^=:^-

pair of maxillipeds;

swimming legs widely

separated with a fifth

pair close to the vulvae.

Suhfamily characters

of male (genus Ler-

naea).—Body like that

of Cyclops, composed

of a cephalothorax cov-

ered with a dorsal cara-

pace, three free thorax

segments, a genital seg-

ment, and a three-joint-

ed abdomen; anal lami-

nae each armed with a

single jointed seta, more
than half the length of

the whole body. Anten-

nae and mouth p arts
like those of the female;

a fifth and often a sixth

pair of swimming legs

on the genital segment.

Parasites of fresh-water fig. a.—the male (left) and female (uiottt) cofe-

r. 1 . 1 .• . 1 rODID LAHVAE OF LEICN AEA VAItl ARI f-IS : ACTUAL LENGTH
nSneS eXClUSUeiy. of female, I.OO mm., INCLLDJ.NG TUE long ANAL SETAE.

Ontogeny of yenus

Lernaea.—The genital protoplasm at the posterior end of the ovary

gradually forms onto long threads or fihunents, transversely seg-

mented into cells. These increase in size toward the anterior end of

the ovary, and as they pass into the oviduct the filaments break up
into their separate cells, each of which forms an egg. The Qggri pass

down the oviduct to its posterior portion, which serves as a cement

gland. Just before entering this portion they are fertilized, and
after entering they are covered with an egg membrane composed of

the cement substance.
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In the external egg sacks development takes j)l'^ce up to the

nauplius stage. The larva hatches as a typical nauplius with tho

usual three pairs of appendages and one pair of balancers. It swims

about freely in the plankton during the nauplius and metanauplius

stages, undergoing several molts. On reaching the first copepodid

stage it seeks as a temporary host some fish other than the one

which is to serve as the final host of the female, and both sexes cling

to the gill filament by means of their second antennae and max-

illipeds, and feed on the fish's blood.

Four copepodid stages are passed here on the gills, the genital

segment and abdomen becoming gradually perfected, the reproduc-

tive organs being developed, and the swimming legs increasing in

number and in the number of segments in the rami. During the

fourth copepodid stage both sexes become sexually mature and fer-

tilization occurs. After fertilization the female leaves the gills and

swims about freely again in the plankton in search of a final or per-

manent fish host. She fastens to the skin on the outside of the fish's

body by means of her second antennae and maxillipeds, and bur-

rows into the underlying tissues with the aid of these organs and

the powerful maxillae. Soft horns or processes then develop from

the sides of the cephalothorax, the body is greatly elongated and

enlarged, the ovaries migrate back into the genital segment, and the

mature adult stage is reached, in which she continues until death.

The male remains upon the gills of the first fish host until death,

without further increase in size or other transformation, or he may
sometimes leave and swim about freely in the plankton ; but he never

attains a length of more than a millimeter and a half, does not seek

another host, undergoes no changes corresponding to those of the

female, and is never found subsequently in the company of the

female.

Genus LERNAEA Linnaeus.

Lcrnaea Linnaeus, Fauna Suecica, 174G, p. 367.

Lcrnaca Linnaeus, Systeina Naturae, 10th ed., 17oS, p. Go5.

Schistunis (part) Oken, Lehrbuch Naturgoschic-hte, ISIG, p. 1S2.

Lcrncoccra (part) Blainville, Journ. de IMiysique, vol. 9.j, 1S22, p. 375.

Lcrnacoccra (part) Nokdmann, Mikrograpiselie r.eitrage, 1S32. p. 123.

Lcrnacoccra Buejieistek, Acta Acad. Caes. Leop. Carol. Nat. Cur., vol. 17,

1S33, p. 309.

Lcrnacoccra (part) Milne Edwaeds, Histoire Naturelle des Crustaces, voL

3, 1S40, p. 520.

Lcrnacoccra, all subsequent authors.

External generic characters of female.—Head a rounded knob
projecting from the anterior margin of the cephalothorax and

placed nearly at right angles to the body axis, with a deeply buried,

tripartite ej'e near the center of the dorsal surface; one or two pairs

of horns, simple or forked, on the lateral margins of the cephalo-

thorax; sometimes an unpaired horn on the center of the dorsal
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margin; all the horns conical and soft; neck soft, slender, and
cylindrical, enlarging gradually into the trunk which is also cylin-

drical; trunk with a pregenital prominence in front of the vulvae;

abdomen short and bluntly rounded, terminating in a pair of minute

anal laminae; egg strings elongate-conical or ovoid, eggs multi-

seriate.

Two pairs of antennae, second pair uncinate; proboscis conical

and very short; mandibles claw-shaped and without teeth; two
pairs of maxillae; one pair of maxillipeds; four pairs of biramose

swimming legs, first pair just behind the head, others at increasing

distances posteriorly; a fifth pair of one-jointed stumps just in front

of the vulvae.

Internal generic characters of female.—Esophagus short, nearly

straight, and diagonal to the body axis; anterior stomach with
lateral lobes and more or less convoluted; posterior stomach passing

insensibly into the intestine, which is straight, of the same diameter

throughout, and abruptly contracted into a short rectum; ovaries

paired, close to the dorsal surface and near the posterior end of the

trunk; matured oviducts with two long posterior and two shorter

anterior loops; eggs remaining spherical and never flattened antero-

posteriorly; no separate cement glands, the thickened glandular

walls of the posterior oviducts serving that purpose.

No separate excretory glands, the chitinogen layer of the skin

apparently serving for excretion through the pore canals.

Genus hah'dat.—This genus fastens to the outside surface of the

fish's body, usually in the vicinity of the fins, and bores into the

underlying tissues a short distance until it finds an adequate blood

supply without seeking any particular organ or blood vessel.

Generic characters of the copepodid male.—The external generic

characters have already been given under the subfamily. Inter-

nally the esophagus is long and nearly parallel with the body axis;

stomach passing insensibly into the intestine and that into the rec-

tum, the entire tube lined with digestive cells filled with black gran-

ules; supra ganglion comparatively small, infra ganglion very large

and stout and extending back into the genital segment; testes paired,

but not always side by side, situated in the head and anterior thorax

above the stomach and intestine, spindle-shaped with the sperm
ducts leading from their anterior ends back to the large spermato-

phore receptacles in the genital segment.

Type of the genus.—Lcrnaea cyprinacea Linnaeus, first species.

(Lernaea, Akpvt], a fabled abode of the hydra.)

Remarks.—In a monograph of this genus by the present author,

submitted to the United States Bureau of Fisheries and soon to be

published, will be found the complete morphology and life history,

together with a full revision of all the known species.
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KEY TO THE SPECIES OF LERNAKA.

1. Two cephalothoracic horns, a lateral pair 2

1. Three cephalothoracic horns, a lateral pair and one dorsal and unpaired 3

1. Four cephalothoracic horns, a dorsal pair and a ventral pair 5

2. Horns directed laterally at right angles to body axis ; trunk not much wider

than neck; pregenital prominence inconspicuous (8.40 mm.)*
diccraccphala (Cunnington), 1914.

2. Horns diagonal to body axis, directed posterodorsally ; trunk suddenly en-

larged to four times the diameter of neck ; pregenital prominence very

large (S nmi.) new species*.

3. Lateral and dorsal horns all dichotomously branched 4

3- Lateral horns simple, dorsal one bified at apex; pregenital prominence incon-

spicuous; abdomen short (10 nun.) new species*.

3. Lateral horns three or four pronged, dorsal horn bifid at apex; pregenital

prominence conspicuous; body clubshaped ; abdomen long and wide (7.50

mm.) pcctoralis (Kollicott), 1SS2.

4. Lateral horns once bifid, dorsal horn twice bifid; body spindle-slmped ; no

pregenital prominence (S mm.) lof/cniila (Heller), 1SG5.

4. All three horns twice bifid; body club.shaped ; pregenital prominence divided,

Its two lobes and the abdomen the same size (10 mm.)
catostomi (Krfyer), 1S(>3.

4. Lateral horns twice bifid, dorsal horn simple or once bifid ; trunk clubshaped;

pregenital prominence simple and much smaller than the alxlomen (12

nun.) tortna (Kellicott), 1SS2.

5. Dorsal and ventral horns about the same size 6

5. Ventral horns much smaller than the dorsal 9

C. Pregenital prominence simple and shorter than the abdomen 7

6. Pregenital prominence divided, its lobes as long as the abdomen 8

7. Abdomen short and plump; pregenital prominence forming a distinct "heel";

ventral horns bifid (5.70 mm.) phoxinucca (Krfyer), 1SG3.

7. Abdomen short and plump; pregenital prominence not forming a distinct

" heel "; dorsal horns bifid (13.50 mm.) esocina (Burmelster), 1S35.

7. Abdomen long and stout; pregenital prominence forming a distinct "heel";

all the horns simple (14.30 mm.) haploccphala (Cunnington), 1914.

8. Pregenital prominence divided into three broadly rounded lobes; horns long,

slender, straight (13.50 mm.) pomotidis (Krj^yer), 1SG3.

8. Pregenital prominence twice bifid, forming four narrow lobes; horns short,

plump, curved (10 mm.) cruciata (Le Sueur), 1S24.

9. Pregenital prominence divided into distinct lobes; dorsal horns simple and

undivided 10

9. Pi'cgenltal prominence simple or only slightly indented; dorsal horns dis-

tinctly forked 11

10. Abdomen a short and broad triangle; dorsal horns cylindrical and standing

out laterally at right angles to the body axis (9 mm.)
tennis (Wilson), 1916.

10. Abdomen long and pluraply conical ; dorsal horns flattened dorso-ventrally

and curved forward in front of the head and parallel to the body axis

(11.50 mm.) variabilis (Wilson), 191G.

11. Abdomen short and inclined to body axis; egg cases broadly elliptical;

ventral horns mere knobs (14 mm.) barnimii (Hnrtmann), 1870.

1 Avora;?e total length of .=pocies.

• Named and described In the monograph mentioned under i-emarks, p. 37.
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11. Abdomen short and inclined to body axis; egg cases narrow and elongate-

cylindrical; ventral horns half the length of the dorsal (22.50 nun.)

cyprUiacca (Linnaeus), 1758.

11. Abdomen long and parallel with body axis; ventral horns very short and
slender spikes (10 mm.) tcmnoccphala (Cunnington), lOli.

As would naturally be inferred a great many species that "were

originally ascribed to this genus have subsequently been trans-

ferred to other genera. These may be most easily recorded in

the form of a table giving first the original species of the genus, then

the author, and finally the present genus and species. It will be

noted that some of the transferences are not merely from one genus

to another, but also into a new familj', which may be not even very

closely related to the Lernaeidae.

Species.
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hooks, by means of which the animal fastens itself. I know this spe-

cies only through Baster, who observed that this animal bore consid-

erable resemblance to that figured by Gissler. (Acta Holmiae, 1751,

p. 90; pi. G, figs. 1-5.)"

This is the only description ever given, and while it shows that the

creature can not belong to the genus Lernaea^ it does not tell us where

it can be placed.

LERNAEA GADUS-MINUTUS Hesse, 1891, p. 191.

In the text Hesse spoke of this "Lernee du Gade petit" as though

it were a new species, but in the explanation of the plate (pi. 7, figs.

1-9) he distinctly called it the larva of "Lernaea branchialis du

Gade petit," which seems to be what it really was.

LERNAEA LOTAE Hermann. 1783.

Oken in ISIG separated the genus Schisturus, in which the body

was soft, from the genus Lernaea, in which it was covered with a

horny skin. He placed the species lotae in this new genus and gave

for it the following descri^Dtion : "Vier ungleiche Eierschniire, am
Mund zwei Hiikschen."

This was probably some genus that possessed paired posterior

processes, since none of the copepod parasites have four egg strings.

At all events it was not a Lernaean.

LERNAEA MULTICORNIS Cnvier. 1830, p. 256.

" II y en a une a cornes petites, inegales et tres nombreuses {L. mul-

ticornls, Cuv.) sur les ouies d'un serran des Indes." This has never

been seen or mentioned by any other author, and its attachment to

the eye renders it highly improbable that it belongs to the genus

Lernaea.

Genus LEPTOTRACHELUS Brian.

Silvcstria Brian, Atti del Soc. Ligustica di Scienze, vol. 13, 1903, 6 pp.

1 text fig.

Lcptotnichclus Brian, Zool. Anz., vol. 26, 1903, p. 547.

External generic characters of female.—Cephalothorax with two

or three soft, cushionlike protuberances or burns, varying in size

and shape; head considerably swollen; neck long, straight, and

slender, or sometimes bent into a U-shape, covered anteriorly with a

cutaneous sheath, monilliform posteriorly ; trunk abruptly enlarged,

subcylindrical, thickest anteriorly, tapering posteriorly, with nu-

merous transverse wrinkles but without a pregenital prominence,

straight or slightly curved; no abdomen; egg strings, antennae,

mouth parts, and swimming legs unknown; male also unknown.
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2''i/pe of the genus.—Leptotrachelus truchae Brian, monotypic.

(Lepiotraclielus, Xctttos, slender and rpaxv^os, neck.)

licmarks.—Brian established this odd genus upon several speci-

mens sent to him by the Italian investigator, Filippo Silvestri, and

obtained from ^^ Pcrcichti/s triicha,^'' taken in the Santa Cruz River,

Patagonia. He first named the genus Silvestrla, but this name being

preoccupied he changed it to Leptotrachelus. It apparently bears

more resemblance to the Lernaeinae than to the other subfamilies,

and, as it came from fresh water, we may leave it here until further

data are obtained.

Genus THERODAMAS Kr^yer.

TJicrodamns Kr^yee, Bidrag til Kundskab om Snyltekrebsene, 1S63, p. 316,

pi. 15, fig. 4, a—/.

External generic characters of female.—Body divided into two

parts, the anterior one resembling a slender neck ending in a swollen

spherical head, the posterior one considerably wider, distinctly seg-

mented, and tapering backwards. Anterior portion really a median

dorsal process, but carrying on its swollen tip a pair of stout

uncinate second antennae. First segment of the posterior portion the

true head, bearing the proboscis and mouth-parts on its ventral

surface. First, second, third, and fourth thorax segments the same

width as the head and each bearing a pair of swimming legs.

Genital segment strongly tapered posteriorly; abdomen short and

deeply parted in the center; anal laminae small and armed with

stout setae; egg strings spindle-shaped; eggs small, multiseriate, and

not definitely arranged. First antennae unknown; second pair stout

and uncinate; proboscis short and blunt; one pair of mandibles, two

pairs of maxillae, no maxillipeds; swimming legs well separated, all

four pairs biramose, rami 3-jointed and armed with plumose setae.

Type of the genus.—Therodamas serrani Kr0yer, monotypic.

{Therodamas^ ©spoSajxas, a Scythian king who fed lions with

human flesh.)

Remarks.—Kr0yer obtained a goodly number of adult females from

the gills of a species of Serranus in the Danish West Indies. The
present author searched long and carefully for this odd genus upon

various genera and species of the groupers at Jamaica in 1910, but

without success.

The chief peculiarity of the genus is the curious median and dorsal

prolongation of the head, which looks exactly like a slender neck,

and to complete the resemblance its anterior end is enlarged like a

head and carries on its dorsal anterior margin a pair of uncinate

second antennae like those of the other Lernaean genera. The first

antennae are apparently lacking, but possibly Kr0yer overlooked
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them. The mouth being on the ventral surface of the first segment of

the part posterior to this apparent neck shows that it is not a neck

at all and that the swollen anterior end of it is not a head. But in

spite of such an anomalous arrangement this genus admirably sup-

plements the others in the family. In most of the genera {Lernaeo-

cera, Pennella) the excessive elongation of the body of the adult fe-

male takes i^lace in the fifth and genital segments, the first four

thorax segments having no sliare in it. In Peniculus the third and

fourth segments are elongated a little but not nearly as much as the

fifth and sixth segments. In Lernaea all the thorax segments share

in the elongation, the posterior ones more than the anterior. And
here in Therodamas also all the thorax segments share in the elon-

gation, but the anterior ones are elongated more than the posterior,

and the head, which in other genera has only sent out lateral and

dorsal processes, is here elongated anteriorly. The wide separation

of the swimming legs and the multiseriate, sack-like egg strings place

the genus in the subfamily of the Lernaeinae.

Lernaeenicinae, new subfamily.

Svhfamihj characters of female.—Cephalothorax armed with hard

chitin horns, more or less profusely branched, or with soft cushion-

like lateral processes, or with branched frontal processes, sometimes

two of these combined; neck cylindrical and usually very slender

and chitinous; trunk straight, without a sigmoid curve; genital seg-

ment enlarged but destitute of a pregenital prominence ; 2g^ strings

long and thread-like; neither in coils nor spirals, eggs uniseriate.

Two pairs of antennae, the second pair chelate; mandibles in the form
of straight spines; one or two pairs of maxillae; no maxillipeds; first

two pairs of swimming legs close together just behind the head, ons

or tAvo other pairs at short intervals.

Suhfamily characters of male {genus Sarcotretes)

.

—Body like

that of Cyclops., composed of a cephalothorax covered with a cara-

pace and furnished anteriorly with a stout attachment filament;

three free thorax segments, and a fused, one-jointed, genital seg-

ment and abdomen; anal laminae rather small, each armed with four

or five tiny setae of varying length. Antennae and mouth parts

like those of the female with the addition of the rudiments of a pair

of maxillipeds; two pairs of biramose swimming legs with two-

jointed rami, a third pair uniramose, rami also tAvo-jointed.

Parasites of salt-water fish exclusively.

Ontogeny of genus Sarcotretes.—The genital protoplasm in the

posterior end of the ovary gradually forms into egg mother-cells

and these into egg daughter-cells, which are uniformly distributed

throughout the anterior half of the ovary without forming filaments.
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Each egg (laughter-cell as it passes into the oviduct accumulates yolk

and food material and becomes a mature egg. In the oviduct these

eggs are strongly flattened antero-posteriorly and packed together

like a row of coins. The cement glands are entirely separate from

the oviducts and open into the latter close to the vulvae, covering

each egg with an external membrane just before it passes out into the

ecg strings. Here the eggs are again packed like a row of coins, but

separated by the . ^-^are now
membranes. The nauplius

and metanauplius stages
have not been seen, but in

all probability are passed as

free-swimming larvae in the

plankton.

In the genns Sarcotretes

the first copepodid larvae

sought as a temporar}'^ host

the same fish to which the

fertilized female afterwards

fastened as a permanent

host. But these copepodid

larvae fasten not to the gills

but to the fins of the fish by

means of their strong che-

late second antennae. At
the close of this stage the

larva fastens itself to the

fish by firmly cementing to

the fish's skin the terminal

disk of a stout frontal fila-

ment developed in the an-

terior part of the ccphalo-

thorax, and remains thus

attached during the subse-

quent copepodid stages. These stages are called pupal, because

during them the antennae, mouth parts, and swimming legs all lose

their distinct segmentation and often their setae and become swollen

and clums}'. The reproductive organs, however, are developed so that

at the close of the last pupal stage, when the appendages are re-

stored to their former condition, the young males and females shed

their frontal filaments and swim about again freely in the plankton

where fertilization occurs. After fertilization the males die and
the females seek again the same species of fish for their final host,

fastening to its skin by the chelate second antennae. They then bur-

FlO. B. TlTE MAI.E (left) AND KEMAIE (RTfiHT)

COIEl'ODID I.AltVAE OF" SaUCOTUETES SCOIELI.

AktEU Ju.NGEUSEX: actual LEXGTU of FEMALE,
2mm.
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row into the tissues of the host by means of the antennae and the

mouth parts and finally reach the intestines, where they are per-

manently anchored by the outgrowth of processes or horns from the

sides of the cephalothorax.

Genus PENICULUS Nordmann,

Pcnicxilus NoEDMANN, Mikrographische Beitriige, 1S32, p. 107, pi. 6, figs.

8 to 14.

External generic characters of female.—Cephalothorax distinctly

separated from the rest of the body, elliptical, flattened dorso-ven-

trally, covered with a carapace which often shows lateral lobes, and
destitute of horns or processes; neck composed of second and third

thorax segments, much narrowed, flattened dorso-ventrally, and
chitinized; fourth segment more or less spherical and much widened;

trunk composed of the fifth and genital segments fused and a

minute abdomen; Qgg strings slender and much longer than the

trunk; eggs uniscriate. Second antennae strongly chelate; eye tri-

partite and deeply buried; probosis long, conical, and retractile; two
pairs of maxillae; second pair uncinate.

Internal generic characters of female.—Esophagus strongly in-

clined to the body axis; stomach only slightly enlarged and without

convolutions; intestine straight, much wider than the stomach,

dorsal and abruptly contracted into a very short rectum (fig. 14)

;

well-defined supra and infra esophageal ganglia with distinguish-

able nerves; ovaries dorsal to the intestine and near the anterior end

of the trunk; oviducts passing from the anterior ends of the ovaries

around the intestine to the ventral surface and straight back to the

vulvae; oviducts long and comparatively narrow; cement glands

close together and A'entral to the oviducts, the glandular portion as

wide as, or wider than, the oviducts and usually distinctly seg-

mented, the ducts sometimes parallel, sometimes convergent pos-

teriorly and opening into the oviducts near the vulvae; paired

digestive glands on either side of the esophagus and anterior stom-

ach; paired excretory glands on the ventral surface of the fourth

thorax segment.

Genus habitat.—This genus does not burrow into the tissues of its

host, but is always found upon the fins, usually the dorsal fins. It

fastens itself to the bone of one of the fin rays by means of its second

antennae, and the chelae of these antennae are usually so covered

with osseus tissues whose growth is induced by the irritation, that

it is impossible to separate them from the ray.

Type of the genus.—Peniculus fistula Nordmann, monotypic.

(Peniculus, the name of a parasite in Plautus.)

Remarks.—This genus was established and meagerly described by

Nordmann but was not definitely located. Milne Edwards placed it
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in the Chondracanthidae, while Clans (1858) was the first to recog-

nize it as a Lernaean. Kr0yer (18G3) added two new species, clavatus

and furcatus^ having only a single specimen of the latter, and Nord-

mann in 1804 added the new species calamus^ which was not figured

and has never been seen by any investigator since, but whose descrip-

tion and size are sufficient to warrant its validity.

Claus in 18G8 described in much greater detail Nordmann's type

species and the present author did the same for Kr0yer's species

furcatus in 190G, still retaining it in the genus and among the

Lernaeidae. But after the present detailed study of this family and
especially of their internal anatomy the species furcatus can no
longer be kept in the genus, and there are many good reasons for

transferring it to another family. Chief among these reasons are

the following:

1. While the second and third thorax segments are narrower than

the carapace there is no formation of a definite chitinized neck.

2. The fourth thorax segment is indistinguishnbly fused with the

fifth and genital segments, the only indication of its presence being a

pair of fourth legs on the ventral surface of the trunk.

3. The trunk is much too short and too strongly flattened dorso-

ventrally for a Lernaean; it has large posterior processes, as long

as itself, into which the body cavity extends; it has a distinct abdo-

men, also strongly flattened dorso-ventrally, and also with posterior

processes into which the body cavity extends.

4. The second antennae are distinctly ventral and are not chelate,

there is no retractile proboscis, and all four pairs of legs are biramose

with one-jointed rami.

5. The ovaries extend forward nearly to the anterior end of the

fourth thorax segment; the eggs in the oviducts are more or less

spherical and not packed like a row of coins; the QEg strings are very

short and stout and there are only 10 or 15 eggs in each string.

Such cumulative differences necessitate the separation of this

species from tlie others in the present genus and the new name
Peniculisa furcata is proposed for it. Furthermore, the majority

of these differences are just as effective for separating it from the

Lernaeidne, and as they all correspond with the characters of the

Dichelestiidae the present author would transfer the species to that

family.

This leaves in the genus Pentculus three species already described,

to which is here added a fourth that is new to science.

KEY TO THE SPECIES.

1. Trunk short, twice as Ion?; ns wide; proboscis also short nnd slender; second

antennae enlarged into disks at the tips (u mm.)* calamus Nordniann, 1SC4.

» Average total length of species.
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1. Trunk three and a half times as long as wide; proboscis long and stout;

fourth isegment two-thirds as wide as the trunk (9 mm.)
clavatits Kr^yer, 1SG3, p. 4G.

1. Trunk five times as long as wide; proboscis sliort and slender; fourth seg-

ment less than half the width of the trunk (9nnn. ) fistula Nordmann, 1S24.

1. Trunk seven times as long as wide; proboscis short and stout; fourth seg-

ment only slightly narrower than the trunk (G.25 nun.)

fissiijcs, new species, p. 47.

PENICULUS CLAVATUS (Muller).

Plate 1, figs. 1-7.

Pcnirulns clnvatvs KK0YEn, Bidrag til Kuudskab om Snyltekrebsene, 1S63,

p. 2CG. pi. 14, fig. S, «-£/.

Lvrnuca thivuta Mulleis, Zoologia Danica, 1779, p. 3S, pi. 33, fig. 1.

Host and record of specimens.—Eleven specimens were obtained

from the fins of Sehastes marinus by the United States Bureau of

Fisheries steamer Speedwell during the summer of 1878 at stations

138, 184, and 198 off Cape Ann, Massachusetts. These 3 lots have

received respectively Cat. Nos. 47782, 38028, and 47781, U.S.N.M.

A single female was taken from the dorsal fin of the same host off

Salem, Massachusetts, in August, 1877, and has been given Cat. No.

47783, U.S.N.M..

Specific characters of female.—Cephalothorax subspherical, as

wide as long, a little pointed anteriorly where it forms a bluntly

rounded rostrum, to whose lateral margins are attached the first

antennae, and to whose anterior margin are attached the larger

chelate second antennae; no horns or processes of any description;

ventral surface circular in outline and deeply concave, the long pro-

boscis being attached to the bottom of the depression.

The second and third thorax segments form a slender neck, flat-

tened dorso-ventrally, chitinized, somewhat enlarged through the

bases of the third legs, and bent forward at an angle of 45° just

in front of the enlargement.

Fourth segment two-thirds the width of the trunk, from which it

is separated by a deep groove; the fourth legs are attached to its

posterior margin. The trunk is cj'lindrical, three and a half times

as long as wide, of the same diameter throughout, and abruptly

rounded posteriori}'. The abdomen is a minute tubercle close to the

dorsal surface, but showing distinct anal laminae, each of which is

armed with three long setae and two shorter ones. The ^g'g strings

are one-fourth the width of the trunk and nearly twice the length

of the entire body.

The first antennae are turned backward along the lateral margins

of the cephalothorax; they are three-jointed, the basal joint the

shortest, the second joint the longest, the two terminal joints well

armed with setae. The second antennae are stout and unguiculate,



NO. 2194. NORTH AMERICAN PARASITIC COPEPODS—WILSON. 47

with their basal joints large, considerably inflated, and fused only

at their origin, Avhile the terminal claws are stout, strongly curved,

and folded downward and inward against the basal joints and toward

each other.

The proboscis is as long as the neck and of medium diameter, some-

what narrowed at the tip with an intricate supply of muscles for

retraction and protrusion. The mouth opening is terminal and cir-

cular and is surrounded by a delicate fringed membrane. The first

maxillae arc minute and one-jointed, tipped with a small seta and

situated on the sides of the proboscis just at the base of the terminal

narrowing. The second pair are also on the sides of the proboscis,

posterior and ventral to the first pair; they are slender and two-

jointed, the terminal joint half the length of the basal and tipped

with a short curved claw. Only the basal plates are present in the

four pairs of legs, the rami having disappeared; these plates are

notched on the outer margin near the distal end.

Total length, 9 mm. Trunk, 7.50 mm. long, 2 mm. wide. Egg
strings, 17 mm. long, 0.50 mm. wide.

Color (preserved material). Head and neck a grayish yellow,

trunk a dark cinnamon brown, egg strips a lighter brown.

(clavatus, club-shaped.)

Remarks.—This species was originally described by INIiiller and re-

ferred to the genus Lernaea^ but when Kr0,yer rediscovered it he

recognized at once that it did not belong to that genus but to Nord-

mann's Peniculus.

Claus suggested (18GS, p. 12) that Kr03'er's clavatus and Nord-
mann's fistula were the same species, but the present description and
figures make it certain that the two species are distinct. The general

body proportions are very dill'erent, as can be seen from the key

(p. 4G), especially the length of the proboscis and trunk, the width
of the fourth segment, and the relative size of the abdomen. These
ditFerences are carried still farther in the details of the appendages,

none of which correspond with those given by Claus for fistula.

Claus recorded that the first antennae were broken on all the

specimens at his disposal, but fortunately they were present on
several of the present specimens and are given in detail in figure 3.

As distinctive characters in the internal anatomy of this species

we may notice the comparatively narrow OA'iducts and wide cement

glands, the glandular portion of the latter being actually wider

than the oviducts and distinctly segmented. The ovaries also are

short and broadly ovate or heart-shaped.

PENICULUS FISSIPES, new species.

riiito 2, fij,'s. S-14.

Ilost and specimens.—Seven females were obtained from tlie fins

of an unknown fish by the United States Bureau of Fisheries
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steamer Albatross at Laredo Bay, in the Straits of Magellan, Janu-

ary 22, 1888. These have received Cat. No. 47784, U.S.N.M, and

become paratj^pes of the new species; from them a single female

was selected to serve as the species type with Cat. No. 47785, U.S.N.M.

/Specific characters of female.—Cephalothorax elliptical, a little

less than twice as long as wide and flattened dorso-ventrally, with

a well-defined lateral lobe on either side at the posterior end; ros-

trum short and wide and broadly rounded; tripartite eye large and

so deeply buried as to be nearer the ventral than the dorsal surface.

Neck comparatively wide and bent ventrally at an angle of 45°

;

third thorax segment elongated, but not much widened posteriorly;

fourth segment relatively long and nearly as wide as the trunk,

from which it is separated by a deep groove.

Trunk narrow-cylindrical and seven times as long as wide, squarely

truncated posteriorly; abdomen hemispherical and half the diame-

ter of the trunk, with well-defined anal laminae, each armed with

three long plumose setae and two smaller, non-plumose ones; ^gg
strings one-third the diameter of the trunk and two-thirds longer

than the entire body, with narrow masses of cement substance at

their tips.

First antennae slender and three-jointed, basal joint the shortest,

the other two about equal and well armed with setae; second antennae

with a stout basal joint and a short and strongly curved terminal

claw; proboscis short and wide, mouth opening large, circular, and

terminal, surrounded by a narrow stiff rim; first maxillae minute,

one-jointed, tipped with two tiny setae and fastened to the lateral

wall of the proboscis; second maxillae comparatively large, basal

joint long and stout and armed with a short spine on the posterior

margin near the center, second joint half as long and tipped with a

short curved claw; the distal end of the basal joint and the proximal

end of the second joint are tapered so that the appendage is narrowed

at the joint. The basal laminae of the first three pairs of swimming
legs are rounded triangular, with a narrow sinus on the inner mar-

gin near the base, each one split diagonally from the apex of the

triangle to the base of this sinus. The fourth pair has a knob in

place of the sinus and the split extends only to the center of the

lamina.

Total length, G.25 mm. Length of trunk, 5.12 mm. ; width, 0.75 mm.
Length of egg strings, 10.50 mm.; width, 0.25 mm.

Color (preserved material), a uniform light yellow, the carapace

and swimming legs with spots of dark brown pigment more or less

sj'mmetrically arranged.

(fissipcs, fissus, cleft and pes, foot, alluding to the diagonal split in

the basal laminae of the swimming legs.)

Type.—Female, Cat. No. 47785, U.S.N.M.
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Remarks.—It is unfortunate that the name of the host of this in-

teresting species was not known or at least was not recorded. Its

chief external distinguishing characters are the long and narrow

trunk, the long and w ide fourth thorax segment, and the split basal

plates of the legs. In the internal anatomy especial attention is

called to the exceptionally long ovaries, ^Yhich are conical, extend

nearly the entire length of the trunk, and taper to a sharp point pos-

teriorly. The oviducts are a little wider than the ovaries and also

a little longer, since they extend to the vulvae. The glandular por-

tion of the cement glands is relatively short and very indistinctly

segmented, the ducts are longer than the glandular portion and

straight. The intestine is comparatively narrow.

Genus PERODERMA Heller.

Perodcrnta Hellek, Eeise tier Fregatte Novara, 1S65, p. 250.

Taphrohin Corxalia, Attl della Societa Itallana di Scienze Naturall, voL

18, 1875, pt. 2, pp. 197-200.

External generic characters of female.—Cephalothorax globular,

without horns but with a dense tuft of ramifying tubules on the

frontal margin of the head; the bases of these tubules are swollen

into flasks and their tips are somewhat tumid ; neck cylindrical, join-

ing the trunk at right angles about one-third the distance from its an-

terior end; trunk an elongated ovoid, narrowing posteriorly; egg

strings attached to the posterior end and four times the length of the

trunk, slender and straight; eggs numerous, uniseriate, and tightly

packed like a row of coins; no abdomen.

First antennae three-jointed, setiferous; second antennae two-

jointed, chelate; proboscis short and conical, inclosing a pair of

mandibles; two pairs of maxillae, the second pair tippod w^ith stout

claws; three pairs of swimming legs, first two pairs close together

and biramose, third pair removed some distance and uniramose, all

the rami two-jointed and bearing plumose setae (adapted from Richi-

ardi, 187G).

Internal generic characters of female.—No exact description can be

given through lack of material, but from the analogy of the new genus

CoUipravus (p. 78) it is certain that the insertion of the neck into the

side of the trunk instead of at the anterior end profoundly modifies

the arrangement of the generative organs and the digestive tube.

And hence the internal morphology, when obtained, will differ mnrk-

edly from that of Lernaeenicus, Sarcotretes, and Cardiodectes. But
since the neck is inserted in the center (laterally) of the trunk and at

right angles to its axis it does not seem probable that there will be

any disturbance of the bilateral symmetry, as there is in CoUipravus

and Phrixocephalus.

77403—Proc.N.M.vol.53—17 4
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Genus habitat.—This genus burrows into the hiteral muscles of its

host and penetrates to the vertebral column; the tubular cephalic

processes adhere to the vertebrae, pass through the apertures in the

lateral hj-pophyses, and finally reach the peritoneum.

J'l/pe of the genus.—Peroderma cylindricum Heller, monotypic

(Peroderma, irdpw, to pierce, and oe'pjj-a, the skin.)

Remarks.—The distinctions which separate this genus from Ler-

naeenicus and Cardlodectes are given elsewhere (p. 51). Ivichiardi,

from whose description and figures the above genus diagnosis is taken,

afterward (18S1) briefly described a second species, ;?e?em, and a j^ear

later a third species, heUottli, for neither of which were an}'' figures

given. This third species, again described and figured by Jungersen

in 1911, is here referred to the new genus Cai^diodectes (p. 52).

AVith reference to the species jyetersi Eichiardi said that it dif-

fered from cyHndriciim in the greater development of the cephalo-

thorax, in the larger number of tubular cylindrical appendages, dis-

posed regularly in tufts, in the fact that the neck was straplike

instead of cylindrical, in the subterminal insertion of the neck in

the trunk, in the curvature of the trunk, and in the fact that the egg

strings were four in number instead of two, were coiled into a tight

spiral, and were separated a little distance from one another. "Wliat-

ever may have been the form which he thus described, it is reason-

ably certain that it did not belong to the genus Peroderma.

The species hranchiata proposed by Bassett-Smith^ was not de-

scribed in sufficient detail to warrant its separation from cylindricum,

and it can not be established as a valid species until such distin-

guishing characters are forthcoming.

Thus we are left with only the original type species.

CARDIODECTES, new genus.

External generic characters of female.—Cephalothotax ellipsoidal,

with a tripartite eye at the anterior end over the base of the esophagus

and not very deeply buried; entire anterior portion covered with

dichotomously branched processes, subcorneous in texture, which ra-

diate chiefl}^ from a pair of anterior horns and which form a spherical

mass nearly equal in diameter to the trunk; horns continued along the

lateral margins; neck hardened but remaining one-third the diameter

of the trunk, bent twice at right angles, first backward at the base

of the cephalothorax, then forward at about the center; trunk cylin-

drical and straight; abdomen hemispherical and dorsal, with a pair

of minute anal laminae ; Qgg strings long and straight, eggs tightly

packed. Two pairs of minute antennae, second pair chelate; one

pair of tiny maxillae; four pairs of swimming legs, first two pairs

»Ann. Mag. Nat. Uist. (7), vol. 1, 1898, p. 13.
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close together and biramose, third pair removed a little distance and
uniramose, fourth pair still farther back and destitute of rami; all

the rami present are two-jointed and heavily armed with setae.

Internal (jcnerlc characters of female.—Esophagus at right angles

to the axis of the cephalothorax; stomach without convolutions;

intestine passing to the dorsal surface of the trunk; rectum short

and inclined toward the dorsal surface; ovaries situated near the

anterior end of the trunk, dorsal to the intestine; oviducts straight

and flattened laterally; cement glands straight, narrow, and paral-

lel, glandular portion shorter than the ducts; chitinogcn layer of

body wall especially well developed in the anterior thorax and neck,

where the outer layer shows numerous pore canals.

Genus halitat.—This genus penetrates from the outer surface of

the isthmus of the host through the intervening tissues and buries its

head Avith the anterior processes in the bulbus arteriosus of the fish's

heart.

Type of the genus.—Cardlodectes medusaeus (Wilson), first

species.

{Cardlodectes, Kaph'ia, the heart, and 577^7175, a biter or torturer.)

Remarks.—This new genus is established to include the species

originally described by the present author as Lernaeenicus medusaeus
in 190D, and noted by Brian in 191-2, and a species described by
liichiardi in 1SS2 as Perodcrma hellotti and noted by Jungersen in

1911.

For the original description of medusaeus there was but a single

specimen available, and it could not be injured. Hence, investiga-

tion was confined to what could be seen from the outside without
removing the branched processes. In the present instance these

processes were removed and the cephalothorax was cleaned of every-

thing except the lateral horns. In this way the antennae and mouth
parts were laid bare.

This genus differs from Lernaeenicus in that it has these processes

in place of hard chitin horns, it shows no body torsion, the proboscis

is not extensile, and there are but three pairs of legs with rami in-

stead of four.

The two species mentioned above do not belong to the genus
Perodcrma^ as suggested by Jungersen, first because that genus does

not possess the soft and laminate lateral horns, which here appear
behind the processes. Again, in Perodcrma the processes are tubu-

lar, and their interior communicates with the general body cavity;

they also cover the entire head and conceal the antennae and mouth
parts. Here they are solid and the swimming legs and antennae are

left free.

In Perodcrma the neck is at right angles to the trunk and opens
out of the side of the latter, as in the new genus ColUpravus^ but
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here the neck is a continuation of the trunk in line with the body

axis, as in Lernaeenicus.

This must produce a great difference in the internal anatomy and

alone is sufficient to distinguish the genera. The swimming legs are

smaller and less developed in the present genus, and only the cepha-

lothorax is buried in the bulbus arteriosus of the fish's heart, while

in Peroderma the entire body is buried in the lateral muscles of the

host, leaving only the egg strings hanging free, and the tubular

cephalic processes adhere to the vertebral column. The species may
be distinguished as follows

:

EET TO THE SPECIES.

Egg strings much longer than the body ; soft lateral horns entirely confined to

cephalotliorax mcdusaeus (Wilson), 190S, p. 52.

Eggs strings only a quarter the length of the body ; lamellar wings on the

thorax also heUotiii (Richiardi), 1S82, p. 55.

CARDIODECTES MEDUSAEUS (Wilson).

Plate 3, figs. 15-23.

Lernaeenicus mcdusaens Wilson, 1908, p. 458, pi. 76, figs. 99 and 100.

—

BniAN, 1912, p. 27, pi. 10, figs. 1-5.

Host and record of specimens.—Two females were obtained from
the throat of Nannohrachium leiicopsarum on the Pacific coast at

stations 4434 and 4541 by the United States Bureau of Fisheries

steamer Albatross in 1904.

One has received Cat. No. 4778G, U.S.N.M., while the other was
sacrificed to obtain the data given below. Both specimens, as also

the one obtained in 1908, were fastened to the throat of their host,

with the head and frontal processes buried in the bulbus arteriosus

of the heart, the body turned back at right angles outside the fish's

skin, with the ventral side of the parasite toward its host. Naturally

there would be but a single specimen on each fish, since there would

be no room for a second parasite's head within the fish's heart. A
third specimen was obtained by the Bureau of Fisheries' steamer

Albatross at Misaki, Japan, in the throat of Diaphus glanduliferus.

As the host is small the two have been preserved together with Cat.

No. 47823, U.S.N.M.

Specific characters of female.—Cephalotliorax ellipsoidal, nearly

as wide as long and evenly rounded ; a pair of soft horns extending

forward from the anterior margin and a second pair extending out-

ward and ventrally from the postero-lateral margin, the bases of

the two pairs running together along the sides of the head. The
posterior pair are divided into lobes, more or less swollen into

spneres, while the anterior pair are strongly flattened dorso-ven-

trally, and from them chiefly, but also to some extent from the ante-
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rior surface of the head, radiate the dichotomously branched soft

jn-ocesses, whose tips are tumid and swollen into spheres.

These processes radiate backward along the surface of the head as

well as forward and sidewise, and entirely cover tli2 anterior cepha-

lothorax, extending back dorsally to the second antennae and ven-

trally to the base of the posterior horns. They thus form an ovoid

mass (fig. 16), the point of the oval anterior and the long axis in-

clined to the axis of the head.

Anterior thorax enlarged and bent dorsally at right angles to the

head, then narrowed posterior to the fourth pair of Wgs into a cylin-

drical and chitinized neck, which is again bent at right angles, this

time ventrally, bringing the axis of the trunk parallel to that of the

head.

Trunk cylindrical, increasing gradually to its full diameter and
then continuing that size throughout its entire length, with a slight

lobe on either side around the vulva. Abdomen hemispherical, in-

clined dorsally, and about one-third the diameter of the genital seg-

ment and one-half longer than wide. Egg strings one-fourth the

diameter of the trunk and one-half longer than the entire body.

First antennae two-jointed, the terminal joints well armed with

setae and turned outward and downward parallel with the dorsal

surface of the head and at right angles to the head axis. Between
the bases of these antennae and projecting from the dorsal surface is

a small rostrum. Second antennae three-jointed, thickset, and

chelate. Proboscis turned down ventrally between the bases of the

anterior horns and consisting of a short tube somewhat enlarged at

the tip and nonretractile, judging by the lack of muscles. Dorsal to

the base of the proboscis and anterior to the end of the stomach is a

well-defined tripartite eye, which is not very deeply buried. On
either side of the proboscis near the tip is a minute two-jointed

maxilla, the terminal joint tipped with a short claw.

Of the four pairs of swimming legs the first two are close together

and just behind the bases of the posterior horns of the head, the

third pair is removed a greater distance and is attached in front of

the groove between the third and fourth segments, while the fourth

pair is at a still greater distance and just in front of the beginning of

the neck. Each leg consists of a triangular basal joint joined to its

fellow by a chitin framework across the midline; each leg of the

first two pairs has two short rami, the third leg has but one, while

the fourth leg has none; the rami are indistinctly two-jointed and

rather heavily armed with setae.

None of the chitin fragments of the sterna can be seen between

the base of the legs, as noted in C. hellottii by Jungersen (1911, p.

13), and no furca or longitudinal ribs similar to those found in

Peroderma by Richiardi.
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Total length, not accounting for curves, 8 mm. Length of head,

including processes and horns, 2.50 mm. Length of trunk, T mm.;

diameter, 1.30 mm. Length of egg strings, 1-i mm.
Color (preserved material), a uniform light 3'ellow.

{medusaeus, medusa-like, alluding to the anterior processes.)

Intc7'nal anatomy.—The chitinogen layer of the body wall is

somewhat thickened in the second, third, and fourth thorax seg-

ments, and also in the anterior end of the fifth segment. "While there

are no definite skin glands as in Sarcotrctes^ there are many large

conical or funnel-shaped pores through the outer chitin layer in these

regions, which communicate with the chitinogen cells and may well

serve as excretory ducts (fig. 21).

Esophagus inclined ventrally to the axis of the head and opening

into a stomach which is somewhat unsymmetrical as can be seen from

figure 19, which has no convolutions, and which sends out no lateral

processes. The ovaries are comparatively short and narrow, while

the oviducts are very wide, filling nearly the whole cavity of the

trunk (fig. 15).

The cement glands do not reach the anterior end of the oviducts,

and are somewhat flattened dorsoventrally between the latter and

the body wall, while the oviducts are a little flattened laterally.

Iiemarks.—This description is intended to supplement and in a

few particulars to correct the one previously given. The former

specimen was evidently injured on removing it from the fish. These

two specimens were sent still attached to their host and were re-

moved uninjured.

The characters which distinguish the species from Richiardi's

hellottii are in the position and arrangement of the frontal processes

and the posterior soft horns. In hellottii the frontal processes ex-

tend backward on the ventral surface a considerable distance be-

yond the base of the head and the soft posterior horns, while there

is an additional pair of laminate processes or wings on the sides of

the second thorax segment, as Richiardi stated.

In medusaeus the frontal processes only extend to the anterior

margin of the posterior horns, the latter are distinctly on the ccphalo-

thorax, and there is nothing on the sides of the second thorax seg-

ment (fig. 18).

Ikloreover, in medusaeus there are no vestigial second maxillae an-

terior to the first legs, as noted by Jungerscn for hellottii.'^

The species found by Brian on Myctophum aifine and referred to

medusaeus appears to be correctly located, as will be seen by com-

paring his plate 10, figure 5, with plate 3, figure 15, of the present

paper.

» Vidensk Meddel, fra den Naturh. Foren., vol. 64, 1911, p. 13, fig. 1, text, pi. 2, flg. 27.
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CARDIODECTES BELLOTTII (Richiardi).

Plate 21, figs. IGl and 1G2.

Pcrodcrma hcUottii Hicui^vedi, Atti della Soc. Tose. Processl Verbal!, voL

3, 1SS2, p. 149.

Perodcrma bcUuttii Jungeksen, Vid. Medd. fra den Naturh. Foren., Kl^ben-

luivu, vol. C4, 1011, pp. 11 and 13.

riost and record of specimens.—Two specimens of Scopelus glaci-

alis, each infested with a single parasite of this species, were kindly

sent to the author by Prof. F. E. Jungersen. They were collected

by the Danish steamer Thor at the Straits of Gibraltar in 1910. One
of the parasites was removed from its host, cleared, and mounted;
the other, still attached to its host, has been placed in the United
States National Museum, with Cat. No. 49701, U.S.N.M.

^Specific characters of female.—Cephalothorax ellipsoidal, as wide

as long, and smoothly rounded; soft horns on the anterior margin
folded and turned inward toward each other; base of posterior

horns extending across the second and onto the third thorax segment;

each horn is flattened into a soft lamina, projecting ventrally, and
somewhat enlarged at the tip; there is no division into lobes and
no swollen spheres as in mcdusaeus.

Frontal processes longer than the others and projecting far in

front of the head; those which radiate backward along the ventral

surface of the head also project beyond the tips of the posterior

soft horns; the entire mass of processes is thus an elongate ellipsoid,

a little narrower anteriorly than posteriorl3\ The separate processes

are considerably flattened, and are lobed and branched so that they

closely resemble the fronds of the common seaweed Fiicus.

The neck is bent twice as in medusaciis, first dorsally posterior

to the base of the soft horns, and again ventrally behind the fourth

legs.

Trunk cylindrical or somewhat spindle-shaped, being widest at

the center and narrowing toward the posterior end ; no lobes at the

bases of the egg strings; abdomen hemispherical and inclined

dorsally, less than a quarter of the diameter of the genital segment;

egg strings one half wider than the abdomen and a quarter of the

length of the entire body.

First and second antennae similar to those of mcdusaeus ; probos-

cis somewhat larger, but apparently nonretractile; maxillae two-

jointed and tipped with a small claw; maxillipeds rudimentary,

consisting of a small basal joint tipped with a seta, and situated

about halfway between the proboscis and the first swimming legs.

Four pairs of swimming legs, first two pairs biramose, rami two-

jointed, third pair uniramose and two-jointed, fourth pair consist-
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ing of only the basal joints, without rami or setae; first three pairs

well armed with setae.

These legs are arranged like those of medusaeus, the first and

second pairs close together, the second pair about opposite the cen-

ter of the posterior soft horns, the third pair at a greater distance

near the posterior margin of the third segment, the fourth pair

at a still greater distance near the posterior end of the fourth seg-

ment.

Scattered chitin fragments which probably represent the origi-

nal thoracic sterna are found in the spaces between the legs.

Color (preserved material), a uniform light yellow.

Total length, not estimating the curves, G mm. Length of head,

including processes and horns, 2 mm. Length of trunk, 5 mm. ; di-

ameter, 1.15 mm. Length of egg strings, 1.50 mm.
{hellottii. to the Milanese ichthyologist, C. Bellotti.)

Internal anatomy.—The internal anatomy is very similar to that

of medusaeus, with the following differences. The chitinogen layer

is much thickened in the genital segment as well as in the anterior

thorax segments. There are the same large conical or funnel-shaped

pores in the outer skin, communicating with the inner chitinogen

cells. The ovaries are somewhat longer and wider while the oviducts

are not quite as wide, but the latter are still comparatively very

wide and are flattened laterally like those in medusaeus. The cement

glands are longer and reach in front of the anterior ends of the

oviducts; they are cylindrical and are not flattened. These specific

distinctions will supplement those already given under medusaeus^

and may serve to establish the two species upon a more substantial

basis.

Genus LERNAEENICUS Le Sueur.

Lernaea (part) SowERnY, Tueton, Buvinville, Cuvieb, etc.

Lcrneocera (part) Blainville, Journ. de Physique, vol. 95, 1S22; Lemeocera

surriraiis, third species, p. 376, a synonym for Lcrnaccnicus sprattae.

Lemeaenictis (part) Le Sueub, Jotirn. Acad. Nat. Sci., Pliiladelpliia, vol. 3,

1824, p. 2S9. Type Lcrneocera radiata Le Sueur, second species.

Lernconema (part) Milne Edwards, Hist. Nat. des Crustaces, 1840, vol. 3,

p. 524; L. monillaris, second species, p. 525, a synonym for Lcrnaeenicua

sprattae.

Forocnlum Wm. Thompson, Cat. Museum College of Surgeons, 1843 ; Foro-

culum sprattae, single species, a synonym of Lernaeeniens sprattae.

Lerneaenicus Fowler, Report New Jersey State Museum for 1911 (1913),

p. 87.

External generic characters of female.—Head not separated from

the thorax, in line with the body axis, or bent forward at right angles,

with a deeply buried tripartite eye over the base of the esophagus;

horns slender, cylindrical, chitinous, 2 to 10 in number, simple or

branched; anterior thorax enlarged through the bases of the swim-
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ming legs, then becoming filiform and chitinous, twisted and usually

flexed; trunk cylindrical and straight; abdomen straight, narrower

than trunk and of varying lengths; anal laminae minute and desti-

tute of setae; egg strings filiform and very long, eggs uniseriate and
strongly flattened. Two pairs of antennae, second pair chelate;

proboscis large and extensile; mandibles without teeth; one pair of

maxillae, no maxillipcds; four pairs of swimming legs close together

behind the head, first two pairs biramose, third and fourth pairs

uniramose.

Internal generic characters of female.—Esophagus short, straight,

and inclined to the body axis; stomach without lateral lobes but with

one or two convolutions, passing insensibly into the intestine, which
is very narrow in the neck, but wider than the stomach in the trunk,

abruptly contracted at the posterior end of the abdomen into a nar-

now rectum; ovaries paired, short, wide, and strongly flattened be-

tween the intestine and the dorsal body wall at the anterior end of

the trunk; oviducts passing around the intestine to the ventral sur-

face and then straight back to the vulvae, eggs tightly packed like

a row of coins ; cement glands slender, cylindrical.

Genus habitat.—This is a genus of muscle borers; they penetrate

from the outside surface of the host's body into the underlying tis-

sues, sometimes from the throat, sometimes from the sides of the

body, sometimes from the vicinity of the fins. In some species there

are peculiar frontal processes by means of which they fasten them-
selves to a bone, but they are usually anchored by the cephalic horns,

and a cyst is formed around the horns, the head, and the anterior

neck.

Tyj)e of the genus,—Lemaeenicus radiatus Le Sueur, type by
elimination.

{Lemaeenicus^ Lernaea^ and enico,, to torment or torture.)

KET TO THE SPECIES OB" THE GEXDS LEUXAEEXICDS.

1. 3 to 9 or 10 horns, cyUndrical, chitinous, branched 2
1. Only 2 horns, a lateral pair, short and unbranched 3
1. No horns, but instead 2 or 3 small and soft knobs 4
2. Horns usually 5, arranged radially in one set; head in line with thorax; no

attachment plates (40 mm.)* radiatus Le Sueur, 1S24, p. .'jQ.

2. Horns in two sets, one at posterior end of head, tlie other behind the fourth
legs; head at right angles to thorax; four attachment plates in front of
antennae (12 mm.) poli/ccraus, new species, p. G2.

2. Horns, 3^ triangular or conical, in one set; no attachment plates; head at
right angles to thorax (13 mm.) cncrasicholi (Turton), 1S07.

3. Horns pointed backward; no attachment plates in front of antennae; neck
often monlliform {2r, mm.) sprattac (Sowerby), 1804.

S. Horns pointed laterally; four attachment plates in front of antennae; neck
never monlliform (25 mm.) afflxus, new species, p. G4.

* Average total length of species.
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4. Abdomen more than half the length of the trunk 5

4. Abdomen short and blunt 6
6. Posterior horn half the length of the head, lateral horns much shorter; ab-

domen twice the length of the trunk (45 mm.)
louyivcntris, new species, p. G6.

5. Posterior and lateral horns the same length; abdomen a little longer than
the genital segment (70 mm.) procerus (Leidy), ISSS, p. G9.

5. Posterior and lateral horns the same length as the head ; abdomen as long

as the genital segment (50 mm.) vorax Ilichiardi, 1S77.

5. Posterior and lateral horns one-third the length of the head ; abdomen much
sliorter than genital segment (70 mm.) polijnemi Bassett-Smith, 1S9S.

6. Head subtriangular, with no lateral horns, but with a single dorsal tubercle;

neck three times the length of the trunk; abdomen very minute (28 mm.)
gracilis Heller, 1SG3.

6. Head hastate, bluntly pointed anteriorly ; two lateral and a dorsal knob

;

neck shorter than the trunk; abdomen of medium size (40 mm.)
sardinac Baudouin, 1904.

6. Head club-shaped, with lateral but no dorsal knobs; abdomen lacking, the

trunk ending in a point (GO mm.) Icsucurii Milne Edwards, 1840.

Eemarks.— Three species, ahdominalis ISIilne Edwards, 1840,

Idbracis and sargi Richiardi, 1880, ascribed to this genus have never

been figured, and the hist two have not even been described, so they

are of necessity omitted.

Four species, infexus and nodicornis Steenstrup and Liitken, 18G1,

gempyli Horst, 1878, and ertstallformis Brian, 1912, are transferred

to the new genus Sarcotretes established by Jungersen in 1911. With
reference to the horns we may notice that in the genus Lernaea they

are always soft, while in Lernaeenicus those of the first two species

in the key (radlatus and pobjceraus) are as chitinous as in Ler-

naeocera, those of sprattae and affixus are only partially chitinized,

while the horns, or better, the loiobs of the remaining species are

usually soft.

The two species, vorax and neglectus^ described and figured by

Richiardi in 1877, are probably identical. The only dilfcrence which

Richiardi could find in them was that neglectus averaged only two-

thirds the size of vorax. He himself said of the former species,

" It is impossible to find in its general form any characters which

will distinguish it from vorax. It does not differ in the form and

position of the antennae, the buccal apparatus, the maxillipeds, the

number and conformation of the segments or in the form of young
individuals, and hence in the progressive deformation of the testa

as also in the mode of attachment to the body of the host" (p. 20G).

In other words, we have to conclude that it does not differ at all, but

is the same species and hence neglectus is made a synonym of vorax.

In his profile view Richiardi represented the eye of vorax as actually

protruding from the dorsal surface of the head.



K0.2194. NORTH AMERICAN PARASITIC COPEPODS—WILSON. 59

In all the species examined by the present author the eye is just

above the esophagus and a considerable distance beneath the dorsal

surface, as is shown in figure G9.

In dealing with this genus Fowler^ said in the key to the genera

of the Lernaeidae (p. 8G) :

" b. No vestiges of feet ou under surface of body, nor any appendages repre-

senting them Lcnicacnicus."

and again (p. 87), in the genus diagnosis of Lernaeenicus, " Thoracic

limbs placed close together just behind head, first t\Yo biraniose,

third and fourth uniramose, and all with two joints." The latter

of course is the correct statement. The spelling " Lerneaenicus " is

too obviously a printer's error to be worthy of a second thought.

LERNAEENICUS RADIATUS LeSacur.

Plate 4, figs, 24-35, plate 5, figs. 3G-41.

Lerncocera radiata LeSueuk, Journ. Acad. Nat. Scl. Philadelphia, vol. 3,

1824, p. 2SS, pi. 11, tig. 1. Tlie new genus Lcrnaccnicus proposed, p. 289.

Lernca radUtta De Kay, New York Fauna, Crustacea, vol. G, 1844, p. GO.

Lernconcma radiata S. I. Smith, Ilep. Comm. Fish, for 1871 and 2, p. 578

(284), pi. 7, fig. 30.

Lernaconema radiata R. Rathbun, Proc. U. S. Nat. Mus., vol. 7, 1884,

p. 491.

Lcrncoccropsis scptcmramosiis Fowlek, Rep. N. J. State Museum, 1911

(1913), p. 92, pi. 24.

Lerneaenicus radiatus Fowlee, Rep. N. J. State ^luseum, 1911 (1913),

p. 87, pi. 21; Proc. Acad. Nat. Sci. Phiiadelpliia, vol. 03, 1913, p. C2.

Host and record of specimens.—There are in the United States

National Museum collection 48 vials containing specimens of this

species as follows: From the tomcod, Microgadus tomcod^ Cat. Nos.

614G, 8283, 8285, 8G8T, 12298, 12299, 12300, 3S025, 42318, 42321, 42338,

42339; from the menhaden, Brevoortla tijrannus, Cat Nos. GOOl, G002,

G0G3, 8282, 11G17, 183G9, 42323, 42331, 42337, 42345, 47790, 47791;

from the killifish, Fundulus hcterocUtus, Cat. Nos. 42311, 42317,

42335, 42343, all so far mentioned taken at Woods Hole, Mass.; from

the eel, Angvilla hostonensis, Cat. No. 12293 from AVoods Hole, and

Cat. No. 42322 from Charleston, South Carolina; from the bliiefish,

Pomatomus saltatiix, at Woods Hole, Cat. No. 47787; from the glut

herring, Pomolohits aestivalis, at Woods Hole, Cat No. 12313; from

the shad, Alosa sapidissiyna, no localit}'. Cat No. 47789; from the old-

W'ife, Lciostomus xanthiwus, at Beaufort, North Carolina, Cat. No.

47788; from the smelt, Osmerus mordax, at Woods Hole, Cat No.

42350; from the hake, Urophycis tenuis, at Woods Hole, Cat. Nos.

* Crustacea of New Jersey, 1913.
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12303 and 12304; from the ale^Yife, Pomolohus pseudoharengus^ at

Woods Hole, Cat Nos. 130G9 and 42327; from the pursey minnow,
Cyprinodon variegatus, at Woods Hole, Cat. No. 8287; from the

anchovy, " EngrauUs vittafus,''^ in New York City market, Cat. No.

42349; from tlie Avhite perch, Morone amerkana, at Woods Hole, Cat.

Nos. 82SG and 8288; no host and no locality given. Cat. Nos. 617G and
35202.

The eight specimens in lot No. 12313 are heavily infested with

algae, but were removed from their host with exceptional care and
are finely preserved. Since Le Sueur's original specimens have been

lost these may well serve as surrogate types of the species.

Specific characters of female.—General body form elongate slender,

and graceful, the three body regions distinctly separated. Head
terminal and globular, with a conical proboscis as large as itself at-

tached to the ventral surface at right angles to the long axis.

Cephalothorax furnished with slender, filamentous, radiating chitin

horns, usually five in number and unbranched. But there may be any

number of these horns from 2 to 9; when there are only two they are

on a level Avith the dorsal surface at the extreme anterior end of the

head (fig. 29) ; when there are five they are arranged radiately around

this portion of the head like the spokes of a wheel (fig. 27). But
there may also be a smaller horn on either side of the base of the

second antennae, and two others, one on either side of the thorax,

on a level with the dorsal surface and opposite the fourth pair of

legs (figs 28 and 40). These horns may be of any length or they may
be reduced to mere knobs. When there are five, the typical number,

they are nearly equal and are arranged one dorsal, two lateral, and
two latero-ventral. When they differ in length the two lateral are

usually the longest and the dorsal one the shortest.

The free thorax or neck is somewhat enlarged immediately behind

the head through the bases of the legs, then quickly becomes fiiliform

and has the same diameter back to the trunk. The latter is elongate-

conical, the point of the cone at the base of the neck, the outer sur-

face smooth and without any traces of segmentation. Normally a

section of this trunk would present a circular outline, but in pre-

served material it often becomes flattened laterally. The Ggg strings

are the same diameter as the neck and one-half longer than the

body. In immature specimens the trunk is greatly reduced in length

and width, while the neck is proportionally increased in length,

and the egg strings then are often three times the length of the

whole body (fig. 20). The abdomen is a short, stout, and blunty

rounded cone, on a level with the dorsal surface of the genital seg-

ment, one-third the length and three-fourths the width of the latter,

and destitute of anal laminae or setae.
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The first antennae are short, slender, cylindrical, and three-jointed,

sparingl}'^ armed with setae, one at the tip of the distal joint and one

on the side of the second joint. The second antennae project from

the anterior margin of the head on either side of a short and pointed

rostrum. They are long, stout, and two-jointed, the joints about the

same length, the distal one ending in a stout chela, the claw shut-

ting down past a spiny projection on the inner side of the distal

joint.

Proboscis a bluntly rounded cone, soft and fleshy in texture, as

large at the base as the whole ventral surface of the head, and con-

stricted at about the center of its length. It is well supplied with

striated muscles, by means of which it can be protruded and with-

drawn, or moved from side to side. At the tip there is a large lobe

on either side and a central oval plate on the ventral surface. This

plate is convex ventrally and covered at the center with minute

three-cornered spines. Above this plate and between the lateral

lobes the slender cylindrical mouth-tube projects a short distance.

This is a very thin-walled, transparent tube, wrinkled transversely,

and held open by circular chitin ribs. It flares somewhat at the

tip, where it is surrounded by a delicately scalloped membrane. It

is extensile and can also be moved from side to side independently

of the rest of the proboscis.

On either side of the base of the ventral plate is a maxilla, which

is three-jointed, the terminal joint narrower and longer than the

ether two, which are about equal. At the outer distal corner of

the basal joint is a short spine; the terminal joint ends in a short,

Etont, and blunt claw.

The swimming legs each consist of flattened oval basal plate and

very short and blunt rami, destitute of setae; the first two pairs are

biramose, the last two pairs uniramose.

Color.—The head and proboscis are a deep fish-blood red when
freshly taken from the host, the neck a light horn color slightly

greenish, the central digestive canal more or less red when filled with

blood ; trunk dark red internally, surrounded by the yellowish-white

ovaries and oviducts ; egg strings a light greenish yellow.

Entire length, without egg strings, 40 mm. Length of trunk, 20

mm. Diameter of trunk, 1.50 mm. Greatest spread of horns, G mm.
Length of egg strings, 28 mm.

(radiatus, radiate, alluding to the usual arrangement of the

horns.

)

/Remarks.—The beautiful figures illustrating this species were

drawn some time ago by Kichard Kathbun, now assistant secretary in

charge of the Smithsonian Institution, and were generously turned

over to the present author together with valuable notes and de-
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tailed descriptions, so that the present account must be credited to

him practically in its entirety.

The two figures of the adult female were drawn by J. H. Blake and

are by far the best that have ever appeared of the species, since they

show a wealth of detail which is specifically accurate.

Mr. V. N. Edwards of the Bureau of Fisheries' station at Woods
Hole, who collected most of the specimens of this species mentioned

above, told the author that it was very common in the spring when
menhaden are abundant, but is found only occasionally during the

summer when these fish are much less plentiful.

The parasite is found on the sides and back of its host, usually not

far from, and often quite close to, the dorsal fin, and is sometimes

attached to the throat under the tongue, or to the edges of the opercu-

lum. They bury deeply in the flesh, with the cephalic horns wrapped

around some portion of the bony framework of the fish, or held firmly

between two bony plates of the operculum, and they make a bad sore.

The species can be readily recognized by the radiating cephalic

horns, the large fleshy proboscis, and the projecting second antennae,

which stand out prominently from the anterior margin of the head.

The number of horns as well as their arrangement varies consider-

ably, but a careful examination of all the oddities in the 200 speci-

mens belonging to the United States National Museum failed to

reveal a single one that could be separated specifically. They all

possessed the same large fleshy proboscis, projecting second antennae,

and swimming legs.

Consequently the new genus " Lerncoceropsis " proposed by

Fowler in his Crustacea of New Jersey (p. 92) can hardly stand, since

the only point in which it diiTcrcd from raditaus was in the possession

of two extra horns on the sides of the neck. There are at least a

dozen such specimens in the National Museum collection from the

same host that Fowler mentioned, but every one of them belongs

to the present species. Furthermore, Fowler's specimens show their

likeness ("ojisis") not to Lernaeoccra but to Lernaeenicus.

LERNAEEMCUS POLYCERAUS, new species.

Plate 5, figs. 42-47.

Host and record of specimens.—Two specimens were obtained

from the red goat fish, Upeneus maculatus by Dr. Edwin Linton

at Beaufort, North Carolina, in 1902, and are numbered Cat. No.

47807, U.S.N.M. A third specimen was obtained by Mr. V. N.

Edwards from the tomcod, Microgadus tomcod^ at Woods Hole in

1885. It has been given Cat. No. G147, U.S.N.M., and is made the

type of the species, the two others becoming paratypes.
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Specific characters of female.—General form comparatively short

and stout; head bent forward at right angles to the thorax, with

four attachment plates at its anterior end, in front of the antennae;

a pair of long, branched lateral horns at the posterior end of the

head ; two other lateral and a posterior horn, all dichotomously

branched, on the thorax behind the fourth legs; thorax much widened

between the two sets of horns; neck comparatively thick, flexed

behind the horns and again Avhere it joins the body; trunk a short

ellipsoid, slightly flattened laterally; abdomen three-fifths the diam-

eter of the trunk and nearly the same length, somewhat enlarged

through the center; Qgg strings the same diameter as the neck and
longer than the trunk.

First antennae minute, three-jointed, sparsely armed with setae;

second pair two-jointed and chelate; four attachment plates like

those in affixus, but each is deeply bilobed and the distal margins curl

over inwards.

Maxillae small and three-jointed, the terminal claw short and
blunt; proboscis large and long, protruded from the ventral surface

of the head and parallel Avith tlie axis of the thorax; two large lateral

lobes at the tip, but no ventral plate visible; mouth-tube much
swollen between the lateral lobes, then abruptly contracted to less

than half the basal diameter; first three pairs of legs with a single

ramus indistinctly segmented, the fourtli legs without a ramus.

Color (preserved material).—Neck and horns a j-ellowish cartilage-

gray; head red from the contained blood; body and egg strings a

brownish yellow.

Total length, without egg strings, 12 mm. Length of head and
neck, G mm.; of trunk, 3 mm.; of abdomen, 3 mm.; of egg strings,

8.50 mm. Greatest diameter of the trunk, 1 mm.
(poJyceraus, ttoXvs. many, and Kepas, a horn.)

IiemurJcs.—Doctor Linton recorded in his notes that this species

was attached to the gill cover of its host and that the surrounding

tissues were congested and inflamed. The single gnatfish from which

his specimens were obtained was the only one examined by him, so

there are no data as to the abundance of the species. It will be seen

that this species resembles radiatus in the number and hardness of

its horns and affixus in the possession of attachment plates, but its

general makeup and the details of the appendages are quite different

from both.

In general it may be recognized by its small size and its short and
stout trunk, the abdomen being as long as the genital segment.
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LERNAEENICUS AFFIXUS, new apecles.

Plate 6, figs. 48-Gl.

Host and record of specimens.—The tomcod, Microgadus tomcod^

seems to be the most frequent host of this species, and the United

States National Museum collection contains the following series of

specimens obtained at Woods Hole, Massachusetts. A single female

to serve as the type of the new species, Cat. No. 47792 ; a dozen fe-

males, Cat. No. 12311 ; 8 entire tomcod heads, with about 50 parasites

attached, Cat. No. 47797; 8 tomcod heads, with 100 parasites at-

tached, Cat. No. 47798 ; 40 females from the same host, at Fire Island

Beach, Long Island, Cat. No. 35982 ; 8 females, Cat. No. 47794.

It has also been found upon a few other hosts—three vials, contain-

ing 2, 3, and 8 specimens, respectively, from the killifish, Fundulus

heieroclitus, with Cat. Nos. 47793, 47795, and 47796 ; a single female

from the white perch, Morone amencana, Cat. No. 12301 ; two females

from the glut herring, Pomolohus aestivalis^ Cat. No. 42296.

Specific characters of female.—General body form very similar to

radiatus, with the three regions as distinctly separated; head turned

ventrally at right angles to the thorax, cylindrical, slightly larger

at the base and tip than in the center. No horns on the head, but a

single pair, short and unbranched, on the sides of the thorax oppo-

site the fourth legs; occasionally these horns may be branched, and

rarely there is a second pair posterior to the first, which are reduced

to mere stumps.

This species attaches itself to a bone, and hence the horns are not

used for anchorage. The organ of fixation is on the anterior end of

the head, just in front of the second antennae, and is made up of two

lamellae on either side, whose bases are attached along the midline

of the front of the head. At their bases these lamellae lie flat upon
the surface of the head and point away from each other ; they then

gradually curve forward until their tips are parallel, thus assuming

the shape of half a cylinder.

The anterior surface of the lamellae or the inside of the half

cylinder is applied directly to the bone, and cements itself so firmly

to the latter that the two can be separated only by cutting, the long

axis of the bone being parallel with the body axis of the copepod.

The edges of the lamallae are often thickened to make the fasten-

ing more secure. The thorax, genital segment, and abdomen are like

those of radiatus, except that the trunk is relatively lonj2jer and

wider, being from 10 to 15 times the diameter of the neck. The egg

strings are about one-third the diameter of the trunk and a little

longer, and are usually fairly straight. First antennae short and

stout, two-jointed, with two small spines on the terminal joint; sec-
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ond antennae one-jointed, the joint long and conical and furnished

on the inner margin with a cup-shaped socket, into which the tip of

the stout and strongly curved terminal claw shuts, forming a chela.

Proboscis long and narrow and parallel with the body axis in con-

sequence of the turning forward of the head ; it is shorter and much
narrower than in radiahis, and is not constricted at the center. It

terminates similarly in a pair of large dorso-lateral lobes and a sub-

quadrangular plate, from under whose base project the maxillae.

These are t^Yo-jointed, the basal joint the stouter and the longer, and
armed on its anterior margin near the center with a short spine.

The terminal joint is much shorter and narrower and is somewhat
enlarged at the distal end, to which is hinged the short and strongly

curved chiw. First two pairs of swimming legs with triangular

basal plates carrying two rudimentary rami; third pair with an ellip-

tical basal plate, reduced in size and carrying but one ranms; fourth

pair with an elliptical basal plate, still further reduced and with-

out any ramus.

The anal laminae are greatly reduced in size also, and consist of

tiny knobs, one on either side of the anus, and destitute of setae.

Color (preserved material), a uniform orange yellow; the head,

neck, and egg strings brownish, the body often spotted with brown.

Total length without egg strings, 20 to 30 mm. Length of trunk,

12 to 18 mm. ; diameter, 1.50 mm. Length of egg strings, 15 to 20 mm.
(afixus, fastened or attached, that is, to a bone.)

Remarks.—This species seems to be a parasite chiefly of the tomcod,
which it often infests in great numbers (see tables, p. 12). Its favor-

ite point of attachment is on the isthmus of the fish's throat, be-

tween the opercula, but it is also often found along the ventral mar-
gins of the opercula. It can I'C readily recognized by the fact that

it is always attached by the front of the head to a bone, and this

one character will separate it from radiatus when, as often happens,
the two are found together upon the same fish. Further distinctions

are the attachment lamellae, the forward flexure of the cephalothorax,

and the very short horns, only two in number. From pohjceraus^

which also possesses attachment lamellae and a forward flexure of
the head, it may be distinguished by its larger size, by the relatively

longer and narrower trunk, and by the one pair of unbranched horns
instead of two pairs of branched ones.

The bunching of this parasite on the throat of the tomcod is re-

markable, three or four of them often using the same opening through
the skin of the fish, but attaching themselves to different bones and
showing great differences in both the direction and amount of tor-

sion (see p. 15).

77403—Proc.N.M.vol.53—17 5
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LERNAEENICUS LONGIVENTRIS. new species.

Plate 7, figs. G2-70.

/lost and record of specimens.—The collection of the National

Museum contains 15 vials of this species from widely different hosts

and localities, as follows:

Specimens. Host. Locality.
Cat. No.,

u.s.n.mI

1 female Caranx cn/sos

Do Palinurichthys perd-

j

forrnis.

Do
i

Pomatomus saltatrix.

Do
I

Cybium mnculatum. .

.

Caranx species

Caranx crysos

Pomatomus saltatrix

.

Caranx hippos
Dolphin
Coryphaena equisetis .

New England coast. .

,

Woods Hole ,

2 females.
3 females

Do
1 female
] female type.
7 females

2 females.

Do...

3 females..
2 females..

12 females.

Scomberomorus macu-
latus.

Muyil cephalus

Long Island Sound .

.

Woods Hole
Vineyard Sound
Woods Hole

do
do

Atlantic Ocean
Beaufort, North Caro-

lina.

Woods Hole

Caranx crysos.

do
Dolphin

Beaufort, North Caro-
lina.

do
Woods Hole
Atlantic Ocean

2107
C058

6190
C192
6194
19727
42312
42346
47800
47801

47802

47803

47804
47805
47806

Specific characters of female.—Cephalothorax smoothly rounded

and elongated at right angles to the body axis, without horns but

with three protuberances or knobs. One of these is median, project-

ing from the posterior end of the cephalothorax and in line with it,

about two-thirds its length and half its diameter. The other two are

lateral, one on either side opposite the base of the larger median

knob, and are short and wide, little more than a slight swelling or

tubercle.

The neck is long and narrow, but relativelj'^ much thicker than in

radiaius, nearly straight and decreasing in diameter to the point

where it joins the trunk. The latter widens abruptly from this nar-

rowed point and is cylindrical ; the portion representing the genital

segment is of the same diameter throughout and about one-quarter

as long as the neck. To its posterior end is attached the abdomen,

which is cylindrical, of the same diameter as the egg strings, and

nearly twice as long as the genital segment; the anal laminae are

minute and destitute of setae.

The egg strings are one-third the diameter of the genital segment

and but little longer than the abdomen. As they approach ripeness

the embryos are colored a beautiful maroon, and this gradually

becomes more apparent in the strings.
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The liist antennae are turned back along the surface of the head

and are indistinctly three-jointed, the terminal joint chelate, a

strongly curved claw shutting down against a short projection on

the inner margin of the second joint. The basal joint is a trifle

wider and nearly twice as long as tlie second joint. There is appar-

ently no protrusible proboscis, since none can be seen in any of the

specimens, but fortunately those from Beaufort, North Carolina,

were examined alive and a proboscis could then be seen projecting

from the ventral surface. The numerous muscles also connected with

the mouth opening must be used for protrusion and retraction. And
sections of the head of one of these preserved specimens show clearly

that the only reason why no proboscis is seen is that it was tightly

withdrawn into the head at the time of death. The mouth is a simple

opening and is surrounded by a narrow and ciliated membrane. On
the inside of the mouth tube and projecting from its dorsal surface

into the lumen can be seen two large and stout spines, bipartite near

their tip, which probably represent rudimentary mandibles. On
either side of the mouth are the maxillae, which are two-jointed, the

basal joint stouter than the terminal and nearly twice as long, some-

what swollen at the center, and armed on its ventral surface with two

short knobs placed side by side; the terminal joint is tipped with a

rather stout claw, longer than the joint itself and slightly curved.

Ui>on the ventral surface of the neck where it joins the head are

the four pairs of swimming legs. These diminish in size regularly

backward, the first two pairs being biramose and the last two pairs

uniramose, all the rami two-jointed. The basal plates are broadly

triangular, the base of the triangle jointed to the thorax, while to

the apex are attached the rami. The joints of these rami are of

about the same size and the terminal one is tipped with seven setae,

the central three of Avhich are considerably longer than the others.

Internal structure.—Inside of the anterior end of the genital seg-

ment may be seen the ovaries, which are strongly flattened between

the intestine and the dorsal wall of the segment. They are oval

in outline, the broad ends anterior, from which the oviducts extend

obliquely downward and backward to the ventral surface. There
they increase in diameter, become straight and cylindrical, and ex-

tend back to the vulvae. The cement glands are straight and narrow
and do not show any segmentation; the duct is about the same length

as the glandular portion.

The esophagus is slightly enlarged at either end and contracted

at the center; the anterior enlargement is probably temporary and
due to the pulling up of the dorsal wall during retraction; the

posterior enlargement is permanent. The stomach is narrow and at

its posterior end, Avhere it passes into the neck, it is bent at right

angles. The intestine fills the whole lumen of the neck and abdomen,
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but in the genital segment, where it is somewhat enlarged, it lies

near the dorsal surface and leaves room for the oviducts and cement

glands.

Color a dull, yellowish-white, often becoming transparent in the

neck and abdomen, head a bright p,ink red, egg strings a beautiful

maroon on ripening ; large blotches of the same maroon on the basal

joints of the legs, the rows thus formed continued forward onto the

head; oviducts dark brown.

Total length, excluding egg strings, 40 to 50 mm. Length of head,

2.35 mm. ; of neck, 25 mm. ; of genital segment, 5.50 mm. ; of abdo-

men, 10 mm. ; of egg strings, 13 mm. Diameter of neck, 0.45 mm. ; of

genital segment, 1.30 mm.; of abdomen, 0.35 mm.; of egg strings,

0.30 mm.
{longiventris, longus, long and venter, abdomen.)

Nauplius.—Body spindle-shaped, the posterior half considerably

narrower than the anterior, both ends evenly rounded, the length

to the width at the center as 10 to 7. The eye spot is comparatively

large and shaped like the section of an ordinary T rail. There are

four color spots, a large one at the center on either side close to the

lateral margin and a pair of smaller ones near the posterior end,

each about half way between the margin and the midline. These

four and the eye spot are the same rich maroon red as is found on

the basal joints of the legs of the adult.

In the center of the body are oil globules, sometimes a single large

spherical one filling the whole center, as in figure 70, sometimes a

pair of smaller ones with their adjacent sides flattened along the mid-

line.

Occasionally there is a group of small drops irregularly disposed,

but always chiefly at the center. The balancers are large and stout,

and are curved forward on either side.

Length, 0.25 mm. ; width at the center, 0.175 mm.
Remarks.—This species was first found upon the crevalle or hard

tail, Garanx cri/sos, the genital segment and egg strings showing on

one side or the other of the dorsal or ventral fin near the tail. After-

wards a single specimen was taken from the operculum of the com-

mon mullet, 3Iugil cephalus, and several specimens near the dorsal

and anal fins of the small dolphin, Coryphaena equisetus. The head

is buried in the tissues close to the backbone, where it forms a fibrous

membrane or sheath, very tough and fitting so tightly that it is dif-

ficult to remove it without injury to the head of the parasite. The

neck is contractile and upon irritation can be withdrawn, pulling

half or two-thirds of the genital segment in with it. When the irri-

tation stops the body returns to its normal position. The species is

not at all common and only a single specimen has been found upon

any fish.
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The only other species which closely resembles it is polynemi

Bassett-Smith, but in that species the head is in line with the neck

instead of at right angles to it, the basal joints of the legs are nar-

row-oblong instead of triangular and have no pigment spots, the

abdomen is shorter than the genital segment, while the egg strings

are two or three times as long as the abdomen and bright green in

cx)lor,

LERNAEENICUS PROCERUS (Lcidy).

Lemeonema proccra Leidy, Proe. Acad. Nat. Sci. Phihi., 188S, p. 165.

—

Fowler, Report of New Jersey State Museum, 1911 (1913), p. 125.

Host and record of spechnens.—Several of these parasites were

obtained by Leidy from the shark, Carcharias littoralis^ caught at

Beeseleys Point, New Jersey. They were hanging from the upper

lip on either side of the mouth, and were thickly covered with hy-

droids, Eiicope parasitica.

S,pecifc characters of female.—Head horizontal, semioval, convex

above, with three short and blunt occipital tubercles; anterior part

well rounded, excavated beneath and inclosing the mouth, antennae,

and maxillipeds ; neck long, linear, and cylindrical ; trunk short, fusi-

form, and truncated posteriorly; abdomen longer than the genital

segment, linear, cylindrical; Qgg strings long, linear, and cylindrical.

Color, a uniform pale yellow.

Total length, 70 mm. ; including the egg strings, 90 mm. Length
of head, 3 mm. ; of neck, 30 to 45 mm. ; of genital segment, 10 to 12

mm. ; of abdomen, 12 to 15 mm. ; of egg strings, 20 mm. Diameter

of neck, 0.375 mm. ; of genital segment, 1.75 mm. ; of abdomen, 0.50

mm. ; of o^gg strings, 0.25 mm.
{procerus, long.)

Remarks.—This parasite is known only from Leidy's description

and the original specimens have been lost. Fowler in the reference

given above repeated Leidy's description, placing the species for

some unaccountable reason in the family of the Ergasilidae, although

he speaks of the parasites as " lerneans." Since the original speci-

mens are lost we must be guided by the above description (no figures

were published) and the species must remain as Leidy left it until

rediscovered at some future time. It is closely related to longiven-

tris, vorax, and polynemi, but does not agree well enough with either

of them to be identified with it.

Genus SARCOTRETES Jungersen.

Surcofretes Jungeksen, Vitlensk. Medclel. fra naturh. Foren., vol. 64, 1911,

33 pages, 2 plates, 6 text figures.

External generic characters of female.—Cephalothorax in line

with the body axis and considerably enlarged; eye so deeply buried

as to be invisible; two lateral horns ventral to the carapace, large,
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soft, and thin-walled; dorsal carapace and two or three anterior

terga and sterna often fully preserved; neck constricted just behind

the horns, then enlarged and constricted again into a narrow chitin

stalk where it joins the trunk and usually flexed; trunk claviform

with a minute abdomen on the dorsal surface; egg strings long,

straight, and uniseriate.

Two pairs of antennae, second pair chelate; mandibles spine-like

and without teeth; two pairs of maxillae; three pairs of swimming

legs, first two pairs birnmose, third pair uniramose, all the rami two-

jointed and armed with setae.

Internal generic characters of female.—Esophagus in line with

body axis and nearlj'' straight; anterior stomach neither lobed nor

convoluted; intestine enlarged in the anterior neck, then constricted

through the narrow stalk, enlarged again and flattened dorso-ven-

trally in the trunk, and abruptly constricted at the posterior end

into a short rectum.

Ovaries paired and dorsal to the intestine at the anterior end of

the trunk, only a little flattened ; oviducts nearly straight and much
wider than the ovaries or intestine; cement glands not reaching the

anterior ends of the oviducts, glandular portion shorter than the

ducts and not segmented. Chitinogen layer of the skin especially

well developed at the anterior and posterior ends of the genital seg-

ment; a longitudinal row of skin glands along either side of the

ventral surface, some distance from the midline.

Genus habitat.—This genus burrows into the cephalic or cephalo-

thoracic muscles of its host and brings its head in contact with the

apophj^sis of the vertebral column. The head and enlarged portion

of the neck are surrounded by a cyst formed in the tissues of the fish.

External generic characters of Copepodid male (genus Sarco-

tretes).—Head and first thorax segment fused into a cylindrical

cephalothorax, three times as long as wide ; second, third, and fourth

thorax segments free; fifth and genital segments and abdomen indis-

tinguishably fused and without lobes; anal laminae short and wide,

each armed with four or five minute, nonplumose setae. First an-

tennae with indistinct joints; second antennae two-jointed and
chelate; mouth tube conical, at right angles to the axis of the head;

mandible a single slender spine; first maxilla a fingerlike process,

without joints; second maxilla uncinate; maxilliped reduced to a

mere knob; three pairs of swimming legs, first and second pairs

biramose, rami indistinctly two-jointed, third pair uniramose, with-

out joints.

Type of the genus.—Sarcotretes scopeli Jungersen, monotypic.

(Sarcptreies, 2dp^, flesh, and Tp-qriis, a borer or piercer.)
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EET TO THE SPECIES.

1. Neck but little enlarged anteriorly and not flexed ; lateral horns at

rijrht angles to the body axis 2

1. Neck much enlarged anteriorly, then constricted and flexed at the

constriction ; tips of the horns turned backwards 3

2. Lateral horns swollen and bluntly rounded ; proboscis conical and strongly

tapered (49 mm.)* nodiconiis (Stcenstrup and Liitken), ISGl.

2. Lateral horns cylindrical and sharply pointed ; proboscis cylindrical or

spherical (85 mm.) gempyli (Horst), 1S78.

3. Proboscis short and fully as wide as long; carapace, terga, and sterna

distinctly visible 4

3. Proboscis twice as long as wide; no carapace, terga, nor sterna visible

(26 mm.) inflexus (Steenstrup and Liitken), ISGl.

4. No constriction behind the legs ; mouth tube turned ventrally ; rami of legs

armed with setae (13 mm.) scopcli Jungersen, 1911.

4, A marked constriction behind the legs ; mouth tube in line with head ; rami
of legs without setae (44.50 mm.) erisialiformis (Brian). 1912.

4. No constriction behind the legs; mouth tube in line with head; upper lip

bilobed (22 mm.) lobatus, new species, p. 72.

Remarl's.—The only i-eason given by Jungersen for establishing

the present genus was the fact that it possessed but three pairs of

swimming legs, while the closely allied genera possess four pairs.

There are, however, several other characters of equal or greater value,

such as externally the presence of first maxillae on the sides of the

mouth tube in front of the second pair, the softening of the horns and
the anterior portion of the thorax, and the persistence of the larvxJ

carapace, terga, and sterna.

Internally there is the peculiar arrangement and character of the

chitinogen layer of the body wall, which covers the inner surface of

the neck as well as the genital segment, the wheel-like skin glands,

and the dorso-ventral flattening of the intestine. Taken accumu-
latively these characters establish the genus beyond any dispute, and
there should be transferred to it such species as show these characters,

or a convincing majority of them. Accordingly that has been done
in the key above given. It is worthy of note that Steenstrup and
Liitken recognized that the species described by them differed mate-

rially from the Lernaeenicus type, and suggested in a footnote the

possibility of a subsequent generic separation. Horst stated defi-

nitely that his species had but three pairs of legs and an extra pair

of mouth-parts, while the " hard chitin parts of the cephalothorax "

which he mentioned were probably the persistent carapace, sterna,

and terga. Brian showed the same details in the excellent figures of

his species, all of which have been confirmed upon a specimen in the

United Stales National Museum collection (see p. 72).

Furthermore this species is not gregarious like Lernaeenicus but is

solitary, only a single specimen being found upon a host.

1 Average total length of species.
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Doctor Jungersen very kindly presented the author with a fine

specimen of his species, Sarcotretes scopeli, which has been of great

service for comparison.

SARCOTRETES ERISTALIFORMIS (Brian).

Lernaeenicus cristaliformis Beian, Cop^podes prirasite.s des Poissons et des

iSchiiiides proveuant des oampagnes scientifiques de S. A. S. le Prince

Albert I" de Monaco, 1912, p. 20, pi. 4, figs. 1 and 2 ;
pi. 9 and 10.

Host and record of speciinens.—A single female was obtained from

Gastrostomus hairdii by the Bureau of Fisheries steamer Albatross

at station 2206, off the coast of New Jersey, in August, 1884. It has

been given Cat. No. 8349, U.S.N.M.

Remarks.—This specimen is somewhat injured but not enough to

affect its identification. It agrees in every particular with the two

large specimens so fully and excellently described by Brian. And
it was even obtained from the same host, a rare deep-sea Eu-

pharyngid, but from a different locality. It exceeds Brian's speci-

mens somewhat in size, the trunk measuring 33 mm. in length and

the neck and cephalothorax 25 mm.; this latter portion of the body

has shriveled somewhat in the preservative and was probably a few

millimeters longer when taken from the fish.

SARCOTRETES LOBATUS, new species.

Plate 8, figs. 71-79.

Host and record of specimens.—Two specimens ^^•ere obtained from

Benthosema (Scopelus) muUeri in slightly different localities, one

by the Fisheries steamer Fish Hawk in 1882 at station 1140 off

Marthas Vineyard, the other by the Fisheries steamer Albatross in

1883 at station 2001 off Block Island. The former has been given

Cat. No. 6123, U.S.N.M., and is made the type of the species, the

latter was cleared in clove oil for the internal anatomy.

External specific characters of female.—Cephalothorax short, cyl-

lindrical, and strongly inflated, covered dorsally with a well-de-

fined carapace, and sending out on either side a large cushionlike

process or horn, which curves posteriorly and ends in a sharp point

;

combined width of head and horns much greater than the length.

Neck behind the horns considerably inflated and showing the re-

mains of the two anterior terga and sterna, then narrowing gradually

with a thickening and increasing chitinization of the skin, and form-

ing a narrow stalk just in front of the trunk, where it is bent ven-

trally at a right angle. Trunk thickening rapidly beyond the bend,

cylindrical, the same diameter throughout and abruptly truncated

at the posterior end. Abdomen a small spherical knob on a level

with the dorsal surface and inclined dorsally; neither specimen car-

ried Qgg strings and so they are unknown.
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First antennae short, slender, curved sharply backward, and veiy

indistinctly segmented, if at all, rather well supplied with setae at

the tips and along the outer margins. Second antennae large and

stout and three-jointed, basal joint the narrowest, terminal joint

strongly flattened and in the form of an equilateral triangle, whose

apex is articulated with the second joint and whose base is distal,

twice the width of the basal joint, and armed wnth a powerful chela,

made up at the outer angle of a long sickle-shaped claw whose tip

shuts down inside a stout process at the inner angle; this claw is

operated by strong muscles which fill the interior of the joint. Pro-

boscis cylindrical, of about the same diameter as the carapace and

strongly protrusile (fig. 72). It is usually extended straight in front

of the head, but can be moved about in various directions.

At the tip the upper lip divides into two lobes, which stand out

prominently when the proboscis is retracted, but are folded over

tightly again.st its side Avhen it is extended. The underlip forms

a single median lobe, which is also more prominent in the retracted

proboscis.

Between these lobes extends the mouth tube, much as in Lernaeeni-

nis; it is very short and less than half the diameter of the proboscis,

and the opening is surrounded by a deeply fringed membrane. Be-

neath the center of the upper lip and dorsal to the esophagus lies

a tripartite eye, which is very distinctly visible in the cleared

specimen.

This eye is still farther out toward the tip of the proboscis than

in Lernaeenicus^ but otherwise its general relations are the same.

On the sides of the mouth tube are the second maxillae, three-

jointed, the basal joint long and slender, the second joint three-fifths

as long and carrj'^ing a small process on the inner margin, the termi-

nal joint in the form of a curved claAv, nearly as long as the second

joint.

Just above the bases of these second maxillae there is on either

side a tiny, one-jointed process, tipped with two minute setae, which
represents the first maxilla. TJiose can only be seen in an end view
since they are in the bottom of the groove between the lips and the

mouth tube, and are entirely concealed by the lobes in a side A'iew.

The three pairs of legs are close together on the ventral surface of

the thorax: the basal plates of the first two pairs are broadly tri-

anuglar, those of the third pair are narrow oblong; the two former
are biramose while the latter is uniramose, and the rami are each two-

jointed and tipped with two or three long setae.

Internal specific characters of female.—Esophagus nearly in line

with tlie head axis; stomach considerably enlarged, but not sending
out processes laterally and not convoluted. Intestine narrowed
through the neck, then enlarged in the anterior \runk, where it passes
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at once to the dorsal portion below the ovaries and is strongly flat-

tened dorso-ventrally between the ovaries and oviducts; rectum

fairly long and inclined dorsally.

Ovaries two-third as long as the oviducts and not much flat-

tened, but cylindrical and pointed at the posterior end; oviducts

slightly flattened and in about the center of the trunk dorso-ven-

trally ; cement glands relatively narrow, the lumen of the glandular

portion scarcely wider than the duct, the two about the same length

and both reduced to a mere line.

The chitinogen layer of this species would have been extremely sat-

isfactory to Claus in his search for " subcutaner Drusen." It is thin

and uniform along the midline dorsally and ventrally and for some

distance on either side, especially between the ovaries and the dorsal

surface. But along the sides of the bodj^ and more particularly

around the anterior and posterior ends of the trunk it is greatly

thickened, as shown in figure 78, and nearly every cell communicates

with the exterior through a pore canal in the chitin layer. Along

either side ventrally, where the chitinogen layer begins to thicken,

there is a row of 12 large glands, whose central lumen opens through

a pore.

These glands are seen in section in figure 78, and in surface view

enlarged in figure 79. Each consists of five or more cells arranged

radially around the central lumen, and in the cleared specimen they

are dark cinnamon brown in color and so opaque as not to show their

nuclei.

It is especially worthy of note that this chitinogen layer covers

the enlarged portion of the neck and the soft horns of the cephalo-

thorax, thus offering a sharp contrast with the genus Laernaeenicus,

whose horns and neck are completely chitinized.

Color (preserved material), a brownish yellow, darker on the cepha-

lothorax and trunk, lighter on the neck.

Total length, 22 mm. Length of cephalothorax, 1.35 mm. ; width,

2 mm. Length of trunk, 9 mm. ; width, 2 mm.
{lohatuSj lobed, alluding to the upper and lower lips.)

Genus PHRIXOCEPHALUS Wilson.

Phrixocephalus Wilson, Proc. U. S. Nat. Mus., vol. 35, 1908, p. 461.

External generic characters of female.—Cephalothorax a short

cylinder, somewhat flattened and chitinized, sending out from one

to three pairs of lateral cylindrical horns, more or less branched and

chitinized, and a few frontal processes in the form of knobs or short

horns. Neck cylindrical and hardened, with one or more sets of

horns, simple or branched, the last set opposite the fourth legs; in-

serted in the trunk eccentrically, to one side of the midline, and some-
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what twisted. Trunk abruptly enlarged and slightly twisted, at right

angles with the neck; abdomen small and hemispherical, with a

pair of rudimentary anal laminae destitute of setae ; egg strings at-

tached laterally and nearer the dorsal surface; tightly coiled into a

spiral ; eggs numerous and uniseriate.

Two pairs of minute antennae, second pair chelate; mouth parts

reduced to mere chitin knobs; proboscis small and nonretractile.

Four pairs of swimming legs, first two pairs close together, biramose,

rami one-jointed, third and fourth pairs removed a considerable dis-

tance and uniramose, all the rami armed with setae.

Internal generic characters of female.—Bilateral symmetry dis-

torted ; esophagus inclined to the head axis and very short ; stomach

without lateral lobes or convolutions. Intestine very narrow through

the neck, but much enlarged in the trunk; rectum short, given off

from the dorsal, posterior corner of the intestine and somewhat in-

clined dorsally.

Ovaries on the dorsal surface, nearer the posterior end, diagonal

to the trunk axis, and not much flattened; oviducts also diagonal to

the trunk axis but in the opposite direction to the ovaries, the one

on the side to which the neck is attached close to the ventral surface,

the other considerably elevated above it, but the two pass down
around the intestine on opposite sides. Cement glands both on the

side of the elevated oviduct and not parallel to each other either lat-

erally or vertically, but deviously curved, the glandular portion much
longer than the ducts and indistinctly segmented. Chitinogen laj'^er

of the body wall most developed in the trunk, especially at the pos-

terior end; no definite skin glands.

Genus habitat.—This genus fastens to the eye of its host, burrow-

ing in from the outer surface and bringing the mouth in contact

with the blood vessels at the back of the eye. The head and neck

are completely chitinized and covered with a thick cyst, they show
both torsion and flexion.

Tyye of the genus.—Phrixoceyhalus cincinnatus Wilson, mono-
typic.

{Phrixocephalu^^ <t>pt.^6s, a bristling of the hair, and Ke<f)a\rj, the

head.)

KEY TO THB SPECIES.

1. Head with three pairs of latornl horns; necli witli two sets of liorns,

all branched; trunlc narrow oblong (30 mm.)* cincinnatus Wilson, 1908.

1. Head with one pair of lateral horns, profusely branched; neck with one set

of simple horns; trunk broadly triangular (11 mm.)
trianguhia, new species, p. 76.

1. Head unknown ; neck with one set of tripartite horns and inserted in the

side of the trunk; the latter semioval in outline; egg strings widely di-

vergent (5 mm.) (livcrsus, new species, p. 77.

1 Average total length of species. ,
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Remarks.—This genus was founded upon a single specimen, which

could be examined only superficially for its external charncters. The

new material here presented has slightly modified some of the char-

acters and has added many new ones. Especial attention is called to

the asymmetry of the body, which is comparatively slight in this

genus, but which forms an initial step leading up to the complete

distortion exhibited in the new genus GolUpravus (p. 78). The ele-

vation of the vulvae toward the dorsal surface is also worthy of

note; in the new species, diversus, they are practically on a level

with the dorsal surface.

The discovery of the two pairs of antennae and the two additional

pairs of legs is particularly gratifying, since it makes this genus

completely analogous with the others in the family. It is also very

pleasing to find that the internal anatomy fully corroborates the

asymmetry of the exterior.

PHRIXOCEPHALUS TRIANGULUS, new species.

Plate 9. figs. 80-84 ; plate 10, fig. 85.

Host and record of specimens.—Three females with egg strings

were obtained from the eyes of Neopercis midtifasciata at Owari Bay,

Japan, by the Bureau of Fisheries steamer Albatross in 1906. One of

these was a perfect specimen and is made the type of the new species,

with Cat. No. 47799, U.S.N.M. The others become paratypes, with

Cat. No. 47808, U.S.N.M.

Specific characters of female.—Cephalothorax barrel-shaped, a

little longer than wide, made up of the head and first two thorax seg-

ments fused, and separated from the third thorax segment by a dis-

tinct groove. Anterior end squarely truncated and giving off three

frontal processes in the form of short, lobed, chitin horns; a pair of

large lateral horns curve over dorsally and send off rows of long

posterior branches, more or less anastomosed. Third segment sepa-

rated from the fourth by a groove; fourth segment somev/hnt

enlarged, especially on the ventral surface, and armed with two

lateral and a ventral horn in the form of large chitin spines. Neck

behind the fourth segment considerably narrowed, chitinized, and

joined to the anterior end of the trunk at a right angle; in the two

larger specimens it is at the extreme right anterior corner, in the

smallest specimen, about half the size of the other two but with egg

strings, the neck is on the midline of the dorsal surface, but a short

distance behind the anterior end. The head and neck are also twisted

through an arc of 90°, so that the ventral surface of the neck faces

inward toward the midline of the trunk. The latter is triangular in

side view, considerably flattened laterally, and thickest at the poste-

rior end; dorsal surface flat and nearly straight, ventral surface

strongly convex; abdomen a small hemisphere at the posterior end
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on the dorsal surface and inclined dorsally; egg strings attached

near the dorsal surface, large in diameter, and coiled into a wide

spiral.

Antennae reduced to mere Imobs on the dorsal surface of the head,

comparatively wide in diameter but elevated very little. Mouth
parts also reduced to rounded chitin knobs, one on the midline in

front of the base of the median frontal process, and behind this two
on either side of the midline. First two pairs of swimming legs

toward the posterior end of the cephalothorax biraniose, the rami

very indistinctly jointed; third pair posterior to the center of the

third segment, uniramose, the ramus also indistinctly jointed; fourth

pair on the posterioi* margin of the fourth segment also uniramose,

but with a single joint; all the rami are well armed with setae.

The basal joints of the first two pairs of legs are close together on
the midline, those of the third pair are a little farther apart, while

those of the fourth pair are widely separated, one on either side of

the ventral horn.

Color (preserved material) a uniform dark brown, almost black,

the frontal processes and lateral horns lighter brown.

Total length, 11 mm. Head and neck, 5 mm. long; third thorax

segment, 0.80 mm. in diameter. Trunk, 6 mm. long, 2 mm. wide, and
3 mm. thick at the posterior end. Egg strings, 3.50 mm, long, 1.35

mm. wide.

{tHangulus, triangular, alluding to the outline of the trunk.)

Remarks.—In the type-specimen it is possible that the antennae

may have been broken off, since these minute appendages, when
chitinized, are extremely brittle, but no scars of such a break could

be found.

One of the lateral horns was broken, leaving a short stump, but

it is assumed that this horn corresponded to the one on the opposite

side.

In both the other specimens the head and anterior neck were

lacking.

PHRIXOCEPHALUS DIVERSUS, new species.

Plate 10, figs. 86 and 87.

Host and record of specimens.—A single female with egg strings

was taken from the eye of Callion]/inus virgis Jordan, at a depth of

65 fathoms in Totomi Bay, off Hamamatsu, Japan, at station 3713,

b}' the Bureau of Fisheries steamer Albatross.

This is made the type of the new species with Cat. No. 47809,

U.S.N.M.

Specific characters of female.—Head, first, second, and third thorax

segments missing; fourth segment present and armed with two pairs
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of forked horns, one pair lateral and one ventral, and a pair of unira-

mose swimming legs between the bases of the ventral horns. Trunk
triangular, the dorsal margin nearly straight, the ventral margin

strongly convex, these two forming the sides of the triangle; pos-

terior margin or base of the triangle also nearly stright. Neck

attached a short distance behind the anterior end or apex of the

triangle, on the dorsal surface and not on the median line. Neck

also twisted at right angles to the trunk, as in the other species, so

that the ventral surface faces the lateral surface of the trunk. Egg
strings attached on a level with the dorsal surface and standing out

on either side so that they almost form a straight line at right angles

to the trunk axis. Each string is comparatively long and thick, and

the coils of the spiral are separated a little from one another.

Color (preserved material), neck and trunk a brownish yellow,

egg strings orange j^ellow.

Length of trunk, 3 mm.
;
greatest diameter, 2 mm. Length of egg

coils, 3.50 mm. ; diameter, 1 mm. Diameter of egg strings, 0.33 mm.
{diversus, divergent, alluding to the egg coils.)

Remarks.—Since there is but a single mutilated specimen, it seems

at first sight presumptuous to establish a new species for it. But it

presents so many striking differences as to leave no doubt of its being

a new species, and supplements the characters of the genus in such

a way as to demand recognition. In cincinnatus the fourth thorax

segment carried two pairs of profusely branched horns, with the

fourth legs entirely concealed between their bases so that they

escaped notice. In triangulus there were but three horns in the

form of simple spines, and the unpaired ventral horn stood between

the widely separated fourth legs. Here in diversus there are again

two pairs of horns, but the ventral pair are only forked once, and

the fourth legs are close together between their bases and are only

partially concealed.

Again, in cincinnatus and triangulus the neck is attached to the

extreme anterior corner of the trunk; here it is removed a short

distance from the anterior end on the dorsal surface and is still

attached to one side of the midline. Finally the egg strings which

are parallel in all the other genera and species in which they are

coiled are here so widely separated as almost to form one straight

line at right angles to the axis of the trunk.

COLLIPRAVUS, new genus.

External generic characters of female.—Cephalothorax oblong,

nearly cylindrical, sending out laterally two pairs and ventrally one

pair of cushion-like processes. Second, third, and fourth thorax seg-

ments distinctly separated, each with a pair of cushion-like lateral

processes. Neck narrow and chitinized, bent just behind the fourth
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segment and armed with small branched chitin horns. The neck is

joined to the trunk on the dorsal surface of the latter and consid-

erably away from the midline.

Trunk ellipsoidal, the anterior end bluntly rounded, the posterior

end with lobed processes over the bases of the egg strings. Abdomen
as long as the trunk, flattened dorso-ventrally, and bent sidewise at

right angles to the trunk axis. Egg strings coiled in tight spirals,

eggs uniseriate.

Two pairs of antennae, second pair chelate; one pair of maxillae;

four pairs of swimming legs, first two pairs close together and bira-

mose, third and fourth pairs separated a short distance and unira-

mose, all the rami two-jointed.

Internal generic characters of female.—Bilateral symmetry com-
pletely distorted; esophagus inclined to the head axis, Avith a tri-

partite eye buried in the tissues at its base; stomach not sending out

lateral lobes nor convoluted; intestine looped once in the trunk;

rectum short and straight; an anal lamina, destitute of setae on

either side of the anus.

Ovaries at the extreme posterior end of the trunk on the dorsal

surface, each a flattened sphere inclined to the trunk axis; oviducts

separated by the neck, then coming together again, running forward
diagonally to the anterior end of the trunk, then backward on the

ventral surface to the vulvae. Cement glands also separated by the

neck, then closing together again ; they start between the ovaries at

the posterior end and run diagonally forward the whole length of the

dorsal surface, then backward on the opposite diagonal on the ventral

surface, with no differentiation between the glandular portion and
the ducts.

Chitinogen layer of the body wall thickest in the posterior lobes

of the trunk and in the abdomen, elsewhere very thin.

Genus habitat.—This genus, like Ilaemohaphes^ burrows from the

bases of the gill arches into the throat and buries its head and the

four anterior thorax segments in the bulbus arteriosus of its host.

The abdomen is bent outward, away from the fish's throat, on which-

ever side the parasite may be attached, and the egg strings project

through the gill opening.

Tyjw of the genus.—Collipravus parvus., new species, monotypic.

{Collipravus, coUum^ neck and pravus^ irregular, misplaced.)

COLLIPRAVUS PARVUS, new «pecies.

Plate 11, figs. 89-07.

Host and record of specimens.—Five females were obtnined from
the gill arches of Jenkinsia stoUfera at Nassau, in the Bahamas, by

the Bureau of Fisheries steamer Albatross in 188G. One of these is

made the type of the new species with Cat. No. 47810, U.S.N.M.

;
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the others become paratypes with Cat. No. 12327, U.S.N.M. A single

female, without a head, was obtained from the same host in the

Florida Keys and was cleared in clove oil to obtain the internal

anatomy.

/Specific characters of female.—Specific characters the same as the

generic, with the addition of the following details: Cephalothorax

and anterior thorax segments all very soft and fleshy, the cushion

processes much inflated, forming on the dorsal surface three longi-

tudinal ridges, the central one the cephalothorax proper, the others

the lateral processes.

On the fourth segment the lateral processes are conical and extend

backward on either side of the neck. That portion of the neck which

is inclosed in the bulbus arteriosus is also soft, but becomes gradu-

ally chitinous and where it passes out through the wall of the artery

is armed with two or three branched chitin horns, which are buried

in the adjacent tissue. The neck then softens again before it joins

the trunk and is twisted somewhat upon its long axis, but just how

much it was impossible to tell, because the two heads were packed

so tightly together inside the bulbus arteriosus (see ''''Remarks''''

below). The anterior end of the trunk points forward toward the

fish's mouth and the abdomen is turned outward away from the

bulbus arteriosus, so that when there is a parasite on both sides of

the fish the one is the reverse of the other.

The long e^gg coils reach out through the gill opening and are

visible from the exterior when the operculum is closed; each, if un-

coiled, would be at least three times the length of the trunk.

The first antennae are tv»'0-jointed and setiferous; the second pair

are also two-jointed and comparatively minute; they project very

little and the tooth of the chela is nearly as large as the claw. The
maxillae are attached to the ventral surface of the head at the base

of the mouth-tube, which can not be protruded very far, if at all;

each maxilla is made up of two slender joints and a long needlelike

claw, slightly curved. Only the first thorax joint is fused with the

head, and this is fairly well differentiated on the sides by the lateral

processes. The first and second swimming legs are close together,

the second pair much larger than the first; the third and fourth

pairs are separated by considerable intervals, each on the posterior

margin of its segment. In the preserved material the basal lamina

of every leg is heavily pigmented with black, which makes them

stand out prominently.

Color (preserved material), head, neck, and trunk a light yellowish

gray, o^gg strings orange yellow.

Length of trunk, 3.50 mm.; diameter, 1.50 mm. Length of head
and neck, 2.50 mm. Length of egg coils, 4,50 mm.; diameter,

0.60 mm.
{parvus, small.)
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Remarks.—In the material collected by the Bureau of Fisheries

steamer Albatross there were three specimens which had been re-

moved from their host and two which were still attached, one on

either side, to the gills of a JenJdnsia stolifera 40 mm. long. As

is usual in such cases the torsion in these parasites was in opposite

directions, as was also the flexion of the abdomen. On dissecting

out the parasites their necks were found to enter the ventral aorta of

the host at about the same point, just in front of the two arteries

that supply the posterior gill arch. Both necks turned backward

inside the aorta and the heads of the parasites w^ere found closely

packed together and filling the entire cavity of the bulbus arteriosus.

One head {a) was superimposed upon the other (Z;), the dorsal

surfaces of the two facing the ventral wall of the aorta and the

ventral surface of {a) packed against the dorsal surface of {h).

The head (a) was longer than (&), thus bringing its anterior ven-

tral surface with the mouth-tube in front of the frontal margin of

(&). Both mouths w^ere thus unobstructed and could take in blood

freely; the free anterior end of («) w^as inflated into a cylinder

the full size of the lumen of the bulbus, the remainder of («) and

the whole of {h) were much flattened dorso-ventrally.

This leads to the conclusion that under normal conditions, when

there was but a single head inside the bulbus, its form would be

cylindrical and but little flattened. Both heads have been used in

the details here presented, and in the figures a dorsal and lateral

view of (a) (figs. 90 and 91) and a dorsal and ventral view of {h)

(figs. 92 and 93) are given.

How the tiny fish could live and apparently thrive with two such

parasites literally sucking its heart's blood is a mystery.

The genus can be easily recognized by the flexion of the com-

parati^ely large abdomen and by the misplacement of the neck on

the dorsal surface of the trunk. The complete distortion of bilat-

eral symmetry in the internal morphology follows as a result of

tills misplacement.

Lernaeocerinae, new subfamily.

Subfamily characters of female.—Cephalothorax armed with hard

chitin horns, more or less branched ; neck and trunk curved, usually

in the shape of the letter S; genital segment enlarged; no pre-

genital prominence but often lateral processes over the bases of the

egg strings; the latter filiform, very long and coiled in loose masses

or twisted into a tight and regular spiral; eggs uniseriate and

packed like a row of coins.

Two pairs of antennae, second pair chelate; manibles unknown;

no protrusible proboscis; two pairs of maxillae, second pair uncinate;

77403—Proc.N.M.vol.53—17 6
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no maxillipeds ; all the swimming legs close together and near the

head.

Suhfamily characters of Copepodid male (genus Lernaeocera)

.

—
Body like that of Cyclops^ composed of a cephalothorax covered

with a carapace; three free thorax segments, a fused fifth and genital

segment, and a short, one-jointed abdomen ; anal laminae small, each

armed with 4 or 5 minute setae. Antennae and mouth parts as

in the female, with the addition of a pair of well-developed uncinate

maxillipeds; two pairs

of biramose swimming
legs, with two-jointed

rami, third and fourth

pairs uniramose, rami

also two-jointed.

Ontogeny of genus

Lernaeocera.—The gen-

ital protoplasm in the

posterior end of the

ovary forms Qgg
mother cells and egg

daughter cells, the lat-

ter filling the anterior

end of the ovary with-

out definite arrange-

ment. These oocytes

acquire food and yolk

material as t\\^j pass

into the oviduct, and

are there strongly flat-

tened and packed
tightly in a single row.

The cement glands are

entirely separate from

the oviduct and open

into the latter just in-

side the vulvae. Each
egg is surrounded by an external membrane of cement material

as it passes out through the vulva into the external sack, where it

is again flattened and arranged with the others like a row of coins.

The larva hatches as a typical nauplius with the usual three pairs

of appendages, and one pair of posterior balancers. The nauplius

is transformed into a metanauplius while swimming about freely in

the plankton. At the -first copepodid stage it seeks out as a tem-

porary host some fish other than the one which is afterwards to serve

Fig. C—The male (left) and female (right) copepodid

LARVAE OF LERNAEOCEKA BRANCHIALIS, AFTER A. SCOTT:

Actual length of female, 2.30 mm.



No. 2194. NOliTH AMEJilVAN PAltAtSlTW VOPEl^ODiS—WILSON. 83

the female for a permanent host. To this fish's gills it adheres by

menus of the chelate second antennae and proceeds to fasten itself

to the apex of the gill filament by a broad frontal band of chitin.

While thus attached it passes through two or three pupal stages dur-

ing which there is the same disappearance of segmentation and of

setae in the appendages as occurs in the Lernaeenicinae (see p. 43).

But the reproductive organs develop, the body of the female elon-

gates considerably, both sexes reach maturity, and fertilization takes

place. The female, and sometimes also the male, then sever their

connection with the gill filament and swim about again freely in

the plankton.

The male soon dies, but the body of the female elongates still more
and she then seelcs out a final host and fastens to its gill arches with

her chelate second antennae. She finally burrows flirough the inter-

vening tissues to the immediate vicinity of the heart or the ventral

aorta, where the head is securely anchored by the outgrowth of

branched chitin Horns. Here the female remains as a fixed parasite

during the-remainder of her life, which probably lasts a year or more.

Genus LERNAEOCERA Blainville.

Lcrnaca (part) Linnaeus, Systema Naturae, ed. 12, 1767, vol. 1, pt. 2, p. 1092.

Lerncoccra Blainville, Joiirn. de Physique, vol. 95, 1822, p. 375.

Lcrncoccra (part) Noedmann, Jlikrograpliische Beitrjige, 1S32, p. 130.

Lernaea Burmeister, Acta Acad. Caes. Leop. Nat. Cur., vol. 17, 1S33, p. 319.

Lernaca (part) Milne Edwards. Ilistoire Naturelle des CrustacSs, vol. 3,

1S40, p. 528.

Lernaca, all subsequent authors.

External generic characters of female.—Ceplialothorax globular,

comparatively small, and furnished with three branched chitinous

horns or anchor processes, the dorsal one usually a little longer than

the lateral ones; second, third, and fourth thorax segments in the

form of a slender neck of moderate length and of about the same
diameter throughout; fifth and genital segments fused and more or

less swollen, and with tlie abdomen bent into the form of the letter

S; abdomen distinctly separated from the genital segment in im-

mature stages, but completely fused in the mature adult; egg strings

filiform, many times the length of the body, and coiled into irregular

masses. First antennae three-jointed and well supplied with setae;

second pair chelate and two-jointed; two pairs of maxillae, but no
maxillipeds; first two pairs of swimming legs biramose, two posterior

pairs uniramose, all the rami two-jointed.

Internal generic characters of female.—ISIouth really terminal, but
appearing lateral, owing to the inclination of the head; esophagus
nearly in line with head axis; stomach without lateral processes or
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convolutions, bent at right angles ^Yhen it enters the neck and pass-

ing insensibly into the intestine, which is enlarged in the posterior

neck and trunk; rectum very short and narrow. Ovaries fused on.

the midline of the dorsal surface, in the small of the back, and folded

around the sharp curve in the body wall; oviducts passing around

the intestine to the ventral surface and thence to the vulvae ; cement

glands ventral to the oviducts and plainly convoluted.

External generic characters of cojyepodid male.—Head and first

thorax segment fused; second, third, and fourth thorax segments

free; fifth and genital segments fused; abdomen one-jointed; anal

laminae armed with short setae. Two pairs of antennae, second pair

chelate; a pair of mandibles; two pairs of maxillae, second pair

uncinate ; a pair of stout maxillipeds.

Internal generic characters of Copepodid male.—Mouth tube at

right angles to the head axis; stomach and intestine straight and in-

distinguishable; rectum very short; large digestive glands along

either side of the cephalothorax. Testes paired and situated in the

posterior portion of the cephalothorax; sperm ducts straight and

dorsal to the intestine; spermatophore receptacles in the genital

segment large and elliptical.

Type of the genus.—Lernaeocera branchialis (Linnaeus), first

species.

{Lernaeocera, Lernaea, and xepas, a horn).

KEY TO THE SPECIES.

1, Head without anchor processes, simple, and filiform ; body not flexed ; egg

strings not coiled; no appendages (13.50 ram.)*

ahyssicola (Brady), 1883, doubtfuL

1. Head with simple unbranched processes ; neck long and slender ; body

with a strong curve or simple flexure; egg strings sometimes regu-

larly coiled 2

1. Head with branched processes ; neck short and stout ; body with double

sigmoid flexure ; egg strings always loosely coiled 3

2. Head small, subspherical ;
genital segment and abdomen covered with a

den.se filamentous growth; egg strings coiled in a rftjular spiral (20 mm.)
lotellac (Thompson), 1889.

2. Head small, funnel-shaped, joined to the neck at an acute angle; genital

segment aud abdomen covered with scattered tufts of setae (22.50 mm.)
ri(iida (Kr0yer), 1863.

2. Head large and spherical ; genital segment only slightly wider than the neck

and separated from the abdomen by a constriction ; no .setae or filaments

(50 mm.) lumpi (T. Scott), 1901.

3. The posterior horn the only one developed, as long as the whole body, in

line with it and profusely branched; egg strings in a few loose coils

(15 mm.) branchialis, var. (Hesse), 1891.

3. Genital segment with but a single curve ;
processes flat and short, but much

bi-anched ; egg strings stout and their coils larger than the entire genital

.segment (8 mm.) minuta (T. Scott), 1900.

* Average total length of species.
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3. All three processes or horns developed; genital segment with a double

sigmoid curve; egg cases coiled but slender 4

4. Horns slender and cylindrical, all about the same length ; abdomen com-

pletely fused with genital segment (40 mm.)
hranchialis (Linnaeus), 17G7, p. 85.

4. Horns flattened and laminate, posterior one three times the length of the

lateral ones; abdomen not recurved; coils of the egg strings very large

(14 mm.) lusci (Bassett-Smith), 1S9G.

4. Horns very short, bilobed but not branched ; abdomen boot-shaped and

strongly narrowed where it joins the genital segment (32 mm.)
godfroyi (Quidor), 1912.

LERNAEOCERA BRANCHIALIS (Linnaeus).

Plate 10, fig. 88 ;
plate 12, figs. 98-107

;
plate 17. lig. 140.

Lcrvaca lira7ichialis Linnaeus, Systenia Naturae. 17G7, vol. 1, pt. 2, p.

1092.

—

Glaus, Gesellschaft zur Beforderung der gesanunten Naturwissen-

schaften zu Marburg, vol. 9 supplement, 18GS, p. 16, pis. 3, 4.—IMetzgeb,

Archiv fur Naturgeschichte, vol, 34, 18G8, p. 106.—A. Scott, Liverpool

Marine Biology Committee Memoirs, No. G, 1901, p. 33.—T. and A. Scott,

British Parasitic Copepoda, Ray Society, London, 1913, p. 142, pis. 42, 43.

Lcrnaca yudina Fabricius, Fauna Groenlandica, 1780, p. 33G.

Lerncoccra branchialis Bi^mnville, Journ. de Physique, 1822, vol. 95, p.

376. 1 plate.

Lcrnacoccra branchialis Nordmann, Mikrographische Beitriige, 1832, heft 2,

p. 130.

Host and record of specimens.—This parasite is very coninion upon

various species of Gadidae, especially the common cod, as the follow-

ing list of specimens in the National Museum collection Avill show.

It is always found near the base of the gill arches with its head

buried in the underlying tissues close to the heart or the ventral

aorta.

From the Greenland cod, Gadus ogac, 2 females, Cat. No. 6211,

from Disco Bay, Greenland. From the common cod, Gadus cal-

larias, 1 female. Cat. No. 6145, from Georges Banks; 1 female, Cat.

No. 8488, from Harpswell, Maine; 4 females. Cat. No. 12910, from

"Woods Hole, Massachusetts; 2 females, Cat. No. 12911, from Browns
Banks; 2 females. Cat. No. 12912, from Casco Bay, Maine; 1 female.

Cat. No. 14324, from Harpswell, Maine; 5 females. Cat. No. 42329,

from Casco Bay, Maine; 1 female. Cat. No. 47811, from Harpswell,

Maine ; 3 females. Cat. No. 47812, from Woods Hole, Massachusetts

;

3 females. Cat. No. 47813, from Woods Hole, Massachusetts; 2 fe-

males, Cat. No. 47814, from Harpswell, Maine; 3 females, Cat. No,

47815, no locality.

Cat. No. 42300 contains 2 females with no host given ; it came from

the Omaha Exposition.

External specific characters of female.—Cephalothorax globular

and provided with three branched horns, two lateral and one median
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and dorsal; horns chitinous and profusely divided, the tips of the

subdivisions usually somewhat swollen. Neck about the same diame-

ter throughout and often showing transverse wrinkles. Trunk con-

siderably enlarged and elongated, the portion representing the geni-

tal segment of about the same diameter, the abdomen tapering to a

bluntly rounded end. In the full-grown adult there is no groove

or other indication of the point of junction of the genital segment

and abdomen as there is in immature specimens, but the two are in-

distinguishably fused and are bent into the form of the letter S .

A pair of minute anal laminae can be easily detected in half-

grown specimens, and they persist in the mature adult, each being

tipped with a single seta. The egg strings are voluminous and each

is drawn into a loose and irregular coil which, if straightened, would

be several times the length of the entire body; eggs minute and

strongly flattened.

Two pairs of antennae on the dorsal surface of the head as in all

the Lernaeidae, the first pair three-jointed, with a tuft of setae at

the tip, the second pair two-jointed, the joints about the same size,

the terminal one bearing a stout chela. Proboscis strongly pro-

trusible; when fully extended (fig. 101) it forms a bluntly rounded

cone on the front of the head, pointed backward parallel with the

axis of the neck, and carrying on its tip the two pairs of maxillae.

In preserved specimens the proboscis is usually withdrawn so com-

pletely that it pulls in with it the whole front of the head and causes

the latter to assume a cup shape, as represented in Emerton's excel-

lent figures (figs. 98-100).

The muscles which control this proboscis are evidently arranged

like those in Peniculvs (fig. 2), so that the mouth tube proper can be

withdrawn a long distance. At the tip of the mouth tube are the

two pairs of maxillae, the first pair {mx, fig. 103) short finger-like

papillae, divided at the tip and each portion armed with n single

large seta. On the outer margin of the papilla near the base is a

small, rounded palp-like protuberance. The second maxillae are

two-jointed, the basal joint stout and armed at its distal end on the

dorsal surface with the two claw-like processes noted by Claus as

characteristic of the same appendages in the copepodid female. The
terminal joint is also stout but smaller than the basal joint, and it

ends in a stout claw.

Behind the cephalothorax come the four pairs of swimming legs,

the first two pairs close together and biramose, the third and fourth

pairs removed a very short distance and uniramose, all the rami two-

jointed and well supplied with setae. Color, a dark brownish red,

due to the contained blood ; horns dark brown ; head and ^gg strings

a light orange yellow.
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Total length, if the body were straightened, about 40 mm. Great-

est diameter of trunk, 8 to 10 mm. Length of egg strings if

straightened, 150 to 200 mm.
{hranchialis^ pertaining to the gills, which are its habitat.)

Internal syecif-o characters of female.—Esophagus short and in-

clined at an angle of about G0° to the axis of the neck, entering

the stomach at the anterior end with little or no sphincter muscle

at the junction.

Stomach increased to about 2 diameters in the neck, passing insen-

sibly into the intestine, which is abruptly enlarged in the genital

segment.

The fused ovaries are produced into horn-like projections anteri-

orly and posteriorly, which are strongly flattened dorsoventrally and
fit down on the dorsal surface of the intestine like a saddle, the flaps

extending nearly to the center of the side of the intestine. Each an-

terior horn tapers to an apex which lies dorsal to the intestine and
from which the oviduct leads around the outside of the intestine to

the ventral surface and follows that surface back to the vulva. These

oviducts are exceptionally narrow compared with the size of the

parasite and along the ventral surface are wholly ventral to the in-

testine. Each cement gland is about the same diameter as the oviduct,

along whose inner ventral surface it extends, the two glands being

in contact with the ventral body wall and close to the midline. The
anterior end of the gland turns up with the oviduct for a short dis-

tance on the outside of the intestine at the base of the neck and termi-

nates in a blunt point. The chitinogen layer of the body wall is

poorly developed.

Specific characters of the Copepodicl male.—Cephalothorax ellip-

tical, narrow anteriorly through the bases of the antennae, almost

squarely truncated posteriorly, and covered with a dorsal carapace.

Second, third, and fourth thorax segments about the same length and
width, which latter is half that of the carapace. Line of demarka-

tion between the fifth and genital segments indicated by lateral

notches. Abdomen short, much narrower than the genital segment;

anal laminae each armed with 4 or 5 setae. First antennae four-

jointed, the basal joint much longer than any of the others, each

joint well armed with setae; second antennae comparatively small,

two-jointed, the joints about the same size and triangular, the termi-

nal joints tipped with a stout chela. Proboscis long and fairly stout;

mandible in the form of a long and slender spine; first maxilla a

short papilla tipped with two long setae; second maxilla two-jointed,

joints the same width but the basal one somewhat the longer, termi-

nal claw short and stout; two-jointed maxillipeds present behind the

maxillae, the terminal joint the same length as the basal but much
narrower, terminal claw short and pointed.
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Internally there is a large tripartite eye a little in front of the

center of the cephalothorax. The testes are paired and at the extreme

posterior margin of the cephalothorax ; the sperm ducts open out of

their posterior ends and run back to the genital segment where each

is enlarged into a pair of receptacles within which are formed and

stored the spermatophores.

Total length, 1.75 mm. Diameter of cephalothorax, 0.45 mm.
Nauplius.—General outline diamond-shaped, considerably flattened

dorso-ventrally, a trifle longer than wide, all thecorners well rounded.

Three irregular patches of pigment on the dorsal surface, one at

each of the lateral angles and the third at the posterior angle. The

anterior angle is filled by the large compound eye, whose pigment is

the same color as that of the dorsal patches, a yellowish purple. Be-

hind the eye may be seen the first traces of the nerve ganglion, not

as yet clearly developed. And behind the ganglion, occupying the

bulk of the center of the body, is a single large oil globule similar

to that noted in Lernaeenicus longiventris (p. 68). First antennae

armed with a bunch of short spines on the dorsal surface near the

distal end and the usual tw^o long terminal plumose setae. Second

antennae and mandibles of the typical pattern, biramose, the exopod

four-jointed, each joint bearing a plumose seta, the endopod with a

single joint tipped with tw^o setae. Balancers slender and curved,

turned at right angles to the body axis so that the two are in the same

straight line.

Total length, 0.45 mm. Greatest width, 0.40 mm.
Mefanauplius.—General outline an elongated oval, the pointed end

posterior, the margin evenly rounded. The posterior pigment spot

has increased in size while the lateral ones have fused across the mid-

line. The eye is relatively smaller ajid not as close to the anterior

margin. The appendages remain approximately as before except

that the endopods of the second antennae and mandibles are now dis-

tinctly jointed, and the terminal joint of each is armed on the inner

margin with a stout spine. At the posterior end of the body inside

of the skin may be seen the beginnings of two free thorax segments, a

fused fifth and genital segment, and a one-jointed abdomen with anal

laminae. The balancers turn forward as before, but are now jointed

close to their base, while the terminal portion is flattened dorso-ven-

trally and Wuntly rounded at the tip. Between these from the ])os-

terior end of the body projects a short conical process, with a pair

of blunt rounded spines on either side at its base.

This is the posterior body of the metanauplius, while that which is

seen inside of the skin is to become the posterior body of the first

copepodid larva after the next molt.

Total length, 0.55 mm. Greatest width, 0.25 mm.
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Remarks.—The present is one of the longest known and most fre-

quently mentioned species amongst the parasitic copepods. Every

zoologist has become familiar at least with its name and some of its

reputed characteristics. It has long served as one of the stock ex-

amples used to illustrate degeneration and retrogression, and the aver-

age opinion with reference to it has been well expressed by Dr.

Andrew AVilson in an article on Degeneration in the Popular Science

Monthly for June, 1881, in which he said "Beginning life as a three-

legged 'nauplius,' the lernean retrogresses and degenerates to be-

come a mere elongated worm, devoted to the production of eggs, f<nd

exhibiting but little advance on the sacculina" (p. 227).

The appendages have been variously reported as rudimentary or

entirely obsolete, even up to the very latest publications with refer-

ence to them. At the time of the first discovery of the male by

Metzger and Claus (18G8), the latter called particular attention to

the presence of a compound eye, of anal laminae, and of the various

appendages in the adult female, but the significance of his discov-

eries were overlooked and soon forgotten. As far as the appendages

are concerned, the present species shows neither retrogression nor

degeneration. The adult female retains all the appendages that she

ever possessed, and they are as fully developed in the adult as they

were in the copepodid stage. The only change that has been made is

that the parasite has ceased to use some of them, and they have con-

sequently become brittle and are easily broken oif. And even if we
apply to them the term rudimentary, we must remember that they

are no more imperfectly developed in the adult than they were in

the larva. In the body form there is an elimination of joints, more
or less fusion of various body regions, and considerable distortion,

so that here w-e do find retrogression. In the future, therefore, in

dealing with this species we should remember that the appendages
can not be classed with the body form, but that the two are dis-

tinctly separate.

Genus LERNAEOLOPHUS Heller.

PcnncUa (part) Nordmann, Galerie du Museum d'Hlst. Nat. de Paris, 1839;
P. sultana, afterward made the t.vpe of Heller's genus; Bull, de la Soc.

Imp. des Nat. Moscou, 1SG4, vol. 37, p. 485, P. sultana, var. sifpnolda.

Pcncllus (part) Milne Edwards, Histolre Naturelle des Ciustiices, vol. 3,

1840, P. snltaiia, p. 523.

Lcmaca (part) KR0YFn?, Naturhistorisk Tidsskrift, 3 Raekke, 2 Bind, 18G3,

L. hcmiraiiiphi, p. ,S1S, afterwards transferred to Heller's irenus.

Lernaeolophns Hkllkk, Reise dor Novara, 186.1, p. 251, L. sultdnioi. mono-
typic.

Lernaeolophns AVu.son, Proc. U. S. Nat. Mus., vol. 44, 1913, L. rccnrvus,

p. 252, pi. 4G; L. striatns, p. 2.54, pi. 47, figs. 2G0, 201.

External generic characters of female.— Cephalothorax inclined

ventrally to the neck axis; a pair of lateral and an unpaired dorsal
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horn, chitinous; neck cylindrical, heavily chitinized, and showing

considerable torsion, attached to the trunk on the midline. Trunk
bent in a sigmoid curve, also heavily chitinized; abdomen large, with

rudimentary anal laminae, armed with a double row of dichotomously

branched processes; egg strings coiled in a loose mass like those of

Lernaea and concealed by the processes.

Two pairs of antennae, second pair chelate; proboscis somewhat

protractile; mouth parts replaced by small knobs; first two pairs of

swimming legs biramose, third and fourth pairs uniramose, all the

rami two-jointed and setiferous; the four pairs close together behind

the head.

Internal generic characters of female.—Bilateral symmetry com-

plete; stomach without lobes; intestine wide and much convoluted

in the neck, greatly enlarged in the trunk, then narrowed in the

abdomen; rectum short; ovaries extending from the bend some dis-

tance forward into the neck, nearly as long as the oviducts, strongly

flattened posteriorly, but nearly cylindrical anteriorly ; oviducts very

wide, somewhat flattened laterally, and at the sides of the intestine

rather than ventral to it ; in fact the ovary and oviduct almost come
together and completely cover the lateral surface of the intestine.

Cement glands between and ventral to the oviducts, glandular por-

tion much longer than the duct, curved dorsally at the interior end

around the outside of the oviduct, or sometimes passing up inside

of the oviduct and curving over the top and down on the outside;

duct of cement gland convoluted. Chitin layer of body wall much
thickened and very hard; chitinogen layer thickest along the sides

of the body and in the abdomen; no definite skin-glands.

Genus habitat.—This genus burrows into the underlying tissues

from various places in the mouth and throat of their fish host, on

the jaw, the roof of the mouth, gill arches, etc. The entire body is

strongly chitinized and shows both torsion and flexion.

Type of the genus.—Lemaeolophus sultanus (Nordmann), mono-
typic.

{Lemaeolophus, Lernaea and X6(/>os, a crest or tuft.)

KET TO THE SPECIES.

1. Body Straight or only slightly curved ; a distinct groove at the base of the

neck ; abdominal processes 20 or more on either side and iinbranched

;

(27 mm.)* striatits Wilson, 1912.

1. Body folded back upon Itself once at the base of the neck ; abdominal proc-

esses 10 or more on either side, very slender and profusely branched

;

(20 mm.) recurvns Wilson, 1912.

1. Body with a regular sigmoid curve 2

2. Abdominal processes 20 or more on either side, divided into numerous fine

hairs at the tips (16 mm.) hemiramphi (Kr0yer), 1863.

2. Abdominal processes 10 or more on either side, dichotomously branched from

the very base (15 mm.) sultanus (Nordmann), 1864, p. 91.

1 Average total length of species.
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LERNAEOLOPHUS SULTANUS (Nordmann).

Plate 13, figs. 108-113.

I'ennella sultana Nokdmann, Bull. Soc. Impfirlale des Naturalists de Moscou,

1S64, vol. 37, p. 485, pi. 5, figs. 12-lG.

Pcnellus sultana Mii.ne Edwauds, Hlstoire Naturelle des Crustace.s, vol. 3,

1840, p. 523.

Lemaeolophus sultanas Heli-eu, Relse der Novara, 1865, p. 251, pi. 25, fig.

7.

—

Bkian, Copepodi parassiti dei pesci d'ltalia, 1906, p. 91.

Host and record of specimens.—^Two females were obtained from
the gill arches of the orange file fish, Alutera schoepfii, in Vineyard

Sound in 1874, and have received Cat. No. G186, U.S.N.M. Two
other females were found by the present author in the upper jaw on
the inside of the mouth of the garfish, Tylosurus marinus, at Woods
Hole, Massachusetts, in August, 1903, and have received Cat. No.

4781G, U.S.N.M. A single broken specimen was obtained from
Eaemulon plumieri by Dr. Edwin Linton at the Carnegie Institution,

Tortugas, Florida, in July, 1908, and has received Cat. No. 47817,

U.S.N.M.

Specific characters of female.—Cephalothorax spherical, at right

angles to the neck axis, and covered with a hard chitin skin, divided

by a shallow median groove on the anterior and ventral surfaces into

two cushion-like halves or pads, each of which is prolonged on the

ventral surface into a series of three short, rounded, and often lobed

processes, which project from the pad-like fingers. These processes

are covered with a thin chitin skin and their lumen is in connection

with the cavity of the head. Posteriorly are given off a pair of

lateral horns and an unpaired dorsal one, all three cylindrical, com-

posed of hard chitin, and more or less branched.

These horns are also hollow to their very tips and, like the proc-

esses their lumen opens into the cavity of the head. Behind the

horns the neck narrows a little, but remains comparatively wide and

of about uniform diameter down to the trunk; its walls are very

thick and hard.

The head and neck show a torsion of from 135° to 180°, bringing

the ventral surface almost, if not quite, over the dorsal surface of the

trunk. The latter enlarges gradually from the base of the neck and

with the neck and abdomen is bent into a vertical sigmoid curve.

The concave bend on the back of the trunk is narrow and sharp and

is strengthened by a thick chitin ridge which runs across it, trans-

verse to the trunk axis, and flattens out and disappears on either

side. The convex ventral margin sweeps in a broad curve from the

base of the neck to the vulvae. The abdomen is on a level with the

dorsal surface, is fully two-thirds as long as the trunk, and is more

than half as wide and deep. Along either side of the abdomen and
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extending onto the posterior end of the genital segment are two rows

of dichotomously branched processes. The upper row of six pro-

cesses is a little below the dorsal surface of the abdomen and is still

further depressed on the trunk. The lower row of five processes is

parallel to the upper one, the last process standing on the median

line of the genital segment (vertical median).

The branching of these processes varies considerably in different

individuals, and probably in the same individual at different stages

of development; the older the individual the more profuse the

branching, the younger the individual the simpler the processes. As
might be expected these branched processes furnish excellent anchor-

age for various fixed forms of animal and plant life, and they are

often found covered with algae or protozoa. The processes in the

two rows alternate with one another, and the tip of the abdomen is

left free. This tip is slightly bilobed and on either lobe, close to the

anus, is a rudimentary anal lamina, destitute of setae. The egg strings

are curled into a loose and irregular coil, as described by Kroyer

and Nordmann, and are not in a regular convolute spiral as stated by

Heller.

The first antennae are minute, two-jointed and tipped with setae;

the second pair are also two-jointed and tipped with a strong chela,

the nearly straight claw shutting down behind a catch on the oppo-

site margin of the terminal joint. Proboscis in the bottom of a

groove on the ventral surface of the head, of softer tissue than the

surrounding parts, and apparently capable of being somewhat pro-

truded; mouth parts lacking.

Four pairs oif swimming legs close together in the curve of the

neck just behind the head. The basal joints of these legs are

rounded oblong, the first two pairs with a basal projection on the

inner margin. The rami are usually broken off, but occasionally

a leg will be found with the rami intact, when we can see that

the first two pairs are biramose, the third and fourth pairs uniramose,

the rami all two-jointed and well armed with setae.

Color (preserved material), the uniform reddish brown character-

istic of chitin in alcohol.

Total length, including the sigmoid curvature, 15 mm. Cephalo-

thorax, 1.50 mm. long, 1.50 mm. wide. Neck, 1 mm. in diameter.

Genital segment, 2.50 mm. in diameter.

{sulfanus, like a sultana).

Remarks.—The discovery of the two pairs of antennae on these

specimens necessitates a different interpretation of the knobs found

on the ventral surface of the head.^

» See Proc. U. S. Nat Mas., vol. 44, p. 252-255.
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These can no longer be regarded as rudiments of the antennae

and mouth parts for several reasons:

1. The true antennae have been found in their proper position

on the dorsal surface of the head. In creatures as thoroughly

chitinized as this genus of parasites the minute appendages break

off with especial ease, and the present author has never before seen

specimens to which they remained attached. And when once broken

off it is practically impossible to find any scars showing their

former presence.

2. On comparing different specimens of sultanus the form and
size of these knobs is found to vary far more than would be prob-

able if they were the rudiments of appendages.

3. The interior of the knobs is in connection with the cavity of

the head, which is manifestly unlike the condition of appendages.

They must be regarded, therefore, as mere processes, correspond-

ing to the frontal processes in other genera, but in this genus re-

stricted in number and confined to the ventral surface. In this

genus then, as in Pennella^ the maxillae have apparently disap-

peared.

The distinctive characters in the morphology of the species are

the chitinization of the entire body so that its form remains tlie

same however poorly it may be preserved, the two rows of branched

processes on the sides of the abdomen and genital segment, the

pushing of the ovaries and oviducts forward into the base of the

neck, and the convolution of the ducts of the cement gland.

Genus HAEMOBAPHES Steenstrup and Liitken.

Haemobaphcs Steenstrup and Luticen, Konselise Dauske Videnskabernes

Selskabs Skrifter, 5te Raekke, 1861, p. 405.

External generic characters of female.—Cephalothorax subspheri-

cal, much inflated and soft, with a tripartite eye buried in the tissues

over the base of the esophagus; produced laterally into a cushionlike

process on either side, with a short, rounded point extending diago-

nally forward and outward; anterior margin with a rounded knob on

either side of the midline.

Second, third, and fourth thorax segments distinctly separated, the

first two nearly as wide as the cephalothorax and sometimes pro-

duced laterally into cushionlike processes, the fourth segment nar-

rower with short, bilobed processes on the venterolateral surface like

those in Chondracanthus ; similar processes sometimes found on the

third segment.

Neck long, slender, cylindrical, and flexed upon itself a little in

front of the center, where it is completely chitinized and armed with

numerous short chitin horns, simple or branched.
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Trunk much swollen, bent into a sigmoid curve, the ventral surface

on the convex side, with a pair of short, swollen processes over the

bases of the egg strings; abdomen relatively large, swollen, and cylin-

drical, with a pair of lateral processes near its base ; egg strings long,

each coiled in a tight spiral ; eggs uniseriate and closely packed.

Two pairs of antennae, second pair uncinate
;
proboscis short, coni-

cal and nonretractile ; first maxillae apparently lacking, second pair

uncinate; four pairs of swimming legs, first two pairs biramose,

rami two-jointed and setiferous; third and fourth pairs uniramose,

rami one-jointed and setiferous.

Internal generic characters of female.—Bilateral symmetry com-

pletely preserved; intestine narrowed through the neck, moderately

enlarged in the genital segment, and occupying the entire lumen of

the abdomen; rectum long and conical; ovaries on the dorsal surface

just in front of the concave flexure, their anterior third more or less

cylindrical, their posterior two-thirds much flattened and spread out

laterall}'" over the dorsal surface of the intestine; oviducts on the ven-

tral surface of the intestine and narrow
;
processes over the bases of

the egg strings filled with muscles which probably give the latter

their coiled form
;
glandular portion of the cement glands longer than

the ducts, both glands and ducts parallel but removed a little dis-

tance from the midline ; chitinogen layer of body wall well developed

Hlong the sides of the trunli and in the two pairs of lateral process^

at the posterior end.

Genus habitat.—This genus inserts its soft head and anterior neck

into the ventral aorta or bulbus arteriosus of its host, burrowing in

from the gill arches. The neck is flexed sharply where it enters the

aorta, and usually turned to one side, but there is no torsion.

TTjpe of the genus.—Uaemohaphes cyclopterina (Fabricius), mono-

typic.

{Eaemohaphes^ al/xa blood, and /So^t? dipped or dyed).

KEY TO THE SPECIES.

1. A series of lobed but unbranched processes on either side of the head and

four anterior thorax segments; trunk with sigmoid flexure and hiteral

processes (34 mm.)* cyclopterina (Fabricius), 17S0, p. 95.

1. A series of profusely branched processes on either side of the head and four

anterior thorax segments; trunk nearly straight and without lateral

processes (16 mm.) i cnodis, new species, p. 97.

1. A single pair of bilobed processes on either side of the cephalothorax, none

on the free thorax ; trunk with sigmoid flexure and lateral processes

(20 mm.) diccraiis, new species, p. 9S.

^ Average total length of species.
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HAEMOBAPHES CYCLOPTERINA (Fabrlcius).

Plate 14, ngs. 114-118.

Lemaea cyclopterina Fabricius, Fauna Groenlandica, 17S0, p. 337.

—

Kb0yer,

Naturhistorisk Tiddskrift, 1837, p. 502, pi. 5. fig. 4, a—e.—Baird, Proa
Zool. Soc. Loudon, 1861, p. 239.

ScJiisturus cyclopterimis Oken, Lehrbuch Naturgeschichte, 1810, p. 183.

Lerneocera cyclopterina Blainville, Jour, de Physique, vol. 95, 1822, p. 376.

Hacmobaphcs cyclopterina Steenstrup and Lutken (given under genus

above).—T. and A. Scott, British Parasitic Copepoda, Kay Society, 1913,

p. 147, pi. 44, figs. 5-7.—Wilson, Coutrib, Canadian Biology, 1906-1910

(pub. 1912), p. 99.

Host and record of specimens.—Fifteen females with egg strings

were obtained from the gills of Cyclogaster ingens Gilbert, in the Sea
of Japan off the Korean coast at station 48G3 of the fisheries steamer

Albatross in July, 190G, and have been given Cat. No. 47818, U.S.N.M.

Three single females were obtained from the gills of Lycenchelys

(Lycodes) verrillii^ the first two by the steamer Speedwell in the

Gulf of Maine in August, 1877, the third " near La Have " in 1888.

These have been given, respectively, Cat. Nos. 6137, 38331, and 47819,

U.S.N.M.

Specific characters of female.—The specific characters are the same
as the generic characters already given, but to them we may add the

following details.

The entire cephalothorax and that portion of the neck in front of

the flexure was very soft and easily lacerated, which contrasted

strongly Avith the firm and solid condition of the remainder of the

body. This is the portion which hangs free within the fish's aorta

and doubtless remains soft for that reason. On the dorsal surface

the cephalothorax proper is distinctly indicated by a central longi-

tudinal ridge, which narrows anteriorly over the mouth parts, but

there are no visible traces of a carapace.

On either side is a long cushion-like process, which narrows into

a small knob anteriorly and curls downward and inward over the

ventral surface almost to the median line. Dorsally these processes

are on a level with the central cephalothoracic ridge, ventrallv they

project considerably. In front of them two other cushion processes

are given off from the ventrolateral surface, which also project

ventrally.

Between the rounded anterior ends of these processes are found on
the anterior margin the two pairs of antennae and on the ventral

surface the mouth parts. The cephalothorax is separated from the

second thorax segment by a distinct groove, and the second, third,

and fourth thorax segments are similarly defined dorsally but are

less distinct ventrally. The second and third segments are nearly

as wide as the head, including the lateral processes; the fourth seg-
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ment is abruptly narrowed to less than half that width. The second

and third segments each have a pair of lateral cushion processes,

as wide as the segment itself and smoothly rounded, those of the

third segment having on the posterior ventral surface a small knob.

The fourth segment sends out on either side a soft bilobed process,

the lobes thick and bluntly rounded, and inclined a little ventrally.

Behind these lobes the neck narrow^s and becomes rapidly chitinized

until it reaches the flexure, beyond which it is slightly enlarged and

armed w'ith chitin horns of varying numbers and patterns, but

usually short and somewhat flattened. Behind these horns the neck

is again narrowed until it reaches the trunk, which it enters exactly

on the median line so that there is no distortion of the bilateral

symmetry.

The antennae and mouth parts are at the extreme anterior end of

the cephalothorax; the first antennae are stout, three-jointed, and

well armed with setae; the second pair are made up of two stout

joints, furnished with strong muscles and tipped with a chela, Avhose

long and rather slender claw shuts down past a projection on the

opposite margin of the terminal joint. The mouth tube is short and

but little, if at all, retractile, with a well-defined ventral plate; no

first maxillae could be detected; the second pair are three-jointed,

the basal joint the shortest, the second joint the longest and stoutest

and armed on its outer margin with a short spine; the third joint

is tipped with a short and weakly curved claw. Only the two pairs

of legs described by Steenstrup and Liitken could be detected ; each

of these is biramose and the rami are two-jointed and setiferous.

With the three anterior joints of the free thorax so well differentiated

we should look for four pairs of legs instead of two, and a perfect

specimen will probably reveal them. (See Remarks, below.)

Color (preserved material) of the body, the soft portion of the

neck, and the head grayish yellow, chitinous portions of the neck and

egg strings darker orange j^ellow.

Total length, including curves, 34 mm. Cephalothorax and neck,

14 mm. long, 0.75 mm. in diameter. Greatest diameter of trunk, 4

mm. Egg coil, 14 mm. long, 2 mm. in diameter. Each egg string,

if straightened, would be approximately 125 mm. long.

(cydopterina, from the genus of fish on which it was first found.)

Uerriarhs.—Fortunately the specimen numbered 38331 included a

mutilated head ; the neck had been broken at the flexure and the an-

terior portion was again broken between the cephalothorax and the

second segment. But the broken parts could be placed together while

they were being drawn, and it was much easier to orient them when
thus separated from the trunk than it would have been when attached

to it. The antennae and mouth parts were uninjured, but one leg of
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each pair was gone and the remainder of the ventral surface was

more or less lacerated, so that if the parasite originally possessed four

pairs of legs the two posterior pairs might easily have been destroyed.

The discovery of the antennae and mouth parts brings this species,

and through it the genus up to a better analogy with the rest of the

famil3^ Steenstrup and Liitken, the founders of the genus, examined

several specimens which they reported as perfect, but the best they

could say of the cephalothorax was that it presented considerable

likeness to that of Pennella. They found neither antennae, pro-

boscis, nor mouth parts, and as far as is known no investigator since

their day has even seen the parasite's head.

The internal morphology is peculiarly interesting since it shows

that, in spite of the sigmoid curvature of the body, there has been

no disturbance in the bilateral symmetry. In this particular it pre-

sents an important contrast to Phrixocephalus and CoUipravtiSy in

both of which there is more or less distortion.

HAEM0BAPHE3 ENODIS, new ipecie*.

Plate 20, figs. 156 and 157.

Host and record of specimens.—A single perfect female with egg

strings was obtained from the gills of Lycodapus ferasfer^ a small

deep-sea fish, 4 inches in length, by the Bureau of Fisheries steamer

Albatross 11 miles off Point Pinos Lighthouse, on the California

coast. May 20, 1904. It is made the type of the new species, with

Cat. No. 49702, U.S.N.M. Like all other species of this genus the

head and anterior thorax are buried inside the bulbus arteriosus of

the host, and there is but a single specimen on each fish.

Spediic characters of female.—Cephalothorax and the three an-

terior free thorax segments about the same width, all four covered

with numerous profusely branched cauliflower processes, which do

not show any definite arrangement; these give this part of the body

a peculiarly rough and swollen appearance; the head, the thorax,

and these processes are exceedingly soft and fragile. Neck quickly

becoming chitinous and armed with a single pair of short horns in

front of the flexure; the portion behind the flexure enlarged in di-

ameter and shorter than the portion in front of the flexure. Trunk
almost straight with only a hint of the sigmoid curve

;
genital segment

enlarged to four times the diameter of the neck, the dorsal margin
only slightly concave, the ventral margin broadly convex, with no
knobs or processes. Abdomen in line with the genital segment, about

half the length and width of the latter, the same diameter through-

out, and also without knobs or processes. Egg strings loosely coiled,

the coils a little wider than the abdomen and about the length of the

genital segment.

77403—Proc.N.M.vol.53—17 7
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First and second antennae in the same position and similar in

structure to those of cyclopterina; maxilLie and proboscis also similar

in position and structure; swimming legs entirely concealed by the

cauliflower processes so that it would be necessary to remove the

latter in order to ascertain their exact number and arrangement.

Color (preserved material), a uniform brownish yellow except the

head and anterior thorax and their processes which are white.

Total length, 16.50 mm. Head and anterior thorax, 2 mm. long,

1.50 mm. wide.

Genital segment, 6 mm. long, 2.33 mm. wide. Egg coils, C mm.

long, 1.50 mm. wide.

{enodis, destitute of Imobs or processes.)

Hemarks.—This species is so radically different from the others in

the genus that it can be readily recognized by its general form with-

out the details of the appendages. The absence of all knobs and

processes on the trunk, the almost complete suppression of the sig-

moid curve, and the profusion of cauliflower processes on the head

and anterior thorax are the distinguishing characters. The size

is also more in accord with the miniature host on which it lives.

HAEMOBAPHES DICERAUS, new species.

Plates 19 and 20, figs, 14S to 155.

nost and record of specimens.—Two females with Qgg strings were

taken from the gill arches of Chaeturichthys sciistius at Hakodate,

Japan. The more perfect of the two is made the type of the new

species, with Cat. No. 49703, U.S.N.M. The other becomes a para-

type, with Cat. No. 49735, U.S.N.M. They were taken from sepa-

rate fish, and each was fastened in the fish's throat at the base of

the gill arches and had bored through the intervening tissues and

buried its head inside the bulbus arteriosus.

Speci-fiG characters of female.—Head and all of the thorax in-

closed within the bulbus arteriosus very soft and easily torn or

crushed; cephalothorax with a single pair of lateral cushion proc-

esses, each of which is bifid; the anterior branch is on a level with

the dorsal surface of the head, is short, cylindrical, bluntly rounded

at the tip, and pointed directly forward parallel with the axis of

the head; the posterior branch is enlarged into a circular cushion,

evenly rounded and sliglitly flattened dorso-ventrally, and extends

diagonally downward and backward to the ventral surface.

The second, third, and fourth thorax segments are distinctly dif-

ferentiated; the second and third segments the same width as the

head without the lateral horrs, the fourth segment a little narrower;

all three segments perfectly smooth, without knobs or processes.

Neck a little more than half the width of the fourth segment, be-

coming rapidly chitinized, and armed with a single pair of short



No. 2104 NORTH AMERICAN PARASITIC C0PEP0D8—WILSON. 99

spinelike horns just in front of tlie flexure. Beyond the flexure it

enhirges gradually until it joins the trunk on the ventral surface and

at the median line.

There is a large spherical swelling on either side of the genital

segment at the anterior end, which starts on the dorsal surface and
reaches almost to the ventral surface. It may even be said that it

does reach that surface since its contour is indicated by a slight

notch on the ventral margin. There are two small knobs on the ven-

tral surface just in front of the egg coils, and a pair of lateral fleshy

flaps or processes over the bases of the egg strings, which are elon-

gated dorso-ventrally.

The genital segment passes insensibly into the abdomen, which is

short, nearly straight, and twisted on its axis, so that the anal sinus

shows in a side view of the trunk. Over the base of the abdomen
two large processes are fused across the dorsal midline like a large

saddle.

The Qgg coils are a little longer than the abdomen and taper to-

ward their tips. The first antennae are three-jointed and well armed
with setae; the second antennae are stout and two-jointed, the ter-

minal joint a little narrower than the basal and armed at the tip on
the outer margin with a stout curved claw, which shuts down inside a

raised semicircle on the opposite inner margin.

Proboscis well developed and projecting from the ventral surface

of the head; upper lip split lengthwise through the center, each half

considerably wider than the mouth tube; the latter divided and
grooved on the ventral surface and a little flattened on the dorsal

surface; maxillae three-jointed, with a short and bluntly-pointed

terminal claw.

Four pairs of swimming legs, the first and second pairs close to-

gether and a short distance behind the mouth, each biramose, the

rami one-jointed, the endopod considerably smaller than the exopod,

both well armed with plumose setae. The third and fourth pairs are

on the posterior margins of their respective thorax segments; each

is unirainose, the ramus one-jointed and armed, the third pair with

five, and the fourth pair with four, large plumose setae. The rela-

tive distances of the three posterior pairs behind the first pair are

represented by the numbers 1, G, and 11.

Color (preserved material), a uniform orange yellow, the egg
strings brown, the head and anterior thorax white.

Total length, if straightened, 20 mm.; from the flexure in the neck

to the tip of the abdomen, 11 mm. Diameter of head through lateral

processes, 1.25 mm. Diameter of genital segment, 4 mm. Diameter
of abdomen behind the saddle, 2 mm. Length of egg coils, 6 mm.;
diamctor, 1.50 mm.

{diceraus, 8is, two and /cepas, horn.)
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Remar/iS.—This species is considerably smaller than cyclopterina^

and may be recognized at once by the single pair of bifid processes on

the cephalothorax, while the second, third, and fourth thorax seg-

ments are destitute of processes. This distinction may then be sub-

stantiated by the differences in the appendages, especially the max-

illae and the swimming legs.

The head of this species was much better preserved than those of

cydopterina, and the details of all the appendages are distinctly

fchown. The long plumose setae upon the swimming legs are espe-

cially worthy of notice. Being buried inside the bulbus arteriosus of

the host they have no chance to get broken or injured, and thus are

preserved intact, as they were when the copepodid female first found

her host.

The fact that the only head amongst the 15 females belonging to

the s])ecies cyclopterina was mutilated, while in the single specimen

of the species enodis both the cephalothorax and the free thorax

were so covered with cauliflower processes as to effectively hide the

swimming legs, makes it advisable to take the present species as our

standard in the matter of the number and arrangement of the swim-

ming legs.

Accordingly the genus diagnosis given above (p. 94) assigns four

pairs of swimming legs to the genus, and there is every reason to be-

lieve that this will prove to be the correct number when more speci-

mens of the other two species are obtained.

Genus HAEMOBAPHOIDES T. and A. Scott.

Haanobaphoidcs T. and A- Scott, British Parasitic Copepoda, Ray Society, 1913,

p. 148, pi. 44, fig. 8.

External generic characters of female.—Cephalothorax subspheri-

cal and furnished with terminal branched chitin horns similar to

those found in Lernaea; second, third, and fourth thorax segments

not differentiated, but fused into a short neck, which is straight and
not reflexed, and which carries neither horns nor processes. Trunk
much swollen, bent into a sigmoid curve, with a pair of simple

processes over the bases of the egg strings; abdomen longer than the

genital segment, covered with irregular processes along the sides and
on the dorsal surface at the base, and considerably enlarged at the

tip. Egg strings coiled into a tight spiral which tapers toward the

distal end. No details with reference to any of the appendages nor

to the internal anatomy.

Genus habitat.—This genus bores into the gill arches of fish and
snchors itself in the surrounding tissues by means of its chitin horns.

It does not bury its head in the aorta or the bulbus arteriosus like

the preceding genus.
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I'fjpe of the genus.—llaemobapholdes ambiguus (T. Scott), mono-

iyi>ic.

(HaemohapTioides, Haemobaphes and the ending elSos denoting

likeness).

Remarks.—T. and A. Scott established this new genus in 1913 for

the species which T. Scott had described in 1900 as Ilaejnohaphes

amMguus. It certainly seems to be a distinct genus, but it is unfor-

tunate that neither in the original description nor in the new genus

diagnosis are any of the appendages even mentioned. The internal

anatomy is probably very similar to that of Uaemdhaphes and this

makes the lack of external detail all the more regrettable.

TRIFUR, new genus.

External generic characters of female.—Cephalothorax enlarged

nearly at right angles to the neck, and armed with a dorsal posterior

median liorn and two shorter conical lateral horns. Neck moderately

thick, completely chitinized, and three times the length of the trunk,

curved but not flexed, and smooth. Trunk only slightly swollen, bent

into a sigmoid curve at right angles to the curve of the neck, the

ventral surface on the convex side, with a pair of short and wide

fleshy processes over the bases of the 2gg strings. Abdomen slender,

half as long as the genital segment, and continuing the S-curve, des-

titute of processes; e.gg strips coiled into tiglit spirals, which are

one-half longer than the abdomen ; eggs uniseriate and flattened into

thin disks.

Two pairs of antennae, second pair chelate; four pairs of swim-

ming legs, two pairs close together just above the base of the cephalo-

thorax, the others removed to some distance on the neck itself.

Internal generic characters of female.—Digestive tube occupying

the center of the neck, the dorsal portion of the genital segment, and

the center of the abdomen, abruptly contracted into a short rectum.

Ovaries paired on the dorsal surface of the digestive tube at the

anterior end of the trunk; oviducts running forward a long distance

into the neck on the dorsal surface, then curved around the outside

of the intestine to the ventral surface, following the ventral curve

of the genital segment for half its length, then rising gradually to

the center of the lateral surface.

Cement glands on the lateral surface of the genital .segment at its

anterior end and dorsal to the &gg strings, running this way for

half the length of the segment, then curving around outside of the

^gg strings to the ventral surface of the latter and following that

surface back to the vulvae. The transition from gland to duct oc-

curs just where it curves around the outside of the egg string. Chiti-
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nogen layer very thick over the entire inner surface of the genital

segment and abdomen.

Genus habitat.—Muscle borers, penetrating from the outside sur-

face of the host into the underlying tissues, usually near a fin; an-

chored in the muscles themselves by the cephalic horns, the sur-

rounding tissues forming a cyst around the head.

Type of the genus.—Trifur tortuosus^ monot^'pic.

{Trifui\ a notorious rascal in Plautus.)

Remarks.—This genus is so markedly different from the others in

the family as to warrant its establishment, even upon the scanty ma-
terial here recorded. The trunk is almost exactly like that of

Haemohaphes., except that it is relatively much smaller, but the

head and neck are totally different and resemble those of Lernaeeni-

cus. The entire head, including the horns, and the neck are fully

chitinized, instead of being soft, and the thorax segments are so

completely fused as to be indistinguishable. The new genus thus

combines the characters of the two older genera and becomes a con-

necting link between them. All the characters essential for its

establishment are present, including the antennae and swimming
legs, the only things lacking are the proboscis and maxillae, whose

future discovery can not affect the systematic position of the genus.

TRIFUR TORTUOSUS. new species.

Plates 20 and 21, figs. 158 to 160.

Ilost and record of specimens.—Two females with egg strings Avere

obtained from the outside of the body near the pectoral fin of Salllnta

australis, at Otter Bay, Smith Channel, South America. One speci-

men lacked the head and was cleared in clove oil to show the inter-

nal anatomy; the other was perfect, except the proboscis, and is

made the type of the new genus and species, with Cat. No. 49704,

U.S.N.M.

/Specific characters of female.—In addition to the generic charac-

ters already given, the cephalothorax with its horns is fully chiti-

nized like Lernaeenicus and Phrixocephalus., but totally unlike

Haemohaphes. The long posterior horn is slightly curved, conical,

and bluntly rounded at the tip; the lateral horns are smaller and

shorter but also conical and blunt.

The neck is comparatively much thicker than in Haemohaphes and

is curved in two or three different directions, chiefly sidewise at

right angles to the median plane of the trunl?. It is perfectly

smooth, without Imobs or horns, and in the cleared specimen is more
than twice the length of the trunk; it does not continue the S-curve

but is straight for a very short distance and then turns sidewise.
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The genital segment is not much enlarged (2J diameters), is flat-

tened a little laterally, and is perfectly smooth except for the two

"wide fleshy processes over the bases of the egg strings. The abdomen
is about the same diameter as the coils of the egg strings, is enlarged

a little at the tip, and is without knobs or processes. It is bent in a

half circle where it leaves the genital segment and is straight for the

rest of its length. At the center of the posterior end is a slight sinus

which indicates the position of the anus and on either side of this is

a rudimentary anal lamina, without setae.

The two pairs of antennae are on the dorsal surface of the head,

in a position corresponding to that in the other genera. The first

antennae are short and indistinctly jointed and are turned outward

awa^' from the midline; the second antennae are rather large, are

two-jointed and chelate. The majority of the rami on the swimming
legs are lacking, but the basal joints indicate distinctly the position

of the legs ; the first tw^o pairs are close together on the ventral sur-

face of the head and just in front of the neck and are biramose; the

third and fourth pairs are on the ventral surface of the neck, at

distances behind the second pair represented by the numbers 3 and 8;

the third pair is biramose and the fourth pair imiramose. From the

muscles and a portion of the chitin framework left in the front of the

head it is probable that the missing proboscis w'as similar to that in

Lernaeenicus.

Color (preserved material), a brownish yellow, more of a brown
on the head and neck, more of a j^ellow on the trunk; egg strings

cinnamon-brown.

Total length, if straightened, 50 mm. Length of head, including

posterior horn, 10 mm. ; diameter, 3 mm. Diameter of neck, 1 mm.
Length of genital segment, 12 mm.; diameter, 3 mm. Length of

abdomen, 7 mm. ; diameter, 1.50 mm. Length of egg coils, 8.50 mm.

;

diameter, 1.50 mm.
{tortuosus, fuU of curves and windings, alluding to the body

form.)

Subfamily Pennellinae.

Suhfamily characters of female.—Cephalothorax armed with hard
chitin horns, two or three in number and unbranched; neck and trunk

straight, no sigmoid curvature; genital segment only slightly en-

larged and without a pregenital prominence ; abdomen wdth branched,

feather-like processes in a row along either side, often running onto

the posterior end of the genital segment; anal laminae very rudi-

mentarj'' and destitute of setae; egg strings filiform, very long and
straight, eggs uniseriate and minute, packed like a row of coins.

Two pairs of antennae, the second pair chelate; a tripartite eye

deeply buried over the base of the esophagus; proboscis small and
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capable of but little protrusion; mandibles unknown; no maxillae or

maxillipeds; four pairs of swimming legs close together just behind

the head.

Suhfamily characters of copepodid male (genus PennelTa).—Body,

like that of Cyclops^ composed of a cephalothorax covered with a

carapace having lateral and posterior lobes; three free thorax seg-

ments, a fused fifth and genital segment, and a one-jointed abdomen;
anal laminae very short and armed with minute setae. Two pairs

Q-ftX

FlQ. D.—THB male (left) and female (right) COPEPODID larvae of PENNELLA VARtANS
AFTER WiERZEJSKi; ACTUAL LENGTH OF FEMALE, 0.80 MM.

of antennae, second pair chelate; compound eye in the shape of a

transverse spindle; mandibles stilet-shaped; two pairs of maxillae,

second pair uncinate; one pair of stout, clawed maxillipeds; first two

pairs of swimming legs biramose, third and fourth pairs uni ramose,

all the rami two-jointed. Parasites of salt-water fish exclusively.

Ontogeny of the genus Pennella.—The genital protoplasm forms

egg mother cells and ^gg daughter cells as in the Lernaeocerinae.

The oocytes acquire food and yolk material as they pass into the

oviduct, in which they are strongly flattened and packed in a single

row. The cement glands are separate from the oviduct and empty
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into the latter just in front of the vulvae. Here each egg is covered

with a membrane of the cement substance and then passes into the

outer case, where it is again flattened and packed w'ith its fellows

in a single row. These eggs are much smaller in diameter than those

of the other subfamilies, and as a rule there are many more of them

than in the Lernaeenicinae and about the same number as in the

Lernaeinae. The larva probably hatches as a typical nauplius,

although this has never been observed, and is transformed into a

metanauplius while swimming freely in the plankton. At the first

copepodid stage the larva seeks its temporary host, which in the

present instance is a cephalopod, upon whose gills are passed this and

the subsequent copepodid stages. At first the larva fastens with its

chelate second antennae, but with the first molt it develops a frontal

filament by which it is securely anchored to the gill of the cephalopod.

Then follow pupal stages in which the segmentation of the body

and its appendages becomes indistinct, the setae lose their plumes,

and the various appendages become misshapen, swollen, and incapable

of use. But sexual ripening goes on just the same and fertilization

takes place here on the cephalopod's gills. Then comes a final molt

for the female in which she acquires again well-formed appendages

capable of good service. She then swims away in search of a final

host, into whose flesh she burrows and is anchored by chitin horns

growing out from the cephalothorax.

It is worthy of note that some species of this subfamily liaA'^e been

found upon whales and become thus the only copepods parasitic upon
a warm-blooded animal. It may also be noticed that the members
of this subfamily are the largest of the Lernaeidae, sometimes attain-

ing the comparatively enormous length of nine or ten inches.

Genus PENNELLA Oken.

Pennatula Linnaeus, Systema Naturae, 1758, p. 819. P. sagitta, third

species.

PcnucUa Okkn, Lehrbuch Naturgeschichte, 1816, p. 3138. Type, P. dlodon-

tis, monotypic, a synonym of P. sagitta.

Lerncopcnna Blainville, Journ. de Physique, 1822, vol. 93, p. 378. Type,
L. bocconii, first species.

Bacvlus I.uunocK, Trans. Linn. Soc. London, 1860, vol. 23, p. 190. Type,
B. clnngatus monotypic. A larval form of Pennella.

EcsscUn BnADY, Challenger Copepoda, 1SS3, vol. 8, p. 136. Type, U.
Cylindricn, nionotypic. A larval form of Pennella.

Pcnclla, Pcnellus, Lernaeopinna, various authors.

Reasons for retaining the name Pennella.—Linnaeus, mistaking
entirely the nature of these parasites, placed them in the genus
Pennatula or Sea pens, and this genus name was subsequently used

by Ellis (17G3), Gmelin (1788), Lamarck (1818), Pallas (l772),

Cuvier (1817), and others.
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But Pennatula was the name of a genus of alcyonaiian coral

polj'^ps, which gradually came into general use, and which is still

retained in the group of sea fans known as Pennatulacea, with the

type genus Pennatula.

Hence Oken, on establishing the new species diodontis in 181G,

suggested Pennella as a new name for the genus and it has been

universally adopted.

Thus although Linnaeus antedated Oken by many years we can

not use his name for this copepod genus, but must adopt the one

given by Oken.

External generic characters of female.—Cephalothorax globular,

hemispherical, or semielliptical, usually somewhat flattened dorso-

ventrally and often with the anterior end squarely truncated and

covered with short and tumid processes; the rounded posterior end

gives off two or three cylindrical chitin horns, unbranched. Neck

very long, cylindrical, and comparatively wide, increasing gradually

in diameter and passing insensibly into the trunk. The latter is

cylindrical, often transversely ridged, and straight; abdomen long

and tapering to a bilobed tip, Avith a pair of tiny anal laminae armed
with long setae; a row of appendages along either side of the

abdomen, nearer the ventral surface, and branched so as to resemble

the barbs and barbnles of a feather. Egg strings from once to several

times the length of the body, straight and filiform; eggs numerous

and uniseriate. Antennae persisting in the mature adult while the

two pairs of maxillae apparently disappear; first two pairs of legs

close together, third and fourth pairs removed a short distance.

Internal generic characters of female.—Bilateral symmetry com-

pletely preserved ; mouth tube on the anterior end of the head or on

the ventral surface near the anterior margin
;
proboscis with a meager

supply of muscles; esophagus inclined to head axis and supported

by a rigid chitin framework suspended from the ventral wall of the

head; stomach without convolutions or lobes; intestine straight,

nearer the dorsal surface, and considerably narrowed in the abdo-

men; rectum short and straight.

Ovaries two-thirds the length of the trunk, tapered posteriorly,

the ends distinct, the central portion more or less completely fused;

oviducts with a short loop where they leave the anterior ends of the

ovaries, and comparatively narrow ; cement glands extending the en-

tire length of the trunk, the ducts the same length and diameter as

the glandular portion.

Chitinogen layer of body wall forming an opaque network of pig-

mented fibers over the inner surface of the thick chitin skin.

Genus habitat.—This genus burrows from apparently any locality

on the outer body surface of its host through the skin and tissues.
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and buries its head in some vital organ, forming an enormous cyst,

which becomes very hard and remains a long time after the death of

the parasite ; it always shows torsion and sometimes flexion.

External generic characters of C'opepodid 7nale.—Cephalothorax

made up of head and first thorax segment fused ; second, third, and

fourth segments free and diminishing gradually in width ; fifth and

genital segments fused; abdomen one-jointed, anal laminae short and

wide.

First antennae indistinctly jointed and well armed with setae;

second pair two-jointed with a stout chela; mouth tube long and

barrel-shaped; mandibles without teeth; first maxillae on the out-

side of the tube at its base, bilobed ; second maxillae on the ventral

surface of the head, two-jointed and tipped with a claw ; maxillipeds

near the posterior margin of cephalothorax, also two-jointed and

tipped with a claw; swimming legs corresponding exactly with those

of the female ; no fifth legs.

Internal generic characters of Copepodid male.—Esophagus short

and strongly inclined to the body axis; stomach much widened in

the cephalothorax, tapered posteriorly and passing insensibly into

the narrow intestine. Supraesophageal ganglion comparatively

small, connected dorsally with a wide tripartite eye and anteriorly

with a large frontal gland secreting an attachment filament. Infra

ganglion almost as large as the stomach and extending back into the

second thorax segment. Testes paired and opposite each other above

the stomach in the first and second thorax segments, ovate, with

wide sperm ducts leading back to large spermatophore receptacles

in the genital segment.

Type of the genus.—Pennella sagitta (Linnaeus), first species.

(Pennella, diminutive of Penna-, a feather).

Remarks.—This genus has been probably the least understood of

any in the entire family and scarcely any two authors have described

their species similarly. This is partly due to the fact that speci-

mens are often mutilated in order to save the host, since the removal

of a Pennella in its entirety is almost certain to involve the destruc-

tion of its host as a museum specimen. It is also partly due to the

presence of a much larger and tougher cyst around those portions

of the body which are buried in the host ; this is very difficult to re-

move without injury to the parasite. Again the short and stubby

frontal processes, like those on a cauliflower, entirely cover the

mouth and surrounding regions, and several heads must be sacrificed

before gaining an adequate idea of the structure of the buccal re-

' ion. In the present instance there has been an abundance of ma-
terial for clearing in clove oil, for dissection, and for sectioning, and
the facts here presented have been ascertained in all these ways as

well as by ordinary methods.
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With reference to the " male " of this genus described by Milne

Edwards, Steenstrup and Liitken, Thomson, Bassett-Smith, and

T. and A. Scott, it may be said that Milne Edwards briefly de-

scribed a genus male but did not even mention one in connection

with any of the species. He was evidently describing something

which no other investigator has ever seen and which had no con-

nection with this genus at all. Steenstrup and Liitken thought it

probable that his description was not derived from his own ob-

servation, but that he mistook Nordmann's figure of a male Ancho-

rella {Clavella) for Pennella and based his description upon that.

Thomson, Bassett-Smith, and Scott simply translated his mistake

and no one of them claimed to have seen a male.

Steenstrup and Liitken figured under Pennella exocoeti some-

thing which they called " The presumable pigmy male of the species."

In their genus diagnosis they said that this " gave some idea of the

males which had hitherto been sought in vain." But they did not

mention it at all in their description of the species; evidently they

were not certain that it was a male, and had no idea of its structure.

Whatever it maj' have been, it certainly v\'as not a pigmy male of

this genus, for the males of Pennella are like those of the other

genera in the Lernaeidae. They do not live beyond the copepodid

stages, and hence are not to be found attached to the body of the

adult female, nor even upon the same fish.

If one will compare carefully the copepodid males obtained by

Wierzejski from the gills of three cephalopod species with the cope-

podid males of Lemaeocera described by A. Scott (1901), with those

of Sarcotretes described by Jungersen (1911), and with those of

Lemaea here described (p. 35), there will be no doubt that they

were really what Wierzejski claimed them to be, the sexually ripe

copepodid males of some Pennella species.

Here is the true male of the present genus, and it is one that corre-

sponds in every pnrticular with the other Lernaeid males already dis-

covered. Upon Wierzejski's descrijjtion and excellent figures are

based the generic characters given above.

The adult females are found everywhere upon the body of their

hosts and can not be said to prefer any especial locality. The large

trunk of the parasite stands out from the surface of the skin, while

the head and long neck are buried in the tissues of the host's vital

organs. The tissue with which they come in immediate contact

forms a thick and tough covering or cyst around them, which is

often as large as an English walnut and sometimes attains the size of

a lemon.

These cysts are usually flattened in one direction, and with age

they become nearly as hard as cartilage. Inside of them the liead
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and neck of the Pennella tire frequently twisted in corkscrew fashion,

thereby increasing the difficulty of withdrawing them and givijig

the copepod a more secure hold upon its host. These cysts may bo

found almost anywhere in the fish's body, in the stomach and intes-

tine walls, the mesentery, the liver, the caeca, etc. When the copepod

dies the cyst simply shrivels and hardens still more, and such lumps,

nearly as hard as bone, may be cut out of the liver or elsewhere along-

side of the living ones.

The portion of the parasite which hangs free in the water outside

the fish's skin is frequently infested with goose barnacles, hydroids,

or algae. One specimen was obtained, 4 inches in length, to which

were attached 18 Conchoderma virgatum, the mass of the barnacles

being many times that of the copepod's body.

Quite recently {1912b) Quidor has published a paper on copepod

parasites, in which he gave a diagnosis of the genus Pennella and

then discussed its life history and specific characters. After show-

ing that various other data did not furnish favorable specific char-

acters, he advocated the structure of the plumose abdominal ap-

pendages and the individual torsion as a ready and infallible means
of distinguishing species (pp. 202-3).

The structure of the abdominal appendages was quite thoroughly

discussed by Steenstrup and Liitken in connection with Pennella

Hagitta.

While it may be possible to select plumules from the different

species Avhicb will show the distinctions portrayed by Quidor, it is

also possible to find on the same fish two Pennellas of the same species,

fastened side by side, but whose plumules show very different struc-

ture. So long as this is likely to occur it is evident that something

else must be used to separate the species. With reference to the value

of torsion, if Quidor'? observations were based upon the statements

contained in his description of the genus, they must be profoundly

modified before they will possess any scientific value. He stated:

"La tete . . . presente ventralment deux antennes rudimentaires et

une region buccale couverte d'appendices chitineux plus ou moins
ramifies" (p. 197); and, again: "II (the genital segment) porteen

arriere, sur la face dorsale, les orifices de ponte d'on sortent deux
longs sacs ovigieres filiformes." (P. 198.)

The two pairs of antennae are dorsal and not ventral, and the egg
strings are ventral and not dorsal, as in every Lernaeid genus. By
placing the antennae with the mouth on the ventral surface Quidor
Is reduced to the unhappy situation of calling the swimming legs

dorsal, since they are on the opposite surface.

As a consequence all the torsion which he called direct is really

inverse and his inverse torsion is really direct, because he was hold-
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ing the animal with its ventral side uppermost so that right and left

were reversed. Furthermore by placing the mouth on the same

surface as the antennae, whether he called it dorsal or ventral, he

has altered the true amount of torsion, that is, the angle between the

buccal and anal orifices.

Hence what he gave as a direct torsion of 135° might well be an

inverse torsion of 45°. Again his statement that "the value of the

angle of torsion in the adult furnishes very precise specific charac-

ters" (p. 203) can not be proved in actual experience. No species

shows anything like constancy in either the amount or the direction

of torsion. We have just stated that the neck of Pennella filosa is

often twisted in corkscrew fashion inside the cyst, but this is by no

means always or even usually the case. It is evident, however, that

the torsion of these corkscrew specimens will be very different from

that of normal specimens, and even amongst the latter there is a wide

variation. In most Pennellas the direction of torsion is clearly

shown by the twisting of the color pattern on the neck. Interpreting

on this basis, the torsion of five specimens of Pennella filosa taken

from the same swordfish are: Direct 90°, inverse 180°, direct 3G0°,

direct 3G0°, inverse 180°. Manifestly when two torsions are in the

same direction and one is four times the other, they do not furnish

a " very precise " specific character.

The only rational conclusion is that torsion in this genus has com-

paratively little specific value. We are forced, therefore, in making

a key of the species, to rely upon an accumulation of characters,

rather than upon any one or two characters alone.

Furthermore it has been found necessary to exclude the following

species from the key for the reasons stated after each

:

Penella anthonyi and P. cettei Quidor. In his attempt to use the

mode of branching of the plumose appendages as the chief charac-

teristic of the various species Quidor gave figures showing these ap-

pendages in the two species here named (1912b, pi. 1, figs. 9, 11, and

12). He also gave photographs of the two parasites, half the natural

size (pi. 4, figs. 30 and 31), and a few additional facts in his key to

the species. But he does not even mention them in his text, and we

are left in absolute ignorance of the details of all their appendages,

as well as of their general morphology.

Consequently while they may very likely prove to be new species,

we can not accept them upon present evidence.

Lerneopenna hlainvillii LeSueur (1824, p. 289, pi. 11, figs. 2 and 3).

A synonym of Pennella exocoeti (see p. 115).

Pennatula hocconii Lamartiniere (1798, p. 51, pi. 20, fig. G). Milne

Edwards made this a distinct species, but Steenstrup and Liitken said

it was not well enough described to warrant separation and made it a

synonym of Pennella diodontis. It was the first species (type) of
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Blainville's "new genus*' Lerneopenna. But Steenstrup and Liit-

ken's statement holds good to-day; it has never been described with

enough detail to enable it to stand as a separate species.

Lerneopenna hrackiata Blainville (1822, p. 44C, pi. 1, fig. 4). A
synonym of Pennella sagitta (see p. 113).

Penella costal Eichiardi (1880, p. 150). This is a nomen nudum
and probably identical with Pennella filosa.

Pennella diodontis Oken, Chamisso, and Eysenhardt (1821, p. 350,

pi. 24, fig. 2). A synonym of P. sagitta (see p. 113).

Pennella gracilis and P. intricata A. Costa. Cams in his Prodromua
Faunae INIediterraneae (1885, p. 374) mentions these two species and

ascribes them to A. Costa, but adds " Hospites, loci, descriptio?". He
himself was as badly at fault since he did not give the reference in

which A. Costa mentioned these species, and all efforts to find such a

reference have failed.

Leimeopenna holteni Desmarest (1825, p. 347). AVlien Desmarest

transferred Holten's species, Lemaea exocoeti, to Blainville's genus

Lerneopenna, he also changed the specific name. But of course there

was no Avarrent for this and so his name, holteni, becomes a synonvm.

Penella plumosa DeKay (1844, p. CO). DeKay described (1822,

p. 87, 1 text figure) a mutilated specimen of a parasite from " Diodon

pilosus " sent to him by Doctor Mitchill, which he was satisfied did

not belong to any genus as yet established. Afterward in his Zool-

ogy of New York he evidently redescribed the same creature and

gave it the above name.

Either he himself or the printer made an error in the name of

the host, and gave it as " Diodon plumosus of this report." Fow-

ler (1913b, p. 91) suggested that, as such a fish was not named in

DeKay's report, it was proably a mistake for DeKay's '''Diodon full-

glnosus,''^ which does appear in the report, and he made DeKay's

species a synonym of P. filosa.

But it seems more probable that the specific name of the parasite

was in some way substituted for that of the host, the two being very

similar, and that DeKay was redescribing and naming the same

species that he had in 1822, of which during the intervening years

he had obtained better specimens. This would make it a synonym
of P. sagitta, which infests Diodon, and not of P. filosa, which has

never been found on that genus of fishes.

Penella remorae Murray (1856, p. 299, 5 text figures). This

species was found attached to the sucking disk of '"''Echeneis re-

mora,'''' and all that was described and figured was the portion out-

side the disk, the part buried in the tissues of the fish having been

destroyed in an attempted dissection. But this posterior portion of

the parasite showed plainly that the specimens were immature, the

plumose appendages having only just started to grow. A remora
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could easily obtain such immature specimens while attached to some

larger fish which was the regular host of the parasite.

At all events, with no data on the anterior two-thirds of the body,

including all of the appendages, the species can not be accepted.

Pennella rubra Brian (1906, p. 86, pi. 7, fig. 3). This was a single

specimen, without egg strings and lacking all that part of the ante-

rior body which had been buried in the tissues of the host. This

lack of egg strings, as well as the condition of the plumose appen-

dages, show it to have been an immature stage of some species infest-

ing the sunfish on which it was found. Brian himself afterward

recognized this, and in 1912 (p. 16) placed the species as a synonym

under P. filosa.

Pennella sultajia Nordman (1864, p. 485, pi. 5, figs. 12-16). This

species was first described briefly by Milne Edwards (1840, p. 523)

and ascribed to Nordmann in accordance with manuscript in the

Paris Museum. The manuscript was afterward published by Nord-

mann as above, but the species does not belong to the genus Pen-

nella., and in the following year was established by Heller (1865,

p. 251) as the type of the new genus Lernaeolophus.

KEY TO THE SPECIES OF THE GENUS I'ENKELLA.

1. Length 50 mm. or less, exclusive of the egg strings 2

1. Length 100 mm. or more, exclusive of the egg strings 3

2. Head spherical, the same width and length, covered with minute and regular

excrescences ; two soft, slender horns, 2 to 3 times the length of the head,

pointed backward (10 to 20 mm.)' sagitta (Linnaeus), 1758, p, 113.

2. Head much wider than long, flattened dorsoventrally, deep cut at the center,

covered with large irregular excrescences ; two slender horns a little longer

than the head and pointed backward (40 to 50 mm.)
exocoeti (Hoi ten), 1802, p. 115.

2. Head wider than long, flattened dorsoventrally, squarely truncated anteriorly,

not cut at the center, but covered with irregular excrescences ; three soft,

slender horns, the lateral ones at right angles to head and branched

(30 mm.) lioiiviUei Quidor, 1912, p. 116,

2. Head much longer than wide, with wing-like excrescences on either side;

two stout conical horns much shorter than head and at right angles to

it (15 to 25 mm.) varians Steenstrup and Liitken, 1S6L
3. Three horns, long and slender, at right angles to head, the dorsal one

shorter than the lateral ones; neck slender and much 'longer than

trunk 4

8. Two horns, short and blunt, at- right angles to head; neck shorter than

the trunk and nearly of the same diameter 5

8. Two horns, long and soft, pointed backwards ; neck thick and as long as

the trunk or longer 6

4. Neck 3 times as long as trunk; abdom.en two-fifths length of genital seg-

ment; egg strings half the length of whole body; head minute and spheri-

cal (175 to 225 mm.) antarctica Quidor, 1912. p. 110.

* Average total length of species.
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4, Neck 2 times as lonj? as trunk; abdomen half the lenj^th of genital se^'nient;

Q'^'i strintrs half the length of whole body ; head Ilattened, nuith wider than

long (200 to 320 mm.) balaenopterac Korea and Dnnlelsseii, 1877.

4. Neck and trunk the sam» length ; abdomen two-fifths length of genital seg-

ment; egg strings twice the length of whole body; head flattened, nmch
wider than long (140 mm.) tridentata Listow.sky, 1893.

4. I.'eck 2 to 3 times as long as trunk; abdomen three-fifths length of genital

segment; head cup-shaped anteriorly (90 to 125 mm.)
crassicornis Steen.strup and lAltken, ISGl.

5. Horns chitinous, at right angles to head, and both in the same straight line;

abdomen half the length of genital segment ; egg strings no longer than

abdomen (90 to 100 mm.) hisfiophori Thomson, 1889.

5. Horns fleshy and very short, terminating in a small red knob ; abdomen half

the length of genital segment ; egg strings much longer than whole body

(100 mm.) piistiilosa Angas, 1847.

5. Hums chitinous, slender, and scarcely projecting beyond the margins of the

head ; abdomen stout and less than half the length of genital segment ; egg

strings twice the length of whole body (150 to 200 mm.)
filosa (Linnaeus), 1758. p. 119.

6. Head squarely truncated anteriorly, with concave sides; horns parallel with

the neck ; neclv and trunk the same length ; abdomen half the length of

genital segment (225 mm.) instriicta, new species, p. 122.

6. Head cup-shaped anteriorly, with convex sides; horns extending diagonally

outward ; neck one-fifth shorter than trunk ; abdomen a third the length

of genital segment (ISO mm.) ortlwgorisci Vv'right, 1870, p. 124.

6. Head shaped like a clove, largest anteriorly ; horns parallel with neck ; neck

3 times as long as trunk; abdomen half as long as the genital segment

(275 mm.) charcoti Quidor, 1912.

PENNELLA SAGITTA (Linnaeus).

Pcnnatnla sayitta Linnaeus, Systema Naturae, 1758, p. 819, pi. 3, fig. 13.

—

Ellis, Philos. Trans., vol. 53, 17G3, p. 419, pi. 1.

—

Cuvier. Ilegne Animal,

vol. 4, 1817, p. 36.

—

Dekay, Amer. Journ. Science, vol. 4, 1822, p. 87, 1

text fig.

Lerncopcnna sagitta Blain\^ij.e, Jouru. de Physique, vol. 95, 1822, p. 379,

pi. 1, fig. 5.

Lerncopcnna brachiata Blainville, Journ. de Physique, vol. 95, 1822, p.

44G, pi. 1, fig. 4.

Pcnnatula hocconii LAMABTiNifeKE, Atlas du Voyage de la Pdrouse, 1798,

pi. 20, fig. G.

Lcrnaea diodontis Oken, [iehrbuch Naturgeschlchte, 1816, p. 184.

PcnncUa sagitta Nordmann, Mikrographische Beitriige, 1832, p. 121, pL

10, figs. G-8.

—

Steexstrup and Lutken, Kong. Danske Videns. Skrifter,

1S61, p. 409, pi. 14. fig. 31.

PcnncUa diodontis Oken Lehrbuch Naturgeschlchte, 1816, p. 358.

PcnncUa diodontis Oken, Chamisso, and Etsenhardt, Nova Acta Acad.

Caes. Bonn, vol. 10. 1821, p. 350, pi. 24. fig. 3.

PcnncUa diodontis Quidor, Deuxi&me Expedition Antarctlque, Charcot,

1912. p. 205, pi. 1, fig. 2; pi. 2, figs. 19-22: pi. 4. fig. 38.

Remarks.—As the above synonomy shows, various authors have

attempted to establish 4 or 5 different species upon the material

obtained from the genus Diodon. Linnaeus made the mistake of

77403—Proc.N.JLvol.53—17 8
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placing this copepod among the sea fans, and this error was copied

by Ellis, Lamarck, Esper, and others, each of whom described

the creature simply from a figure given by one of the others. Cuvier

recognized that it did not belong with the polyps, but he went too

far in the opposite direction and declared that it must be con-

sidered as belonging to the genus Caligus of Miiller.

In a later edition (1830) he adopted Oken's genus Pennella under

the Lerneans (vol. 3, p. 256), but included in it only the single

species, flosa.

However, on page 320 in a footnote under the polyp genus Pen-

natula he said: ^'' Pennatula fllosa^ et Pennatula sagittata, sont des

animaux parasites, du genres des lernees (les Penelles, Oken)
;

mais nullement des pennatules. Le Penn. sagitta, Esper, Pennat.,

pi. V, est tout autre chose que celui de Linn.; peutetre est-ce un

Nephtkys.^^

De Kay, after noting the above treatment of the parasite, said:

" This animal has been first ranked as a Lernea^ a parasite, then

considered as a pennatule or polype, afterwards placed in the genus

Cahjgus as a crustaceous animal, and finally, it has been decided

that it shall occupy a new genus as an Annelide." (p. 88.) He then

gave an incomplete description of a mutilated specimen from " Dio-

don pilosiis,''^ sent to him by Doctor Mitchill, together with a text

figure. The head, the neck, and the anterior portion of the genital

segment were lacking, the specimen having evidently been broken

off on a level with the outside surface of the host's skin.

Consequently the only portion of his description of any scien-

tific value was that of the " plumulae " and the name of the host.

And it is not surprising that he finally concluded to place the animal

in one of the four genera established by Lamarck under the order

of " Polypes tubiferes," thus restoring it to the polyps.

Blainville described in his text a species which he claimed was the

sagitta of Linnaeus, Ellis, Esper, Lamarck, and DeKay (p. 3T9),

But he manifestly never saw the creature; his description is bor-

rowed from those of the other authors, and for a figure he copied the

imperfect wood cut of DeKay. Indeed, he comprehended so little

about the size and structure of the species that he described it again

in the explanation of his plate (p. 446) as a new species, to which he

gave the name brachiata.

Nordmann gave us the first really scientific description of this

parasite, accompanied by excellent colored figures. He identified

his species with that described by Linnaeus and the others, and if

his identification was correct, as we have no reason to doubt, it

established the species of those early writers beyond question. And
since it was the first parasite described by Linnaeus it becomes the
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oldest of the parasitic copepods. With reference to the host, Lin-

i.i!« us's specimens were taken from the sargassum fish, Pterophryne
histno, that of DeKay was from a J'richodiodon {Diodon) pilosus;

Blainville's sagitta was from a species of LopMus in the Sea of

China, while his hrachiata was from a Diodon at Manila, Philippine

Islands; Nordmann's species was taken from Lophius mar7)ioratus,

but he identifies it with DeKay's specimen from Diodon.

Tlie species thus becomes a parasite of the two genera, Lophius
and Diodon.

PGNNELLA EXOCOETI (Holten).

Lei-'twea ewocoeti Holten, Skrivter af Naturhistorie-Selskabet, vol, 5, 1802,

p. 136, pi. 3, fig. 3.

Lenicopenna holtcni Desmabest, Crustaces, 1825, p. 347.

Lcrncopcnna hlainriUii LeSueub, Jouru. Acad. Nat. Scl. Pliila., vol. 3, 1824,

p. 289, pi. 11, figs. 2 and 3.

PencUus blainviUii Milne Edwards, Hist. Nat. des CrustacCs, 1840, p.

523.

—

Flower, Proc. Zool. Soc. London, vol. 26, 1858, p. 372.

Pennclla exocoeti Steenstetjp and Lijtken, Kong. Danske Videns. Selskabs

Skrifter. vol. 5, 1861, p. 415, pi. 14, fig. 33.

Penella exocoeti Quidor, Deuxi^rae Expedition Antarctique, Charcot, 1932,

pi. 1, fig. 3; pi. 4. fig. 39.

Remarks.—Holten gave a fair description and figures of this

species, which were copied by Desmarest without any additions from
original investigation, but with a change of name to correspond with

Blainville's newly established genus. Steenstrup and Liitken ob-

tained three specimens from an Exocoetus species captured in the

tropical Atlantic, which they positively identified with Holten's

species, and of which they gave excellent figures, but added nothing

to Holten's description. So far as can be judged from a comparison

of the respective figures and descriptions, their identification was
correct, but neither description gives us very much in the way of

details. They also discovered just above the base of the Q:g^ strings

two tiny objects which they called pigmy males, and wdiich they

said "were fastened to the skin of the female so tightly by their

maxillipeds that it was not possible to loosen them without tearing

them in pieces" (p. 419). These were not placed with the females

under the species exocoeti^ but were put in the general remarks after

all the species, and without any description. The simple fact that

they could not be removed from the female without tearing them in

pieces indicates that they were not males. The two sexes are never

welded together in any such manner as that, and the only injury that

would be possible would be the loss of the claws on the maxillipeds

or perhaps of the entire appendages. Steenstrup and Liitken further

stated that " the P. hlainv'dlii described by LeSueur was also taken
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from an Exocoetus {E. volitans) but differs from ours (namely from

exocoeti) both in the older and the younger stages so much that we
may regard it as quite distinct" (p. 415).

A careful comparison of LeSueur's figures and description with

those of Steenstrup and Lutken does not show any differences of

specific value.

BlainvilHi has three horns, all of a length and quite short and the

neck is short and stout; exocoeti has only two horns while the neck

is long and threadlike. But neither of these differences nor both

of them are sufficient to separate the two species; much more accu-

rate and detailed descriptions must be given before we can definitely

establish them as distinct species, infesting the same host and in

the same locality.

PENNELLA LIOUVILLEI Qnidor.

Penella liouvillei Quidor, Deuxieme Expedition Antarctiqiie Frangalse,

Charcot, 1912, p. 209, pi. 1, fig. 1 ; pi. 2, fig. 2G ;
pi. 3, fig. 28 ; pi. 4, fig. 37.

Remarks.—This species of Quidor differs from exocoeti only in

the possession of a dorsal cephalic horn, in the branching of the

lateral horns, and in the fact that the inflated lateral portions of

the head do not project in front of the central portion. Quidor added

that the torsion was direct in exocoeti and inverse in liouvillei^ and

if we can judge from his text this is the difference which induced him
to establish his new species. But it has been shown elsewhere (p. lOD)

that torsion has no specific value, and the other differences might

all result from different conditions encountered while the parasite

was penetrating the tissues of its host. Hence there is need of more
details here also before the species can be definitely established.

PENNELLA ANTARCTICA Qaidor.

Plate 15. figs. 119-124.

Penella antarctica Quidor, Deuxieme Expedition Antarctique Frangaise,

Charcot, 1912, p. 206, pi. 1, figs. 15-17
; pi. 4, figs. 29, 34.

Host and record of specimens.—Two females out of a lot that were

tsiken from the Sei whale, Balaenoptera horealis, off northern Japan
by Dr. R. C. Andrews of the American Museum of Natural History,

New York City, were presented to the National Museum and have

received Cat. No. 47820, U.S.N.M.

/Specific characters of female.—Head distinctly separated from the

first thorax segment by a deep groove, ellipsoidal with the long

diameter transverse, and flattened somewhat dorsoventrally; divided

into two halves by a longitudinal furrow, which is wide and shallow,

beginning at the antennae on the dorsal surface, extending around
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the unteiior margin, and running the whole length of the ventral

surface to the neck. Ventrally the anterior two-thirds of this furrow

is filled with the small horny frontal processes, those along the mar-
gin of the gruo've larger than those along the bottom. First two

thorax segments as wide as the head, fused and separated from the

third and fourth segments by a groove ; they give off a pair of long

and slender lateral borns and a much shorter dorsal horn.

Third and fourth segments also fused, narrower than the two first

segments and tapered posteriorly; neck very long and threadlike,

only the extreme anterior portion being yellow and chitinous, while

the rest is softer and the same color as the trunk. The latter is com-

paratively short and not much enlarged, its surface being raised into

irregular transverse ridges, lighter in color than the intervening

grooves. Posteriorly its dorsal portion passes into the abdomen,

which is short, tapering, transversely ridged like the trunk, and

bluntly rounded at the tip.

Each barb of the plumose appendages is single and branched on

only one side; the first one or two branches (barbules) are much
larger than the others and are themselves dichotomously divided;

the egg strings are comparatively short and slender.

The first antennae are removed some distance behind the second

pair, are three-jointed, and well armed with setae. The second

antennae are two-jointed and tipped with a chela ; the basal joint is

triangular, the apex of the triangle being attached to the dorsal

surface of the head and the base being articulated with the terminal

joint; the claw of the chela is stout and strongly curved, the peg is

sliort and considerably inclined inward toward the opposite antenna.

The mouth tube is reduced to a mere fringe around an opening on

the ventral surface of the head, in the bottom of the groove and near

the sinus in the anterior margin. No mouth parts can be seen, but

instead the groove around the mouth is filled with the corneous

frontal processes.

Buried dee])ly in the tissues over the base of the esophagus is an

eye which still retains the two lateral lenses found in larval forms.

The four pairs of swimming legs are all present, the three pos-

terior pairs placed at distances behind the anterior pair represented

by the numbers 5, 17, 28; the first two pairs are biramose, the last two
uniramose, all the rami two-jointed and bearing setae.

The structui-e of the mouth framework is clearly shown in figure

123; the esophngus is surrounded by a chitin ring (cr) oblong iii

shape, somewhat angular and attached to the inside of the wall of

the head. From each of its four corners and from the center of

cither side a sliort and wide chitin band (ch) projects dorsally into

the cavity of the head.
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To the ends of each band and all over the dorsal surface of the

ring numerous muscle bands are attached, which have their origin

on the dorsal and posterior walls of the head. Similar muscle bands

are inserted all over the ventral wall of the head around the mouth,

on the soft membranes as well as on the harder chitin parts. These

also have their origin on the dorsal, lateral, and posterior walls of

the head, so that the entire cavity, except for the digestive tube, is

filled with these muscle bands.

Their contraction pulls in the ring and the portions of the ventral

wall around the mouth as far as the elasticity of the chitin and the

soft membranes will permit. The entire front of the head thus takes

the place of the protrusible proboscis in other genera.

The esophagus, after passing through the ring, turns forward

and opens on the ventral surface of the head in the space between

the anterior bands (oe). There is a posterior prolongation (p)
which extends backward between the ring and the ventral wall of the

head, and ends blindly between the posterior bands. Behind this

prolongation posteriorly and along either side of the ring are irregu-

larly rounded areas (m) in the ventral wall of the head, which are

covered with a fairly thin, soft membrane instead of the hard chitin.

Between these areas and outside of them the walls are thick and

hard; the frontal processes cover both the hard chitin and the soft

membranes indiscriminately, and can be removed from the latter as

well as the former without injury. The number, size, and arrange-

ment of these soft membranes furnish good specific characters.

Color (preserved material), head and anterior fifth of the thorax

dark yellowish brown; remainder of thorax and trunk light yellow

on the dorsal and ventral surfaces and dark brown along the sides;

plumose appendages silver gray ; egg strings light yellow.

Total length, 235 mm. Head, 4 mm. long, 5 mm. wide. Lateral

horns, 35 mm. long. Genital segment, 50 mm. long, 4 mm. wide.

Abdomen, 18 mm. long. Egg strings, 100 mm. long.

(antarctica, the region from which the original specimens came.)

Remarks.—One of the specimens was an exceptionally fine one, and

the above description has been given in order to supplement the one

presented by Quidor and to correct certain errors.

Quidor found but a single pair of antennae and he designated as

first maxillae two chitin knobs, one on either side, in the sinus of

the frontal margin, and thus in front of the mouth, between it and

the antennae; two others on the ventral surface were designated as

second maxillae, and only three pairs of legs were found.

The species may be recognized by the exceptionally long and

slender neck and by the three horns on the first thorax segment, the

two lateral ones being long and inclined forward.
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PENNELLA FILOSA (Linnaeus).

Plate 15, figs. 125-127
; plate 16, figs. 128-133 ; plnte 17, figs. 134-139.

Pennatula filosa Linnaeus, Systema Naturae, 1758, p. 819.

Lcniaea cinhosa La Maetini£re, Atlas du Voyage de la Pdrouse, 1798,

pi. 2. fig. G.

PcncUus fllosa Milne Edwards, Hist. Nat. des Crustac^s, 1840, vol. 3, p. 52.3.

PcneUa filosa Quidor, Deuxieme Expedition Antarctique Frangaise, Char-
cot, 1912, pi. 1, figs. 5-8 ; pi. 4, figs. 35, 36.

PcnneUa filosa Cuvier, R&giie Auimal, 1830, vol. 3, p. 257.—M. T. Thompson,
Biological Bulletin, 1905, vol. 8, p. 296, 6 text figs.—Brian, R^sultats

Scientifiques Prince de Monaco, fasc. 38, 1912, p. 16, pi. 3, figs. 2-A ; pi. 6,

fig. 10.

PenneUa rubra Brian, Copepodi parassiti del Pesci d'ltalia, 1906, p. 86, pi. 7,

fig. 3.

Ilost and record of specimens.—The following specimens of this

parasite appear in the United States National Museum collection;

Cat. No. 3155, one female from a swordfish captured off the coast of

Nova Scotia; Cat. No. G143, two females from Mola rotunda^ off

Marthas Vineyard; Cat. No. 6144, two females from a swordfish,

Woods Hole, Massachusetts; Cat. No. 42298, twelve females much
infested with barnacles from an unknown locality and host; Cat.

No. 42307, seven females from swordfish at Woods Hole; Cat. No.

42313, ten females from swordfish, Woods Hole ; Cat. No. 47754, five

females from sunfish. Woods Hole, much infested with barnacles;

Cat. No. 47755, eight heads only from swordfish. Woods Hole ; Cat.

No. 47821, one female from Mola rotunda^ Woods Hole; Cat. No.

47822, two females from Tetra2)turus alhidus, north Atlantic.

jSpecific characters of female.—Cephalothorax subspherical, wider

than long, slightly flattened dorsoventrally, and almost squarely

truncated at the anterior end, which is covered with short processes.

These processes are usually branched like those on a cauliflower,

especially around the edges, but some of them are simple. Where
the head joins the neck a pair of short, straight, and unbranched

horns are given off on the dorsal surface, and there is often a shorter

third one between them.

On the dorsal, lateral, and ventral surfaces of the head, near the

beginning of the processes at the anterior end, there are usually sev-

eral small knobs, irregularly disposed and never alike in any two

specimens.

Neck comparatively thick, about the same diameter throughout,

and considerably shorter than the genital segment. The latter is

about twice the diameter of the neck and transversely ridged, in-

creasing gradually from the neck and then remaining the same

diameter for the rest of its length.
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Abdomen half the length of the genital segment, plumes large

and profusely branched, usually with tertiary plumules. Egg
strings very slender and often several times the length of the body

;

one of the specimens in lot No. 42313, which was itself 120 mm. in

length outside the fish's body, had egg strings 350 mm. long.

First antennae slender and three-jointed, close to the bases of the

second pair and turned forward, the joints of about the same size

and heavily armed with setae. Second antennae two-jointed, joints

the same size, the terminal one chelate, a stout and e^trongly curved

claw shutting past a large peg on the inner margin of the joint.

Between the basal joints is a short, pointed rostrum, with the usual

pigment spot at its center, and a tripartite eye is deeply buried in

the tissues over the base of the esophagus; there are no visible

mouth parts. The basal plates of the swimming legs are slender and

elongated-triangular in shape, the intervals between the successive

pairs being represented by the numbers 10, 30, 35 respectively.

The structure of the mouth framework is shown in figures 130-131.

The chitin ring around the esophagus is short and wide, concave an-

teriorly and bluntly rounded posteriorly, with only four chitin bands

projecting into the cavity of the head, one at each anterior corner

and one at the center of either side. There is but a single semiellip-

tical area on either side covered with thin and soft membrane; each

of these areas starts just in front of the lateral chitin band and ex-

tends backward nearly to the posterior margin of the head. It is

surrounded by a wide chitin band or ridge, the bands on the inner

sides of the areas meeting along the median line, except for a short

distance posteriorly. The arrangement of the muscles and frontal

processes with reference to these areas and bands is similar to that

in Pennella antarctica.

Immature stages.—A young P. -filosa, 18 mm. in length, taken from

a swordfish, is shown in figures 135-139. The antennae and swim-

ming legs are the same as in the adult, but in contrast to the latter

all the mouth parts are present and are very distinct. The proboscis

projects considerably from the ventral surface of the head and is evi-

dently retractile. Inside of it at its base lie the mandibles, which

are made up of a broad lamellate basal joint, tipped with a curved

spine without teeth. The stout muscles connecting the basal joint

with the inner walls of the head show that these organs take a promi-

nent part in the early activities of the parasite, and may even assist

in burrowing through the flesh of its host. The first maxillae are

tiny projections on the side walls of the proboscis, each tipped with

two long setae. The second maxillae are long and stout; each con-

sists of a basal joint armed with two strong claw-like spines, one on

the ventral surface near the distal end and the other at the end on

the lateral margin, and a distal joint armed with two claws, one
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terminal and slightly curved, the other on the inner margin near the

base. These appendages are also furnished ^Yith very powerful

muscles and are probably used in burrowing. The maxillipeds are

reduced to mere spines, with which are still connected two or three

weak muscles whose only service seems to be to show that the spines

are really rudiments of mouth parts. In the posterior end of the

genital segment, just inside the vulva, can be seen the enlargement of

the oviduct on either side which serves as a receptaculum seminis.

The entire abdomen is monilliform and terminates in two large anal

laminae, each well supplied with setae.

In an older specimen, 35 mm. long, the rudiments of the mixil-

lipeds have disappeared, but the other appendages remain intact;

the genital segment is ridged transversely, and the plumose appen-

dages of the abdomen have started as broad bluntly rounded proc-

esses, one on either side of each monilliform division of the abdomen.

Color.—Head and neck, or buried portions of the body, pale yel-

low, often with a reddish tinge from the contained blood; genital

segment and abdomen dark cinnamon brown, banded transversely

with yellow ; egg strings dark orange yellow.

Total length, 150-200 mm. Head, 8 mm. long, 10 mm. wide. Neck,

50-GO mm. long, 3 mm. wide. Genital segment, 70-80 mm. long, G mm.
wide. Abdomen 40-50 mm. long. Egg strings 200-350 mm. long.

(filosus, thread-like.)

/Remarks.—The history of this species is rather complicated. Lin-

naeus described his Pennatvla flosa as follows: "P. stirpe rachi

utrinque pennata: basi tentaculis duobus. Bocc. mus., 1G74, p. 286,

t. 28G. Habitat in M. Mediterranei Xiphiis. Setae 2, rubrae. ad
basin rachios pennatae insertae, ipsaque rachi longiores." ^

Stebbing pertinently remarked ^ that the only thing of any specific

value in this description was the name of the host. But, fortunately,

subsequent investigators have added useful characters that do possess

specific value.

Guerin-Meneville published^ a figure of Pennatida flosa that

.shows enough details to identify the species. Cuvier said,* "There

is one species (Pennella fllosa) in the Mediterranean, 7 or 8 inches

long, which penetrates the flesh of the swordfish, the tunny, and the

sunfish, and torments them horribly." Milne Edwards adtlecl,^ " Body
very long, slender, and straight; head swollen, carrying behind two
short and obtuse horns. Appendages of the abdomen penniform,

slender, and joined two by two at their base."

> .'Cystoma Naturae, ed. 10, 1758, p. 819.
* South African Crustacea, 1005, pt. 3, p. 188.
« Ucgne Animal, IS.'i", vol. 2, pi. 9, fig. 3.

* I.lein, 1S30, vol. .3, p. 257.
* IJistoire Naturelle des Crustaccs, vol. 3, p. 523.
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Steenstrup and Liitken^ said that if it should prove that several

closely related species had been combined under the single name
filosa, the species from the Mediterranean swordfish must be consid-

ered as the type, which is obviously true. But these authors at-

tempted no further identification of the species.

No other investigator did more than to mention the species until

Brian in the Bulletin de I'lnstitut Oceanographique (No. 110, 1908,

p. 8) described at considerable length and illustrated with text figures

both the development stages and the adult female. In this paper ho

placed a question mark after the species, but in a subsequent paper *

he dropped the question mark and was satisfied with the identity of

the species. His specimens were obtained from Orthagoriscus mola
in the Atlantic west of the Azores. The present author has found

both adults and development stages of the same parasite upon the

swordfish.

Finally Quidor ^ has given us photographs of the entire animal and

careful drawings of the plumose appendages of the abdomen from
which we can easily identify the species. His specimens were found

both on the swordfish and the sunfish on the northern coast of

France.

With the details here added in reference to the antennae, the chitin

framework supporting the esophagus, and the mouth parts of the

development stages this species ought to be securely established.

PENNELLA INSTRUCTA, new species.

Plate 18, figs 141-147.

Host and record of specimens.—The United States National Mu-
seum collection includes the following specimens, all taken from the

swordfish, Xiphias gladius: No. 3691, two females, by steamer Look-

out from Atlantic off New England; No. 6159, one female, by the

fisheries steamer Albatross., northern Atlantic; No. 14574, one female,

from Maine coast ; No. 47750, a single female with the cyst which en-

closed its head and neck, from Woods Hole, Massachusetts, made the

type of the species; No. 47751, eight females with their cysts, from
Woods Hole; No. 47752, five females, from Woods Hole; No. 47753,

four heads with horns intact, taken from cysts found inside the body
of a swordfish, Woods Hole.

Specific characters of female.—Cephalothorax swollen, consider-

ably longer than wide and squarely truncated anteriorly, with the

lateral walls slightly concave. This hollowing in of the sides of

the head is due to large swellings at the bases of the horns posteri-

iKong, Danske Videns, Salskabs, Skrifter, 18G1, vol. 5, p. 416.

* Campagnes scientifiquos clue Prince de Monaco, fasc. 38, 1912, p. 10.
» Dcuxi&me Expedition Antarctiaue Francaise, Charcot, 1912, pi. 1, flgs. 5-8 ; pi. 4,

figs. 35, 3G.
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crly and an elevated ridge around the margin of the anterior trun-

cated end. Frontal processes arranged in a definite jiattern, con-

sisting of a semicircle on either side around the margin, two shorter

bunches inside of them curved like parentheses marks, and two

narrow straight masses through the center dorsoventrally. (See fig.

143.) There is a wide, open space without processes between the

semicircle and the parenthesis mark on either side, and a narrower

space between the jDarenthesis mark and the central mass, so that

the pattern stands out very distinctly.

At the posterior end of the cephalothorax nearer the dorsal surface

there is a single long horn on either side, which tapers gradually to a

bluntly rounded point, extends directly backward alongside the neck,

nnd is curved considerably forward toward the ventral surface.

The cliitin skin over these horns is very thin, and in consequence the

horns are soft and pliable. The neck is not enlarged anteriorly, but

starts abruptly from the back of the head between the horns, is the

same diameter throughout, and is much longer than the trunk. The
latter is twice the diameter of the neck and is transversely ridged;

abdomen half the length of the genital segment; plumules about 24

in number along each side of the abdomen, quite long and dicho-

tomously branched; egg strings very slender and longer than the

entire body.

First antennae four-jointed, each joint heavily armed wuth setae,

separated from the second pair by a considerable distance (fig. 145)

;

the third joint is the shortest and narrowest, while the fourth or

terminal joint is the longest and widest. Second antennae large

and stout; basal joints triangular, considerably smaller than the

terminal joints and widely separated across the midline; second or

terminal joints swollen, with a stout and strongly curved claw,

which shuts against a medium-sized peg on the inner margin of

the joint. Between the basal joints is a wide chitin plate, in the

center of which is a large and bluntly pointed rostrum with a pig-

ment spot in its base. The chitin ring surrounding the esophagus

is diamond-shaped, with the two obtuse angles lateral, and each of

them giving off a wide chitin band; the other two bands are on

either side of the anterior point. The arrangement of the chitin

ribs and soft membranes is exactly like that of the frontal processes,

the soft membranes under the open spaces, the ribs under the

processes.

The swimming legs each have a large spot of pigment on the basal

joint and the different pairs are separated by distances correspond-

ing to the numbers 1, 5, 6.

Color.—Head and buried portion of the neck brownish yellow;

trunk dark cinnamon brown with interrupted transverse bands of

yellow
;
plumose appendages dark steel-gray.
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Total length, 225 mm. Head 7 mm. long, 8 mm. wide, 7 mm. thick.

Neck, 110 mm. long, 2.50 mm. in diameter. Genital segment, 75 mm.
long, G mm. in diameter. Abdomen, 40 mm. long. Egg strings, 330

mm. long.

{instructus^ arranged in definite order, alluding to the frontal proc-

esses. )

Remarks.—This species may be recognized by the peculiar pattern

in which the frontal processes are arranged and by the two curved

horns given off from the posterior margin of the cephalothorax. The
long distance between the first and second antennae, and the com-

paratively long distance to which the third and fourth legs are re-

moved are also characteristic. This is undoubtedly the '''' Penella

sp?" described by Brian in his preliminary note on the parasitic

copepods taken during the scientific voyages of the Prince of Mo-
naco^; his figures, especially of the head and horns, are unmistak-

able. This species infests the swordfish together Avith filosa, and has

not thus far been found upon any other host. The cysts formed

around the head and neck in the tissues of the host are very large,

and inside of them there is more or less twisting and flexure.

While the part of the body outside of the host does not apparently

afford as good lodgement for Conchoderma as was the case in filosa^

it does prove attractive to hydroids and algae, and is often very

heavily loaded with one or both of them.

PENNELLA ORTHAGORISCI Wright.

Pennella orthagorisci Weight, Ann. Mag. Nat. Ilist., set. 4, vol. 5, 1870,

p. 43, pi. 1.

Host and record of specimens.—A single lot of 10 females were

obtained from Mola mola at Woods Hole, Massachusetts, and have

received Cat. No. 42299, U.S.N.M.

Specific characters of female.—Wright fully described this species

in the reference above given, but he had only two specimens obtained

in the harbor of Cork, Ireland. The following notes by Mr. Richard

Rathbun upon the 10 specimens obtained at Woods Hole will there-

fore be of interest by way of comparison

:

Cephalic horns generally three in number, but sometimes only two,

as in Wright's figure; they originate from the base of the cephalic

region, close to the neck, and often so exactly between the two that

it is difficult to s^y to which they properly belong. When only two
they originate much farther apart than in Wriglit's figure, very near

or quite at the sides of the head toward the dorsal surface. When
three in number the third one springs from the dorsal surface mid-

way between the other two, sometimes reduced to a mere knob, at

others attaining a length two-thirds that of the lateral horns, but

»Bull, de rinstlt. oc^anog., No. 110, 1908, p. 0.
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never equaling them. None of the lateral horns were as long as in

Wright's figure, and they were usually slender, the stoutest ones

measuring 2 mm. in diameter. They sometimes taper and sometimes

enlarge toward the tip, are of about the same size and length on the

two sides, and usually project at an angle of 45°.

The head varies in the proportion of length to breadth, but is

always wider than long, rarely twice as wide as long; it is generally

divided into two lobes, though sometimes obscurely, by a groove

which runs the length of the ventral surface, makes a slight depres-

sion on the frontal margin, and disappears on the dorsal surface."

The anterior end of the head is more or less flattened, rarely slightly

concave, and is inclined toward the ventral surface. This flattened

portion is covered with frontal processes branched like cauliflowers,

which are packed closely together, are quite uniform in size, and

present an even contour.

The proboscis is elongated doi*so-ventrally and is completely hidden

by the frontal processes, which form a double ring or band about

it, the separation between the two rings being only slightly but

usually distinctly indicated. Along the anterior margin of the head

are a number of small protuberances similar to, but larger than, the

frontal processes, with which they are usually continuous. There is

one on each side of the longitudinal groove, those on the ventral side

being nearer together, those on the dorsal side farther apart. On
the sides of the head there may be anywhere from one to eight of

these processes, not regularly placed, and often more or less digitate

like cauliflowers.

The antennae are situated somewhat in front of the center of the

dorsal surface, about one-third of the distance from the anterior

margin. The integument covering the head is very thin and yielding

to the touch ; the horns and the anterior thorax are much more rigid.

The thorax varies considerably in length; anteriorly it joins the

head abruptly, retains a uniform width for most of its length, and

enlarges gradually at the posterior end to meet the trunk. The latter

is ribbed transversely, the ribs being sometimes quite prominent, at

others but faintly indicated. It is of uniform diameter (twice that

of the neck) as far back as the vulvae, where it is abruptly con-

stricted to two-thirds its former diameter, and from thence tapers

gradually to a bluntly rounded tip.

The filamentous appendages are very numerous and dense, and are

directed backward and ventrally, leaving the dorsal side of the

abdomen clear; they extend slightly beyond the anus.

The swimming legs are just behind the head, where they occupy
one and a quarter to one and a half millimeters of linear space. The
two anterior pairs are close together and overlap more or less, while
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the interspaces between the second and third and the third and fourth

pairs are comparatively large and siibequal.

Color.—Head and horns light brown, trunk dark olive brown, the

grooves between the ribs lighter in color; egg strings gray white;

plumose appendages a deep black.

Total length, exclusive of %gg strings, IGO to 180 mm.
{orthagorisci^ the former generic name of the host.)

Remarks.—This species differs from instructa, just described, in

the following particulars: The head in the present species is alwa3''s

wider than long, while in instructa it is always longer than wide;

the horns are usually three and are chitinous, while in iristructa there

are never but two, which are soft in texture; the trunk is compara-

tively three times the length and twice the diameter of that in

instructa; the first antennae are so close to the second pair that their

bases touch, while in instructa they are far removed ; Wright repre-

sents the second antennae as definitely three-jointed and slender,

while in inst^ructa they have but two joints and are fully as wide

as long.

Genus PEGESIMALLUS Kr^yer.

PegeshnaUiis KR0yEB, Bidrag til Kundskab om Suyltekiebsene, 1863, p. 332,

pi. 18, fig. 7.

Generic characters of female.—Body made up of five distinct

parts : First, an elongate-ovate head, destitute of antennae and mouth
parts, but with a small proboscis; second, a short and slender neck;

third, a thicker posterior neck covered with excrescences resembling

bunches of grapes; fourth, a vermiform anterior trunk, transversely

ridged, with a ventral row of soft processes along either side of the

midline; fifth, a posterior trunk, in three coils, and covered with

villous processes.

Remarks.—The above is adapted from Kr0yer's generic diagnosis

and gives the principal characters of this parasite. He had but a

single specimen which was found amongst some Greenland crabs that

were sent to him.

There is nothing in the description or in the figures to show that

this is a copepod and not a worm, as there were no egg strings.

It may be a copepod not fully developed and covered with Gymna-
blastic Hydroids like those described by Jungersen.^ But we must
have many more details of its structure before we can decide where

to place it; meanwhile it may be left here among the Lernaeans

where Kr0yer located it, with the understanding that its presence

is very questionable.

1 Vidensk. Meddel. fra natnrh. Foren., vol. G4, 1911, p. 21.
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I'rinted for the Ray Society, London, 1850.

Contains an excellent "Bibliographical History" of the Lernaeidae on pp.
307-;?10 and another of the genus " Lerneonema " (Lernaeenicua) on pp.
339-340.

ISGl. . Note on the Lernaea cyclopterina occurring in the gills of

the Cyclopterinus spiuosus, a fish from Greenland. Proc. Zool. Soc. Lon-

don, ISGl. p. 2.39. Also in Ann. Mag. Nat. Hist., ser. 3, vol. 8, p. 496.

A synonym of Haemohaphes cyclopterina.

1744. Baker, Henry. A new discovered Sea-Insect, called the Eye-sucker.

Philos. Trans. Royal Soc. London, vol. 43, No. 472. p. 15. pi. 1, figs. 2, 3.

This was obtained from the eye of the sprat and was probably a species of

Lernaeenicus.
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17S3. Bauhut, James. Genera Verniium exemplifieil by Tiirious specimens of

tlie animals contained in the Orders of tlie lutestina et Mollusca

Linnaei. 8vo., London.

Genus Lernaea, p. 6G. Lernaea a/prinacea, p. G7.

1896. Bassktt-Smith, P. W. Notes on the Parasitic Copepoda of Fish obtained

at Plymouth, with Descriptions of New Species. Ann. Mag. Nat. Hist.,

ser. G, vol. IS, pp. 1-lG, pis. S-G.

Described the new species Lernaea (Lcr7iaeocera) lusci, p. 13, pi. 4, fig- 6.

1898. . Some new Parasitic Copepods found on Fish at Bombay.
Ann. Mng. Nat. Hist., ser. 7, vol. 1, pp. 1-17, pis. 1-7.

Desciilied the allesed new species, Peroderma branchiata, p. 13, pi. 7, fig. 2.

(See p. 50.)

1904. Bauuouin, Maecel. I.,e Lernaeenicus sprattae, parasite de la Sardine en

Vendee. Conip. Bend. Acad. Sci. Paris, vol. 1.39, pp. 99S-1000.
Tills parasite Is called Pavilion by the sardine fishermen because it has three

distinct parts, showing the three colors of the French tricolor, which is com-
monly called Pavilion by sailors.

1905. . Du mode de fixation dorsale du Lernaeenicus snrdinae sur son

liOte, Compt. Bend. Acad. Sci. Paris, vol. 140, pp. 32G-327.

IDOoft. . Nouvelles observations sur la Lernaeenicus, Copepode para-

site de la Sardine. Bull. IMus. Hist. Nat. Paris, 1905, pp. 299-300.

1905c. . Les Parasites de la Sardine. Revue Scieutifique, No. 23,

pp. 715-722, 4 text figures (32-35).

Mentioned among the external parasites Peroderma cylindricum and Ler-

nace)ucus sardinae on p. 717.

1908. . Un nouveau parasite du Spratt (Clupea spratta) ; constation

d'un Lernaeenicus sardinae nobis sur un Spratt prC-sentant en outre

trois Lernaeenicus sprattae Sowerby. Bull. Mus. Hist. Nat. Paris,

vol. 14, p. 17.

190S&. . Mode d'attaque du Spratt (Clupea .spratta) par le Lernae-

enicus sprattae Sowerby, Copepode parasite de I'oeil de ce poisson.

Assoc. Frangaise av. des Sci. Congr&s de Reims, 1907, Paris, 8vo. 15

pp. 2 figs.

1909. . Nouvelles observations statistiques sur le Lernaeenicus sar«

dinae JI-B. de la Sardine Atlantique. Vme. Congr&s national des

PCches maritimes. Les Sables d'Olonne, 1909, I"- section, Paris, 19

pp.

igiQ_ . Mode de fixation du Lernaeenicus sardinae M-B. sur I'oeil

de la Sardine (Clupea pilchardus Walb.). Compt. Rend. Assoc. Fran-

caise av. des Sci., Sess. 38. Congres de Lille, pp. 651-G62, 1 text figure.

1910b. . Decouverte d'un Type de Transition entre Lernaeenicus

sardinae M-Baudouin & lernaeenicus sprattae Sowerby. sur le nieme

Sardine (Clupea pilchardus Wal.) : L. sardinae, variety moniliformfs.

Compt. Rend. Assoc. Frangaise av. Sci. CougrCs de Toulouse, 1910,

5 pp.

1910c. . Un cas de parasitisme exceptionnel chez la Sardine. In-

convfnients des denominations zoologiques mal congues. Bull. Soe.

Sci. nat. Quest France Nantes (3), vol. 1, Nos. 1 and 2, pp. Ill and IV.

He found Lernaeenicus sprattae on t!'e sardine and L. sardinae on the sprat,

each attached in its own pociiliar way, and advocated a change of names.

1914. . Un deuxi&me Fait de Parasitisme du Spratt " Clupea

spratta" par le "Lernaeenicus sardinae." Compt. Rend. Assoc. Fran-

caise av. Sci. Congr6s de Tunis. 1913 (1914), 3 pp.
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19146. Baxtdouin, Makcel. Deux Exemples d'Atavlsme cliez le Cop6pode para-

site du Spratt et de la Sardine, " Lernjieenirus sprattae" Sowerby.

Couipt. Rend. Assoc. Franguise av. Scl. (;<>ngr68 de Tunis, 1913

(1914), pp. 366-371.

1873. Beneden, Edouari) van. Rapport sommaire sur les rfisultats d'un voyago

nu Bresil et H la Plata. Bull. Acad. Roy. Belglque (2), vol. 35, No.

6, pp. 775-792.

Secured a fine Rpecimen of Pennella more than 4 cm. long from ExocoetUB

bicolor.

1870. Beneden, Edouahd van, et Bessels, Esin^E. M^moire sur la Formation du

Blastoderme chez les Amphipodes, les Lern^ens, et les CopCpodes. M6-

moires couronn^s de I'Acad. Roy. Belglque, vol. 34, 59 pp., 5 plates.

Included the structure of the sexual apparatus, the constitution of the egg,

modes of segmentation, and the formation of the blastoderm. The Lernaeans

are on pp. 33—48, pis. 3-5.

1851. Bbneden, Piebre J. van. Note sur un Crustac6 parasite uouveau, avec

r^nuiiieration des esp6ces de cette classe qu'on observo sur les poissons

du littoral de Belglque. Bull. Acid. Roy. Belglque, vol. 18, pt. 1, pp.

286-290; unn. plate, 7 ligs.

Reviewed the Lernaeldae and described Lemaeonemn musteli, new species,

p. 287, figs. 1-7. Trypaphylum muateli.

1870. . Les C6tec^s, leurs coiumensaux et leurs pjirasites. Bull.

Acad. Roy. Belglque (2), vol. 29, pp. 347-368,

Mentioned Pennella balaenopterae, p. 356 : Pennella crasaieornia, p. 358

;

Lernaeonema {Lernaeenicua) nodicornta, p. 359; Pennella pustulosa, p. 361.

1870b. . Les poissons des Cotes de Belglque, leurs Parasites, et

leurs Comniensaux. Mem. de lAcad, roy. Belglque, vol. 38, 100 pp., 8

plates.

Distinguished true parasites from commensals ; divided the former into

Phagosites, " les habitues de I'hotel, qui profltent seulement de la table d'hOte "

;

Xenosltes, " parasites en transit " ; Nostosltes, " ceux qui sont arrivfe* a leur

destination," including tlie Lernaeldae; Planosltea, "ceux qui se snnt ^gar^s en

chemln."

1876. . Animal Parasites and Messmates. The International Scien-

titic Series, 1 vol., 12mo.. New York, 1876, 274 pp.. 83 figs.

The Lernaeans, pp. 147-151.

1822. Blainville, Maeie H. D. de. M6molre sur les Lern^es (Leruaea, Linn.).

Journ. Physique, vol. 9-'), pp. 372-380. and 437-447 ; I unn. plate.

Established the new genus Lerneocera, p. 375, with species hranchialia,

c-yilopterina, surriraiia, and cvvrinacea, the first of which becomes the genus

type; the new genus Lerneoprnna (a synonym of Pennella), p. 378, and the new
genus Lerneomyzon (a synonym of Cluvclla), p. 438.

1823. . -Vrticle T.ernw. Dictionaire Scl. nat.. vol. 26. pp. 112-130.

Mainly a ropetltlon of .Hie preceding.

1671. Boccone. S. Paitlo. Recherches et Ohsei-viitioiis iiaturelles. Paris. 1671.

1 vol., 12mo.
,\t Messina ihc swoidiisli an> toiiufuttnl b.v :i parasite which tiie fishermen

lall Sansrnisuca. They are not usually confined to one part of the body, but

are .liwa.Ts on siuti iila<('s that tl)c iln of the animal can not reach them (p.

284.) This sangsue appears to be tormented by u louse never seen on any

i)t1'f'- <natuiH. It Is tlu' size of a pen and attaches itself firmly to the animal

(p. 292). The parasite was probably a Pennella and the louse was a goose

barnacle (Conchodeima) attached to It. Riprlnted under titl" Rlcerche e

Osservazione naturali, Amsterdam, 1674.

1731. — . An extraordinary Sangulsuga or liCach found sometimes

sticking fast In the fish called Xlphias or Swordflsh. The Philosophical

Transactions and Collections to the end of the year MDCC. vol. 2. by

.Tohn Lowlhorp. ed. 4, London, 1731. No. 99, art. Ill, p. 821.

a posthumous reprint of the preceding with a description of the parasite.

77403- I'roe. .\. .M. vol. I=i,3- 17 i
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1770. BoMABE, Valmont de. De alminrleliga Natur-historie, Form af et Die-
tionnnire.—Oussot, forpget u. forbidet af H. von Aphelen. 8 vols.

8vo„ Ki0benhavn. 1767-70.
" Toknetrold " (Lernaeocera branchialia), vol. 8, 1770, p. 122.

1802. Bosc D'Antic, Louis A. G. Historie naturelle des Crustaces, contenant
leur Description et leurs Moeurs. 2 vols. Paris, An. X (1802).
The first popular treatise ever written in the French language and containing

an excellent historical summary up to date ; but Including none of the
I^rnaeans.

n. d. . Historia Vermium. 2 vols. Paris.
Included 15 Lernaean species (vol. 1, p. 51 seq.) placed among the mollnsks.

1910. BurvtER, E. L. Quelqnes Arthropodes recuelUis aux lies Kerguelen.
Bull. Mus. National d'Hist. nat., Annee 1910, No. 2, pp. 95-96.

Pennella ialaenopterae found on a large humpbacked whale, p. 95.

1883. Bkady, George S. Report on the Copepoda. Challenger expedition, Zool-

ogy, vol. 8, pt. 23, pp. 1-142, pis. 1-55.

,
Included the '"new genus and species" Bessella cylindrica (a development

stage of Fennella^. p. 136, and the new species Lernnea {Lernaeocera) abyasi-

cola, p. 137.

1898. Bbian, Aij:ssandro. Note pri^liniiuaire sur les Oop^podes parasites des

poissons. Bull. Instit. Oceanogr., No, 110, 1S9S, j). 19, text figures.

Recorded Pennella fllosa from the sunfish.

1898&. . Catalogo di Copepodi Parassltl del Pesci della Liguria.

Atti Soc. Ligustica Sci. nat. geog., vol. 9, pp. 5-31. pis. 1-4.

Enumerated the Lernaeidae on pages 20 and 21.

1903. . Descrizione di un nuovo genere di crostaceo Lerueide (Sil-

vestria truchae, n. g., n. sp.). Atti Soc. Ligustica Sci. nat. geog., vol. 13,

6 pp. 1 text figure. Copied in Boll. Mus. Zool. Anat. comp. Geneva, No,

119, 4 pp. ; 1 text figure,

1903b. , Sostitutione dl nome al nuovo geuere di crostaceo Ler-

neide; Silvestria railu=Leptotrachelus mihi . Zool. Anz.. vol. 26, p. 547.

1906. . Copepodi parassiti dei Pesoi d'ltalia. 4to. Geneva, 1906,

189 pp., 21 plates, 10 of which are colored.

Gave a good historical bibliography of the various groups of parasitic cope-

pods, that of the Lernaeans being found on pp. 7-18. Described "Pennella
rubra, n. sp.", p. 86, pi. 7, fig. 3 (see p. 112).

1908. . Note pr61iminaire sur les Copepodes parasites des Poissons

provenant des Campagnes scientifiques de S. A. S. le Prince Albert I^r.

de Monaco ou deposes dans les Collections du Mus§e oceanographique.

Bull. Inst, oceanogr.. No. 110, 18 pp., 7 text figures.

Pennella sp.. p. 6; Pennella fllosa, p. 8 ; P. crassicornis, p. 11; Lernaeenicus

(Sarcotretes) ertstaliformis, a. sp., p. 13 ; Lernaeolophus sultanua and Pero-

derma cylindricum, p. 16.

1912. . Copepodes parasites des Poissons et des ]5chinides i)rovenant

des Campagnes scientifiques de S. A. S. le Prince Albert Jer de Monaco
(1886-1910). Resultats des Campagnes Scientifiques accomplies sur

son Yacht par Albert ler Prince Souverain de Monaco. Fascicle 38,

58 pp., 12 plates.

Pennella fllosa, p. 16, pi. 3, figs. 2-4
; pi. 6, fig. 10. Pennella crassicornis, p.

18, pi. 3, figs. 5-9. Lernaeenicus (Sarcotretes) eristaliformis, p. 20, pi. 2, fig. 4;
pi. 4, figs. 1, 2; pi. 8, fig. 2; pis. 9, 10. Lernaeenicus (Cardiodcctes) medusaeus,

p. 27. pi. 10, figs. 1-5. Lernaeolophus sultanus, p. 30, pi. 5, figs. 1, 2; pi. 8,

fig. 9; Peroderma cylindricum, p. 31, pi. 4, figs. 5, G; pi. 8, figs. 5, 6.

1914. . Copepodes parasites provenant des r^centes Campagnes sci-

entifiques de S. A. S. le Prince Albert I^r de Monaco ou deposes dans

les Collections du Mus^e oceanographique. Bull. Inst, oceanogr.. No.

286, 14 pp. ; 8 text figures.

Lernaeenicus (Sarcotretes) eristaliformis, p. 10, fig. 7.
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1792. BBUGifiBES, Jean G. Dictionuaire des Vers. Encyclop6die m6thodique, 1

vol. Paris, 4to. 1792.

Adopted Linnaeus' classiflcatlon of the Lernaeans, placing them among the

worms.

186(>. BuuHL, C. B. Lernaeocera gastero.stei, eiii Schraarotzerkrebs aus der

Famille der Pennellina. Mittli. Zool. Inst. Univ. Pest. No. 1, IS pp., pis.

1,2.

Gave the first proof of the presence of swimming legs In the adult Lernaelaae,

and located the three anterior pairs. Lernaea gasterostci.

1833. BuKMEisTtB, Hermann. Besclireibungelniger neuenoder wenig bekannten

Schmarotzerkrebse, uebst allgonieiueu Betrachtungen tiber die Gruppe.

welcher sie angehoren. Acta Acad. Caes. Leop. Carol. Nat. Cur., vol.

17, pt. 1, pp. 271-33G, pis. 23-25.

Discussed the general relations of the group and particularly the position

and Identification of the different appendages in the species described. Ler-

naeocera (Lernaea) cyprinacea, pp. 309-312, pi. 24A. The Pennellina, pp. 318-
320.

1909. Calman, W. T. a Treatise on Zoology edited by Sir Ray Lankestor,

Part VII, Append iculnta, Third Fascicle. Crustacea. 4to. London.

346 pp., 194 text figures.

Adopted Giesbrecht's classification which placed 21 families definitely, but

said of the other seven, which Include the Lernaeldae, " The position of the

remaining families (consisting wholly of parasitic forms) with respect to this

system of classiflcatlon Is not yet determined."

1858. Glaus, Gael. Ueber den Bau und die Entwickelung parasitischer Crus-

taceen. Cassel, 1858, 4to. with 34 pp. and 2 plates.

Was the first to recognize (p. 30) that the genus Peniculua belonged to the

Lernaeldae.

1861. . Ueber die Familie der Lernaeen, Lernaeocera gobina. Wiirz-

burger naturw. Zeitschr., vol. 2, pt. 1, pp. 10-22.

Made L. yobina identical with Lernaea gasterostei (BrUhl) and added a

fourth pair of legs to those shown by Brtihl. Described also a Pennella species

from Exocoetua volitana.

1867. . Ueber Lernaeocera esocina, v. Nordra. (Vorliiuflge Mitthei-

lung). Sitzungsb. Gesellsch. Beford. ges. Naturw. Marburg, 1867, No.

1, pp. 5-12.

Described the external and Internal morphology, the histology of the tissues,

the mouth parts, the nervous and reproductive systems, and a little of the

development. Lernaea esocina.

1867b. . Ueber das Vorkommen von Augen und Furcalgliedern bei

den Lernaeengattungen ; Peuiculus. Penella, und Lernaea. Sitzungsb.

Gesell. Beford. ges. Naturw. Marburg. 1867, No. 10, pp. 90-93.

Proved the presence of eyes and anal laminae in various genera of the

Lernaeldae.

1868. . Beobachtungen tiber Lernaeocera, Peniculus, und Lernaea.

Ein Beitrag zur Naturgeschiclite der Lernaeen. Schrift. Gesellsch.

Beford, ges. Naturw. Marburg, vol. 9, Supplement, Heft 2, 32 pp., 4

plates.

The first detailed account of the development of Lernaea (Lernaeocera)

iranchialis, pp. 16-27, pi. 3, figs. .V9
; pi. 4, figs. 1-18.

186S6. . Ueber die Metamorphose und systematische Stellung der

Lernaeen. Sitzungsb. Gesellsch. Beford. ges. Naturw. Marburg, 1868,

No. 2, pp. 5-13.

A careful study of the development stages shows the closest relationship

between the Lernaeidae and the Callgldae.

1868c. . Ueber Lernaeocera esocina. Zeitschr. ges. Naturw. Halle,

vol. 31. pp. 530-531.

An abstract of what was published In 1868. Lernaea esocina.

1905. Cligny, a. Sur un I^rnaeenicus parasite du Spratt. Compt. Rend. Soc.

Biol. Paris, vol. 59. pp. 165-106.
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1885. CoBBOLD, T. Spencer, Notes ou Parasites collected by the late Charles

Darwin, Esq. Jour. Linnaean Soc. London, Zoology, vol. 19, pp.

174-178.

Lernaea {Lemaeocera) brancMalis and two allied forms mentioned, p. 178.

1856. Cocks, W. P. Ivernaea brauchlulis. Ann. Mag. Nat. Hist,, ser. 2, vol.

18, p. 186.

A large specimen (Lemaeocera h —.) found on the giils of Qadua eagleflnua.

1875. GoBNAi.iA, Emilio. Sulla Taphrobia pilcbardi, nuovo genere di Cros-

tacei parassiti. Attl Soc, Ital, Sci, Nat., vol. 18, pt. 2, pp. 197-200,

pi. 6.

The new genus Is the same as lleller's Peroderma cpUndrivutn.

1847. Costa, A. Note sur la Circulation des Pennelles. Compt. llend. Acad.

Paris, vol. 25, pp. 368-369. Also L'Institut. vol. 15, No. 714, p. 291.

1871. Cunningham, Robekt O., M. D. Notes on the Reptiles, Amphibia, Fishes,

MoUusca, and Crustacea obtained during the voyage of H. M. S. Nassau

in the years ] 866-69. Trans. Linnaean Soc. London, vol. 27, pp.

465-501, pis. 58, 59.

Lernaeocera, speoioB, p. 500. pi. 59. fig. 11. Let-naea, species, p. 500, pi. 59,

fig. 10.

1914. CuNNiNGTON, WiLLiAM A. Zoological Results of tlie Third Tanganyika

Expedition. Report ou the parasitic Eucopepoda. l*roc. Zool. Soa
London, 1914, pp, 819-829, pi. 1,

Enumerated and gave a key to all the known species of Lernaeocera {Ler-

naea) and described and figured three new species, L. diceracephala, p. 824,

pi. 1, flgs. 1-3 ; L. haplocephalo, p. 826, pi. 1, figs. 4-7 ; L. temnocephala,

p. 827, pi. 1, flgs. 8 and 9.

1708. Cuviee, Georges Leopold. Tableau 616meutaire de I'Histoire uaturelle

des Aniuaaux, 1 vol, 8vo. Paris, An, 6 (1798).

Placed the Leinaeidae amongst the Mollusca gasteropoda with those of the

latter which have free motion in the water.

1817. . R^gne Animal, ed. 1, Paris, 4 vols.

The Lernaeans were discussed in vol. 4, p. 37, and it was for the first time

noted that many small animals living on the gills of fishes had heen wrongly
placed in the Lernaeidae.

1830. . R6gne Animal, ed. 2, Paris, 5 vols.

Placed the Lernaeans in the second class of Zoophytes, the Entozoa, vol.

3, pp. 255-258 and divided them Into 7 groups, Les Lern^es propres, Les Pen-

nelles, Les Sphryions. I.es Anchorelles, Les Brachielles. I,es Clavelles, and Le«
Chondrachanthes.

1822. De K.\t, Jamks E. Observations on the " Peuuatule fleche " (P. sagitta

of Lamarcli) in the Cabinet of Dr. Mitchill. Amer. Journ. Sci., vol. 4,

pp. 87-8, 1 text iigure.

Described and figured a mutilated specimen, and called attention to the fact

that it had beon ranked first as a Lcrnaean, then as a Pennatula or polyp,

afterwards as a Valigua or copepod, and finally as .in annelid. He himself re-

stored it to the polyps.

1844. , Zoolog)' of New York or the New York Fauna. Pait VI,.

Crustacea. Albany, 1844.

Parasitic copepods, pp. 57-60, pi. 10, figs. 44-47. Lernaea cruciata, p, 69;
Lernaea (Lernaeenlcue) radlata, p. 60; Penella plumosa and P. flloaa, p, 60.

He made this P. plumosa a new species, but it was probably the same as the

P. sagitta described in 1822 (see p. 111).

1823. Desmahest. Ansei.me Gaetan. Article Malacostrac6s. Dictlonaire des

Sci. Nat., vol. 28, pp. 138-425.

An effort to supply ihe omissions in the articles on the Crustacea in the

Dictionalre occasioned bv the denfh of I^nch. to whom tlipy hnd boen Intrusted,
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1825. Desmarest, Anselme Gaetan. Considerations gfin^rales sur la Classe

(les Crustac<?s, et Description des Esp^ces de ces Animanx, qui vivant

daus la uier, sur les cotes ou dans les eaux douces de la France. 8vo.

Paris, Strasboui-jr. 1825. 447 pp. 5 tables, 50 plates.

A reprint of 1823 with many additions. Contained a useful history of the

Broup, their structure, functions, habits, and economy, and a brief review of

the classifications previously published, illustrated by five synoptic tables. First

referred the Lernaeidae to the Crustacea, p. .34.3.

1763. Ellis. .Tohn, Esq. F. II. S. Of the Sea Fen or Penn.itula phospliorea of

Linnaeus ; also a Description of a new species of Sea Pen. found on

the Coa-^st of So. Carolina, with Observations on Sea Pens in general.

Philos. Trans., vol. 53, p. 419 seq., pi. 1.

Pennattila (Pennella) fllosa and P. sagitta, p. 4.33.

1780. Fabricius, Otiio. Fauna Groenlandica. 8vo., Hafniae et liipslae, 452

pp., 1 unn. plate.

All the species are placed under the one genus Lernaea and include gadina,

p. .3.3(1; a/cloplciina and salniotiea, p. 337; uncinata, p. 338; gobina, p. 339;
radinia, p. 340: nodona, p. 341. The Latin descriptions are very accurate In

their details but there are no figures.

1858. Flower, W. H. Exhibition of Penellus blainvilli, M. Edwds, on Flying-

fish. Proc. Zool. Soc. London, vol, 20, p. 372.

1913. Fowler, Henry W. Notes on the fishes of the Chincoteague region of

Vii-ginia. Proc. Acad. Nat. Sci., Philadelphia, vol. 05, pt. 1, pp. 61-65.
" Lerneaenicus radiatiis" found on Brevoortla tyrannus.

19136. . The Crustacea of New .Jersey. Report New .Jersey State

Mus. for 1911 (1913), pp. 29-650, pis. 1-150.

LerneacnicuH radiatus, p. 87, pi. 21. Pennella fllosa, p. 90, pi. 22. Pennella
sagitta, p. 91, pi. 23. Lerneoceropsls septemramosus, n. gen. ; n. sp., p. 92,

pi. 24; a synonym of Lernaecnicua rndiatns. Lerneocera (Lernaea) cruciata

and L. tortua, p. 477.

1876. Friederichsen, L. Klelne Mittheilungen aus dem Museum Godeffroy.

Journ. Mus. Godeffroy, vol. 12, pp. 160-175.
Lernaeenicus aldominalia found upon Boreogadua productua Giintber, on the

Peruvian coast, p. 160.

1904. Gadd, Pehr. Parasit-Copepoder 1 Finland, Acta Soc. Fauna Flora Fen-

nica, vol. 26, No. 8, 60 pp., 2 plates.

Lernaeoccra {Lernaea) eaocina, pp. 42-44.

1895. Gabbini, a. Appuntl di Carcinologia Veronese. Mem. Accad. Verona,

vol. 71, ser. 3, fasc. 1, 94 pp., 1 plate.

Lernaeoccra (Lernaea) eaocina and L. cyprinacea.

1560. Gesneb, Conrad. Historia Aniuinlium-De Aquatilibus. 5 vols, folio,

Zurich.

Described Pennella and the Leruaeans, vol. 5, chap. 8, and gave the history

of the parasites. The Pennella was seldom to be seen except at the time
of the rising of the dogstar, and then not on many fishes, but only on the
tunny, swordflsh, and occasionally on the dolphin. He gave a text figure, p.

112, and repeated (p. 115) the figure given by Rondeletlus.

1888. GiARD, Alfred. Sur le Peroderma cylindricuiu (Heller), Cop<?pode para-

site de la Sardine. Compt. Rend. Acad. Paris, vol. 107. pp. 929-931.

Also in Bull. Sci. de la France et le Belgique, ser. 3, vol. 2, pp. 312-314.

1889. . Sur I'association de I'ennella orthagorisci Percival Wright,

et de Conchoderma virgatum Spongier. r>e Natnniliste (2). vol. 11, No.

50, p. 82.

The Pennella of Halaenoptera roatrata often shows specimens of Conchoderma
attached to Its thora.x. Mayer had also seen them on P. fllosa from the sword-
fish, and Giard added the finding of them on P. orthagoriaci.
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1790. Gmelin, Johann Fkiedkich. Linnaeus Systema Naturae, Editio deciraa

tertia, aucta, reforraata, cura. Lipsiae, 1790.

All the parasitic copepods are bunched under the genus Lernaea, pp. 3144-
3147.

1784. (tOeze, Johann A. E. Von der Fischlernaeen. Leipziger Mag. Naturk.,

1784, pp. 39-49, pi. 1.

1879. GooDE, G. Bkown. The Natural and Economic History of the Menhaden.

Rep. U. S. Comm. Fish, for 1877, pp. 1-529.

Mentioned (p. 104) one or more species of Lernaeans on the gills and
Lemaeenicus upon the external surface, and figured the latter, pi. 10, fig. 15.

1883. . Materials for a History of the Sword-fish. Rep. XL S.

Comm. Fish, for 1880, pp. 289-394.

Described, p. 346, Pennella filosa and P. costaii and three other parasitic

copepods which infest this fish.

1870. Habtmann, Robert. Beitriige zur anatomischen Kenntniss der Schma-

rotzer-Krebse. 2. Lernaeocera barnimii. Arch. Anat. Physiol., 1870.

pp. 726-7.52. pis. 17, 18.

Dftallod morphology of the female, considerable histology, and some of the

larval development. Lernaea barnimii.

1871. . Ueber d. v. Poren durchsetzte Chitinskelet der Caliopus, Ce-

crops und gewisser Lernaeoceren. Sitzungsh. Gesell. Naturf. Freunde,

Berlin (Oct. 1870). 1871, pp. 60-61.

1865. Hkli-er, Db. Camii.. Reise der osterreichischeu Fregatte Novara. Zoolo-

glseher Theil, Zweiter Band. Ill Abtheilung. 1. Crustacean, Wien, 4to,-

280 pp.. 25 plates.

Lernutoi.cra (Lernaea) Inijcniila, u. sp., p. 24G, pi. 24. tig. 9. Lernaeonema
(Lemaeenicus) gracilis, n. sp., p. 249, pi. 25, fig. 5. Peroderma, n. gen., p. 250..

Peroderma cylindricum, n. sp., p. 2-50, pi. 25, flg. 6. Lernaeolophus, n. gen.,

p. 251. Lernaeolophus sultanus, n. sp., p. 251, pi. 25, fig. 7.

1783. Hermann .Ieax. Helmintologisehe Bemerkungeri. Der Naturforscher

(J. E. I. Walch), No. 19, pi. 2.

Described Lernaea squamicola and L. lotae (see p. 40).

18(33. Hesse, Eug£ne. Recherches .sur quelques Crustaces rares ou nouveaux

des Cotes de France. 2me Memoire, De le LernCe branchiale et .de

celle qui vit sur le Gade barhu. Ann. Sci. Nat. (4). Zool., vol. 20, pp.

101-121. pi. 1.

1870. —— . Description d'une nouvelle esp^ce de Crustacfi parasite de

I'ordre des Lern^idiens de la famille des Lerneoc§riens, et du genre

Lernee, Lernee du Gade-petit. Lernaea gadi minuti (nobis). Ann. Scl.

Nat. (o). Zool.. vol. 13, 30 pp.. 1 plate.

A larval L. hrancliialis.

1891. . Description d'une nouvelle Lernee branchiale du Cha-

boisseau de Mer a longues iSpines (Cottus bubalis, nobis). Ann. Sci.

Nat. (7), Zool.. vol. 11, pp. 187-195, pis. 6, 7.

Advocated a clrriped origin for Lernaea (Lernaeocera) . Neither figures nor

description locate the species with any satisfaction.

1904. Hofek, Du. Bruno. Handbuch der Fischkrankheiten. 8vo. Miincheri.

359 pp., 222 text figures, 18 colored plates.

Parasitic copepods on the skin and gills, pp. 144-190.

1802. Holten, H. S. Anmaerkninger till Beskrivelsen over Zeus guttatus samt

Beskrivelser over tvende nye Arter Lernaeer. Skrivt. Naturh. Selsk.,

vol. 5, pt. 2, pp. 129-137, pi. 3.

Lernaea {Cho:idracanthus) merluccH, p. 135, pi. 3, flg. 2. Lernaea (Pennella)

ewocoeti, p. 136, pi. 3, flg. 3.
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1878. HoKST, Dr. R. Ueber zwei neue Schmarotzerlvreb.se. 1. Lernaeenicua

gempyll, ein Sclmmrotzerkrebs von eineiu Fische (GenipyUis serpens).

2. Ein Schumrotzerkrebs von oine Annelide (Polynoo rari.spinu).

Tijdschr. Nederlamlsche Dierk. Vereen. (Haag), Leyden, vol. 4, pp.

51-55, pi. 3, figs. 1-5.

L. gempyli here referred to the genus Sarcotretes.

1835. Johnston, George, M. D. Illustrations in British Zoology. Loudin's

Mag. Nat. Hist., vol. 8, pp. 565-569, fig. 53. text.

Lernaea (ClaveUa) iincinata.

1888. .TouBiN, L. Note (contenue dans uu pli cachets ) sur les ravages caus6s

Chez les Sardines par iin Cru.stac6 parasite. Conipt. Rend. Acad. Paris,

vol. 107, pp. 842-844.

Lernneenicnn, species.

18886. . Sur uu Cop^pode parasite des Sardines. Compt. Rend.

Acad. Paris, vol. 107. pp. 1177-1178.

Lernaeenicvs, species.

1911. .Ttjngeksen, Hectok F. K. On a new Gyuiuoblastic Hydroid (Ichthyo-

codium sarcotretis) epizoic on a new parasitic Copepod (Sarcotretes

scopeli) infesting Scopelus glacialis, Rhdt. Vid. Meddel. Naturh.

Foren, Kj0benhavn, vol. 64, pp. 1-33, pis. 1, 2, 6 text figures.

Gave the larva) development of the copepod as well as the morphology
of the adult female. Condensed reprint in Nature, Loudon, vol. 88, No. 219h,
p. 25.

1880. Kellicott, David S. Observations on Lernaeocera cruclata. Proc. Anaer.

Soc. Microscopists, vol. 1, pp. 64-68, pis. 1 and 2.

Lernaea vruciata.

1881. . Lernaeocera tortua. n. sp. Proc. Amer. Soc. Microscopists.

vol. 2, pp. 41-43, 1 unn. plate.

Lernaea tortua.

1882. . On Certain Crustaceans Parasites of Fresh-water Fishes,

Proc. Amer. Soc. Microscopists, vol. 4, pp 75-78.

Lernaeocera (Lernaea) pectoraUs from axilla of redfln shiner, Luallua
cornutus.

1858. Kneeland, Dr. On the Parasites of a Sunfish. Proc. Boston Soc. Nat.

Hist., vol. 6, p. 396.

A species of " Lernaea " (Pennella T) was attached In large numbers around
the dorsal and anal fins.

1860. Koch, C. L. Collezio Adrlatico del Museo dl Storia naturale di Trieste.

Trieste, 1860.

Lernaeolophus sultanas.

1775. KoELKEUTER, Jos. Gli. Lcmaeae forsau adhuc incognitae Gadi callarll

L. branchiis firmiter inhaereutis descriptio. Comment. Acad. Theod.
Palat, vol. 3, Phys., pp. 57-61.

Probably Lernaeocera branchialia.

1877. KoiiEN, .1. and Daniei.sse.n, D. O. A new Species of tlie Genus Peunella,

Pennella balaenopterae, nobis. Fauna Littoralis Norvegiae, pt. 3, pp.

157-163, pi. 16. figs. 1-9.

An excellent description and figures showinfr the internal as well as the
external morphology.
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1835-8. KE0YER, Henkik. Om Snyltekrebseue, isaer med Hensyn til den Danske
Fauna. Naturh, Tidsskr., vol. 1, pt. 2, 1835, pp. 172-208, pi. 2; pt. 3,

1835, pp. 252-504, pi. 3; pt. 5, 1837, pp. 476-504, pi. 5; pt. 6. 1837, pp.

605-628, pi. 6 ; vol. 2, pt. 1, 1838, pp. 8-52, pi. 1 ; pp. 131-157, pi. 3.

A review of the entire group giving its distinguishing characters and a sys-

tematic synopsis based upon that of Burmeister (1833), dividing the group
into five classes, the first of which was the I'enelllna, incUiding the genera
Lernaea, Lernaeocera, Penicuhis, Pcnnella, and SpJiyrion. The only species

described belonging to this class were Lernaea (Lernaeocera) hranchialis, p.

293, pi. 3, flg. 10, and Lernaea (Haemohaphes) cyclopterina, p, 502, pi. 5, fig. 4.

1863. . Bidrag til Kundskab om Snyltekrebsene. Naturh. Tidssk.

(3), vol. 2. pp. 75-426, pis. 1-18.

Also as a reprint with pages numbered 1-352, The following references are
to the latter. Therodamas scrrani, n. gen. ; n. sp., p. 316. pi. 15, flg. 4. Lernaea
(Lcrnaeolophus) hemiramphi, n. sp., p. 318, pi. 15, fig. 7. Lernaea (Lernaeocera)
riyUla, n. sp., p. 320, pi. 18, fig. 2. Lernaeocera (Lernaea) catostomi, n. sp.,

p. 321, pi. 18, flg. 4. Lernaeocera (Lernaea) pomotidis, n. sp., p. 323, pi. 15,

fig. 5. Lernaeocera (Lernaea) phoxinacea, p. 325, pi. 18, flg. 3. Pef/csimallua

spiralis, n. gen. ; n. sp., p. 332, pi. 18. fig. 7. Peniculus clavatus, p. 26G, pi. 14,

flg. 8.

1801. Lamakck de. Jean B. P. Systeme des Animaux sans vertSbres. 1 vol.

8vo. Paris, An IX (1801).

Placed the Lernaeidae among the mollusks.

1809. . Philosopbie-Zoologie. 8vo. Paris.

Removed the Lernaeidae from the mollusks and placed them with the

annelids.

1812. . Extrait du Cours de Zoologie sur les Animaux sans Vertft-

bres. 8vo. Paris.

Formed a separate class to receive the Lernaeans which he named the
" Epizoaires ".

1816. . Historie Naturelle des Animaux sans VertSbres. 7 vols.

8vo. Paris. Another edition, 1838.

Placed the Lernaeans with the " Epizoarla " and said " These animals ap-

proach near to the worms and insects without belonging to either ".

1798. Lamartini^ke. Atlas du Voyage de La Peyrouse.

Gave a figure, pi. 20, fig. 6, of pennatula bocconil, probably Pcnnella sagitta.

1889. Leidy, .Joseph. Parasitic Crustacea. Proc. Acad. Nat. Sci.. Philadel-

phia. 1888. p. 16.">.

Described Lerneonema (Lernaeenicus) procera, n. sp., attached to the sides

of the mouth anil upper Up of "Odontaspis littoralis." and thickly covered with

a hydroid parasite.

1890. . Piiiasites of Mola rotunda. Proc. Acad. Nat. Sci., Philadel-

phia. 1890, pp. 281-282.

Pennella ftlosa mentioned and described.

1824. Le Sueuk, C. A. On three new species of Parasitic Vermes belonging to

the Linnaean Genus Lernaea. Joum. Acad. Nat. Sci., Philadelphia,

vol. 3, pp. 286-293, pi. 11, fig. 1-4.

Lcrneoccra criiciata, n. sp., p. 2SC, pi. 11, flg. 4 ; Lerneocera radiata, n. sp.,

p. 288, pi. 11, fig. 1. " Lcrneaenicus," n. gen., p. 289. Lerneopenna hlainvillU,

n. sp., p. 289, pi. 11, figs. 2 and 3 (see p. 115).

1825. . Sur trois nouvelles esp^ces du genre Lernaea. F6rus3.

Bull. Sci. Nat., vol. 4, pp. 285-286. French translation of 1824 paper.

1746. Linnaeus, Carolus. Fauna Suecica Sistens Animalia Suecica Regnl.

Ed. 1, 1 vol. 8vo. Stockholm. Ed. 2, 1 vol. Stockholm, 1761.

Described a parasite found upon Cyprinua caraasiua, and established from thl«

species the genus Lernaea,
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1758. Linnaeus, Cakolus. Systema Naturae. Tenth Edition, 8vo., Stockholm.

The genus Lcrnaca contained here three species, cyprinacea, the original type,

ascUina, afterward made the type of the genus Oralicn, and salmonea, which

now belongs to the genus Salmincola (p. 655). Genus Pennatula (p. 818)

changed to PenueUa by Oken in 1815. P. fllosa and P. sagitta, p. 819.

1893. LiSTowsKY. E. Penella tritlentnta. neuer Arl tier parasitirenden Crus-

taceen. Tradui Kazan. Univ., vol. 25, pt. 2, 19 pp., 1 uun. plate.

Russian prefaced by a three-line Latin diagnosis.

1860. Lubbock. Sir .John. On some Oceanic Entoniostraca collected by Cap-

tain Toynbee. Trans. Linnaean Soc, vol. 23, p. 190, pi. 29, figs. 40

and 42.

Baculua elont/atus, u. geu. ; n. sp., which was afterward proved to be a lirval

stage of Pcnnella species (compare Mrazeli, 1895, and Thompson, 1890.)

1893. LxJTKEN, Christian. Slaegten Baculus Lubbock et udviklingstrin af

Penella. Vidensk. Meddel. Naturh. For. Kj^benhavn (5), vol. 15, pp.

73-76.

Shows that Lubbock's Baculus is an undeveloped Pennella species.

1879. BIayer, Paul. Carcinologische Mittheilungen. V. Pennella und Concho-

derma. Mitth. Zool. Stat. Naples, vol. 1, p. 53.

Pennella fllosa from a swordflsh and infested with a goose barnacle.

1868. Metzger, a. Ueber das Miinnchen und Weibcheu der Gattung Lernaea

vor den Eiutritt der sogen. ruckschreitenden Metamorphose. Arch.

Naturg., vol. 34, pp. 106-110.

Translated in Ann. Mag. Nat. Hist., ser 4, vol. 3, pp. 154-157, 1869.

1840. Milne Edwards, Henbi. Hlstoire Naturelle des Cru.staces. 3 vols. 8vo.

Paris.

A standard work containing a summary of everything previously pub-

lished and much new material. The Lernaeans, pp. 521-529, pis. 40, 41.

Lerneonema, n. gen., p. 524, the same as LeSueur's Lcmaeenicus.

1881. MoKEAU, Emxle. Histoire Naturelle des Poissons de la France. Paris, 3

vols.

Mentioned, vol. 3. p. 460, Lemneenicus sprattae fastened to the eye of a

spratt.

1895. MrAzek, Al. Ueber Baculus Lub. und Hessella Br. Eiu Beitrag zur

Anatomie der Lernaeiden. Sitzungsb. konigl. bohmiseben Ges. Wiss.,

Math.-Naturw. Classe, vol. 44, 17 pp., pis. 1, 2.

Both of these so-called new genera are really development stages of a
Pennella species. The description of BacuUis includes the internal anatomy
as shown in serial sections.

1776. MtJixEB, Otho F. Zoologiae Danicae Prodroraus. 1 vol. 8vo. Copen-

hagen.

Afterwards published in full in four volumes, German and Latin, from 1779
to 1784. The Lernaeans were placed with the worms and mollusks.

1682. MuBALTUS. Miscellania curiosa sive Ephemeridura Medico Physlcarura

Germanicarum Academiae Naturae Curiosum. 8vo. Nuremberg.

While dissecting Mustela fluviatilis he found " an Insect " inserted into the

eye of the fish and hanging out from it. It was so firmly fixed by Its arms
that no doubt it caused the humours of the eye to escape and rendered the

fish blind (p. 126). Probably Trypaphylum musteli.

1856. Murray, Andrew. Description of a new species of Echeneis (E. tropicus)

and of a new Lernean of the genus Penella (P. remorae). infesting the

EJcheneis remora ; with some remarks on the economy of the Remora.

Edinburgh New Phllos. Jour., n. s., vol. 4, pp. 287-301, 5 text figures.

This P. remorae is almost certainly the young pf some described species.
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1878. Nares. Narrative of a voyage to the Polar Sea durins 1875-76 In H. M,
Ships Alert and Discovery. 2 vols. London.

Haemohaphes cyclopterina, vol. 2, p. 247.

1832. NoRDMANN, Alex von. Erster Beitrng zur Xaturgeschichte der Leruaen.

Mikrogr. Beitr. Naturg. wirbel. Thiere, pt. 2, pp. 49-144, pis. 1-10.

Penictilus fistula, n. gen., n. sp., p. 107, pi. 6, figs. 8_13. Pennella sayitta, p.

121. pi. 10, figs. 6-8. Lernaeocera (Lernaea) cyprinacea, p. 123. pi. 6, figs.

1_7. Lernaeocera branchialis, p. 130.

1864. . Neue Beitriige zur Kenntuiss parasfitischer Copepoder.

Erster Beitrag. Bull. Soc. Imp. Nat. Moscou, vol. 37. No. 4, pp. 461-520,

pis. 5-8.

Begins with a bibliography of the subject and then gives a classification of

the known genera. Pennella sultana with var. sigmoidea, p. 4 8.5, pi. 5, figs.

12-16. Pcniculus fistula and P. calamus, n. sp., p. 515.

1759. OuHELiiTs, J. L. Chinensia lager.stroraiana. Amoen. Acad, (of Linnaeus),

vol. 4, p. 257, fig. 3, test.

A description of Pennella sai/itta.

1816. Oken, L. Lehrbuch der Naturgeschichte. Dritter Theil, Zoologie. 2 vols..

Svo. Jena, with Atlas.

Parasitic Copepods, vol. 2, pp. 181, 357.

1821. Oken, Chamisso, and Eysenhakdt. Ueber Pennella diodontis. Nova

Acta Acad. Caes. Leopold. Bonn, vol. 10, p. 350. pi. 24, fig. 3. Also

published in Actes nonv. Acad. Curieux Nfitnrp. vol. 10, pt. 2. pi. 24,

fig. 2.

120 A. D. Oppianus. 'AXieuriKd, On Fishing.

Repeated Aristotle's description of the sufferings of the tunny and .swordflsh

and declared that the fish are frequently Isilled by these parasites, liber

11, p. 24.

1867, Packard, Alpheus S., Jr. Observations on the Glacial Phenomena of

Labrador and Maine, with a View of the Recent Invertebrate Fauna

of Labrador. Mem. Boston Soc. Nat. Hist., vol. 1, pp. 295-303, pi. 8.

Lernaea (Lernaeocera) branchialis, var. sigmoidea mentioned (p. 295) as

found attached to the skin of a codfish (see S. I. Smith, 1884).

1875. . Life-histories of the Crustacea and Insects. Amer. Nat-

uralist, vol. 9, pp. 583-622, text figures.

A restatement of E. van Beneden's 1870 paper, Including development of

Lernaeenicus radiatus.

1905. Pearson, Joseph. A List of the Marine Copepoda of Ireland. Part 1,

Littoral Forms and Fish Parasites. Rep. Fisheries Ireland for 1904^

pt. 2, No. 3, 30 pp.

A simple list without descriptions or figures.

1893. Pedasciienko, D. D. Sur la segmentation de I'oeuf et la formation des

feuillets embryonnaires chez la Lernaea branchialis L. Note prgliral-

naire. Revue Sci. Nat. St.-Petersbourg, vol. 4, pp. 187-199, 11 text

figures.

Lernaeocera branchialis.

1897. . Ueber die Entwickelung des Nervensystems und der Genital-

zellen und die Dorsalorgane von Lernaea branchialis. Arbeit. Nat.

Ges. Petersburg, vol. 37, 11 pp. Condensed .and reprinted in Trav.

Soc. Imp6r. Nat. St.-P6ter.sbourg, vol. 27, No. 6, pp. 187-194.

Lernaeocera branchialis.
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1898. Pedaschenko, D. D. Die Einbryonnlentwickelung und Metamorpliose von

I^rnaea br.inchialis. Trav. Soc. Imper. Nat. St.-P^tersbourg, vol. 26,

pt. 4, No. 7. Section Zool. et Pliyslol. Russian text, pp. 1-24G : Geruuin

text, pp. 247-307, pis. 1-6.

Includes segmentation of tbe egg and the development of both the external

body form and the Internal organs. Lernaeoeera branchialis.

78 A. D. PoNius Skcukdus, Caius. Hlstoria Naturalls. 37 Books.

Repeated, Book 9, Section 16, what Aristotle had said with reference to the

sufferings of the tunny and swordfish from the parasites infesting them.

1910. QuiDOR, Aiiguste. Note pr^liniinaire sur Penella balaenoptcrae Koren et

Danielssen. Bull. Mus. Hist. Nat., Paris, 1910. pp. 97-98.

A mutilated specimen Identified by mode of insertion and branching of ab-

dominal appendages.

1912. . AfRnit6s des .genres tSphyrion (Cuvieri et Hepatophilus

(g. n.). Arch. Zool., Paris, (5), vol, 10, pp. xxxix-l, 6 text figures.

Advocates a transfer of the genus Sphyrion from the Chondracantbidae to^

the Lernaeidae and places with it the new genus.

19126. . Deuxieme Expedition Autarctique Frangaise (1908-1910).

Cop^podes Parasites. Sciences Naturelles : Documents Scientliiques,

pp. 197-214, pis. 1-4.

Penella antarctica, n. sp., p. 206, pi. 1, figs. 15-17; pi. 4. ttg. 29, 34. Pe-
nella charcoti, n. sp., p. 207, pi. 1, flg. IS; pi. 2, fig. 25; pi. 4, fi.^. 3;$. Penella
liouvUlei, n. sp., p. 209, pi. 1, fig. 1. Penella diodoiitis, pi. 1, flg. 2. Penella
exocoeti, pi. 1, tig. ."?. J'enclla na</itta, pi. 1, tig. 4. Penella nnthonyi, n. sp., pi.

1, flg. 9. Penella ceitei, n. sp., pi. 1, figs. 11, 12. Penella balaenopterae, pi. 1,

fig. 14. Lernaea (Lernaeocern) yodlroyl, n. sp., p. 210, pi. 2, fig. 2o.

1912c. . Sur la torsion des Lernaeidae et les affiuitfe du genre

Sphyrion (Cuvier) et Hepatophyhis (n. g.). Oompt. Rend. Acad.

Paris, vol. 154, pp. 87-89.

The torsion Is the result of the mode of fixation, the habits of the host, and
the mechanical action of the external medium. It plays an important rOIe In

systematlzation as it enables us to distinguish the Chondracantbidae from the
Lernaeidae, and to transfer tlic ^enus Hjihyrion from the former to the latter.

(See p. 10.)

1913. . Affinit6s des Caligidae et des Lernaeidae; Caligodes la-

marcki. Bull. Soc. Zool. France, vol. 38, No. 6, pp. 191-196, 7 text

figures.

The genera Echetus, Sciaenophilus, and Caligodes bury them.selves deeply in

the tissues of the host, they have a slender and cylindrical neck, and they
show the flexion and torsion characteristic of the Lernaeidae, but the ap-

pendages and mouth-parts are like those of Caligua.

1913&. . Sur Lamarckina caligusa, n. gen.; n. sp. et revolution des-

Lernaeidae. Compt. Rend. Acad. Sci. Paris, vol. 156, pp. 109(>-1097.

This species forms a connecting link between the Caligidae and Lernaeidae.

1905. Rathuun, Mary J. Fauna of New England. 5. List of the Crustacea.

Occas. Pap. Boston Soc. Nat. riist., No. 7, pp. 86-103.

1884. Rathbun, Richard. Annotated List of the described Species of Par-

asitic Copepoda (Siphonostoma) from American Waters contained iu

the United States National Museum. Proc. U. S. Nat. Mus.. vol. 7,

pp. 483-492.

1843. Rathke, Heinrich. Beitrjlge zur Fauna Norwegens. L Crustacea..

Nova Acta Acad. Caes. lieopold, vol. 20, pt. 1, pp. 1-132, pis. 1-5.

Lernaea (Lernaeoeera) hranchialif, p. 129.
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1876. RiCHiAEDi, S. Intorno al Peroderma cylindricum dell' Heller, e sopra due
specie nuove dell' genere Philichth.vs. Atti Soc. Toscana Sci. Nat
Pisa, vol. 2, pt. 2, pp. 189-201, pi. 6.

1877. . Descrizione dl due specie uuove di Lernaeenicus con osser-

vazione intorno a questo ed ai generi Leruaeocera Bl., e Lernaeonema,

M. Edwds. Atti. Soc. Toscana Sci. Nat. Pi&a, vol. 3, pt. 1, pp. 195-206,

pi. 7.

LernaeenicuH vorax, n. sp., p. 203, pi. 7, flgs. 1-21. L. neglectus, n. sp.,

p. 206, pi. 7, figs. 23-43.

1878. . Del nuovo genera di crostaceo Trypaphyluui e delle nuove

specie Pliyllophora crassa, e Lernantliropus foliaceus. Atti. Soc. Tos-

cana Sci. Nat., Pisa, Proc. Verb., vol. 1, p. xx.

Trypapliylum musteli from the muscles of the hyold apparatus of Muatelu*
plebejus Bp. No description or figures.

1880. . Contribuzione alia Fauna d'ltalia. Oatalogo sisteraatico dei

Crostacei che vivono sul corpo degli animali acquatici. Exposizione

internazionale di Pesca in Berlino, 18S0, pp. 147-152.

A list of 130 species of parasitic copepods without any descriptions or figures,

67 of them being new species, which thus become mere nomina nuda.

1880&. . La Clupea sprattus ed 11 Lernaeenicus sprattae. Atti Soc.

Toscana Sci. Nat. Pisa, Proc. Verb., vol. 2, p. 101. ALso in Zool. Anz.,

vol. 3, p. 642.

1881. , Intorno a due specie nuove di Crostacei parassitl. Atti. Soc.

Toscana Sci. Nat. Pisa, Proc. Verb., vol. 2, p. 247.

Peroderma peterai, n. sp., p. 247. Abstract In Zool. Anz., vol. 4, pp. 38G-387.

1882. . Intorno ad una nuova specie del genere Peroderma. Atti

Soc. Toscana Sci. Nat. Pisa, Proc. Verb., vol. 3, p. 149. Abstract in Zool.

Anz., vol. 5, pp. 475-476.

Peroderma belottii In the muscles of the hyold apparatus of Scopelua benoitt.

Species here transferred to new genus Cardiodeetea.

1903. RiCHTEBS, Feedinand. Lernaeonema encrasicoll, Baird, ein Parasit der

fi Sprotte. Prometheus, vol. 14, pp. 267-268, 1 text figure.

Lernaeenieu/i encrasichoU.

1886. Ridley, Stuart O. Animal Life In Higli r^atitudes on tiie Norway Coast.

The Zoologist. Oct., 1886, 6 pp.

Leruaeocera on gills of cod.

1554. RoNDELET, GuiLLAUME. Llbrl de piscibus uiarinis. 1 vol. folio, Lyon.

Repeated Aristotle's and Pliny's account of tlie parasites of the tunny and
swordflsh In the Mediterranean, p. 249.

1911. Saemundsson, B. Bidrag til Kundskaben om de islandske Hydroider.

Vidensk. Medd. Naturh. Foren., Kj0benhavn, vol. 63.

Recorded (p. 29) the presence of the hydrold ObeHa genioulata upon
Lernaea (Leruaeocera) branchialis on the gills of the common cod.

1850. Salter, James. Description of Lerneonema bairdii. Ann. Mag. Nat.

Hist., ser. 2, vol. 6, pp. 85-87. pi. 7, figs. 1-5.

Lernaeenicus sprattae.

1554. Salviani, Hippolyte. Aquatilium Auimalium Historiae. 1 vol, folio,

Rome.

Repeated Aristotle's and Pliny's account of the parasites of the tunny and
swordflsh In the Mediterranean, pp. 126-128.
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1886. Sabs, George O. The Norwegian North Atlantic Expedition (1876-1878).

vol. 6, pt. 2, Crustacea et Pycnogonidia nova in Espeditione Norvegicae

1876-78 collecta. Christiania.

Parasitic Copepods, p. 80.

1896. ScHiMKEwiTscH, Wlademir. Sur les premiers Stades du D6veloppement

des Cop^podes parasitaires. Compte Rendu des Seances du troisiSme

Congr&s International de Zoologie, Leyden, 1896, pp. 503-504.

This paper was preliminary to the one wbicli follows.

1896&. . Studien uber parasitische Copepoden. Zeit wiss. Zool., vol.

61, pt. 3, pp. 339-362, pis. 14-16, 1 text figure.

Made out a complete life history by using different species and genera, in-

cluding Lernaeocera. Reviewed in Zool. Centralb., Jabrg. 3, pp. 589-590.

1898. . Zu einen Referat des Herrn Prof, Dr. R. S. Bergh (Ueber

Entwiclielung von Ijernaea). Zool. Anz., vol. 21, No. 550, p. 48.

1910. ScHNEiDEB. GuiDo. Verlotzungen an Cyprinus vulgaris. Riga Korr-

blatt. Naturf. Ver., No. 53, pp. 112-113.

Mentioned Lernaeocera (Lernaea) cyprlnacea.

1798. ScHBANK, FRANgois DK PAUi,. Ueber I^ernaea cyprlnacea. Fauna Bolca,

vol. 3, p. 2.51.

1901. ScoTT, Andrew. Liverpool Marine Biological Committee Memoirs on

typical British Marine Plants and Animals. VI. Lepeophtheirus and

Lernaea. London, Royal 8vo, 1 vol., 54 pp., 5 plates, 1 text figure. Also

In Trans. Liverpool Biol. Soc, vol. 15, pp. 188-241. pis. 1-5.

An excellent account of the early development of both sexes of Lernaea
{.Lernaeocera) branchialia.

1904. . Some Parasites found ou Fishes in the Irish Sea. Rep.

Lancashire Sea-Fisheries Lab., 1903, pp. 33-45.

A simple list without descriptions or figures.

1900. ScoTT, Thomas. Notes on some Crustacean Parasites of Fishes. 18th.

Ann. Rep. Fish. Board Scotland, pt. 3, pp. 144-187, pis. 5-8.

Lernaea (Lernaeocera) minuta, n. sp., p. 161, pi. 7, fig. 13. Haemobaphea
ambiguus, n. sp., p. 162, pi. 7, fig. 15. Made the type of new genus, Haemoha-
phoidea, by T. and A. Scott, 1913.

1904. . On some Parasites of Fishes new to the Scottish Marine

Fauna, 22nd. Ann. Rep. Fish. Board Scotland, pt. 3, pp. 275-280, pi. 17.

Lernaea (Lernaeocera) lusci, p. 277, pi. 17, figs. 12, 13.

1905. . III. Observations on some Parasites of Fishes new or rare

in Scottish Waters. 2.3rd. Ann. Rep. Fish. Board Scotland, pt. 3, pp.

108-119, pis. 5-6.

Pennella flloaa and Lernaea (Lernaeocera) luaet, p. 113.

1909. . Some Notes on Fish Parasites. 26th Ann. Rep. Fish. Board
Scotland, pt. 3, pp. 73-92, pis. 3-7.

" The injurious effects of parasites on flshep infestod by them," p. 90, in

eluded Lernaea (Lernaeocera).

1913. Sc:oTT, T. and A. The British Parasitic Copepoda. Vol. 1, Copepoda par-

asitic on Fishes. Text. Vol. 2, Plates, l^ondon, I'rinte*! for the Ray
Society.

Sars' classiflcatiou adopted ; good descriptions and excelleut figures given of

113 common British species. Haemnbapholtfefi amhiinnis. n. gon. : n. sp.,

p. 148. pi. 44. flg. 8.
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1874. Smith, Sidney I. Invertebrate Animals of Vineyard Sound and adjacent

Waters, Rep. Coram. Fisli. for 1871 and 2, pp. 295-747, p!s. 1-38.

Parasitic Copepods, pp. 574-578.

18746. . Ttie Crustacea of tlie Fresii Waters of tlie United States.

B. The Crustacean Parasites of tlie Fresli-water Fislies of tlie United

States. Rep. Coram. Fish, for 1872 and 3, pt. 2, pp. 6G1-665.

Mentioned Lernaeocera (Lernaea) cruciata and L. catostomi, p. 665.

1884. Review of the Marine Crustacea of Labrador. Proc. U. S.

Nat. aius., vol. 6, pp. 223-232.

Quoted Packard, 1867, but said that the attachment of the specimens to the

sljln of the codfish made it almost certain that they were not Lernaeocera
branchialia but some other parasite, p. 232.

1806. SowERBY, James. An Account of the Arctic Regions. British Miscellany,

vol. 2, p. 17.

Lemaecnicus sprattae, pi. 68, flg 4.

1905. Stebuing, Rr.v. T. R. R. South African Crustacea, Part III. Marine In-

vestigations in South Africa, vol. 4, pp. 21-120, pis. 17-26.

I'ennella orthagorisci, p. 119.

1861. Steenstktjp, J. J. S. Det aabne Havs Snyltekrebs, etc. (Copepoda par-

asita et Leruaea oceani Atlantici et Arctic! ). Arch. Soc. Phys. Nat.,

Geu6ve (nouv. peri.), vol. 12, pp. 190-192.

1860. Steenstrup, J. J. S. and Lxjtken, Ch. Uddrag af Bidrag til Kundskab
om det aabne Havs Snylteki-ebs og Leruaeer. Overs. Kongl, Dansk.

Vidensk. Selsk. For.. 1860. pp. 18i>-193.

1861. . Bidrag til Kundskab om det aabne Havs Snyltekrebs og

Lernaeer. Kongl. Dansk. Vidensk. Sel.sk. Skrift., 5te Raekke, naturh.

og mathera. Afdeling, vol. 5, pp. 343-432, pis. 1-15.

Lemaeonema and Lernaeenicna, p. 308. Lernaeenicus nodicornis, n. sp. and

L. inflexus, n. sp., p. 401, pi. 13, figs. 26 and 27 ; both are here referred to

Jungerspn's genus Sarcotretes. Lettiaea (Lernaeocera) hranchiaUs, var. stg-

moida, new, p. 404, pi. 1.3, fig. 29. llaemohaphes, n. gen., p. 405 ; H. cyclop-

terina, t.vpe species, pi. 13, fig. 30. Pennella sagiita, p. 409, pi. 14, flg. 31.

P. varians, n. sp., p. 413, pi. 14, fig. 32. P. exocoeti. p. 415, pi. 14, fig. 33.

P. crassicornis, n. sp., p. 416, pi. 14, fig. 34.

863. . Recherches sur les Siphonostoraes et les Lernees de la haute

mer et sur d'autres Cop6podes .parasitaires nouveaux ou peu connus.

Extrait. Arch. Soc. Phys. Nat.. Gen&ve, (nouv. p&r.), vol. 16, p. 235.

1853. Stimpson, William. Synopsis of the Marine Invertebrata of Grand

Manan, or the Region about the Mouth of the Bay of Fundy, New-

Brunswick. Smithsonian Contr. Knowl., Jan. 1S58, pp. 1-67, pis. 1-3.

Lernuea (Lernaeocera) branchialis on young codfishes.

1915. Stock, V. On some of the Parasitic Copepods of the Bay of Fundy Fish.

Supplement, 47th Ann. Rep. Dept. Fish., Canada, fasc. 1, Marine

Biology, pp. 69-71.

1839. Stoukr, D. II. Report of Fishes and Reptiles of Massachusetts. 8yo.

Boston, 1 vol.

Pennella sagitta from the sunfish, p. 172.

1762. Strom, Hans. Physisk og Oeconomisk Beskrivelse over Fogderiet S0nd-

m0r, beliggende i Bergens Stift i Norge. F0rste Part, Copenhagen,

8vo.

Lernaca corpore tereti flexuoso, tentaculia tribua aubramosia, which Is evi-

dently L. branchialis, p. 209-210, pi. 1. flg. 18.
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1S86. Takk, Ralph. Parasitism amonjr Marine Animals. Science, vol. 7, p. 17.

FcnneVa, a pnrnsite of tlu> sworrtfisl), is itself Infested with parasitic barna-

cles.

1893. Thompson, I. (J. Report on tiie Copepodu of Liverpool Bay. Trans.

Liverpool Biol. Soc, vol 7, pp. 175-230. pis. 15-35.

Recognized the larvae of Lcrnuia (Lernaeocera) taken in the tow.

1905. Thompson, M. T. Immature Specimens of Pennella fllosa. Biol. Bull.,

vol. 8. pp. 29G-307, 6 text fisures.

The smallest of these was 94 mm. in length.

1843. Thompson, William. Report on the Fauna of Ireland. Division Inverte-

brata. Rep. British Assoc. Adv. Sci., 1843, p. 270.

Lemaeonema monillaris, a synonym of Lemaeetncus aprattae.

1844. . Additions to the Fauna of Ireland. Ann. Mag. Nnt. Hist..

ser. 1, vol. 13, pp. 430-440.

Lemaeonema vionillaris from the sprat.

1849. . Crustaceen der Brittischen Fauna. Arch. Naturg., "vol. 15,

pt. 6. pp. 31S-340.

Pennella puniulosa, p. 339.

1889. THOitsoN, Geo. M. Parasitic Copepoda of Nevi' Zealand. Trans. New
Zealand Inst., vol. 22, pp. 353-375, pis. 25-29.

Pennella histiopJwri, n sp., p. 368, pi. 28, fig. 2. Lemaea (Lernaeocera)
lotellae, n. sp., p. 3G9, pi. 28, figs. 3, 3a.

1905. Turner, Sib William. On Pennella balaenopterae ; a Crustacean para-

sitic on a Fiuner Whale. Balaenoptera musculus. Trans. Roy. Soc.

Edinburgh, vol. 41, pt. 2, No. 18, pp. 409-434, pis. 1-4.

An admirable account, giving internal as well as external morphology and
some histology.

1807. TuRTON, William. The British Fauna. 2 vols. 8vo. London.

Lemaea {Lernaeenicus) encraaicholi, vol. 1, p. 137.

1886. Underwood, Lucien M. List of the Described Species of Fresh Water
Crustacea from America North of Mexico. Bull. Illinois State Lab.

Nat. Hist., vol. 2, p. 323-386.

Species of Lernaeocera (LernaeaJ enumerated, p. 334.

1880. Valle, Antonio. Crostacei parassiti del Pesci del Mare Adriatico. Boll.

Soc. Adriatica Sci. Nat., Trieste, vol. 6, pt. 1, pp. 55-90,

1859. White, J. C. On the Parasites of Orthagoriscus mola. Proc. Boston Soc.

Nat. Hist., vol. 6, p. 404.

Pennella fllosa, covered with polyps.

1877. W1ERZE.TSK1, A. Ueber Schmarotzerkrebse von Cephalopoden. Zelt. wiss.

Zool., vol. 29, pp. 562-.582, pis. 32-34.

The copepodid stages, male and female, of some species of Pennella, prob-

ably variana, found upon Sepia, Eledone, and Loligo at Trieste.

1908. Wilson, Chas. B. North American Parasitic Copeporls. A List of those

found upon the Fishes of the Pacific Coast, with Descriptions of New
Genera and Species. Proc. U. S. Nat. Mus., vol. 35, pp. 431-481, pis.

66-S3.

Eaemoiaphcs ci/cloplerina, p. 458. Lernaeenicus (CanJiodectea) medusaeus,
n. sp., p. 458, pi. 70, figs. 09, 100. Phrixocrphalus cincinnatua , n. gen. ; n. sp.,

p. 461, pi. 76, fig. 101.
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1908. Wilson, Chas. B. The Morphology, Development and Economic Rela-
tions of the Genus Lernaea,

Soon to appear In the Bulletin of the Bureau of Fisheries, giving the de-
velopment of both sexes and a revision of all the known species.

1881. Wilson, Dk. Andrew. Degeneration. Pop. Sci. Mon., vol. 19, pp. 218-

229, 382-394, 19 text figures.

-The Lernaeans, pp. 227-228.

1870. Wright, E. P. On a New Species of the genus Penuella. Ann. Mag>
Nat. Hist, ser. 4, vol. 5, pp. 43-47, pi. 1.

Pennella orthagorisci.

EXPLANATION OF THE PLATES.

an^
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rostrum, dorsal view. Fig. 18. Dorsal view of head, processe.*! removed except

those on the sides. Fig. 19. Ventral view of head, showing the peculiur entrance

of the esophagus Into the side of the stomach. Fig. 20. Proboscis enlarged.

Fig. 21. Section of body wall, showing pore canal and chitinogen layer. Fig, 22.

First three pairs of swimming legs. Fig. 23. Ventral view of cleared specimen,

showing reproductive organs.

Plate 4.

Femalt> of Lentaeenieus radiatvs.

Fig. 24. Side view, drawn by .1. H. Blake. Fig. 25. Posterior view of head,

also drawn by J. H. Blake. Fig. 26. Side view, drawn by R. Rathbun. Fig. 27.

Top view of head. Fig. 28. Side view of head, showing proboscis and posterior

plate at base of antennae. Fig. 29. Dor.sal view of head with only two horn.s.

Fig. 30. Diagonal view of same cut open to show the digestive tube. Fig. 31.

Side view of proboscis. Fig. 32. Tip of proboscis, showing central plate and

maxillae. Fig. 33. Maxilla. Fig. 34. First and second antennae and rostrum.

Fig. 35. Side view of posterior trunk with egg string.s : figs. 27 to 35 drawn by

R. Rathbun.

Pl.ATK O.

Female.-; of hcninecnicux radiatuH and L. polyceraux.

Figs. 36 to 39. Swimming legs of L. radiatus. Fig. 40. Head and ue«'k, with

two sets of horns. Fig. 41. Ventral view of maxilla. Fig. 42. Side view of

L. polyceraus. Fig. 43. Ventral view of head and neck. Fig. 44. Side view of

head. Fig. 45. Attachment lamellae. Fig. 46. Tip of proboscis with maxillae.

Fig. 47. Swimming legs.

Pla'ik ii.

Female of Lernaeenievs affixus.

Fig. 48. Side view. Fig. 49. Side view of head fastened to the ray of a fin.

Fig. 50. Side view of head with attachment apparatus. Fig. 51. Anterior view of

attachment lamellae. Fig. 52. First antenna. Fig. 53. Second antenna. Fig. 54.

Tip of probo.scis. Fig. 55. Mandible?. Fig. 56. Maxilla. Fig. 57. Anal laminae.

Figs. 58 to 61. Swimming legs.

Plate 7.

Female of Lemaeenicus longivenMs.

Fig 62. Side view. Fig. 63. Side view of head. Fig. 64. First and second

antennae. Fig. 65. The same on another specimen. Fig. 66. Mandibles. Fig.

67. Maxilla. Fig. 68. Swimming legs. Fig. 69. Ix)ngitudinal section of head

and anterior neck. Fig. 70. Newly hatc-hed naupHus.

Plate 8.

Female of Sareotretes lobatus.

Fig. 71. Diagonal view, partly dorsal, partly lateral. Fig. 72. Dorsal view of

head. Fig. 73. Tip of proboscis, dorsal. Fig. 74. Tip of proboscis, ventral-

Fig. 75. First and second antennae. Fig. 76. Maxilla. Fig. 77. Swimming legs.

Fig. 78. Lateral view of cleared specimen, showing reproductive organs. Fig.

79. Ventral row of excretory glands.

774aS—Proc. N. M. vol. 5.«?—17- 10
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Plate 9.

Female of Phrixocephalus trianffulua.

Fig, SO. Dorsal view of head and neck, side view of trunk. Fig. 81. Ventral

view of head and neck with swimming legs. Fig. 82. Diagonal view of head,

showing antennae. Fig. 83. Anterior view of head with processes. Fig. 84,

Lateral view of cleared specimen, showing reproductive organs.

Plate 10.

Phrixocephalus triangulus, P. diversus, and Lernaeocera branchialis.

Fig, 85, Ventral view of cleared specimen of P. triangulus, showing bilateral

symmetry. Fig, 86. Diagonal view of P. diversus. Fig. 87, Side view of same,

showing asymmetrical position of neck. Fig. 88. Metanauplius of Lernaeocera

hranchialis ; actual length. 0.55 mm.

Plate 11.

Female of Collipravua parvus.

Fig. 89. Ventral view of head, side view of body. Fig. 90. Side of head (o).

Fig. 91. Dorsal view of same. Fig. 92, Ventral view of head (6). Fig. 93.

Dorsal view of -same. Fig. 94. Dorsal view of second antennae. Fig. 95.

Proboscis and maxillae. Figs. 96, 97. Dorsal and ventral view of cleared speci-

men, showing asymmetrical arrangement of reproductive organs.

Plate 12.

Female and nauplius of Lernaeocera hranchialis.

Fig. 98. Side view. Fig. 99. Central view of head. Fig. 100. Anterior view

of head ; these three figures drawn by J. H. Blake. Fig. 101. Side view of head

with proboscis protruded. Fig. 102. First and second antennae. Fig. 103.

Mouth tube and first maxillae. Fig. 104. Second maxilla. Fig. 105. Swimming
legs. Fig. 106. Anal laminae. Fig. 107. Newly hatched nauplius; actual length.

0.45 mm.
Plate 13.

'

Female of Lemaeolophus sultanus.

Fig. 108. Side view. Fig. 109. First and second antennae. Figs. 110, 111.

Swimming legs. Fig. 112. One of the abdominal plumules. Fig. 113. Side view

of cleared specimen, showing digestive tube and reproductive organs,

Plate 14,

Female of Haemohaphes cyclopterina.

Fig. 114. Side view of trunk, dorsal view of posterior neck, ventral view of

anterior neck and head. Fig. 115. Dorsal view of cephalothorax. Fig. 116.

Ventral view of same. Fig. 117. Ventral view of anterior head. Fig. 118, Side

view of cleared specimen showing reproductive organs.

Plate 15.

Females of Pennella antarctica and P. filosa.

Fig. 119. Side view of P. antarctica. Fig. 120. Pieces of whale blubber with

parasites in place; the piece on the right shows the scar left after the dis-

appearance of the parasite; photograph by Dr. Roy O. Andrews. Fig. 121.
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Dorsal view of first and second antennae. Fig. 122. Ventral view of head,

showing frontal processes. Fig. 123. Inner surface of ventral wall of head.

Fig. 124. Swimming legs. Fig. 125, Side view of /'. filosa, drawn by J. H. Blake.

Fig. 126. Anterior view of head. Fig. 127. Dorsal view of same, both drawn

by J. H. Blake.

Plate 16.

Female of Pennella filosa.

Figs. 128, 129. Dorsal and ventral views of head, with frontal processes and

Internal muscles. Figs. 130, 131. External and internal views of anterior end of

head with frontal processes removed. Fig. 132. Dorsal view of first and second

antennae. Fig. 133. Side view of cleared specimen, showing reproductive organs.

Plate 17.

Females of Pennella flto-sa and Lemaeoccra branchialix.

Fig. 134. Swimming legs of adult P. filosa. Fig, 135. Side view of head of

young female of P. filosa, 18 mm. long. Fig. 136. Second maxilla. Fig. 137.

Diagonal view of thorax, with swimming legs. Fig. 138. Posterior end of geni-

tal segment,' showing enlargement in oviduct which serves as a receptaculum

seminis. Fig. 139. Posterior end of abdomen, with anal laminae. Fig. 140. Side

veiw of cleared specimen of Lernaeocera branchialis, showing digestive tube

and reproductive organs (after A. Scott).

Plate 18.

Female of Pennella instructa.

Fig. 141. Side view, drawn by J. H. Blake. Fig. 142. Ventral view of head

and anterior neck. Fig. 143. Anterior end of head, internal view. Fig. 144.

Anterior end of head, external view showing frontal processes. Fig. 145.

Dorsal view of first and second antennae. Fig. 146. Swimming legs. Fig. 147.

A specimen of P. instructa infested with goose barnacles.

Plate 19.

Female of Haemobaphes diceraus.

Fig. 148. Side view of adult with egg strings. Fig. 149. Ventral view of

head and anterior thorax, cleared in clove oil. Fig. 150. Dorsal view of head

and anterior thorax, showing single pair of horns. Fig. 151. Ventral view of

proboscis.

Plate 20.

Haemobaphes diceraus, H. enodis, and Trifur tortuosus.

Fig. 152. First and second antennae of H. diceraus. Fig. 153. First and

second swimming legs. Figs. 154, 155. Third and fourth swimming legs. Fig.

156. Side view of adult E. enodis, with egg strings. Fig. 157 Ventral view of

head and anterior thoi'ax, showing the profusion of soft processes. Fig. 158.

Side view of cleared specimen of T. tortuosus, showing the arrangement of the

Internal organs.

Plate 21,

FeuiJiies of Trifiir tortuo.'iyft and Canliodertes bellottii.

Figs. 159 and 160. Side view of head and anterior thorax, and of trunk of

T. tortuostis. This is drawn from an entire specimen but the long neck Is so

twisted in different directions that it does not give a satisfactory view of the

entire creature In any one position. Fig. 161. Side view of C. bellottii, showing

the lobed frontal processes. Fig. 162. Side view of head and anterior thorax,

showing the four pairs of legs ; the thoracic process on the side nearest the ob-

server has been removed.
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Hessella 105

Horns 21

Hosts 18

Introduction 1

Ive 34

Leptotrachelus 40

truchae 41

Lemaea 3, 36

development of 35

founding of genus 3

adunca 39

anomala 39

asellina 4, 39

basteri 39

branchialis 4, 84

cirrhosa 39

clavata 39

corpore tereti flexuosa 5

comuta 39

cyclophora 39

cyclopterina 4, 39

Page.

Lemaea cyprinacea 4

dalmanni 39

dicerocephala 38

diodontis 39, 113

elongata 39

encrasicholi 39, 57

exocoeti 39, 115

gadina 39

gadua minutus 40

gobina 39

hemirhamphi 39

huchonis 39

lavareti 39

lotae 40

lotellae 84

lumpi 84

lusci 85

marionis 39

merluccii 39

minuta 84

multicornis 40

nodosa 39

ocularis 39

pectoralis 38, 39

pinnarum 39

radiata 39,59

rigida 84

ealmonea 4, 39

salmonis 5

spratta 39, 57

tentaculis quatuor 3, 39

uncinata 5,39

Lernaeans, location of 5

Lemaeenicinae 42

Lernaeenicus 56

affixus 11,64

eristaliformis 58

gempyli 58

gracilis 58

inflexus 58

labracis 58

lesueuri 58

longiventris 19, 66

neglectiis 58

nodicornis 58

polyceraus 62

polynemi 58

procerus 69

radiatus 21, 59

sardinae 8, 16, 58
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r.emaeenicus uargi

sprattae

vorax

Lemaeidae
Lernaeidae, natural history of.

parasites of

Lernaeinae

Page.

68

57

58

32

3

18

85

Lernaeocera 3,

7

development of 82

anomala 39

barnimii 38

branchialis 85

catostomi 38

cruciata 38

cyclopterina 95

cyprinacea 38

diceracephala 38

dolabrodes 38

esocina 38

haplocephala 38

pectoralis 38

phoxinacea 38

pomotidis 38

radiata 59

surriraiis 4

temnocephala 38

tenuis 38

tortua 38

variabilis 38

Lemaeocerinae 81

Lemaeolophus 89

hemirharaphi 90

recurvua 90

striatus 90

sixltanus 91

Lemaeonema 56

Lernaeonema abdominaUs 58

monillaris 56

procera 19, 69

radiata 59

Lemaeopenna 105

blainvilUi 110,115

brachiata 111,113

holteni 111,115

sagitta 113

Lemaeopoda 39

Lemeoceropsis septemramosuB 59

Locomotion 7

Mandibles 24

Maxillae 24

Maxillipeds 24

Morphology, external 20

internal 25

Muscular system 25

Page.

Nervous system 28

Opimia 34

Pegesimallus 126

Peniculus 44

calamus 45

clavatus 46

fissipes 47

fistula 46

Pennatula 105

bocconii 110

sagitta 113

setifera 113

Pennella. 7, 81

development of 104

antarctica 116

balanopterae 113

charcoti 113

costal Ill

crassicornia 113

diodontis Ill, 113

exocoeti 115

filosa 119

gracilis Ill

histiophori 113

instructa 122

intricata Ill

liouvillei 116

orthagorisci 124

plumosa Ill

pustulosa 113

remorae Ill

rubra 112,119

sagitta 113

sultana 91, 112

tridentata 113

varians 112

PennelUnae 103

Peroderma 49

bellottii 50

branchiata 50

cylindricum 50

petersi 50

Phrixocephalus 74

cincinnatus 75

diversus 77

triangulus 76

Prehension 7

Rebellula 34

Reproductive organs, female 29

male 28

Sarcotretes 7, 69

development of 43

erietaliformis 72

gempyU 71
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Page.

Sarcotretea inflexus 71

lobatua 72

nodicornis 58

scopeli 16,43,71

Schi3turu8 36

cyclopterina 95

Silvestria 40

Sphyrion 15, 34

Strabax 34

Swimming legs 24

Taphrobia pilchardi. .

.

Therodamas

eerrani

Torsion

cause of

Trifur

tortuosua

Trypaphylum
musteli.

Face.

49

41

41

10

16

101

102

34

34
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FE.MALE OF PENICULUS CLAVATUS.

For explanation of plate see page 144.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. 53 PL. 2

Female of Peniculus fissipes.

For explanation of plate see page 144.
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Female of Cardiodectes medusaeus.

For explanation of plate see pages 144, 145.
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Female of Lernaeenicus radiatus.

For explanation of plate see page 145.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. 53 PL. 5

Females of Lernaeenicus radiatus and L. polyceraus.

For explanation of plate see page 145.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. 53 PL. 6

Female of Lernaeenicus affixus.

For explanation of plate see page 145.





U. S. NATIONAL MUSEUM PROCEEDINGS. VOL. 53 PL. 7

Female of Lernaeenicus lonqiventris.

For explanation of plate see page 145.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. 53 PL. 8

Female of Sarcotretes lobatus.

For explanation of pl*te see page 145.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. 53 PL. 9

Female of Phrixocephalus trianqulus.

For explanation of plate see page 146.





U. S. NATIONAL MUSEUM
PROCEEDINGS, VOL. 53 PL. 10

Phrixocephalus trianqulus, p. diversus, and Lernaeocera branchialis.

For explanation of plate see page 146.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. 53 PL. 11

Female of Collipravus parvus.

For explanation of plate see page 146.





U. S. NATIONAL MUSEUM
PROCEEDINGS, VOL. 53 PL. 12

103

102

106

100

5 mm.

jJ-V 98

99

107
105

Female and nauplius of Lernaeocera branchialis.

•For explanation of plate see page 146.
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Female of Lernaeolophus sultanus.

For explanation of plate see page 146.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. 53 PL. 14

117

Female of Haemobaphes cyclopterina.

For explanation of plate see page 146.





U. S. NATIONAL MUSEUM
PROCEEDINGS, VOL. 53 PL. 15

125

Females of Pennella Antarctica and P. filosa.

For explanation of plate see pages 146, 147.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. 53 PL. 16

Female of Pennella filosa.

For explanation of plate see page 147.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. 53 PL. 17

Females of Pennella filosa and Lernaeocera branchialis.

For explanation of plate see page 147.
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141

10 mm.

\^=^,

146

144

145

Female of Pennella instructa.

For ExPLA^ATlON of plate see page 147.
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1 mm

Female of Haemobaphes diceraus.

For explanation of plate see page 147.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. 53 PL. 20

Females of Haemobaphes diceraus, H. enodis, and Trifur tortuosus.

For explanation of plate see page 147.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. 53 PL. 21

Females of Trifur tortuosus and Cardiodectes bellottii.

For EXPLAfiATION OF PLATE SEE PAGE 147.






