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A NEW SPECIES OFF ARGU

LS WITH A MORE COMPLETE
ACCOUNT OF TWO SPEC

TES ALREADY DESCRIBED.

By Cnarres Branen Winsoy,
Depetrtient of Biology, State Norwal Seliool, Westfield, Mess,

In a paper already published in these Proceedings® four new species
of Argulus were deseribed. But the diagnosis of each was necessarily
very brief and only specifie differences could he noted.  Such accounts
answer very well for preserved material, and may be allowed to stand
until further information ix obtained from a study of living specimens,
But as soon as such information is obtained it becomes expedient to
give a more detailed deseription together with as much of the habits
and mode of Tife ax mav be of value.

Such an attempt has been made in the present paper upon two of
the species previously deseribed, . vwericwnns and AL versicolop, the
only ones which have heen obtained alive.  In addition a dingnosis is
eiven of a third species which proves to he new.

ARGULUS AMERICANUS Wailson.
Argulus comericanns Winsox, Procs 17050 Nat. Mus., XXV, p. 718,

Much of the anatomy of this interesting species has alveady been
civen in the paper referred to, but it was disconnected and min-
gled with that of many other species. It is here gathered together
and completed and suppl- mented by an account of the development.

The species was obtained by Prof. Jacob Reichard at Ann Arvhor,
Michigan, from some _Lw/o calra kept in agquaria and was sent to the
author in the winter of 1901-2. Tt was dingnosed as o new species
and deseribed supposedly for the first time.

But shortly afterwards a manuseript upon The Vermine and Crus-
tacean Parasites of Iresh-Water Fishes, by Dr. Ro R, Gurley, was
sent to the author from the U, S, Fish Commission.  This manuseript
wis evidently prepared with considerable care and labor about ten
years ago, but has never been published.

In it are included two new species of Argulus, one of which is evi-
dently the same as o amerdcanis, sinee it corresponds in every detail.

@ Proc. 7.8 Nat. Mus.,, XXV, pp. 635742,
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The account also includes a partial deseription of the cges and larva,
and it is unfortunate that the manuseript name could not have been
given to the species, since this deseription <o far antedates that of the
author,

In the present account acknowledgment has been made of such facts
as have been taken from Dr. Gurley’s manuseript.

At present this species has been found only upon the dog-fish, L /v
el Professor Reighard writes that it ix found over the outside of
the fish generally. the larger number on the antervior part of the body
and the head. but some on the fins.  They are most nmmerous on the
ventral side of the body in front of the pelvie fins. They are never
found on the gill or anvwhere else internally.  They are not notice-
able until the fish have been for some time in the aguariun.

This is one of the largest of the American fresh-water species and
ix the hest of any the author has seen for purposes of study., sinee it is
particularly transparent when alive and also when cleared in clove oil.
There ix no difficulty in making out all the details of the internal
anatomy even to the nervous system and its connections.

It is pale hrownish white in color, sparsely covered on the dorsal
and ventral surfaces with small pigment spots of a reddish hue. In
all the living specimens seen by the author there were eight faint red-
dish bars running transversely aeross the dorsal surface.  Gurley,
however, says:

The ground color i faint grayish or grayvizh green, The most conspicuous mark-
ing= are the rose to purplish red bars, which are most distinet marginally where they
form well-defined spots.

Probably the color ax well as the distinetness of the hars varies con-
siderably in different lots of individuals.

The dorsal surface of the ovary and semen receptacles in the female
and the abdomen of the male in the vicinity of the testes ave heavily
pigmented with circular spots of a rich dark brown. The structural
details are as follows:

GeNerAL vorM.  Dorsal supfice.— The carapace is obovate and
fully as wide as and often wider than long: the antero-lateral sinuses
are distinet, leaving a well-defined frontal lobe which, however, does
not project very far, since it is flattened anteviorly.  The posterior
<inus is narrow and about one-third the entirve length of the carapace,
and is squarely truncated at its base. Tts sides converge rapidly in
passing hackward so that the broadly rounded lobes of the carapnee
overlap considerably at their tips (fig. 1).

The =utures dividing the carapace into its respective areas are char-
acteristically arranged.  The two central longitudinal vibs () ave faivly
close together for such a broad carapace and arve almost parallel except
at their anterior ends. The horseshoe suture (4s.) separating the
cephalic from the other areas ix comparatively short and narrow.
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Thix makes the lateral arcas wide anteriorly and leaves a thoracic
aren (/) posterior to the suture which is actually longer than it ix
wide, acondition rarely found among the Arvgulidie. From the sides
of the horseshoe suture near its anterior ends a well-defined secondary
<uture (=) extends hackward on either side in a hroad ontward sweep
through the center of the lateral area nearly parallel with the margin
of the carapace.  These sutures divide cach lateral area into an outer
and wn inner portion. the former of which can he flexed on the latter,

} . " i N

1 2 LRERLE

Fro, L—DORSA L VIEW OF MALI ARGULES AMERICANTS.

=
thorax is entirely concealed heneath the overlapping lobes of the eara-
pace which also cover the anterior thivd of the ahdomen, giving this

thereby greatly inereasing the mobility of the carapace.  The free

argulid a very compact appearance in dovsal view.  The abdomen is
broadly triangular, one-half wider than long, with all its angles well
rounded.  The lateral margins project forward slightly, suggesting o
heart shape.  The anal sinus is triangular, cut less than a third the
length of the abdomen and carries the anal papille upon its lateral
margins close to the tips of the lobes. The papillae are somewhat
club-shaped. rather short and Dlunt, and cach is tipped with three
setze of medium length,
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Ventral supgiece (fig. 2).— The frontal lobe is plainly divided into an
anterior and posterior portion hy a line parallel with the edee of the
carapace except at cither end where it curves around abruptly to the
base of the antenna. From the center of this line there projects
backward into the posterior portion a triangular avea (the post-frontal
trinngle) whose ventral surface i< on the sune Jevel as the vest of the
carapace.  But the remainder of the posterior portion on cither side
of the trinngle is hollowed out for the antennae.  The ventral surface
of the triangle, the anterior ring, and the anterior half of the lateral

i
| 2 4 Ao,

Fros L—VENTRAL VIEW OF FEMALE ARGULUS AMERICANTS,

areas are thickly covered with sharp triangular spines of considerable
size, which must hold the ereature very firmly on its host.

Antennae (g, 5).—These are small bhut well armed with stout hooks
and spines.

The proximal portion of the basal joint of the first pair carries two
stout spines on its inner horder, the posterior of which is strongly
curved backward.  The distal portion of this joint has the usual hoolks
on the outer and anterior margins and two spines upon its posterior
margin, one of which is long and stout, while the other ix very slender.
The terminal portion of this antenna is two-jointed and projects con-
siderably bevond the hasal portion.  The second antennwe are four-
jointed, and cach carries two large triangular spines on its inner
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margin and a smaller and sharper one on the posterior margin of its

basal joint. The latter is reenforeed by several setwe. All these hooks

and spines ave of a vich yvellow color,
Lyesc—These are small, made up of

numerous facets: and quite widely sepa-
rated.

Fro o —ANTENNE OF FEMALE ARGULUS
AMERICANUS,

Mowth (lig. 4).This organ
has o peculinr, almost trape-
zoidal, form. and its lateral
margins are strongly serrated.
The lower lip (/) has a sharper
curve than in A, foliaeens and
the Tabial palps (7p) are vela-
tively smaller.  But the great-
est difference ig in the mandi-
Fle  A—MOUTH PARTS OF ARGULUS AMERICANUS, /. hles (mr/); instead of ])(‘il];_'_‘

THE T8 S S ROyl giokleshapad, wibh

teeth along the inner margin

only, they are widened into a spatula form, with long and sharp teeth

on both the inner and outer margins and around the end, twelve or

fitteen of them in all.  The maxilla (ner) are also much stouter than

in_foliacens, but the single tooth at the tip i« shorter and blunter, A<
a whole the proboscis is only

hh

. i mnm
slightly  club-shaped  and s AT

ather smaller than would he

expected on so large an Argu- /JM \
lus.  The ehitin frameworlk, \ \ b
. \ \J S

while agrecing in its ceneral

make-up with that of #o/iaee s,
differs in several details.  The
longitudinal rvibs () are not 3

forked at their distal ends, and ’/—ﬁ—““‘\z

the transverse ribs are less
complicated.
i [?1{"’/'{.‘”!’ f.‘ﬂ(fri"/.///.jh'f[n\‘.——'l‘l]f'.\t‘

i, A —BORDER OF SUCKING DISK IN  ARGULUS
AMERICANUS,

are small, not more than one-sixth the width of the carapace, and close
together.  The shape of the chitinous rods which support the men-
=
branous edge and the arrangement of the frinee are peculiar.  There
b o = =
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are two concentric rows of the rods. the inner about twice the length of
the outer, while outside of the latter is a wide free margin (lig. 5).
The rods in both rows are shaped like the letter J when viewed from
the inside, the bases of
those in the outer row
articulating with the tips
of those in the inner row.
Around the cdge of the
membrane ix a fringe of
clongated  finger-like  pa-

pille, ench terminated by

Fleo .—POSTERIOR MAXTLLIPEDS ARGULUS AMERICANUS,

three or four slender hairs.

LDosterior ueeillipeds (lig. 6).—These are small but well armed.  Of
the five joints, the three terminal ones are much smaller than the two
basal ones. The basal plate has an elongated trinneular form and
carries upon its posterior margin three
teeth ~o wide and =0 squarely truneated
as to bhe plates rather than teeth, as is
also the ease in AL ewtostomd. The plates
are reenforeed by apair of stout. hlunt
spines near the median line just hehind
the mouth.  The papillated area is small.
but has a bunch of long and sharp setw
on its posterior margin: the remainder
of its surface and the entire ventral sur-
face of the four terminal joints are cov-
ered with short, stifl hairs. each with a
swollen base,

The terminal joint ends in three small,
rather blunt elaws of about the same size,
arranged in a broken row anteriorly.
while opposed to them posteriorly i= a
short. rounded papilla or thumb,

Neetwiing legs.—These are long and
slender, projecting well heyvond the edge
of the carapace, the twoanteriorpairs with
recurved flagella. The basal lobes on the

[_)t_)sli'l"t(}l' p:lil' are l:ll'}_"!‘ :ll](l ]mut—ﬂ]ul]wd. Fii, 7.—DORSAL VIEW OF THE HWEART
with w distinet heel. They arve fringed 07 AREUIS ANERIGASUS (DERERAT

i 5 5 o MATIC). ¢, PAIRED LATERAL oOPEN-

along the posterior margin with a row of INGs D, ANTERIOR QPENING OF AO1TA
= . ¢, ANTERIOHR . POSTERIOR VENTRAL
plumnose setie, and the toe of the hoot car- -:m\:;l\": o romR e

ries two much longer setwe, also plumose.
Tuctile papillae.—These, tor ovipositing, are large. long, and uite
widely flaring in the female, hut reduced to mere stumps in the male.
¢ 7renlation. This, while agreeing with that in other species, ditfers
markedly in the structure and working of the heart (fig. 7). This 1s
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of the usual shape, but has only five openings instead of six. the
ventral one consisting of a single longitudinal <lit.

Fie, 5 —=20DpE VIEW 0F THE HEART OF ARGULIS AMERICANUS (DIAGEAMMATICL POk LETTERING SEE
Fia. 7

All the blood enters through the lateral valved openings (/)1 a part
of it passes out of the aorta (4) anteriorly and another part out of the

Frooo i —THE NERVOUS SYSTEM OF ARGULUS AMERICANUS,

posterior median apertare (): each of these streams follows the usual
course (fie. &), but the o1

-

eater bulk turns downward and passes out ot
the ventral median slit (¢).
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This stream pours around the intestine and separates naturally into
two side streams running forward past the hases of the swinnming legs
and sending out lateral streams into cach of them, finally joining the
anterior streams from the norta under the brain.  On its return the
hlood pereolates through the lateral sinuses of the carapace and, join-
ing the streams from the horders of the abdomen, enters the openings
at the sides of the triangular hase of the heart.

Novroms systen (lig. 44).-—This consists of a dorsal hrain and aventral
chain of six ganglia.  The brain is rather small, but well pigmented,

Fiti. 10,—SEXUAL ORGANS OF FEMALE ARGULUS AMERTCANUS. 0, OVARY: n_ 0L, OVIDUCT; 8. ph, SEMEN
PAPTLLAG =0 pi, SEMEN RECEMTACLE;, F P TACTILE PAPILLAE AT THE OPENINGS OF THE OoVIIUTCT,

50 a5 to be prominent by contrast with the light-colored carapace.  Its
ventral portion extends quite a distanee in front of the pigmented
dorsal portion and is nearly three times as wide.  From the anterior
border of this ventral portion a pair of nerves extend forward to the
anterior antennwe.  Another pair arise from about the center of the
lateral borders and lead to the posterior antennwe.  These two pairs
are the only eranial nerves. The venteal ganglia diminish in size
apidly: they arve distinetly lobed along the sides, hut fused throuch



-
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the center.  Each of the five anterior ones gives ofl a single pair of
nerves, while the sixth and last one gives off two pairs. The nerves
from the first ganelion, which is considerably the lareest of the six,
o to the sucking disks: a branch arises from this nerve very soon
after it leaves the ganglion and passes forward to the mouth parts.
The nerves from the second ganglion are a little larger than any of
the others, which is fullr accounted for when it is found that they
quickly divide, one large branch going to the =econd maxillipeds and
the other innervating the lateral areas of the carapace.

The nerves from the thivd, fourth, and fifth ganglia and the first
pair from the sixth gunglion supply the swimming legs in order on
cither side.  The last pair of nerves which are given off from the pos-
terior border of the sixth ganglion innervate the reproductive organs.

Leeproductive orqans (fig. 10).—These are heautitully typical and can

™~

Fii, 1L.—SEMEN RECEPTACLES AND PAPILLE OF ARGULUS AMERICANUS FEMALE UNDER GRUATER
EADING FROM THE KECEP-
TACLES TO TIHE PAPILLAE; £ p. SEMEN PAPILLE; & r, SEMEN RECEPTACLIN Lop., TACTILE PAFILLE.

ENLARGEMENT. b, r‘,‘ HASAL LOBER OF POSTERIOR LEGS) S, i[,‘ DUeTS

be plainly scen through the outer covering, even in preserved and
mounted specimens.  In the female the semen receptacles (s, o, fig. L)
are large and close together: the semen papillae (s, p0) are also large and
the hardened chitinous tip of the duct which leads to them from the
receptacles projects forward rather than inward toward its fellow on
the other side.  In the figure the tactile papillae (4. p.) used for ovi-
positing are much smaller than the average, and the specimen was
selected for this reason, sinee these papille would conceal the under-
lving organs as little ax possible,

The relative size shown in the full-length figure of the female (fig. 2)

is nearer the average.
In the male the essential organs (fig. 12) are quite typical, but the
= s | L
aecessory organs surpass those of any species so far examined.  In
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addition to the regular peg and semen receptacle on the fourth and
third legs, respectively, we tind on the anterior surface of the third
leg o Tong club-shaped projection. which arises from the outer end of
the basal joint and projects dingonally forward and outward past the
dixtal hasipod joint and far out on the exopod (fig. 13).  Its surface is
smooth and even and it seems to be tactile in function.  There is
another conical projection, a trifle smaller, on the posterior surtace

Lol ETACULATORY

WERENS.

Froo 12 —SEXUAL ORGANS OF MALE ARGULUS AMERICANUS, hoe BLIND CAPSULE
A U Y

DUCT; &, 0, SEMEN VISICLED £, TESTES; oo, VAS DEFE

of the preceding pair of legs, exactly opposite the one just deseribed.
This also has a smooth surface and a probable tactile function.  To
increase this probability both projections are well innervated and their
surfaces are plentifully covered with short setae. There ave also small
projections, varying considerably in different individuals, upon the
opposite surfaces of the same joints as bear the large ones.
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Fggs and devdlopient. —Gurley, in the manuseript alveady referrved
to. has given an outline of development, with a deseription of the larva.
But, again, the present author had obtained ripe females from Professor
Reighard at Ann Arbor, Michigan, and had successfully reared the
larvie hefore Gurley™s manuseript was
placed in his hands. It is a pleasure
to lind that these two accounts agree in
every detail.

The cges are laid in single rows (fig.
14), exactly as those of L. wegalops,
and not at all resembling ecither .
Joliaceus or .o catostomi.  But the
eges themselves are more like those of
AL cutostoms than of any other species
whose eggs are known.

They are arranged end to end, the
heads all pointing in one divection, but
with every third or fourth one re-
versed,  The jelly in which they are

L‘.n\'\‘lUP“‘-i- on ll:ll‘de‘ning‘ in the water, Froi. 15.—POSTERIOR LEGS AND ABDUMEN
OF ARGULUS AMERICANUS.

HssUIMes an appearance very similar to
that on the eges of L1 catoston/—that is, it is raised into ridges run-
ning lengthwise of the ege, each ridge composed of a row of club-
shaped papillie standing out at right angles to the surface of the egg
(fig. 15).  There are about six of thexe rows on the free surtace of the
evws, including those along the sides where the eg

. ox are attached to

£3

FlG. M. —MICRO-PHOTOGRAPH OF BGG STEING OF ARGULUS AMERICANUS, SHOWING THE JELLY PRoO-
TUBERANCES AND THE LARV.LE PARTIALLY DEVELOPED,

the surtace on which they are laid.  The rows coalesce at the ends and
are most widely separated at the center.

In addition to these crenated ridges there are also a few large seat-
tered masses of jelly, some of which are nearly two-thirds as large as
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the entire ege. They also stand out nearly at right angles to the sur-
face of the egg, and while they are really attached at random, yet
there is an average of about one on either side of each egg in the row,
so that, viewed as a whole, they are at faivly regular intervals,  This
feature is suflicient to distinguish the eggs at once from any others
that are known.

The eges are small, measuring 0.375 by 0.275 mm. exclusive of the
jelly, light yellow in color and quite clear when first Inid.  DBut they
speedily turn darker in color and become opaque within the first two

- ¢ 0,5 1t m

Froo 10 —AN 166G OF ARGULUS AMERICANUS APPROACIIING MATURITY. THE FULLY FORMED LARVA
CAN BE SEEN THROUGH THE JELLY ENVELOIL.

days.  Toward the middle of the second week, about the tenth day.
the eyes appear as two jet black large-sized spots near one end of the
cev. These spots are elliptical in shape, with their longer diameters
inclined toward the central axis of the cge, which is also that of the
embryo.

The ege now beging to clear and becomes more and more trans-
parent up to the time of hatching.  Through the membranes and the
jelly can be seen the outline of the embryvo™s body and appendages.
These ean not be distinguished as plainly as in wegalops, tor many
reasons.  The jelly covering the cgg is not as transparent as in
meqalops and the papille render it still more opaque.  Again, the
partial development of the appendages renders it possible to pack the
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embryo in a much smaller space, with a resultant confusion of the
parts.

Such close packing explains, furthermore, the small size of the egp,

and we are forced again to the conclusion that the size of a copepod’s
eow has very little to do with the size of the adult female. It is,

a5 M e,
Fra, 16.—NEWLY HATCHED LARVA OF ARGTULUS AMERTCANTS,

rather, dependent upon the length of time the embryo is to remain

within the ege and the degree of development it ix to attain hefore

hatching.  An adult «merieanus is mueh larger than a wegalops, and

vet the eges of the twoare nhout the same size.  This is explained by

the fact that the wegalops larva spends sixty days or more inside the
Proe. N. M. vol. xxvii—03 45
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ege, and comex forth a miniature adult, while the vuericans larva
spends only sixteen or seventeen days in the egg and comes forth in a
typical evelops stage to undergo many subsequent transformations
hefore reaching the adult form.

The temperature of the aquarinm was about 727 F., or a few
degrees warmer than our fresh-water ponds during the summer
season.  The eggs which were laid June 8 began to hateh the 25th, a
period of only seventeen days, about half the length of time required
by the eggs of L. filiaceus and catoston/ and only one-fifth of that
requirved by _ L. stizostethii and megalops.

The newly hatehed larvae (fig. 16) are not as lively ax those of
wegalops, which would he ex-
pected from the fact that they
are not provided with as good
organs of locomotion. hut they
are also more slugeish than the
catostomd larvee, which have ex-
actly the same structure.  Fur-
thermore, when first hatched
they stick to the hottom of the
dish and do not swim up and
toward the light until the third
or fourth day.  And when they
do get up to the surface they
prove to be negatively helio-
tropic. in sharp contrast with all
the other Argulus larvie thus far
studied. which are positively
heliotropie to a very marked
dt'gl'("i'.

Owing both to the position and
incomplete development of the
temporary locomotor organs, the

Fi1G. 17—FREE THORAX AND ABRDOMEN OF ARGULLUS p 5 ot m o
AR R T ANN, motion of these nauplii is jerky

and eyelops-like.  They are not
as transparent as the other larvie and do not furnish as favorable
ohjects for study. owing to the presence of a large area of rust-colored
pigment over the stomach and anterior infestine which hides much of
the internal anatomy.

In general shape they arve short and broad, the carapace being well
rounded anteriorly, with a hroad and shallow posterior sinus, while the
free thorax and abdomen form a broad triangle, relatively shorter
than that of fol/ucens and catostoni.  Around the anterior margin of
the carapace can he seen large tactile hairs similar to those found
upon other species.  But they are much fewer in number and more
seattered than in weegalops. and the intervening cilia are very minute
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and situated not at the very margin, but a little way back on the
ventral surface.

The first free segment of the thorax (fip. 17) is about half the width
of the carapace, while the suceeeding segments diminish rapidly in
size.  The abdomen is about the same width as the last thorax segnent,
is well rounded at the sides, and terminates posteriorly in a pair of anal
papillie which are large. almost spherical in shape, and tipped with three
long, sharp spines.

The first antennwe (fig. 18) ave three jointed, as in other species, but
the hasal joint is relatively much smallers in fact, it is but a trifle larger
than the two  spherical
terminal  joints, but is
armed with the usual stout
sickle-shaped hook.  The
bristles  and  spines on
these terminal joints are
rather  more numerous
than in other species.

The second antennae are
modified into locomotor organs, and both in the scoments and in the
number and arrangement of the long plumose rowing seta they are

Fit, I5.—FIRST ANTENNE OF THE NEWLY MATCHED LARVA OF
ARGULUS AMERICANUS,

exactly like those of fol/acens and catostom i nauplii,  The temporary
mandibular palps are also like those of the species just named, but are
attached somewhat farther forward relative to the other mouth parts.

P16 19, ANTERIOR MAXITLLIPED OF THE NEWLY HATCHED ARGULUS AMERICANTS,

The anterior maxillipeds (fig. 149) are stout, four jointed, and termi-
nate in the usual pair of sickle-shaped hoolks, the ventral one of which
is burbed.  The Dasal joint of these appendages is very stout, and in
its interior can he seen the group of large cells which are to form the
sucking disks in later development.

The posterior maxillipeds (fig. 20) are much staller; five jointed,
and very rough on their ventral surface, while the outer horder of
every joint is armed with one and often two or more sharp spines.

These appendages terminate in two small but stout claws capable of
independent motion and a conical papilla tipped with two short spines,
The basal joint has no spine upon its posterior horder.
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The swimming legs are the same as in foliacens and catostonid, the
first pair only being developed, while the rest are immovable stumps.
This first pair (fig. 21) consists of two hasal joints well roughened and
armed with numerous spines upon their ventral surtace, a two-jointed
endopod tipped with two short spines, and a one-jointed exopod tipped
with two long rowing setae.

The only difference here from other larvae already described is that
the endopod has only two instead of three joints.

The lee stumps attached to the other thoracic segments all show
the endopods and  exopods
clearly, the former heing
tipped with asingle spine, the
latter with two.

In their internal strueture
the most noticeable  differ-
ence from other larvie is the

Fre, 200—=ECOND MAXTILLIPED OF THE NEWLY HATCHED :lll_ll()l\‘t C‘)Illl)l(‘t“ il},HPIl"p ‘lf
LARVA OF ARGULUS AMERICANUS, skin gh“l([“"-

The wegalops larva, with
its sixty days of incubation, came forth with a wonderfully well devel-
oped system of skin glands: the gol/acons and cittostom/ larvae, with
about half as long an incubation, showed a little more than half as
many glands.

And now these amerscanus Tarvie, with an ineubation of only seven-
teen days, show almost no glands at all. We can not escape the
conviction that these glands are developed quite slowly and that they
do not appear until comparatively Inte in larval lite. Tt would seem
also that they must be de-
veloped  independently  of
the incubation period, so
that  while the lIatter is
changed  ¢reatly, being
doubled in some species and
halved in others, the glands
apparently always require
about the same time for de-
velopment.  In these americanus larvie we find but a single small group

COSWIMMING  LEG OF THE NEWLY HATCHED
LARVA OF ARGULUS AMERICANUS.

of ¢lands, six or seven in number, on either side near the posterior
edoe of the carapace lobes.  They are much smaller than in wegalops.
and the ducts are not at all distinet.  There are also a few attered

elands along the dorsal surface of the carapace, thorax, and abdomen,
but they are all very small, and none of them show the structure given
for _fFoliacens and wegalops. They have rather the appearance of heing
in an immature and partially developed condition.

olands are invigible, due to the opacity of the

L=

The ])zl'lrud shell
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surface pigment. which is <o dense just in front of the side branches
of the stomach where these glands are situated, and also in many
other places, as to conceal all details of internal strueture.  The cir-
culation is similar to that deseribed in other larvie except for the
absence of a well-defined peripheral sinus in both the abdomen and
the cophalo-thorax.

The internal cellular laeunae appear about the same, but the currvents
are not as well defined, especially those of the abdomen.  This larval
cirenlation is carried on chicfly hy means of certain museles in the
cephalo-thorax and abdomen, similar in both position and function to
those already described for wegalops. The heart has not vet appeared,
and henee those differences whieh make the adult eirenlation peculiar
can not vet he deteeted. The transverse dorso-ventral hand or curtain
at the place oceupied later by the posterior wall of the heart is not
as well developed as in wegalops Tarvie, another natural result of the
differences in the period of development.

Furthermore, in view of the immature condition of all the swim-
ming lees except the first pair. the muscles in the hasipods of those
appendages ean not aid cireulation to any appreciable extent.  In faet.
the undeveloped condition of most of the larval organs may well
explain the feeble civenlation.

A =oon ax the heart aequires definite form after the first moult we
should expect to find the circulation showing the same peculiarities
a= in the adult.

The nervous and reproductive systems present no peculiarities
worthy of special note, hut are similar (o those already desceribed in
the adult.

ARGULUS VERSICOLOR Wilson.
Nl vepsicolor Witsox, Proe. UL S0 Nat, Muos,, XXV, p 716,

This iz a very clean-looking Argulus and by far the most heautiful
of any American species. It can be distinguished from all others at a
elance by its brilliant coloration, which is as variegated as that of an
old-fashioned pateh-work quile or the traditional Joseph’™s coat. The
eround color is a soft vellow-green, which forms a wide border around
the edge of the carapaee and extends inward in a series of bands and
irvegular spots, the former heing a deeper green than the margin,
while the latter have somewhat of a rusty tinge.  One of these hands
runs from the marginal horder on either side just hehind the sucking
dizks dingonally Dackward to the base of the centeal longitudinal vibs.
From the center of each diagonal bhand another narrower one extends
backward parallel with the edee nearly to the posterior margin of the
carapace.  These longitudinal bands are joined with the marginal hor-
der at about their center hy a short radial band, which shows the same
rusty tinge as the spots. These latter are found just outside the suck-
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ing disk= and also opposite the base of the first swimming legs in the
lateral lobes.

The rest of the surface is filled in with orange-yellow of varying
intensity. the posterior portion of the caravace lobes being tinged
with hrown, while the side branches of the stomach give more or less

of u reddish hue to the parts overlying then,

Through this variegated groundwork the ribs, the digestive tube,
and the reproductive organs stand out prominently.  The ribs are a
bright golden orange, the two central longitudinal ones bheing bor-
dered with yellow green.

The digestive tube, when the parasite has taken a full meal, is deep
wine red in the carapace and thorax, but fades to a green-yellow in the
abdomen. It has a dark-green border on either side which occupies
all the thoracice segments outside the intestine itself and extends forward
anteriorly to the frontal horder and posteriorly to the extreme tip of
the abdomen lobes.

The testes and semen receptacles are a rich purple-red, so deep as to
be almost opague.

The eyes and brain are large and of a hrilliant blacls,

With such a rich variety of color it would be natural to suppose that
these copepods would fade quickly in preservatives. but such is not the
case.  After being hardened in chrome-acetic, corrosive-acetic, and
Perenyi's, they have been kept nearly three yvears in aleohol with so
little change as hardly to be distinguished from fresh specimens.
They can also be run up through the alcohols, cleared in xylol or clove
oil, and mounted in balsam without change of color.  Indeed. eau-de-
javelle is the only agent vet tried which will bleach the color.  This
removes it entirely and leaves the Argulus perfectly transparent.

Thus far the species has been found only upon the common pickerel
(Lotesns veticnlatns Te Sueur), but is likely to he found upon other fish
also at the breeding season.

Actual experiment has proved that they ave capable of living on red-
fin shiners, bream. ete., for a long time.«

This single host is, however, very widely distributed throughout the
United States, and inall probability the parasite has an equal distribu-
tion.  Not more than two or three specimens are found upon a single
fish, and these arve always in the ¢ill cavity.  Often also it is necessary
to examine fifteen or twenty fish before finding a single parasite, =o
that they could be easily overlooked and a good summer eateh of fish
might not reveal their presence.  For this reason winter is the hest
time to sccure them upon fish canght through the ice, and as they
remain alive for some time after the fish ix dead an entive day’s cateh
can he looked over.  In this manner as many as thirty have been
obtained in a single afternoon from three adjacent ponds. Thus far

¢ Proe. UL 8. Nat, Mus,, XXV, 1902, . 647
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they have not been sought in a single locality without success.  When
kept in aquaria they are lively, moving about and changing from one
fish to another more often than other species. The long plumose seta
upon the swimming legs make powerful oars and enable them to dart
about with great rapidity.  One of their favorite movements is to
leave the side of the aquarium and, turning hack downward, scuttle
swiftly along the under side of the surface filin of the water after the
manner of the very much slower aquatic snails.

(FENBERAL FORM — Dorsal surfuce (fig. 22).—Carapace almost perfectly
orbicular, the antero-lateral sinuses shallow, but leaving a well-rounded
frontal lobe: the posterior sinus is one-third the length of the cara-
pace and only one-sixth its width, so that the lateral lobes are broad

Froi, 22, —DORSAL VIEW OF FEMALE ARGULUS VERSICOLOR.

and well rounded.  In the female they just reach the abdomen: in the
male they overlap it somewhat. The free thoracic segments are
twice as wide as long and are halt concealed beneath the carapace
lobes on either side.  The abdomen has a very graceful oval out-
line in the female and is about three-sevenths the length of the
arapace.  In the male it is more nearly triangular, but narrows
considerably anterior to the testes, and the lateral margins project
forward in a well-detined and rounded lobe on either side.  The anal
sinus is very short and slit-like, with the papillae subterminal.

The arrangement of the grooves dividing the carapace into its areas
is very svmmetrical.  The longitudinal ribs are close together, and
the joints in them just behind the brain can be clearly seen.  The
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horseshoe suture is longer and narrower than in vwericanus, and from
near its base two sutures radiate outward into the lateral area. The
thoracic area is separated into an anterior crescent-shaped and o pos-

- =

i 2o
Fre, 28 —VENTRAL VIEW OF FEMALE ARGULUS VERSICOLOR,
terior rectangular portion, the tormer of which is much wider than
the latter and follows elosely the posterior curve o the horseshoe.

0.25 n2 .

Fro, 24 —DETATL OF ANTENNE OF ARGULES VERSICOLOE,
Vool suifoce (lig. 23).—The frontal lobe is simple and, together
with the anterior half of the lateral areas, is covered with inconspicu-
ous triangular spines.  The antennwe are of good size and well armed:
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the hooks upon the hasal joint of the first pair are large and powerful,
while the spines are very long and sharp.  The two terminal joints

carry numerous setw, but do not project much beyond the lateral
hook (fig. 24). The second antennae are -jointed, the hasal joint
having a long spinc on its posterior margin, while cach of the
remaining joints has a tuft of stout setwe at its distal end.  The eyves
are large, somewhat lunate, and inclined toward the longitudinal ribs;
the facets are small and numerous and crowded closely together,

On the median line between the eyes
and posterior to the large spines which
arm the base of the sccond antennae
there is a groove for the reception of
the stylet (fig. 25). It extends back as
far as the base of the proboscis, and
is lined on either side with a heavily
corrueated layver of chitin.

The mouth differs considerably from
that of other deseribed speeies, and
presents a peculinr appearance by rea-
son of the arrangement of its chitin

framework.  The mouth opening ix
narrowed antero-posteriorly and clon-

eated sidewise so as to appear like

narrow transverse slit, broken at the .7_ B
center by the protruding under lip
(fig. 26). On examining the chitin
skeleton, we find the same four longi-  oem! _

cht

tudinal ribs connected at the latitude
of the mouth by a transverse frame-
work. But the structure and arrange-
ment of this latter is very ditferent
from anything vet deseribed, as ean

be 1‘(':!(1i1_\‘ seen in hg_' 26, The most Pl 20, —STING AND POISON GLAND OF ARGU-

TRSITCOLOR,  ofioe, CHIETIN B OF PRO-

noticeable differences arve the elliptical 1oy
BOSCIS, ol DUCTS OF  POISON GLAND

loop= on cither side of the mouth and  jox G

ey

e, MANDIBLE MIUSCL v
o trapezoidal projection which éxtonds oo, @SoAGrs MusarE .., Sk
. 2 . . MUSCLID OF (ESOPHAGUS; o, RETRACTOR
down into the center of the upperJip e
to the very edge of the mouth opening.
The transverse ribalso, which issituated at the junetion of the upper
and under Tips on either side. turns outward at the joint neavest the
mouth and protrudes like a knob through the side of the proboscis.

L BTING.

The rudimentary palp alongside this joint isx very small.  Inside the
lips may be seen apart of the long, sickle-shaped mandibles, edged with
L4 Al & ! o

sharp saw teeth. The maxillae have not vet been scen.
The anterior maxillipeds are large, well separated, and placed far
forward close to the margin of the antero-lateral sinuses. The mem-
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branous edge is quite wide, and is supported by chitin ribs whose
construction iz peculiar.  The stiffened circle which serves as an
attachment  for the powerful
muscles of these maxillipeds, as
well as the membranous edge,
is raised into knobs at equal in-
tervals around its circumfer-
ence (fig. 27). From each knob
a chain of four sligchtly oblong
chitin plates extends outward
to the edge of the membrane.
These are placed end to end and
diminish regularly in size, the
distal one being less than half as
large as the proximal.  Fach is
convex at the proximal and con-
cave at the distal end, the con-
vexity of one plate fitting into
the concavity of the one next
inside it.  In the first and second
Fli. 26.—CHITIN SKELETON OF THE PROBOSCIS IN 1)|zltt‘H the l'i_)ll(‘:l\'itl\' I8 cecen-
ARGULUS VERSICOLOR, 2

trically situated, but in the two
outer ones it is approximately symmetrical.  The plates are arranged
end to end and do not quite touch one

another, but leave narrow open spaces
of membranc.  Thus, while strengthen-
ing the membrane they still leave it very
flexible.

Loasterior maillipeds (fig. 28).—These
are also large and well armed. The
joints diminish in size much more regu-

!33']‘\’ than those of wmierican us,; the P]:lt(,‘ Fie. 27, —CHITIN RIBS IN THE MARGIN OF
on the basal joint is triangular, with CRING DIES0L ARGULNS VERSL:
long, stout, and not very sharp teeth;

COLONR,

the papillated arca is comparatively large and armed with strong sctze.

The anterior half of the
sccond joint and the entire
ventral surface of the re-
maining three joints arve
covered with  good-sized
papillie, each carryving a
toothed scale. These pap-

0.5 2.

F16. 25.—POSTERIOR MAXILLIPED OF ARGULUS VERSICOLOR. ]l[;tt“(l H(iilll‘h‘ are Hl]l]ll:lr to
those on americanns, and
consist of a hemispherical or hemiellipsoidal papilla, upon whose sum-

mit is borne the toothed scale.  The latter is inclined at an angle of 10
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or 15 degrees to the hody and is an elongated ellipse in outline (sce ¢ in
fig. 24).  Tts hasal half, which is fused with the summit of the papilla,
is solid, but the free half is cut into from two to six long and acumi-
nate teeth.  In general the seales nearer the anterior margin of the
maxilliped have the larger number of

teeth.  Often oue of the outer teeth is .
short and stands out at an angle from ‘ a

the others like a thumb.  Evidently
such an arrangement forms a surface
which must give the copepod a firm
hold even through the slimy coat of
the tish’s body.

The terminal joint of these maxilli-
peds ends in three hooks of unequal
size; the anterior one ix much the  ri s —seanes ox vestran serracs or
lnreest, with a thick, blunt tip armed. TIEIOTERIR SAKILERROS GEAMEOLLS

VERSICOLOR.
with a single short, sharp seta. The
other two are more slender and strongly curved (fig. 30).

Sewiinning legs.—These are long and slender and reach far hevond
the edge of the carapace. They are
fringed with stout plumose seta and

e

Y

==

enable this argulus to swim with great

power and rapidity.  The flagella upon

the first two pairs have a double curve,

as can be seen in fig. 31, which ix a

dorsal view looking through the cara-

= pace in a bleached specimen.  The

F"mi(::’,l,',',“f,,\\:“T:'IITT \(.':“:]:i':,‘l_"" basal lobes upon the posterior legs are
very long and their tips extend beyond

the edge of the abdomen.  They have the usual boot shape, with a
single seta on the toe of the boot much longer than the rest.  The
chitin rings in the lateral
lobes of  the carapace
extend farther forward
than those inamerican s,
and the concavity in
the posterior one into
which the smaller ring
fits 1s on the inner mar-

;_’1 n a short distance back  Fio. 31— Dorsar surrace oF THE _—‘\.\'TIZRI;H! LEG ON THE RIGUT
fl'()]!l t}](‘ :«lilt‘\l'i()l' f‘li(l i]]f i\.EI-l. '\j‘('liie'.“.\\i:"Ali“[i‘:'jij\lT;Vlr::‘“L““‘ SHOWING SIZE AND ATTACHMENT
stead of at the end itself.

Tactile pupilla.—These arve long and slender in the female and curve
in toward each other at the tips. while in the male they are so radi-
mentary as to be almost invisible.

Clrenlation.—This is the same as that given for A, folineous,



65H0 PROCEEDINGS OF THE NATIONAL MUSIUM. VOL, XXVIZL

Leprodiective opgans. These are similar in position and arrangement
to those of awericanus, but the unpaired seminal vesiele in the male is
quite different in shape, being nearly spherieal, with an emarginate ante-
rior horder.  Another difference was the faet that, after removing the
pigment from several males, no trace of
any accessory blind capsules could he
seen.  The second legs of the male have
a large conical projection on their pos-
tervior surface at the outer end of the
basal joint (fig. 32).  There is a <imilar
much smaller one in a corresponding
position on the third legs, and these
legs also have a rounded knob on the
anterior surface of the second joint at
the end next the hody.

But the chief interest, both in this
species and apericanis, lies in the fact
that it was possible to ascertain in them
from actual observation the structore

0.5
and exact funetion of the scmen recep-

Fro. 02 —THREE FOSTERIOR PAIRS OF LEGS o
tacle and peg upon the bases of the

IN THE MALE ARGULUS VERRICOLOR.
third and  fourth legs, respectively.

The peg consists of two parts. basal and terminal: the hasal portion
is a blunt papilla whose walls are stifl and covered with rough tuber-
cles (fig. 83). It does not appear to be hollow, but readily permits of
the withdrawal of the terminal e
part inside itself.  This termi-
nal portion is a slightly curved
conical tube, with walls as 11 xi-
ble as rubber and so thin as
to be perfectly transparent and
colorless.  The tip of the tube

is somewhat enlarged and sur-
rounded by a row of minute
hairs.  Inside both  tube and
papilla can be seen a muscle
strand which extends from the
tip of the tube diagonally back- .
W:ll't] to []“. }J()Ht(‘l'i!)l' l'l]:ll‘;_['ill of OF MALE ARGULUN VEPSICOLOR, SI
the leg. DBy means of this 7

—BARALJOINTS OF THE TWO POSTERTOR LIGS
FROM THI

muscle, together with the circular muscles inits own walls, the tube
can be withdrawn inside the papilla or protruded at pleasure.

The semen receptacle is a cavity in the posterior part of the distal
end of the basal portion of the third legs; the opening into this cavity
ix on the ventral surface, near the posterior margin.  This opening is
guarded by a strong sphincter muscle.
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Just in front of the opening, upon the anterior part of the ventral
surface, are two rounded papille, covered with rouch tubereles. This
receptacle ix filled with semen from the testes, probably through the
ageney of the peg. though this was not actually observed.  Onee filled,
however, it operates as follows: The sphineter muscle around the open-
ing relaxes enough to allow the entrance of the peg on the fourth leg.
Being protruded as far as possible and the sides of the basal papilla
heing compressed by internal muscles, the peg tube acts like a pipette
and becomes filled with semen from the receptacle. It is then with-
drawn and inserted in the opening of the duct leading to the semen
receptacle in the abdomen of the female. The sides of the basal papilla
are again compressed. the internal muscles being aided by the rough
papillae on the ventral surface of the fourth leg, which bend over and
<eize the hase of the peg securely, one on either side. By this means
the peg is emptied of its contents again very similarly to a pipette.

ARGULUS TRILINEATA, new species.

The U. S. Fish Commission recently received from Messres, King
and Oliphant. pharmacists, of Macon, Georgia, a single specimen of a
female Argulus taken from one of their goldfish.  This was forwarded
to the author for identification, and proves to be a new species, with
characters as follows:

Carapace elliptieal, reaching well beyond the base of the abdomen,
with the longitudinal and transverse diameters in the proportion of
14:12.5 (fig. 84). The posterior sinus is three-sevenths the length of
the carapace and a little more than twice as long as wide. The antero-
lateral sinuses are so shallow as to he searcely pereeptible, so that the
cephalic area does not project appreciably.  The central jongitudinal
ribs are close together and nearly parallel; the joints in them hehind
the brain are indistinet and easily overlooked.  The horseshoe suture
i« long and narrow and comparatively pointed at the posterior end,
leaving the lateral arcas very symmetrical and about the same size
anteriorly and posteviorly.  The thoracic area of the earapace, hehind
this suture. is a short strip one-fourth as long as wide and only half
the length of the first free thoracie segment.

These thoracie segments increase in length from in front backward.
the posterior one being more than twice as long as the anterior. They
also inerease somewhat in breadth, and since the posterior sinus of the
earapace is about the same width, the free thorax is almost entirely
exposed.

The abdomen is very small and spindle shaped, one-quarter the
length of the rest of the hody and two-thirds as wide at the center as
it is long.  The anal sinus is cut just to the center, and is narrow hut
of unitorm width, leaving stout. bluntly conical lohes: the anal papillv
are small and basal.
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Ventrad sirfiuce (fig. 35). — Both pitirs of antennae are relatively small
and weak, but are fairly well armed with hooks and spines.  The
anterior and lateral hooks on the busal joint of the first pair are slender,
but the spine on the posterior horder is above the average size.

The terminal portion of these first antennae i slender and does not
project heyond the lateral hook (6

The hasal joint of the second antenna is as long as, and much thicker
than, the two terminal joints, and the latter are attached obliguely to

o, a6).

I + 4
+ t + —A

1 2, 3 4 1 .

FlG. 34 —DORSAL SURFACE OF A FEMALE ARGULUS TRILINEATA.

one of its distal corners, so that the two portions of the antennw stand
nearly at right angles to each other.

The basal joint carries a stout spine on its posterior margin just
where it joins the head, and two long, slender spines on the ventral
surface at the distal end.  The second joint has a single long spine on
its anterior border at the distal end, while the terminal joint carries
five or six large and stout spines.  The spines along either side of the
mid line of the body opposite the bases of the antennwe, those on the
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posterior horder of the basal joints of the antennae, and the lateral
hooks on the fivst antenna are deep vellow in color and opaque; all
the others are transparent and colorless.

The eyes are small, lunate, and more or less inclined to the central
axis; they arve sitnated well forward and widely separated.

The sucking disks ave small. not more than one-cighth the width of
the carapace; they are situated far forward and are widely separated.

Fiii. 35, —VENTERAL STRFACE OF A FEMALE ARGULUS TRILINEATA.

The chitin ribs, which support the membranous border, are made of
trough-like scales overlapping one another, very similar to those in
A. mr:'r/fr/'nj.v.u.

DPosterior marillipedsc—These are large and very fully armed, to
offset the slender antennae (fig, 37).  The basal joint has an oval papil-
lated area, which is placed obliquely, is elevated considerably above
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the surrounding surface, and entirely covered with short conical spines,
The three teeth on the posterior horder of this joint are very long,
stout, and acute. The second joint carries on its distal end apapillated
area even larger than that on the basal joint. The thivd and fourth
joints are enlarged at their distal ends, and their whole ventral surface
ix covered with spines and papille. The terminal joint is tipped with
two curved claws and a fieshy
= thumhb.™

Sewrimncing  legs. — These
reach well hevond the edge of
the carapace, and the two an-
terior pairs have  recurved
flagella.  The distal joints of
all four pairs carry a row of
plumose setae along their pos-
terior border.  The lobes on

the basal joints of the last pair

T B —IFIRST AX h INNE ' ARGULUS =
Hie: ghi—BIRAT AL SUCOND GABTESRE (G A are small and well rounded.

TRILINEATA,

The tactile papille at  the
opening of the oviduet are hroad and pretty thoroughly fused with
the ventral surface of the abdomen.

Of the chitin rings in the lateral lobes of the carapace the anterior
one is small and cee shaped, and is situated very close to the hase of
the sucking disks, while the posterior one is large and <o broad that
its inner horder reaches to the
bases of the swimming  lees.
The contrast in the size of these
two rings ix greater than that of
any other species so far exam-
ined.  The ventral surface of
the anterior portion of the cara-
pace is covered with triangular
spines as large and as numerous
ws those in wwerdean s,

Nothing could be definitely
ascertained with  reference to

the nervous and reproductive
P16, 37.—TPOSTERIOR MAXILLIFEDS OF ARGULUSY
FTRILINEATA.

svstems without danger of spoil-
ing the specimen for a type. and
therefore they are allowed to pass for the present. Of course the
semen receptacles were visible.  They prove to be large, spherical,
and situated rather far forward.  The papillie connected with them
are close together on the median line, well concealed beneath the tactile
papillawe,

Total length, 4.5 mm.: length of earapace, 3.
carapace, 3.5 mnw; length of abdomen, 1 mm.: hreadth, 0.6 mm.

-
{

mm.; breadth of
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Color a uniform pale vellow, deeper along the central axis and
lighter toward the margins.  The dorsal surface of the thorax is
ornamented with three well-defined rows of dark hrown pigment spots
which stand out prominently against the vellow hackeround and eateh
the eve at onee when the ereature is
viewed under a low power.  The
niddle row is made up of a dozen
large spots in single line along the
central axis; the lateral rows are
made up of numerons smaller spots
arranged alternately in two broken
lines. Under strong magnitication
these spots are seen to he transversely
oblong and very irregular, the edges
heing cut repeatedly more than half
the distance to the center (fig. 38).
Th(' lnl‘g’(' Seen ['t‘(f(_'])l:ll‘li's are also Flt. 88.—0NE OF THE PIGMENT SDOTS ON TIE

. PORSAL SURFACE OF THR FREE THORAX O
arl Brown and ol S
dark brown and show throngh the T Tt s

abdomen very prominently.
Locating this species in the artificial key already published we
should have:
AL Carapace lobes overlapping the base of the abdomen.
B Anterior swimming legs with a fagellum.
7 Carapace clliptical, considerably longer than wide.
7, . Sucking disks only 012, {ar forward and widely separated; abdomen small,
spindle shaped, eat 1o the center.  Color light vellow, with three rows
of dark pizment spot= on the dorsal surface of the thorax .. trilineata.

(tres = three, lueatus = arranged in lines.)

The author also desires to record the occurrence of Argudus alosze at
Casco Bay on the coast of Maine.

Several fine males were ohtained from the common cunner (Ctenola-
brus adspersus Walbaum), and they seemed fairly numerous.  This ix
the first instance where this species has been positively identitied north
of Woods Hole since its original discovery by Dr. Gould. And it
will increase the probability that the habitat may extend to the Gulf
of St. Lawrence as doubtfully recorded by Mr. J. F. Whiteaves.
Incidentally also it is the first species of this family to be obtained
from the cunner, but as no females were found it may be inferred
that this was only a temporary host used during the breeding season.

«Proc. U. 8. Nat. Mus,, XXV, 1902, p. 701.
Proc. N. M. vol. xxvii— 03- 46









