ArricLe IN.—The North American Centropagide belonging
to the Genera Osphranticum, Limnocalanus, and Epis-
chura.* By Freverick Witniaym Scuacur, B. S.

INTRODUCTION.

In Article III. of this Bulletin the writer discussed the
North American species of Diaptomus, and in the present
paper, in furtherance of the same purpose, the genera Os-
phranticum, Limnocalanus, and Epischura ave treated. In
the introduction to the former article was given a short
account of the work of writers on the Entomostraca now
ineluded in the family Centropagide, especially those genera
found in North America. No reference is made there to the
genera Heterocope and Furytemora, since at that time I re-
garded the presence of these two genera in North America as
rather donbtful.

The only statement that Heterocope was ever found on this
side of the Atlantic is made by Cragin ('88)*. After an
enumeration of the genera of fresh-water Copepoda he says :
“Of these eleven genera, four—Diaptomus, Limnocalanus,
Cyclops, and Canthocamptus—have been recorded as common
to the Old World and the New. I add Heterocope on the
authority of my friend, Mr. William Patten, who informs me
that a species is common in Watertown, Massachusetts,”
This evidence is not sufficient to justify the treatment of the
genus in this paper.

In regard to Kurytemora (=Temora— Temorella) T was per-
haps overhasty in my conclusions, but it being now too late
to remedy the omission, the following statements must
suftice. In his *““Final Report” Herrick (84) notes the
oceurrence of Temora afinis Poppe in the rivers flowing into
the Gulf of Mexico as well as in the brackish waters into
which these rivers flow. In the ¢ Crustacea of Alabama ™
('87) he notes, under the name of Temorella afiinis, a species
which according to his statement is the same. The figures of

*This paper was nccepted by the Faculty of the University of Tllinois June 1,
1808, as a thesis for the degree of Master of S¢ience in Zoilogy.

{The parenthetical figures in the text of this paper refer usually to the bibliog-
raphy of Article 1I1., which is, however, supplemented by an additional list appended

Lo this discussion.
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the species in question differ, however, so considerably in
these two articles that, as Schmeil (98) says, nothing certain
can be said of this species until Herrick declares himself as to
which of the two sets of drawings are correct. Schmeil regards
Herrick’s form as possibly a new species. The recent dis-
covery of a new species of this genus, Eurytemora hevdmani
[. C. Thompson and A. Scott, in the St. Lawrence River and
Gulf removes all doubt asto the presence of the genus in
American waters.*

Of the three genera treated in this paper, Osphranticum,
containing a single species, and Epischura, containing threet,
are, so far as now known, eonfined strictly to North America
and are strictly fresh-water in their habitat. Osplranticum
is ordinarily found in shallow or stagnant lakes and ponds
(Forbes) or in running water (Herrick), while Episclhura
oceurs, as arule, in deep clear lakes. The genus Linnocalans
is peculiar in its habitat. One of the two species, L. sinensis
Poppe, from China, is, so far as known, a strietly fresh-water
form, while the other, L. macrurus Sars, although found as
vet in Ameriea in fresh water only, oceurs in Europe and Asia
in both fresh- and salt-water lakes and in the ocean. Since
there ave only these two species known, it was thought best
to treat both in this paper. L. grimaldii de Guerne is re-
oavded by the writer as a synonym of L. macrurus Sars?, for
reasons given in the diseussion of the latter species.,

A brief discussion of the structural similarities and differ-
ences indieative of the relationships of the genera Osplranti-
cum, Limnocalanus, Diaptomus, and Ipischura may properly
precede this paper, special attention heing given to characters
which are regarded as of generic or specific value.

Giesbrecht, in his ““ Monograph™ ('92), gives special rank
to the strueture of the first pair of antennw as a distinguish-

#5pe 0On the Plankton collected continnously during two Traverses of the North
Atlantie in the Summer of 1807: with Deseriptions of New Copepoda; and an Ap-
pendix on Dredging in Puget sound.” By W. A. Herdman, I, C. Thompson, and An-
drew Scott. Trans. Liverpool Biol, Soe., Vol XTL (1887, p. 70

+E. fluviatilis Herrick is not considered one of these.

+The Zoologisches Centradlalt (Jahrg., L., pp, 451-433) contains a review of an
article by N, Zografl entitled ** Essni d’Explication de origine de la Faune des lacs de
In Russie d'Furope' in which a reference ocenrs to Lomacronge G. O, S. This is
probably an error, since it is the only reference toa species of that name which I
have been able to find,
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ing character in the Copepoda. If this be taken as a basis
of classification here, Osphranticum, with its 23-segmented
antenne, would form a group by itself, while Limnocalanus,
Diaptomus, and Epischura, with their 25-segmented antenne
would constitute another group.

Osphranticum seems to be the most primitive of the Amer-
ican Centropagide, the fifth legs especially being less differ-
entiated than inany of the other genera. This is particularly
true of the female, in which all of the legs are biramose, each
ramus consisting of three segments. In the male the left
fifth leg is similar to the preceding legs, but the right one has
a two-segmented outer ramus, the second segment being ap-
parently formed by the coalescence of the second and third
segments. In both sexes the inner rami of all the pairs of
legs are alike.

Limnocalanus apparently approaches most closely to Os-
phranticum, the fifth pair of legs of the female being very
similar in general structure to those of Osphranticum, as is
perhaps most strikingly illustrated in the case of L. maeru-
rus Sars and O, labronectum Forbes. 1In Limnocalanus both
rami of the four anterior pairs of legs in both sexes are three-
segmented and but slightly modified, as are also those of the
fifth pair of legs of the female; but in the latter the second
segment of the outer ramus is produced on the inner margin
into a hook-like process, as in Osphranticum. The inner
vami of the fifth pair of legs of the male are still three-
segmented and similar to those of the preceding legs, but the
outer rami are moditied and are two-, or indistinetly three-,
segmented.

Diaptomus is perhaps next in respeet to modification.
In this genus all the legs are biramose, but the first pair con-
sists of a three-segmented outer, and a two-segmented inner,

-ramus.  The following three pairs have both rami three-seg-
mented. In the female the fifth pair of legs has a two- or,
more rarely, three-segmented outer ramus, and a one- or,
occasionally, two-segmented inner vamus. In the male the
inner ramus is one- or, rarely, two-segmented, while the outer
ramus of the right leg is three-segmented and that of the left
leg two-segmented.
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In Epischura, as in the other three genera, the cephalotho-
rax is six-segmented. All of the swimming legs have a
three-segmented outer, but a one-segmented inner, ramus.
In the female the inner ramus has entirely disappeared in
the fifth pair of legs, and the outer ramus is two-segmented.
In the male also the fifth pair of legs are without inner rami,
and the outer ramus of the right leg is two- or three-segmented,
that of the left leg three-segmented. A peculiarvity of this
genus is the modification of the abdomen of the. male into a
clasping organ. The abdomen of the female is also modified
in at least one species (lacustris).

So mueh for the relationships indieated by the structures
considered. According to the above, Ospliranticum must be
regarded as the most primitive form, Epischura as the most
modified, and Limnocalanus and Diaptomns as oceupying ‘an
intermediate position. I think that the mass of charac-
ters will support this statement, although there are other
characters which would lead one to doubt somewhat its
correctness. For example, in Osplranticum and Diaptomus
the females carry the eges in an egg-sae, while in Limnocal-
anus and Epischurae they do not.  In Osploanticwn, Diapto-
mus, and Epischura the spermatophore persists for some time ;
but I have not seen a single female Limnocalanus with a
spermatophore, although according to Giesbrecht the fertili-
zation by means of a spermatophore is about the only charac-
teristic which all Copepoda have in common.”

The material at my command for the preparation of this
paper has been complete; that is to say, I have had speci-
mens of all the known species of the genera treated, and
access to the most recent literature. The collections exam-
ined belong in great part to the Illinois State Laboratory of
Natural History, in part to Prof. Frank Smith, of the Univer-
sity of Illinois, and in part to myself. The following localities
are represented : Norway, the Caspian Sea, Lake Sitai and
the Whangpoo River in China, Newfoundland, and the States

#he sexunlly mature individuals are to some extent o trunsformed by pari-
sitism that unless the fertilization by means of spermatophores be excepted théy seem
to have no characteristic common to all which would at lhe same time distinguish the
order Copepoda from the other orders of Enlomostraca.’ (Gleshrecht, ", p. 40,
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of Mlinois, Indiana, Ohio, Michigan, Washington, Oregon,
Montann, Wyoming, Idaho, and Nevada,

Through the kindness of Professor Smith [ was able fo
examine collections from Lake George and Lake James in
Steuben County, Ind., in which I found specimens of Epis-
clara: lacustris and  Diaptomus orvegonensis,  Mr, Chancey
Juday, Curator of Collections, University of Indiana, kindly
sent me colleetions from Tippecanoe Lake, Eagle Lake, and
Turkey Lake, in Indiana, in which occurred Epischura lacus-
tris, Diaptomus sicilis, D. oregonensis, and D. siciloides. Talso
acknowledge my indebteduess to Prof. Gi. 0. Sars, who kindly
furnished me with specimens of Limnocalanus grimaldii, thus
enabling me to compare them with L. maerurus—also fur-
nished by him to the Illinois State Laboratory of Natural
History ; to Herr S. A. Poppe, for specimens of Limnocalanus
sinensis ; to Professor Lillejeborg for Epischura nevadensis;
and to Dr. C. A. Kofoid, Superintendent of the Illinois Biolog-
ical Station at Havana, to whom I owe thanks for his many
kindnesses during my stay af the Station in July, 1896, and
while at the University.

No illustrations accompany this paper, since the species
freated may be identified by figures already published.

OSPHRANTICUM Fonrpes.

Osphranticum, Forbes, "82a, p. (45.
Potomoichetor*®, Herrick, '82, p. 23.
Osphranticum, Herrick, "84, p. 134,

Osphranticum. Herrick, 'S7, p. 12.

Osphranticum, de Guerne et Richard, 'S9b, p. 149,
Osphranticum, Herrick and Tarner, *05, p. 85.

Cephalothorax compact, six-segmented, the first two seg-
ments confluent above, the last segment produced into n
bluntly-rounded lobe on each side. Abdomen (furea in-
cluded) composed of five segments in the female, of six in
the male. Furcal rami hairy on the inner margins ; armed
with five plumose setwe, the second from within the longest,
and with a delicate smooth seta on the inner margin ‘of the

sspelled Potamoichetor In Herrick's subsequent references.
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dorsal surface. First pair of antennie 23-segmented ; right
male antenna geniculate between the 18th and 19th seg-
ments, and the 19th and 20th segments ankylosed. Second
pair of antennwe, mandibles, and first, second, and third
pairs of maxillie as in Diaptomus, hut stouter.,  All the swim-
ming legs biramose, with three-segmented inner and outer
rami; armed with stout sete. In the female the legs of the
fifth pair arve alike, biramose, the rami three-segmented, the
inner ramus the shorter. Fifth pair of legs of male bira-
mose, dissimilar. Both rami of left leg three-segmented, the
inner ramus the shorter. Outer ramus of right leg two-
segmented, the inner three-segmented and like the inner
ramus of the left leg. Egg-sae obovate.

Osphranticum labronectum Forpus.

Osphranticum labronectuim, Forbes, '82, p. 645, P1. VIIL,, Fig. 24, 28,
29; Pl. X, Fig. 1,2,4,5, 7, 9.

Potomoichetor* fueosus, Herrick, 82, p. 224, PL 11, Fig. 12-14: PL.
111., Fig. 1-8, 13, 14.

Osphranticum labronectum, Herrick, "84, p. 134, Pl 2, Fig. 1-8,13, 14,

Osphranticuin labronectwn, Herrick, '87, p. 12.

Osphranticum labronectum, de Guerne et Richard, 89b, p. 149, Fig. 1. 2.

Osphranticwm labronectum, Herrick and Turner, 95, p. 86, Pl XI1.,
Fig. 1-8, 13, 14; Pl LIX., Fig. 7, 8.

Of medium size, body compact, widest before the middle.
Cephalothorax composed of six segments decreasing gradu-
ally in length from before backward ; first two segments con-
fluent above, the last segment slightly produced at the angles
into bluntly-rounded points, but unarmed. Abdomen (furea
included) composed of five segments, decreasing in length
from before backward. Furcal rami, however, slightly longer
than the preceding segment and about twice as long as wide ;
hairy on the inner margin and armed with five long plumose
setie of which the second from within is the broadest and
longest, the middle one being next in length, and the other
three subequal; dorsal surface of each ramus armed near
the inner apical angle with a delicate smooth seta. Abdo-
men of male composed of six segments: the first shorter

*Spelled Polamoichetor in Herrick's subsequent references.
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than any of the others except the fifth, which is the shortest;
the second, third, and fourth segments decreasing in length
in regular order; the sccond slightly shorter than the furcal
rami, which are armed as in the female.

Antennie 23-segmented, extending about to the end of the
cephalothorax, or barely surpassing it. Right male antenna
geniculate between the 18th and 19th segments; 19th and
20th segments ankylosed ; six segments preceding the genicu-
Intion rather thickly swollen; penultimate segment produced
at the inner apical angle into a broad bluntly-rounded process
extending slichtly beyond the end of the segment.

Fifth pair of legs of male biramose. Second basal segment
of right leg armed above the middle of the outer margin with
a delicate hair slanting upward. First segment of outer
ramus slightly longer than the width at the base, irregularly
frapezoidal, the outer margin forming the longest side ; armed
at the outer apical angle with a stout spine about as long as
the segment itself and provided on each margin with a nar-
vow hyaline lamella; just within this, another very minute
spine. Second segment irregular in form, the proximal third
subquadrate, about as wide as the preceding segment, pro-
duced at the inner apical angle in the form of a rather large
cushion-like pad sparsely covered with delicate hairs: distal
two thirds subquadrate, about half as wide as the proximal
third, provided on the inner margin with delicate hairs, and
armed a short distance above the middle of the outer margin
with two spines, one large and one small, similar to those on
the preceding segment; apex of segment armed with three
spines fully as long as the segment itself, the outer two
straight, the inmer eurved inward slightly, and each of them
provided with a hyaline lamella, the edges of which seem to be
plumose. Just posterior to the inner apical seta is a short
slender spine.

I'irst segment of inner ramus of right leg irregular in form,
about as long as wide, provided on the inner margin with a
few fine hairs. Second segment slightly wider than the pre-
ceding, barrel-shaped, and slightly longer than wide; pro-
vided on the inner margin with a few fine -hairs, and at the



232  Illinois State Laboratory of Natural History.

outer apical angle with a long delicate plumose seta. Third
segment slightly narrower than the second ; margins suleate,
armed with six subequal plumose setwe similar to the seta on
the preceding segment, of which three are apical, two are on
the outer margin, and one is on the inner. The setie are so
placed as to form two groups of three each.

Basal segments of left fifth leg like those of vight leg. Iirst
segment of outer ramus similar to the corresponding segment
of the outer ramus of the right leg and similarly armed, but
not quite so broad. Second segment subguadrate, about one
and a half times as long as wide: outer apical anegle armed
as in the preceding segment; inner margin provided with
few delicate hairs, Third segment considerably narrower
than the second and slightly shorter; armed at the apex with
two lamellate setwe and a short sharp spine. Iuner ramus
like that of vight leg,

I'ifth pair of legs of female biramose. Second basal seg-
ment provided on the outer margin, a short distance above
the middle, with a delicate hair slanting upward. First seg-
ment of outer ramus subquadrate, slightly broader than long ;
armed af the outer distal angle with a long lamellate spine,
and on each side of this with a very minute smooth spine.
Second segment somewhat shorter and narrower than the
preceding ; armed at the outer distal angle like the first seg-
ment, except that the inner of the small spines is wanting ;
inner apieal angle produced into a long, moderately stout
lamellate hook, shaped about like the blade of a pruning
knife: both margins provided with a few fine hairs. Third
segment glightly longer than the second, about twice as long
as wide; armed at the outer apieal angle with a plumosely
lamellate spine almost as long as the segment itself, and at the
apex with two similar subequal spines (about twice the length
of the lamellate spine) and a short smooth spine; oufer mar-
gin provided with a few long fine hairs; inner margin sulecate
and armed with four slender subequal plumose setiwe about as
long as the segment.

Inner vamus of fifth leg of female three-segmented, the
fivst segment irvegular in shape, with a somewhat projecting
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inner apical angle.  Second segment subquadrate, about one
and a half times as long as wide; armed at the outer apical
angle with a plumose spine almost twice as long as the seg-
ment, and on the inner margin with a few fine hairs. Third
segment slightly longer and narrower than the preceding;
irregularly triangular, with suleate margins and truncate
apex; armed on the outer margin with two long, slender, plu-
mose seta, at the apex with two similar sete and o short
smooth spine, and on the inner margin with one seta similar
to those already mentioned and one shorter lamellate seta,
and provided on the upper half with a few fine hairs.

Length of female, 1.703 mm.; that of male, 1.862 mm.

The above desceription was prepared from specimens col-
lected in the summer of 1896 at the Illinois Biological
Station, at Havana, Ill.; from type specimens:; and from
other State Laboratory material collected at various times
and places, mostly in Hlinois.

The single species of this exclusively North American
genus was first deseribed by Herrick in a paper read before
the Minnesota Academy of Seciences in 1879, but which,
owing to a fire, was not published until 1882. The deserip-
tion then appeared, under the name Potomoichetor fucosus, in
the Tenth Annual Report of the Geological and Natural
History Survey of Minnesota (Herrick '82). This Report
was not distributed, however, until after the August number
of the *“ American Naturalist” appeared, which contained the
deseription of Osphranticum labronectum by Forbes (°82).

De Guerne and Richard, in their ““ Revision” (’890L), pub-
lish the best figures of this species. Although not strictly
correct in every particular, the omissions are of minor im-
portance, as may be seen by the following enumeration of
them. In the fifth legs of the female the hair on the second
basal segment, the small spines at the outer apical angles of
the segments of the outer ramus, the hairs on the outer
marging of these segments, and the lamella of the hook at
the inner apical angle of the second segment of this ramus
ave not figured. The third segment of the inner ramus is
not quite correct. Here the hairs on the inner margin, the
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lamella on the upper spine of this margin, and the small
spine on the apex of the segment are all omitted. In the
figures of the fifth pair of legs of the male, the small spines
at the outer apical angles of the segments of both outer rami,
the spine at the inner apical angle of the last segment of the
right outer ramus, and the hairs on the inner margin of the
first segment of both inner rami are wanting.

Although this species is widely distributed,—having been
found in Alabama, Illinois, Minnesota, Oregon, and Wyo-
ming,—no differences suflicient to establish even a mnew
variety have been found in specimens from these localities
so widely separated and so varied in charncter. Herrick, in
his papers, states that all the specimens examined by him,
from Alabama to Minnesota, had 24-segmented antennie.
Forbes found the antennw 23-segmented, de Guerne and
ichard, who examined specimens sent to Poppe by Forbes,
agreed with him, and the writer also found the antennzw of all
the specimens he examined to be 23-segmented. The speci-
mens collected by Dy, Forbes in April, 1877, and described in
1882, were uniform pale brown; those collected by the
writer at Havana, I11., in July, 1896, were hyaline or opal-
escent white; while a single male found in June, 1897, at
Urbana, T11., in a temporary pool, was bright scarlet through-
out, and hardly to be distinguished from the specimens of
D. sanguinens among which it was found. Herrick has found
Osplranticum in “estuaries of running water,” and says that
according to his observations it prefers such localities. The
writer's observations tend to confirm Forbes’s statement
that it prefers swamps and pools, or at least quiet or stag-
nant water. At the Biological Station at Havana, during
the summer of 1896, a single specimen was captured in the
[linois River, in midstream, while in Quiver Lake, in a mat
formed of Ceratoplyllum and Lemna in a stagnant portion
near shore (substation C), they were comparatively numer-
ous, though not oceurring in any such numbers as either
Diaptomus or Cyelops. In fact, in none of the collections
examined were they at all common.

Prof. Forbes, in connection with the original description,
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makes a remark in regard to the “steady movement in the
water,” and this is all, to my knowledge, that has been said
about the habits of Osphranticum. The following statements,
gathered from observation of a number of specimens kept
for some time in a large flat dish may therefore be of interest.
Their movements in the water are very different from the
short jerky springs of Cyelops, and they differ also from those
of Diaptomus in that they are more regular. The motions
of these three genera might perhaps be expressed by tele-
graphic symbols as follows : Cyelops, — — = — — — — 3 Diapto-
mus, — — — — — — — —— 1 and Osphranticum, ——
—— —— ——.  Osphranticum swims equally well on the
dorsal or ventral surface, seeming, however, to prefer the
former pogition. As in Diaptomus, the anterior end is ele-
vated in swimming, and the antennw are actively employed.
Sometimes it will turn backward somersaults, going over and
over in the water, but I have seen this done only when indi-
viduals were swimming on the back. When startled they
would dart to the bottom, hide for an Instant under a bit of
debris, and then make another dash, repeating the perform-
ance until they deemed themselves out of danger.

Since O. labronectum is the only species known, no key
will be required.

LIMNOCALANUS (i, (). Sams.

Limnocalanus, Sars, '62, p. 226,
Centropages, de Guerne, '86, pp. 276G-285,

Body long and narvow, the front armed with two hook-like
processes. Cephalothorax widest at the middle, composed
of six well-defined segments ; last thoracic segment not pro-
duced laterally but slightly projecting posteriorly and armed
on each side with a minute blunt spine. Abdomen slender;
in the female composed (furca included) of four (macrurus)
or five (sinensis) segments. Furcal rami very long; hairy on
the inner margin; armed with five stout plumose setwe (the
second from within the longest), and one slender seta (plu-
mose in sinensis), shorter than the rest, on the dorsal surface,
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near the inner margin and opposite the outermost of the
other sete.

First pair of antenna shorter than the body, 25-segmented,
the last segment very small. Right male antenna geniculate
between the 18th and 19th segments, each of which is armed
with a hyaline lamina. Outer ramus of second pair of
antennme seven-segmented® and armed with very long setw.
Mandibles produced at the inferior extremity into nine
teeth, of which the outer two are longer than the rest, the
inner two slender and setiform ; palpus long and narrow,
three-segmented, the last two segments very short, outer
ramus small, armed with long setw. Iirst pair of maxille
about as in Diaptomus. Second pair of maxille robust,
eight-segmented, the last segment produced into long stout
claws; mareing otherwise sparsely hairy; the falecate apex
bare or armed with very small dense spines. Maxillipeds
seven-segmented, much elongated and narrow, directed for-
ward, and armed with numerous long setw.

All the swimming legs biramose. Both rami of the four
anterior pairs of legs three-segmented, the inner shorter than
the outer.

Outer ramus of fifth pair of legs of female three-segmented ;
armed within, on the second segment, with a very strong,
curved, hook-like process. Inmer ramus as in the other legs.

Outer ramus of right fifth leg of male two- (sinensis) or
indistinetly three- (macrurus) segmented, the second segment
produced into a stout hook-like process. Outer ramus of
left fifth leg two-segmented, the second segment armed with
a slender digitiform process. Inner rami three-segmented,
alike, and similar to those of the preceding pair (macrurus),
or differing from one another (sinensis). lye single, near
the lower margin of the head.

This genus was established by Dr. Sars in 1862 to receive

#*I'he parts of the generie deseription referring to the structure of the second
pair of antennwe, the mandibles, maxille, maxillipeds, and the swimming legs are
compiled from Sars (62 and '97), Nordgvist ('83), and de Guerne and Richard ('80b).
In regard to the second pair of antenne of macrurwus the writers mentioned state
that the outer ramus is seven-segmented, and Nordgvist says further that the suture
between the second and third segments is indistinet, and figures the antenna with six
segments,  Sars ("97) savs of grimaldii that the outer ramus is six-segmented and so
figures it. After careful examination, I find no ditfference in the second pair of an-
tennie of macrurus and grimaldii, the segmentation being equally distinet, each of
the four spines between the second and last segments marking n segment.
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a fresh-water centropagid closely resembling the marine
genus Calanus, and until 1889 L. macrurus was the only rep-
resentative known. In that year Poppe deseribed (de Guerne
et Richard, '89b) a new species, L. sinensis, from China.
The latter, zo far as now known, is a purely fresh-water form,
and L, macrurus was at first so regarded, but in Asiatic and
European countries it has been found to oceur in both fresh
and salt water,—in America it has as yet been found only in
fresh water,—and further search may show that L. sinensis,
too, is common to both. L. macrurus is the only American
representative of the genus, but it was deemed best to in-
clude sinensis in this paper, thus making the revision of the
genera treated complete.

As already stated, the genus is represented by only two
species, macrurus and sinensis. The former is common to
America, Furope, and Asia, having been found in the river
Jana (in Fast Siberia), in the Caspian Sea, in the Arctic
Ocean, in the lakes of northern Norway, Sweden, and Fin-
land, and in the deeper northern lakes of North Ameriea:
the latter, sinensis, has been found only in eastern China.

Marsh, in his “Limnetic Crustacea of Green Lake” ('97),
records some observations on the habits of Limnocalanus,
and states that it is repelled by bright light and high tempera-
tures, and hence performs diurnal migrations which are more
pronounced in cold weather. It seems to have two periods
of maximum oceurrence, May and November, but is found at
all times, although never very abundantly. In March :nd
April most of the individuals are immature.

To my knowledge Limnocalanus has never heen found with
an egg-sae, differing in this respect from Osphraniicum and
Diaptomus but agreeing with Fpischura. The spermatophore,
a slender tubular structure, adheres fo the female for a con-
sidernble time after attachment.

From a practical and economic standpoint Limnocalanus
is of importance as contributing to the fivst food of Coregonus
clupeiformis  (Forbes ’'S8a), of Labidesthes siceulus®, and
probably of other lake fishes.

#*See Forbes *On the Food Relations of Fresh-water Fishes: a Summary and Dis-
enssion,”  Bull, T1L State Lab, Nat, Hist., Vol. 11, Art. VIIL, p, 632, 1885
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Since there are only two species of Limnocalanus known,
the key is naturally very simple, and only the most striking
differences are used.

1 (2).

2 (1).

KEY TO THE SPECIES OF LIMNOCALANUS.
Based on the Characters of the Female.,

Hook-like process at inner apiecal angle of second
segment of outer ramus of fifth leg armed for the entire
length of both margins with fine symmetrical teeth,
Outer apical angle of same segment armed with a
stout serrate spine. Second basal segment without
plumose seta at outer apical angle. MACTUTHS.,

Hook-like process at inmer apical angle of second
seament of ounter ramus of fifth leg armed on the en-
tire inner margin with large teeth and on the outer
margin with a few fine ones®. Outer apical angle of
same segment without spine. Second basal segment
without plumose seta at outer apical angle.

sinensis.
Based on the Characters of the Male.

Right outer ramus of fifth legs 3-segmented (third
seament indistinet). Hook-like process of second seg-
ment of this ramus simply and but slightly curved;
provided with hyaline plate. Inmer rami alike.

Macriuris.,

Right outer ramus of fifth legs clearly 2-segmented.
Hook-like process of second segment of this ramus
somewhat sinuously curved.  Tuner rami unlike.

SINCNSIs,

Limnocalanus macrurus Sins.

Limnoealaonus maerurus, Sars, 62, p. 220,

Limnocalanvs macrurus, Forbes, '82a, p. 649,

Centropages grimaldii, de Guerne, ‘86, p. 276,

LZimnocalanus macrurus, Nordqvist, '88, p. 31. Pl 1., Fig. ¢-11; Pl

11, Fig. 1-5; PL 111, Fig. 1-4.

#In de Guerne and Richard’s “Revision,” Fig. 5a in the deseription of Plate IV,
should be Fig. 15a.
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Limnocalanus macrurus, de Guerne et Richard, '89b. p. 77, PL. 1V,
Fig. 5. 11, 12.

Limnocalanns maernrus anctus, Forbes, 00, p. 648,

Limnocalanus macrurus, Marsh, '93. p. 201, PL. 1V., Fig. 7.

Limnocalanus macrurus, Marsh, 05, p. 11, PL 1V, Fig. 1, 2; PL V.,
g, 1-5.

Limnocalanis macrurus, Herrick and Turner, 95, p.49, PL 1., Fig. 1-4.

Limnocalanus grimaldii, Sarg, 97, p. 39, L IV, Fig. 1-18,

Body slender. 'Thorax rather more than one fourth as
broad as long, and composed of six well-defined segments,
of which the first (constricted at about the middle and armed
at the front with two hook-like processes pointing forward
and downward) is the longest—about equal to the three sne-
ceeding segments taken together; third and fourth segments
subequal, together slightly longer than the second, which is
armed on the dorsal and lateral surfaces, near the distal end,
with a row of rather stout spines; fifth segment somewhat
longer than the last, which is not produced laterally, but
armed on each side with a very small spine. Abdomen of
female composed of four segments, the first about a third
longer than either of the two sneceeding segments, which are
subequal. Iurcal rami about a fifth longer than the first
segment, and slightly shorter than the second and third seg-
ments taken together; sparsely provided on the dorsal sur-
face with short sharp spines, and on the inner margin-with
spines and hairs; one plumose seta on the outer margin at
the beginning of the distal fifth; and four plumose apical
sete and a delicate smooth seta on the dorgal surface near
the inner apical angle. In the male the first and fourth
abdominal segments are subequal, each about a fourth longer
than the fifth, which is the shortest; second and third seg-
ments subequal, ench about twice as long as the fifth; second,
third, and fourth segments armed like the second abdominal
segment of the female. Fureal rami proportioned about as
in the female and similarly armed.

Antenne 25-segmented ; right male antenna geniculate
between the 18th and 19th segments. The armature of the
segments is as follows: 1 and 10 have a short seta and two
sense-hairs; 2, a short seta and three sense-hairs; 3, a short
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seta and a sense-hair; 4, a short seta and a short spine; 5
and 7, a long seta, a short one, and a sense-hair; 6, a short
stunted spine; 8, a short broad seta, a short curved spine,
and a sense-hair; 9, a long broad seta and a sense-hair;
11, a short broad seta and a sense-hair; 12, a sense-club, a
short curved spine, and a short broad seta; 13, a short broad
seta and a sense-club; 14, a long seta and a short broad
seta; 15, a sense-club and two short broad setwe; 16, a long
seta, a sense-club, and a short broad seta; 17, a sense-club,
and a broad, pointed, knife-like process: 18, a long sense-
club, and a hyaline lamella armed with teeth and extending
almost the entire length of the segment; 19, 20, and 21
(ankylosed, the suture between 19 and 20 obscurely indi-
cated), a blunt digitiform process at the inner apical angle,
a setn, a blunt stunted spine slightly below the middle, and a
stunted spine and a knife-like process still lower down; 22
and 23, (ankylosed, suture indistinet), two setw and a sense-
hair; 24 two setw; and 25 (very short), four setw and a
sense-club.

First basal segment of right fifth leg of male subquadrate.
Second basal segment about as wide as the first and about
twice as long, provided at the outer apical angle with an in-
conspicuous hyaline process.  First segment of outer ramus
considerably narrower than the second basal segment, less
than twice as long as wide; armed at the outer apical angle
with a stout spine, serrate on the inner margin, and on the
inner margin below the middle with a hyaline process. Sec-
cond segment slightly narrower than the first: produced at
the inner apical angle into &« hook-like process, which is
armed on the outer margin, near the base, with two sharp
slender spines, and provided on both margins with a hyaline
lamina having an appearance of transverse striation. The
hook is fully three times as long as the segment itself.

Inner ramus of right fifth leg three-segmented, the first
segment Irrecular in form, about twice as long as wide;
armed on almost the entire outer margin with a few fine
hairs, and at the beginning of the distal third with a slender
plumose seta.  Second segment somewhat wider than the
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first, and rather more than twice as long as wide ; armed on
the outer margin with a few hairs and a moderately stout
plumose seta. Third segment about as wide as the second,
with margins sulcate; outer margin armed with two stout
plumose setw, the proximal third with a few fine hairs ; inner
margin and apex each armed with two stout plumose seti.

First basal segment of left fifth leg subquadrate, having
near the inner apical angle a large tubercle hearing a few
rather long hairs. Second basal segment somewhat narrower
than the preceding and not twice as long as wide ; wrmed at
the outér apical angle with a prominent hyaline process.,
First segment of outer ramus subquadrate, rather more than
twice as long as wide; armed on the inner margin, at the be-
ginning of the distal third, with a small process provided with
hairs, and at the outer apical angle with a short blunt spine
and a long stout movable spine serrate on the inner margin,
Second and third segments ankylosed, forming one very long
narrow segment, slightly narrower than the first and more
than twice as long; provided for the greater part of the inner
margin with hairs, and armed on the outer margin with three
spines, the upper two similar to the larger one of the preced-
ing segment, the third sometimes serrate on both margins ;
provided at the inner apical angle with a narrow digitiform
process about half as long as the segment itself and serrate
on the outer margin.

Inner ramus of the left fifth leg very similar in every re-
spect to that of the right leg.

First basal segment of fifth leg of female of the ordinary
form. Second basal segment about as wide as the first and
barely twice as long as wide; outer half of the distal margin
produced in the form of an irregularly triangular fla p extend-
ing over the margin of the first segment of the outer ramus.
First segment of outer ramus quadrate, about twice as long
as wide; armed at the outer apical angle with a stout spine
serrate on the inner margin.  Second segment somewhat nar-
rower than the first and not quite twice as long as wide:
armed with hairs on both margins and at the outer apical
angle with one short spine and a longer, stouter one serrate
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on the inner margins ; inner apical angle produced in the form
of a moderately curved hook armed on both margins with
spines or teeth, Third segment narrower than the second
and fully three times as long as wide; hairy on the upper
part of both margins, and armed on the outer margin, at the
beginning of the distal third, with two spines, one stout and
serrate and the other short and smooth; outer apical angle
armed with three spines, two short and smooth, the other
long and serrate on the inner margin; inner margin sulcate,
and armed with two stout plumose setw; apex armed with
two setie, the inner seta plumose on both margins, the outer
plumose on the inner margin and provided on the outer with
a hyaline lamina,

Inner ramus of fifth leg of female three-segmented. First
segment hairy on the outer margin; outer apical angle nrmed
with a moderately stout plumose seta. Second segment sub-
quadrate, more than twice as long as wide; hairy on both
margins ; armed at the outer apical angle with a plumose seta.
Third seement somewhat longer and broader than the second ;
marging suleate, both hairy at the upper part; armed with six
stout plumose setwe, two apical and two on each margin.

Length of female 2.2—2.6 mm.; that of male 2.05
mm,

2.4

The above description was prepared from specimens of
L. maerurus sent by Professor Sars to the Illinois State Labor-
atory of Natural History, and from specimens of L. grimaldii
kindly sent by him to me. Nothing further need be said about
L. maerurus, the type of the genus, except in regard to syn-
onymy and distribution.

The original description of the species appeared in the
“ Forhandlinger i Videnskabs-Selskabet i Christiana ” (Sars
'62). De Guerne (86) deseribed it under the name of Centro-
pages grimaldii ; Nordqvist, in “Die Calaniden Finlands™ ('88),
made this a synonym of L. macrurus; and de Guerne and
Richard, in their ¢ Revision” ('89Db), acknowledged the cor-
rectness of Nordqvist’s view. Recently, however, Professor
Sars, in his * Pelagic Entomostraca of the Caspian Sea”
('97), re-established de Guerne’s form as a new species of
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Limnocalanus, L. grimaldii de Guerne. FExcept for a difference
in size and in the proportions of the segments of the fifthlegs
of both sexes, which segments are somewhat less robust in
the fresh-water form than in the one from the Caspian Sea,
and but for a slight though noticeable difference in the lateral
aspect of the head, the two forms exactly correspond. It
does not seem to me that such slight differences warrant the
establishment of a new variety, much less of a new species.
Wifth the exceptions just noted, the details of structure men-
tioned in the foregoing description are equally prominent in
both forms, as are those noted in the following discussion of
the published figures of the species.

The best illustrations of L. macrurus are given in * Die
Calaniden Finlands” (Nordqvist, ’88) and in the  Revision
des Calanides d’eau douce™ (de Guerne et Richard, ’S9h),
although in neither publication are they strictly correct. De
Guerne and Richard’s figures of the fifth pair of legs of the
female do not show the projection of the second basal seg-
ment over the first segment of the outer ramus, nov the hairs
on the mner margin of the second segment of this ramus and
on the third segment of the inner ramus, nor the serrations on
the spine at the outer apical angle of the last segment of the
outer ramus.  Nordqvist says that the outer ramus has three
segments but figures it with two, The inner ramus he repre-
sents as smooth on the outer margin of all its segments, and
gives the ordinary form to the outer of the two setw on the
apex of the last segment of the outer ramus, while de Guerne
and Richard picture it witha hyaline lamina on both margins
and a few fine spinules on the inner margin. Neither is cor-
rect with regard to this seta, since it is plumose on the inner
margin and has a hyaline lamina on the outer one.

Both de Guerne and Richard’s and Nordqvist’s ficures of
the fifth pair of legs of the male fail to show the hairs on the
inner margins of the inner rami, the hyaline processes on the
outer margin of the second basal segment of the left leg and
on the first segment of the right outer ramus, and the serra-
tions on the hook of the last segment of the left outer ramus,
Further, Nordqvist fails to figure the hyaline process on the
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second basal segment of the right leg, the two spines on the
outer margin near the base of the hook of the second seg-
ment of the right outer ramus, the serrations of the apieal
spine of the second segment of the left outer ramus, and the
process on the inner margin of the first segment of the same
ramus. De Guerne and Richard omit the tubercle on the
inner apical angle of the first basal segment of the left leg,
the hairs on the inner margin of the second segment of the
left outer ramus, and the hyaline lamina on the process of
the second segment of the right outer ramus, which is figured
by Nordqvist as being on the outer margin only, while it is
really on both. Nordqvist also fails to show the spines at the
base of the outer margin of this hook.

I have had no opportunity to examine specimens of the
marine genus Centropages, but the drawings of the fifth pair
of legs of the female of L. maerurus and of €. hamatus ave
so similar that it is hardly to be wondered at that de Guerne
regarded the two forms as helonging to the same genus. The
fifth pair of the legs of the males also show the same general
structure in the two genera, although they differ materially
in detail.

" L. macrurus is the only species of the family Centropagide

which is common to Europe and Ameriea. This is probably
due to the faet that it oceurs in both fresh and salt water,
and thus the Atlantie offers no barrier to its distribution. It
has been recorded from Sweden, Norway, and Finland, from
the Kara and Baltic Seas and the Gulf of Finland, and from
the ocean off Spitzbergen ; and it is probably widely distributed
in the countries of northern Europe and Asia. In America it
was first recorded from Lake Michigan (Forbes, '82), and
later, under the name of L. macrurus auetus, from Lake
Superior (Forbes, '90). Marsh (98 and ’95) found it in
Green Lake, Wisconsin, in Lake St. Clair, Michigan, and in
Lake Huron.
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Limnocalanus sinensis Porr.
Limnocalanus sinensis, de Guerne et Richard, 89b, p. 79, PL IV.,
Fig. 4, 15, 153, 16.
Limnocalanus stnensis. Herrick and Turner, "985, p. 49.

Body six-segmented, slender, more attenuate at the an-
terior than at the posterior part; suture between head and
thorax distinet. Second thoracie segment about as long as the
other five, which differ but little in length. ILast two thoracic
segments distinet, the last segment somewhat produced pos-
teriorly and armed on each side with a short blunt spine.
First abdominal segment barely three times as long as the
second, which is but slightly longer than the fourth; third
segment about one and three fourths times as long as the
second. "ureal rami more than twice as long as the third seg-
ment and barely four times as long as broad; somewhat
sparsely hairy within. All of the furcal setw in both sexes dis-
tinetly plumose, the innermost seta much more slender than
the others and placed on the dorsal surface of the ramus, almost
directly opposite the base of the outer one. In the male the
first and fifth segments are subequal, each slightly longer
than the second and third, which are also about equal.
Fourth segment the shortest, about three fourths as long as
the second. I'ureal rami fully three times as long as the
fourth segment, about four and a half times as long as
broad, and armed as in the female.

Antennie 25-segmented, hardly extending to the base of
the furca. Right antenna of the male moderately swollen
from the 12th to the 18th segments inclusive. The armature
of the segments anterior to the 10th segment is as follows:
11 has a sense-club and a short seta; 12, a sense-club, ashort
seta, and a short eurved spine; 13, a sense-hair and a sense-
club; 14, a sense-hair, a sense-club, and a long plumose
seta; 15, a sense-hair, a sense-club, and along spine; 16, a
sense-hair, a sense-club, and a long plumose seta; 17 a
broad knife-like process and a sense-club; 18, a short
stunted spine, another spine somewhat longer, and a hya-
line lamina armed with teeth about half as long as the lamina
is broad; 19, 20, and 21 (ecompletely ankylosed), a short
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stunted spine, a long plumose seta, two processes, and a
hyaline lamina armed with teeth about as long as the lamina
is wide and oceupying about a third of the margin slightly
below the middle; 22 and 28 (completely ankylosed), a short
seta, a short stunted spine, and a long plumose seta; 24, two
long plumose set; and 25 (very short), three long plumose
sete and a sense-club.

First basal segment of vight {ifth leg of male not eharacteris-
tic. Second basal segment irregularin form, about two and a
half times as long as wide, armed on the anterior aspect, helow
the inner proximal angle, with a stout sharp spine, and at the
middle of the inner margin with & number of exceedingly short
hairs or spines. First segment of outer ramus narrower than
second basal segment, about one and three fourths times as
long as wide; armed at the outer distal angle with a straight
sharp spine serrate on the inner margin. Second segment
produced in the form of a long stout sub-sigmoid hook, wid-
est some distance below the base and tapering gradually to a
rather blunt point; inner margin of broadest part ronghened
by o number of irregularly disposed ridges, otherwise hoth
margins perfectly smooth.

Inner ramus of right fifth leg three-segmented, the first
segment subelliptical, more than twice as long as wide, and
hairy at the middle of the inner margin, Second segment
considerably broader than the first, bulging out at the middle
and armed here with a few rather long hairs; inner apical
angle armed with a rather short plumose seta. Third segment
subelliptical, more than twice as long as wide ; armed with six
stout plumose setwe, two apical and two on each of the
lateral margins.

First basal segment of left fifth leg not characteristic.
Second basal segment about one and three fourths times as
long as wide; armed at the outer distal angle with a plumose
seta, and at the middle of the inner margin with a few very
short hairs or spines; produced at the inner apical and
proximal angles into smooth hemispherical processes, the
lower of which is the larger. Iirst segment of outer ramus
subgquadrate, about twice as long as wide, produced at the
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middle of the inner margin into a smooth rounded process,
and armed at the outer apical angle with a stout straight
spine serrate on the inner margin. Third segment about
twice as long as its greatest width, dilated at the middle of
the inner margin and armed here with a few rather long
hairs; outer margin armed with three spines similar to the
one on the preceding segment, and at the apex with a long,
narrow, slightly curved process, perfectly smooth, and some-
what longer than the segment from which it springs.

Inner ramus of left fifth leg three-segmented. First seg-
ment subquadrate, slightly more than twice as long as wide;
provided at the middle of the inner margin with a hemispher-
ical process armed with a few scattered hairs. Second seg-
ment somewhat broader than the first and about as long;
armed at the inner proximal angle with a small sharp spine,
and at the middle of the inner margin with two irregularly
roughened processes provided with hairs ; a long plumose seta
on the inner margin just below the lower of the two processes.
Third segment slightly narrower and shorter than the second,
both margins suleate, armed with six stout plumose setw
arranged about as in the corresponding segment of the inner
ramus of the right leg.

I'irst basal segment of fifth leg of female subquadrate.
Second basal segment about as wide as the first and approxi-
mately one and three fourths times as long as broad; hairy
at the middle of the inner margin and armed on the outer
apical angle with a plumose seta. Iirst segment of outer
ramus subquadrate, about one and three fourths times as long
as broad: armed on the inner margin, near the proximal
angle, with a smooth hemispherical process, and on the outer
apical angle with a stout spine, serrate on the inner margin.
Second segment slightly narrower at the base than the first,
but widening distally and produced at the inner apical angle
into a stout hook-like process armed on the inner margin
with six or seven strong teeth, largest near the middle of the
hook, and near the proximal end with five or six smaller teeth.
On the outer margin of the hook and opposite the smaller
teeth of the inner margin are a number of rather minute
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teeth. Third segment about half as wide as the second and
approximately three times as long as its greater width; inner
margin suleate and armed with five stout parallel plumose
setw; outer margin armed with two strong straight spines,
the upper at about the beginning of the distal third, the lower
at the apical angle, and both serrate on the inner marein.
Just within the apieal spine are a short blunt process and a
long, narrow, awl-like process almost twice as long as the
segment.

Inner ramus of fifth leg of female three-segmented, the fivst
segment subelliptical, somewhat less than twice as long as
wide, and hairy at the middle of the inner margin, Second
segment a little wider than the first, about twice as long as
wide, hairy at the middle of the inner margin; outer apical
angle armed with a stout plumose seta. Third segment about
as wide as the first, marging suleate; armed with six stout
plumose setwe, two apical and two on each side.

Length of female about 1.65 mm.: that of the male
1.60 mm."*

The above description is based on specimens kindly sent
me by Herr S. A, Poppe. On examination I found a few
minor differences between the specimens sent me and the
original figures. These differences L note below. The second
thoracic segment instead of heing only as long as the two
succeeding ones is about as long as the remainder of the
thorax. The innermost furcal seta is plumose instead of
smooth—as fignred in the original drawings. In the fifth pair
of legs of the male the spines on the outer ramus of the left
leg were found to be serrate on the inner margin instead of
smooth. The spine or seta on the outer apical angle of the
second basal segment of this leg is plumose. The iuner
margin of this segment is hairy or minutely spinose. Neither
the short hook-like spine at the inner proximal angle of the
second segment of the left inner ramus, nor the stout straight
spine (serrate on the inner margin) at the outer apieal angle
of the right outer ramus is figured or described in de Guerne
and Richard’s ¢ Revision.” I was unable to find the hairs

* Measurements as given in de Guerne and Richard’s ** Revision * (80h).
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which Poppe figures on the inner margin of the second seg-
ment, and on the outer margin of the third segment, of the
outer ramus of the fifth leg of the female,

This species differs so much from L. macrur us, that it
might almost be regarded as the type of a new genus, but
Poppe has not considered the differences as of generie \ulue
nor have de Guerne and Richard. Unlike I.. macrirus, the
inner rami of the fifth pair of legs of the male although both
three-segmented differ from one another, and the right outer
ramus is composed of two segments instead of three. In the
female the differences are not so striking, for while the outer
rami are noticeably unlike, the inner rami are very similar,

This species was found in Lake Sitai, China, and in the
Whangpoo River, which flows from it, the waters of both of
which are perfectly fresh. To my knowledge it has nnt yelb
been recorded from any other locality.

EPISCHURA IoRrBES,

Scopiphora (?), Pickering, *44, p. 62.
Lipischura, Iorbes, '82a. p. (47,

Epischura, Herrick, '83a. p. 384,

Epischura, Herrick, 87, p. 13.

Epischura, Herrick and T'urner, '85, p. 81.
Epischura, de Guerne et Richard, '80b, p. 141,

Cephalothorax more or less distinetly six-segmented. Ab-
domen (furca included) composed of five seoments in the fe-
male and of six in the male ; in the female, of the ordinary form
(nevadensis, nordenskioldi) or flexed to the right and provided
with a process on the right side of the second segment (lacis-
tris) : in the male, straight or very slightly flexed (nom'mxke'-
oldi) or strongly flexed to the right (lacustris, nevadensis) :
the males of all species, second, third, and fifth segments pro-
vided on the right side with processes. Fureal rami hairy
on the inner margin, provided in both sexes with three plu-
mose terminal setw, one slender simple seta at the inner
apical angle, and a wtuut apine at the outer apical angle,

First pair of antennwe 25-segmented. Right male antenna
geniculate between the 18th and 19th segments; segments
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19—21, and 22 and 28 ankylosed ; antepenultimate segment
unarmed ; segments preceding geniculation very slightly
swollen. Second pair of antennge about as in Diaptomus.

All the swimming legs biramose, the outer ramus three-
seomented, the inner, one-segmented. Fifth pair of legs of
the female alike, uniramose, three-segmented, the first seg-
ment of the ramus being, however, really the second basal
segment ; armed at the outer apical angle with a hair or deli-
cate spine. Third segment axmed with a varying number of
spines (5—T).

Pifth pair of legs of the male unlike, uniramose, modified
into a grasping organ. Right leg two- (lacustris, nevadensis)
or three-segmented (nordenskioldi);” last segment almost
always flexed. Left leg three-segmented, the first segment
produced on the inner margin to form a strong hook-like
process ; last segment variously armed on the outer margin
with a number of spines, and provided on the inner margin
with fine long hairs.

Female generally bears spermatophore, and does not carry
eggs in egg-sac,

Inhabits deep fresh water lnlkes.

As will be seen from the above, the doubtful E. durviatilis
Herrick has not been considered in this description, but only
the three recognized species, lacustris, nevadensis, and norden-
skioldi.

The species of this genus seem not to be fully differentinted
from each other. This is illustrated by the variable armature
of the fifth pair of legs of the females, nevadensis having
sometimes one and sometimes two spines at the outer apical
angle of the second segment and either six or seven spines on
the last segment, and nordenskioldi also varying in the latter
respect, having sometimes five and sometimes six spines.
All female specimens of lacustris observed, were constant in
the armature of the fifth legs, but in the left fifth leg of the
male the second segment, although generally unarmed, was
sometimes provided at the outer apical angle with a small
Spine.

This genus, confined so far as known to North Ameriea,
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and represented in different sections by different species, is
found from Newfoundland on the north and east to Wash-
ington on the west, and as far south as eentral Illinois and
Indiana.

KEY TO THE SPECIES OF EPISCHURA.

Based on the Characters of the Female.

="

(2). Abdomen flexed to the right; second segment armed
on the right side with a process. Fureal seta and
spines very broad, Iifth leg with last segment twice
as long as the first; last segment armed with seven
spines. lacustris,

b

(1). Abdomen gtraight; second segment unarmed. Fur-
cal setie and spines of ordinary width.

e

(4). Fifth legs very robust, first segment almost as wide
as long; second segment sometimes armed with two
spines; third segment armed with six (occasionally
geven) spines. nevadensis.

4 (3). Fifth legs slender, first segment considerably longer

than wide; second segment armed with a single small

spine ; third segment armed with five (sometimes six)
spines. nordenskioldi,

Based on the Charaeters of the Male.

1 (2). Abdomen straicht, abdominal processes small and
inconspicuous. Right leg three-segmented, the first
segment armed on the inner margin with a hook ; sec-
ond and third segments armed at the outer apical angle
with a small spine. Process on first segment of left
leg but slightly curved. nordenskioldi,

2 (1). Abdomen flexed to the right; abdominal processes
large. Right leg two-segmented.
3 (4). First segment of right leg with subtriangular toothed

plate on the inner margin, and a hair at the outer

apical angle. First segment of left leg very stout and

strongly curved ; second segment unarmed,
nevadensis.
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4 (8). First segment of right leg entirely unarmed. First
segment of left leg with comparatively slender process;
second segment armed at the outer apical angle with a
small spine. lacustris,

Epischura nordenskioldi LiLLienonrc.

Epischura nordenskisldi, de Guerne et Richard, &0h, p. 94, PL 1.
Fig. 36: PL 1L, Fig. 15, 23,

Epischura nordenskisldi, Herrick and Tuarner, *95, p. 85, P1. X1., Fig.
2,5, 9.

Epischura nordenskioldi, Schmeil, "08, p. 183.

Abount medium size, body rather robust, widest in front of
middle. Cephalothorax six-segmented, the first two segments
confluent and together somewhat longer than the remainder ;
third segment slightly longer than either of the last three,
which are subequal; last two segments distinet, the last
segment produced on each side at the posterior angle into
a bluntly-rounded lobe armed at the tip with a minute
spine. Abdomen (including furea) five-segmented, slender,
a little less than half as long as the cephalothorax; first two
segments indistinetly confluent below ; third segment slightly
longer than the fourth. Furcal rami about twice as long as
broad and ciliate on the inner margin; armed at the apex
with three slender plumose sete fully three times as long as
the ramus itself, at the outer apical angle with a short stout
spine, and on the dorsal surface, near the inner margin, with
a delicate smooth seta.  Abdomen of male (furca included)
six-seamented, the second, third, and fifth segments armed on
the right side with prehensile processes ; flexed to the right but
glichtly or not at all. First segment somewhat broader than
long, slightly produced along the left margin into a process
ending at the posterior angle in a lobe-like expansion. Sec-
ond segment slightly narrower and longer than the first; pro-
duced on the right side in the form of a subtriangular plate,
somewhat longer than wide and pointing obliquely backward.
The process is armed at the tip with a small sharp spine,
on the inner margin, near the apex, with two or three rather
large teeth, and within these with a number of smaller
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ones. Third segment slightly shorter than the preceding;
process very simple, small and inconspicuous, bluntly pointed,
extending almost straight backward; armed on outer margin,
near the tip, with a slight, blunt protuberance. Fourth seo-
ment unarmed, about half the length of the first. I'ifth
segment about as long as the fourth; armed with a narrow
triangular plate, broadest anteriorly and bluntly rounded at
the apex. Dextral marging of the fourth and fifth segments
tuberculate. T'urcal rami about as in the female.

Antennie 25-segmented, extending almost to the base of the
fureca. Right antenna of the male geniculate between the
18th and 19th segments ; segments preceding the geniculation
slightly or not at all swollen.

Ught fifth leg of the male three-segmented. First seg-
ment irregular in form, about twice as long as wide, nrmed
on the outer margin, near the distal angle, with the usual deli-
cate hair; inner margin provided with a curious, smooth,
bluntly-pointed hook-like process extending downward almost
parallel to the margin. Second segment irregular, about
twice as long as wide; outer margin smoothly econvex, armed
near the distal angle with a small spine; outline of inner
margin sinuous. Third segment long and narrow, with a
broad basal portion about half as wide as the segment is long ;
curved inward slightly at the tip-and armed here, on the outer
margin, with a minute spine.

First segment of left fifth leg with a subquadrate main por-
tion produced on the inner margin into a long, smooth broad
hook but slightly eurved; armed at the outer distal angle
with the usunal hair. Second segment somewhat narrower
than the first, subquadrate, about twice as long as wide ; outer
distal angle armed with a small sharp spine; inner margin
sometimes with indieations of minute teeth or serrations at
about the middle. Third segment curved inward slightly,
about as broad as the second and fully four times as long as
broad; armed on the outer margin with four rather small
sharp spines, the first at about the middle, the second midway
between this and the apexof the segment, the other two near
the apex and nearer together than the upper ones; armed on
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the distal part of the inner margin with long delicate hairs.
This segment is much simpler than the corresponding seg-
ment of lacustris and nevadensis.

I'ifth pair of legs of the female uniramose, three-segmented.
First segment subquadrate, somewhat longer than wide,
armed near the outer distal angle with a hair or delicate
gpine. Second segment somewhat narrower than the first
and slightly longer; armed at the outer apical angle with a
gmall sharp spine, Third segment slightly narrower than
the second and barely one and a half times as long; armed
with five or six spines®, two (one) outer, one inner, and three
apical. Of the outer spines, the upper one is at about the mid-
dle of the segment and the lower one is directly opposite the
inner spine.  Of the apical spines, the middle one is spinu-
lose on both margins and the outer one on the inner margin.

Length of female 1.9 mm. 3} that of male 1.1 mm.

The above deseription was prepared from specimens kindly
gent me by Dr. Lillejeborg, the measurements, however, with
the modifieation explained in the foot-note, being those given
in the original deseription, The material was a part of that
collected by Dr. €. Nystrim, o member of the Nordenskiold
expedition to Greenland in 1871, and was not in the best
state of preservation, owing nodoubt to the length of time
sinee its colleetion, .

Figures of this species may be found in de Guerne and
Richard’s “ Revision” ('89b), and imperfect copies of these
in Herrick’s “Synopsis” (IHerrick and Turner ’95). The
fifth pair of legs of the male are correctly represented in the
“ Revision™ except that the spine at the outer apical angle of
the right leg is not shown; indeed it is not mentioned in the
deseription. The spine figured on the outer margin of the
* T:}u‘ armature of this segment .un'«{m ::1;1;-_-:\-1mt in different Sl-l-E‘(‘iIIIL'!IS, See on
: I‘“} l‘i":ll :11‘1{:;\t E;lrllli:; lliul:l\i“:: .:Tl;.':.';if.‘\ r:“-;“uh.r;‘l“rlf;‘l ;murtinr\{l}:l ]fsf){lfsatalhigf&i:::::t"i letermine
whether the other spines were also spintlose or not, but I am quite positive with re.
gard to the two mentioned, 1 think itlikely that they are armed as in {acustris.

+ 1t s quite evident that a mistnke was made in regard to the measurements given
o L e Dt e sraman At Al Eranca 10
length in favor of the female; In fact the single entire female I had the opportunity
G S RS U I M R b

beenuse of the limited number examined, and have altered Lillejeborg’s figures to
what [ think they were intended to be,




North American Centropagidee. 255

second segment of the right leg, which Schmeil ('98) says he
could not find, was present in all the specimens examined by
the writer. In oneof the two specimens of females examined
the last segment of the fifth leg was armed with five spines,
as shown in the original figures, while the other had six.
I think that six may perhaps be found to be the rule, in
which case the species approaches nevadensis and lacustris
more closely, the former having six and sometimes seven
spines, and the latter constantly seven. The fact that none
of the other writers, Lilljeborg, de Guerne and Richard, and
Sehmeil, have mentioned the existence of a sixth spine would,
however, militate against this assumption.

The male of nordenskicldi is very easily distinguished from
the males of the other two species. The fifth pair of legs,
while of the same general type as in the rest of the genus, are
less modified and yet very characteristic. But for the fact
that itis, as a rule, difficult to make out, the hook-like process
on the first segment of the right leg would alone serve to
distinguish nordenskioldi. 1uriher, the right leg is three-
segmented instead of two; the last seement is armed on the
outer margin, at the apex, with a small spine; and the hook
on the first segment of the left leg is comparatively simple.
The abdomen is also less modified than that of necadensis
and lacustris. Instead of being quite strongly flexed to the
right it is almost or entirely straight, while the processes are
small and inconspicuous, there being some difficulty in dis-
cerning the one on the fifth segment,

The fifth pair of legs of the female also serve, thongh not
so readily, to distinguish this species. They differ from those
of lacustris in that the last segment is armed with only five or
six spines, instead of seven, and in the relative length of the
segments.  From the fifth legs of nevadensis they may be
distinguished by the difference in proportions, those of neva-
densis being much more robust than those of nordenskioldi,
which are intermediate between the other two, The different
arrangement of the spines on the last segment, the oceasional
absence of the sixth spine on this segment, and the presence,
at least occasionally, of a second spine at the outer apical
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angle of the second segment of the leg of nevadensis, will all
assist in determining the species.

De Guerne and Richard (89h) make the statement that the
females always have the spermatophore—which they describe
as curved in a semicirele avound the abdomen—attached. On
none of the females examined by the writer was this structure
present. It may of course have been torn off, althongh
even then the statement that it is always present seems to
me too strong, since in L. lacustris and E. nevadensis the
female, even when mature, is very often found without a
spermatophore.

Epischura nevadensis Linnieponre.

Episehura nevadensis, de Guerne et Richard, 89b, p. 93, PL 1L, Fig.
17, 24 ; Pl II1., Fig, 21.

Epischura nevadensis colwmbio, Forbes,"03, p. 254, PL X LIL. Fig, 19-21,

Epischura nevadensis, Herrick and 'Turner, "95, p. 84. Pl. X1, Fig.
1. 6, 8.

Epischura nevadensis columbinv, Herrick and Turner, 95, p. 84, PL
X1, Fig. 4, 10.

Epischura nevadensis, Schmeil, 07, p. 183,

Of medium size and somewhat oval in form, broadest
before the middle. Front armed on each side with a hook-
like process pointing downward. Cephalothorax six-seg-
mented, the second segment the longest, about twice as long
as the first or last, which arve subequal, the remaining three
segments subequal, each about a fourth the length of the
second.  First two segments somewhat confluent, as arve the
last two; last segment, seen from above, not produced and
entirely unarmed. Abdomen (furea included) composed of
five segments, the first two confluent and together almost as
long as the two following, which are subequal and slightly
longer than the furea. Fureal rami subquadrate, very short
and broad, and provided on the posterior part of the inner
margin with a few fine hairs ; armed at the outer apical angle
with a stout pointed spine, and at the inner apical angle with
a slender smooth seta, posterior margin armed with three long
delicately plumose setie, of which the inner is the longest,
the other two being about equal. In the male the abdo-
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men is asymmetrical, flexed to the right, and consists of six
segments (furca included). The segments vary but little
in length, the furca being, however, the shortest, the fifth,
second, and first increasing in length in the order of their
mention, the third and fourth subequal, each slightly longer
than the first. Seen from above, the first segment is pro-
duced slightly to the left at its posterior margin.  Second,
third, and fifth segments armed with processes on the right
side. The process on the second segment is a broad thin
lamina about as long as the segment is broad, smooth on the
convex anterior margin and for about the distal fourth of its
posterior margin (which is almost straight), but for the re-
maining three fourths of this margin provided with minute
irregular teeth having a tendency to point toward the abdo-
men ; apex acute and slightly recurved. The process on the
third segment springs from the posterior part as a broadly
rounded smooth hyaline lamina slightly longer than bhroad.
Fourth segment unarmed. Fifth segment provided with two
processes, the anterior one (pointing forward and upward)
consisting of a narrow irvegularly triangular plate with an
acute apex and smooth margins, the posterior one having the
form of a truncated triangle, armed at the apical margin with
three or four large equal teeth and one or two much smaller
ones. Posterior to this process the right marein of the Seg-
ment 1s armed with a row of bead-like tubercles which, near
the suture between the furea and this segment, lengthen to
form two or three blunt spines. Fureal rami slightly longer
proportionally than in the female, hut similarin other respects.

Antenne 25 - segmented, long and slender, extending
slightly beyond the posterior end of the third abdominal geg-
ment in the female and beyond the fourth segment in the
male. Right male antenna geniculate between the 18th and
19th segments ; segments 19, 20 and 21, and 22 and 23
ankylosed ; antepenultimate article unarmed.

Right fifth leg of male two-segmented. First segment
irregularly pentagonal, the longest base forming the outer
margin, which is armed near the distal angle with a delicate
seta; basal half of inner margin armed with a broad irregu-






