


{,—ON SOME LAKE SUPERIOR ENTOMOSTRACA.

By 8. A. TForBrs,
(With 4 plates.)

It scems hardly creditable to American zoology,or to the present tend-
ency of zoological réscarch among us, that the minute animal life of
the greatest body of {resh water on the globe should be less fully known
than that of scores of insignificant Turopean lakes, or even of many a
wayside pool.  Wlhile our stundents eagerly engage, often atarm’s length
and under almost prohibitory disadvantages, in merely imitative work
on the problems most prominent in the laboratories of the Old World, we
leave nutouched, at our very doors, virgin ficlds of research which must
deoply stir the envy of the active group of zoologists who have lately
enriched science with a mass of new and highly significant knowledge
of the lake fauna of Europe.

It is especially with the hope of calling more general attention to the
animal life of our own larger lakes that I present here a preliminary
description of the product of a few hauls of the surface net made in
All"‘llbf 1889, from piers and breakwaters, during a hurried trip .llong
the south shole of Lake Superior. The only points from which it wa
Possible for me to make even these imperfect collections were the little
town of PAnse (at the head of Keweenaw Bay), Marquette, and White
Fish Ioint. 1 improved also a brief opportunity to use the net from a
8kiff' in Lake Michigamme, in Marquette County, a fow wmiles south of
the great lake, with which its waters are connected only by way of the
Mu;ommu* River and Lake Michigan,

The only published infor mation on the lintomostraca of Lake Superior

18 that given by Prof. S. L. Smith,of Yalie, fifteen years ago, in the Report
of the U, 8. Fish Commissioner for 1874,* and there but four species of
the free. swimming forms of these minute Crusticea are positively
identified. Concerning the entomostracan fauna of the Great Lakes in
general, we have brief 1):1-1)01'3 by Professor Birge fand myselff on species

—
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*Sketch of the In\mtobr.nm Panna of Lake Suporior, p. 690,
t“Notes on Cladocera.” Trans. Wis. Acul, Sei., 1876-"77, p- 77. ‘“Notos on Crus-
tacen in Chicago Water Supply, with Remarks on the I ormation of the Carapace.”
]llcago Med. Jour. & Exawminoer, xvi, pp. 534500 (Dec., 1831).
*On Somo Entomostraca of Lake Michigan and Adjacont Waters.” Amor. Nat.,
, le, pp. 537, 640, J01
{13
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from Lake Michigan, mention of a single doubtful form in De Kay’s Zo-
ology of New York,* and a brief article on ¢ Iish Parasites” by Dr.
Kellicott. t

In preparing the present notes I have had particularly in wmind, be-
sides mere discrimination and description, the biological relations of
the species, as dgpendent on their situations and relative abundance ;
the origin of the Great Lake fauna, whether immediately and especially
marine or common with that of the Northern lakes at large; and the
phenomena of the evolution of species in sowe of the more intricately
related groups.

This subject has also its important ccondmic relation. A thorough
examination of the minute lifo of the Great Lakes, with special reference
to the distribution, numbers and habits of the specics of intomostrac:
occurring there, would greatly assist in the solution of some of the diffi-
cult problems of practical ish culture. Since it is now demonstrated
that our most important fishes are almost wholly dependent, at a criti-
cal period of their lives, on a sufficient supply of these small crusta-
ceans, these furnishing to fishes the first food they eat, and continuing
for some time to Le substantially their only food resource, & knowledge
of these little creatures is scarcely less importaut to the scientific fish
culturist than a knowledge of fishes themselves.

Order COPEPODA.
Family CALANIDUE.
Diaptomus sicilis Forbes (Plate 1, fig. 6).
D. sicilis, Forbes. Am. Nat., xvi (1822), pp. 541 (July), 645 (Aug.).
D. pallidus, var. sicilis, Hervick. Final report on the Crustacea ot Minnesota
included in the orders Cliddocera and Copepoda (in 12th Ann, Rep. Geol.
and Nat. Hist. Surv. Minn, (1883), p. 137).
D. sicilis Underwood. Bull. 111, State Lab. Nat. Hist., 11, 1686, p. 329.

This beautitul species, a model of clegance and symmetry, is perhaps
the most abundaut entomostracan in my Lake Superior collections—
relatively much more common than in the southern waters of Lake
Michigan. It is closcly similar to D. gracilis Sars (a common species of
clear lakes in Europe, from northern Italyf to Finland aud Scandina-
via), but the constaney of the characters which distinguish it warrants
its separation. Although it is a decidedly- rariable form, its observed
variations do not appear to include or sensibly approximate the char-
acters of gracilis. 'The two have evidently had a common origin, not very
remote; but their present geographical scparation, shown by the con-
stancy of their differences, makes it altogether probable that this origin
dates from @ time when communication between the fresh waters of the

* Part vi, “ Crustacea,” p. 62.

t ¢ On Certain Crustacca Parasitic on Fishes from the Great Lakes. DProc. Amer.
8oc. of Microscopists,” i, pp. 53-57.

t Imbot.
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northern regions of Europe and of America was more immediate than
now—a time, that is, when the lands ot the northern hemisphere were
more closely connected or less widely sterilized by ice.

The typical form of sicilis is larger than gracilis, females ranging
from 1.3 to 1.6™" in length, without the caudal set:wc, while gracilis does
not commenly surpass 1", The fifth and sixth segments of the ceph-
alothorax are very imperfectly divided (no suture being apparent on
the back), and the last segment is more deeply emarginate behind than
seems to be the case with gracilis. Tbere is a single very minute spine
at the tip of the lateral lobe of this segment, and sometimes a still more
“minute one some distance Lelow and within this, ou the inver inferior
part of the lobe.

In ovigerous females the abdomen has three segments, besides the
furca, of which the first is as long as the second and third—the second
being the shortest, but still nearly equaling the third. The fureais, in
the female, o little longer than the third segment, in the male much
longer than the second, the second, third, and fourth abdominal seg-
Iments in the latter sox being almost exactly equal, and the first a little
shorter, .

Thoe basal joint of the legs of the fifth pair (Pl 1, fig. 6,) bears, in both
male and female, a large cylindrical process, ending with o stout spine or
8pine-like tip. In the female, the third joint of the outer ramus is scarcely
distinguishable as such, being merely a stout spine or hair articulated at
the base and without accessory hairs or spines. Tho large process of
the second joint is slightly curved outward. The inner ramus has two
10"&, strong diverging spines, half as lovg as the ramus, near its tip,
thig extending beyond their insertion as a smooth, obtuse triangle.
Left leg of male without spine on second basal joint or terminal setaon
outer ramus.,  Inner rami of both legs.smooth at tip, one- or two jointed.
Outer ramus of left leg distinctly two-jointed, the segments equal, the
tip a rounded cushion covered with delicate short hairs. A similar
hairy pad at middle of inner surface of this segment.

In specimens taken August 9 at Marquette, spots of vivid red about
the mouth and at the posterior fourth of the c¢ephalothorax were com-
Inouly connected by an indigo-blue or pale red stripe, which included
the alimentary canal and often adjacent structures. The ovaries were
also often blue, sometimes very bright. QOccasionally one was scen with
fnuch more red irregularly distributed in the center of the body, and
1t is probable that earlier in the soason red was the prevailing color.

be egg masses of the female were blue, rarying to red; thoe eye dark
red; the abdomen colorless ; and the thoracic legs of a bluish tint.

D, sfcilis, var. imperfectus, new var.

Occurring commonly with the form above described is another (often
Certainly adult, as shown by the developed spermatophore in the male
and the external ogg masses in the female) much swaller in average size,
80d with the terminal hook of the fifth pair of legs of the male thicker,
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stouter, and less regularly curved. Ihave notbeen able to find positive
and unvarying distinctions between this form and the preceding, and
am disposed to regard it as the barely matured adult, veproducing while
yet capable of further structural progress. Tts average total length,
without setw, is 1™, the thorax measuring .7 and the abdomen .3v,
The antennie ave relatively longer than in the typical form, extending
five or six joints beyoud the cephalothorax instead of two or three, as
in the other. The inner ramus of tho lett leg is also relatively longer,
reaching to the tip of the outer ramus, while in the typical form it
reaches only to the base of the preceding joint.

Both the above are extremely abundant in all the collections made
from northern Michigan, and are likewise among the commonest Tinto-
mostraca of southern Lake Michigan and adjacent waters. The more
highly developed variety is relatively commonerin the Great Lakes, and
the imperfeet form is the ordinary Diaptomus of the smaller lakes and
permanent ponds adjacent.  The latter, if cither,is to be identified with
the insufliciently described Diaptomus pallidus of 1lerrick.*

BEpischura lacustris Forlies. (Pl 1, figs. 1-55 Pl 11, fig. 7.)
Amer. Nat., xvi (1882), p. G48.

This remarkable species,t the most peenliar of our fresh-water Cope-
poda, distinguished from all others known by the modification of sev-
cral abdominal segments in the male as a sexual grasping organ, was
common in both Lake Superior and the smaller litke—most abundant
in a collection made at night in the harbor at Marquette.

Among the many hundreds of specimens which 1 have examined from
the Great Lakes and from several of the smaller lukes ot Ilinois, Michi-
gan, and Wisconsin, I have rarely scen an immature form, still more
rarely a female without @ spermatophore attached, and never oue with
an egg sae. The spermatophore (occasionally there are two) is fixed to
the female abdomen by a large oval mass of cement, which may be so
softened by a solution of potash as to permit the removal of this finger-
shaped structure, otherwise casily mistaken for a process of thoe abdo-
men itself, The absence of an external ogg mass is ono of soveral
features of this genus relating it to 1leterocope of the lakes of Europe,
which genus is indeed its nearest ally.

Specimens taken from Lake Michigamme, August 9, were tinged with
red or violet, most deeply in the ventral region, as if a4 much more
brilliant color had largely faded.

The cephalothorax of the male (I’L 1, fig. 1) has but three completely
distinet segments, the last being united to that preceding, and that bear-

»7¢h Ann. Rep. Geol. and Nat. Hist. Surv. of Minn. (1878), p. 01.

t Two additional species of this gouns, Jo. wevadensis Lillj, and L. nordenskicldi
Lillj., the former {rom lakes in the Sierras and the latter from Nowfoundland, have
lately been published in Revision des Calanides & Eaw Donce, par Jules do Guerno et
Jules Richard, pp. 92-96 (Paris, 1889).
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ing the third pair of legs alone Leing {ree. Bencath, however, all the
leg-bearing segments except the last are marked off by sternal sutures.

The head is distinguished by a transverse counstriction, but without
suture, aud the antennal region is similarly marked off’ from the re-
mainder of the head.  The eye is distinetly double in strueture, with
but little pigment.

Owing to moditication and distortion of the male abdomen (PL 1, fig.
1; DLy, fig, 7)its segmentation is difficult to make out, but the muscular
structure shows that there are but four free segmnents.  Of these the
second and third are laterally produced to form a large chela, and the
fourth bears the toothed and broadly paddle-shaped processes proviously
described," the former of these springing from the ventral portion of the
segmont and the latter from the dorsal,  The base of the right ramus of
tho furca is concave without to adapt it to these structures, the whole
abdomen being evidently strongly flexed to the right when this compli-
cated apparatus is in use. There are but three developed plumose seta
at the tip of each ramus, and besides these a short, stout tooth at the
outer distal angle, and a delicate simple hair at the inner.

The autenniv are twenty-five jointed, and reach about to the third
8egment of the abdomen. The median joints of the female antennwe
and of the left of the male are thickened at the articulations, giving
them a slender hour-glass form.

The right antenna of the male is apparently twonty-one jointed, the
thirteenth to the cighteenth segments are dilated, and the nineteenth
segment is hinged upon the preceding.  Both autenuw are richly sup-
Dlied with sensory structures, which have the form of two- or three-jointed
hail‘S, with very delicate terminal segments, no oltactory ¢lubs ocerrring.

" The basal segments of these hairs on the first and third joints are espe-
cially large and long, and contain distinet cells and finely granular
matter. The terminal joint of cach antenna is lobed at tip, with six
long bairs; and there are tour such hairs ou the penultimate joint.

The antennules are short, the ramus apparently but three-jointed, the
short median joints common in this appendage being ouly obscurely
Indicated. The second joint is as long as both the other two, the first
ig very short, the third about three-fourths the second. The ramus
bears four terminal and four lateral long curved plumose hairs.

Beforo the mouth opening is a vaulted labram, opposed to a similar

elevation behiud, the mandibles fitting into the transverss cleft between
these lips.
. The mandibalar palpus (L 1, fig. 4) is three-jointed, the first and last
Joints very short, cach about a fourth of the length of the middle one.
The greatest width of the latter is contained about twice in its length.
The tip of the palpus bears six long plumose hairs, with o cluster ot
four shorter ones near it. The ramus is short, twice as long as the third
joiﬂt, obscurely four-jointed, and Lears three long plumose terminal
hairs and three longer lateral ones.

* Amer, Nat., loc. cit.

M. Mis. 133——45
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First maxilliped stout and short, about four times as long as wide.
Three distinet joints or segments, with a namber of small indefinite
articles compacted at the tip, this last bearing four Jong, stout, carved,
parallel bi-pennate sete, and two smaller ones not in the same series.
Proximal joint the longest, the second shortest, about half as long as
the third, the latter two thirds the first. The sccond joint bears two
plumose sot:v and the third joint three, the two basal of these upon a
separate lobe. The Jatter joint bears also a fourth short stout seta in-
serted near the lower one.

The second maxilliped has three lobes on the anterior margin of the
basal joint, cach bearing two long, stout, coarsely plumose bristles, with
their barbs extending forwards. The second joint bears one very long
and one short plumose bristle at the anterior inferior angle. The re-
maining joints, together about aslong as the second joint, bear five long
and two shorter plunose bristles,

The first four pairs of legs (PL 1, fig. 5) are similar, the outer ramus
three-jointed, and the inner one-jointed. The last joint of the outer
ramus of the first pair is about as long #s the two preceding, and the
tip of the inner ramus reaches about to the middle of the second joint
of the outer. The outer ramus of the fourth pair of legs (Pl 1, fig. b)
has two teeth at the outer tip of each of the two basal joints. The ter-
minal joint of this ramus is armed as follows: A short, simple spine at
middle of outer margin, and another at the distal outer angle; a single
large and long terminal seta, strongly and sharply toothed externally
and plumose within ; and four long plumose setm attached to the inner
margin. The inner ramnus bears two terminal and three internal plumose
setee. The left leg of the fifth pair in the male (PI. 1, fig, 3), viewed
from behind, has the basal joint very large, broader than loug, with the
inner inferior angle produced downwards as a long, stout, curved pro-
cess or arm, as long as the two remaining joints. The secon:l joint is
trapezoidal, shortest within. The third joint is about half as wide at
base as the first, is straight without, with a sharp small tooth at its
distal third, and bifid at tip. On the inner margin this joint is at first
dilated a little and then deeply excavated to the narrow tip, to receive
the lower end of the left leg, the lower two thirds of this margin form-
ing the segment of a circle.

The marked distinction of this genus points to a separation from the
stock common to it and leterocope earlier than that of our other char-
acteristic species of Calanidie, and a much earlier appearance in itg
present habitat than that, for example, of the following species, which,
like Epischura, is without egg sac.

Limnocalanus macrurus Sars, var. auctus, ncw var.
Amor. Nat., xv1 (1882) p. 648,

This large calanid, very abundant at times in tho southern end of
Lake Michigan, and occurring also in Geneva Lake, Wis., I found -
twice in Lake Superior, at Marquette. Our specimeus differ constantly
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from the Xuropean, so far as I have scen, in a few slight particulars—
especially interesting because of their minute and trivial character; but
in every detail of any-importance the New and Old World individuals
are alike, so far as 1 can judge from the original deseription of Sars*
and from the amply illustrated paper of Nordqvist. t

The minute terminal segment of the antennie, the twenty-fifth of the
European form, is in our examples consolidated with the preceding, so
that there are but twenty-four segments, and numbers S and 12 are
without the hook-like spines mentioned by Nordqvist. The armature of
the mandible is somewhat reduced, consisting in the American form
of seven short teeth, the two lower acute and widely separated, and the
five remaining blunt and emarginate at tip. At the upper end of this
series is a slender, acute tooth, and & small simple hair.  There is norow
of accessory spines on the mandible, as figured by Nordqvist.

The slight differences noted are in the direction of & higher special-
ization, and suggest, as do those of the Diaptomi, that our American
variety has had a more rapid course of development than the Isuropean.

In the Old World, Limuocalanus has been found only in the larger
lakes of Finland and Scandinavia, and in the gulfs of the Baltic (Iin-
land and Bothnia). It seems to have been distributed in company with
Diaptomus sicilis,and later than Epischura; andis probably now isolated
from its Buropean brotherhood—a geographical variety on the way to
become a species.

Family HARPACTID.L.

Canthocamptus, sp.

Only a few speeimens of this genus of minute Copepoda have been
found in my Lake Superior collections, and it the one {rom Lake Michi-
gamme—a number too small to permit a study of the species.

Family CycLoprib.L,

Cyclopa thomasi Forbes. (Il 11, fig. 8.)
Cyclops thomasi Forbes, Amer. Nat. xvi (1882), p. G105 Cragin, Trans. Kan. Acad.
Sei., viii (1882-°83), pp. 68-70.)

This well-marked species—the commonest of Lake Superior, where
it is the usual compaunion of the Great Lake Diaptomi—was taken in
nearly every haul, often in countless numbers. 1t is a species of ¢lear
water and the open lake, and was far less frequent at 12 Anse Bay than
at Mmquecte and White Fish Point. In Lake Michigamme it was not
seen,

Cyclops gyrinus, n.sp. (Pl 11, fig. 95 PL ooy, fig, 14).
A stout, heavy spt,ues, with long first .s«,gmcnt strongly arched

'Oversngt af do lll(lolll.nldb]\l) 1‘1'1\1\\.uldscolwpodm ]mh.uul i Vulonsk Solsk,
i Christiania, p. 220.
t Die Calanidon Finlands, p. 31,
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cephalothorax, short furca, well-developed terminal setie, and seven-
teenjointed antennew, reaching the abdomen, with acate ridge on the
three distal joints, that on the last serrate. (PL 111, fig. 14.)

Total length 1.8mm, cephalothorax 1.1 long, .63™" wide, and .43em
high ; abdomen and furea 7% long, equaling the longest bristle.

Basal segment of antennie without circlet of minute hairs, the second
segment short, the third shorter, the fourth equal to the second and
third together, the fifth a little longer than the second, the sixth equal
to the third, the seventh slightly longer than the fifth and sixth to-
gether; segments cight to eleven sub-equal, inereasing w little iu length,
twelve to fourteen a little longer, fifteen to seventeen much longer,
Antennules with line of delicate hairs inclosing a pateh on posterior
surface of cach segment, elongate oval on all but the proximate, where
it is circular.

Labrum with twelve conspicuous teeth, the second from each end
decidedly larger than the others.

The swimming legs withall the rami three-jointed. The first pair (Pl 11,
fig. 10) with the segments of the outer ramus abountas broad as long, the
terminalsegment withonespine and two spine-like seti at tip, two spines
without and three setic within; the other segments all with one spine
and one seta. The iuner ramus with one very stout spine at tip and
one very slender seta not longer than the spine, one seta without and
three within on thoe distal segment; the basal segmeout of this ramus
with one-seta and the second with two.

Second pair of legs with two very stout spines and « slender seta at
tip of the last segment of the outer ramusy two stout spines without
and four setae within, The armature of the inner ramus like that of
the preceding. .

Outer ramus of the third pair of legs with two spines and one seta
at tip (the inner spine the longer), three spines without and four sctiv
within ; the inner ramus as before.

In the fourth pair of legs (PL 11, fig. 11), the outer ramus has two
spines and one bristle at tip (the bristle shorter than the longer spine),
one spine without and four bristles within, the lower of the latter abort-
ive. The inner ramus has the last joint slender, truncate, with twe
stout spines at tip, the outer one the larger, with one seta without and
two within.

The fifth pair of legs (Pl 11, fig. 12), are jointed, the basal segment
two thirds as wide as long, its outer margin straight, its inner, convex
and minutely hairy, The distal end is truncate, with a very long seta
at the outer distal angle. The second (terminal) segment is about as
long as the preceding is wide, lobed in the middle, and tri-setose, the
outer seta shorter than the inner, and the latter about half as long as
the median. :

Abdomen short, the greatest breadth but twice in length, the furca
short and broad, the rami halt as wide as long, about aslong asthe twa
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last segments of the abdomen. The iuner terminal bristle three times
as long as the outer, three fifths as long as the outer median, and about
two fitths the length of the longest. A transverse row of spinules at
the base of the outer seta; the distal end of the last abdominal segment
dentate ; and the distal end of the segment preceding with o fow teeth
at the sides.

Last thoracic segment minutely dentate on posterior margin.

This species is allied to coronatus, from which it is distinguished
(among other characters) by the absence of the dentations of the anten-
hal segents, which gave the latter its name, by the absence of ¢ilia on
the inner surfaces of the rami of the furca, and by the much smaller
size.

Deseribed from several specimens (females)taken inshore at the head
of Keweenaw Bay on the south shore of Lake Superior.

Cyclops edax, n. sp. (Pl 1, fig. 15; PL 1v, figs. 16-10.)

A small speceies, usually more or less pigmented, moderately robust,
with short furca, subequal caudal sete, seventcen-jointed antennse, and
unusually prominent maxillipeds.

Length, without caudal seta, 1.1mm,

Cephalothorax oval, rather compact, broadest before the middle;
first segment as long as the remainder; back moderately arched, Last
thoracic segment scarcoly broader than the first abdominal, slightly
emarginate at the sides. IFirst abdominal segment (P1. 111, fig. 15) very
long, cqualing the following three; last segment shortest, with a row
of spinules at the posterior margin, Rami three eighths as wide as
long, nearly twice the length of the last segment. The lateral: spine a
trifle behind the middle, the outer seta about as long as the ramus, the
inner five sixths the length of the third from within, the latter two
thirds as long as the second.

The antennw reach to the fourth thoracic segment and are without
8errations, acute ridges, or other special armature, exeept a stout spine
at the tip of the sixth segment. The basal joint is as long as the three
following, and the last three joints are about as long as the six pre-
ceding, joints sixteen and seventeen being equal, and fifteen four fifths
as long assixteen. The fourth segment is as long as the fitth and sixth
together, and the seventh alittle longer. The tenth segment is wholly
destitute of hairs and bristles. The antennules are slender, the first
and second segments not distinetly articulated, the first twice as long
a8 the second, the third and fourth eqnal to each other, and to the first.
The two last segments minutely hairy on the posterior. surface, oxcept
 little space near the tip of the last,

The first maxilliped is unusually long and slender, the basal segment
being very nearly three times as Jong as wide, and the whole appendage
a8 long as the last five antennal joints. '

The last segment of the outer ramus of the legs of the first pair (I’L.
v, fig. 16) bears one spine and two setiv at tip, one spine without and
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two sctiv within, The inner ramus has at the tip of the last joint one
stout spine and one slender seta, one scta without and three setm
within, The legs of the second and third pairs are armed alike, the
terminal segment of the outer ramus in each bearing a slender seta and
two spines at tip (the inner of these the longer, and the seta a little
Ionger still), and one spine without and three setwe within, The inner
ramus like the outer, except at the tip, where there is a single stout
spine and a single seta. In the fourth pair of legs the last joint of the
outer ramus bears two terminal spines and one seta, one spine on the
outer margin and three setie on the inner.  The corresponding joint of
the inner ramus is very narrow, has two spines at the tip, one seta
without and two seti within, The outer margin of this last segment
is minuately hairy above the marginal seta. The rudimentary fifth foot
is small, two-jointed, the first joint half as long as the second, twice as
broad as long, with a slender simple bristle at the outer distal angle;
the second joint with two setiv, the outer simple, longer than the pre-
ceding, the inner plumose and longest of all.

By its seventeen-jointed antennwe and two-jointed fifth foot with two
terminal bristles, this species is related to C. simplex Pog., from which
it is, however, readily distingnishable by the shorter last joints of the
anteme and the absence of the knife-like ridge. The proportions of
the joints of the antennules, and the plamose terminal setwe of the 1ifth
“foot are additional distinetive characters.

This Cyclops was taken in moderate numbers from Lake Michigamme
only.

Cyclops agilis Koch.
Amer, Nat., xvi (1882), p. G40,

This wide-spread Old World species, reported from IEngland to Russia
and Tuarkestan, and from Scandinavia to the Tyrol, and also known in
this country from Massachusetts to Illinois and Minnesota, ocenrred in
my Lake Superior collections from Marquette.

Cyclops pectinifer Cragin.
Trans. Kaus, Acad. Sci. (1883) p. 71

I have had no difticulty in distingnishing Professor Cragin’s species
described under this name* from the very closely related form last
mentioned, although it is possible that larger collections of both might
show them intergrading. This was the commonest Cyclops in the col-
lections made at ’Ansc.

Order CLADOCERA.
Family POLYPHEMID A&,

Polyphemus pediculus L.
In this curious crustacean, not uncommon in c¢lear shallow lakes and
ponds in luumpo we have an ex;un])lc of an immigmnt, which has not

"A (“ontnhutwn to Llu., “lst()l) of the Freslh- Wut(,x Copupodd Trauvs. Kan., Acad.
Sei., viu, p. 6.
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varied, that I can see, in any particular since its advent here, my speci-
mens from 'Anse Bay, Marquette, and White Fish Point agreeing pre-
cisely with the specific descriptions and figures of: . E. Miiller,* Lillje-
borg,t and Schoedler.y Even the rndimentary legs of the fourth pair,
although more swollen than in Miiller’s and Lilljeborg’s figures, are
similarly lobed, and bear the same armature; and the coxal tuberosities
noted by Miiller are also present.

My examples differ, on the other hand, from Leydig’s plates and
descriptions in the presence of four curved spines instead of three at
the tip of cach of the first three pairs of legs, and in the number of
plumose bristles on the antennwe,—seven on eiach ramus in ours, while
in Leydig’s oculus there are eight on tho outer ramus, These distine-
tions of pediculus and oculus have already been noticed by Schocdler,
but subsequent writers have considered them insignificant, and bring
all known forms of Polyphemus under ono specific name.

In this country, this species has been reported previously from Mas-
sachusetts (Birge) and from Minnesota (Herrick). '

Family LEPTODORIDZE.

Leptodora hyalina Lillj.

A Deautiful and interesting species, likewise common to the northern
parts of both worlds, and equally abundant in both, occeurred frequently
in my Michigan collections, although much more abundantly in Lake
Michigamme than in Lake Superior.  Great numbers were taken in the
former lake, at the surface, on a bright day, with high wind, at 3 p. m.

Family LYNCEID&.
Burycercus lamellatus O, F. M.

Identical with the Buropean spocies. Taken in Mar(u{etto harbor and
PAnse Bay. .
Acroperus leucocephalus Koch.

From Anse Bay.

Alona sp.

A very fow specimens of this difficnlt genus were taken, usually in
numbers too small for precise determination. A. oblonga P. B, M., and
others allied to modesta Hk., and quadrangulate . 15. M., occurred at
Marquette and at White Fish Point, and still another form was taken
u Lake Michigamme.

Pleuroxus procurvus ? Birge.
Trans, Wis. Acad. Sci., 1v (1877), p. 92,
To this species I assign doubtfully @ few specimous taken at Mar-

* Danmarl’s Cladocora, p. 200. :

t Do Crastacois ex ordinibus tribus Cladocera, Ostracoda et Copepoda, in Beanin
ocenrrentibus, p. 62

f Noue Beitriigo zur Naturgeschichto der Cladocercn (Crustacoa Cladocora), p. 67,
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quette and PAnse differing from those deseribed by Professor Birge
only in slight detail.  None of the stria: of the shell take a direction to
meet the ventral margin at right angles, but ail incline backwards ; the
plumose setwe of the ventral margin are not sparse, but are placed as
thickly as they can stand; and the anterior margins of the shell are not
dentate, but the setie there are artienlated by greatly thickened bases,

Chydorus spheericus Baird.
Taken frequently in small numbers in hoth lakes.

Chydorus rugulosus n. sp.

Allied to C.sphericus, but with the depthonly three fourths the length,
the pigment speck nearly or quite as large as the eye and half as far
from the eye as from the tip of the rostrum, and the hexagonal shell-
arcas marked by a delicate reticulum of minute rugosities,

Shell highest at middle, scarcely truncate posteriorly, but: the hind
margin rounding broadly into the lower, the anterior dorsal surface
flattened, meeting the flattened valves at an acute projecting angle,
giving the shell a trigonal form like that of a heeeh nut. The dorsal
outline not uniform, but flattened in front. Submarginal row of hairs
along the ventral edge rather coarse and strong—abont four to the
length of & marginal hexagonal area.  Surface of the shell everywhere
distinctly reticulate, bearing besides the coarse hexagonal reticula-
tions, a very fine but distinet net-work of minunte rugosities, the meshes
of which are longest in the direction of the margin of the shell.

The labial appendage long, reaching as far as the tip of the rostrum,
and as broad at the base as high. The posterior iaferior angle pro-
duced and extending slightly baclkwards, the whole quite different in
torm from that of C. spharicus. '

Post.abdomen short, broad, inferior margin broadly rounded, with
nine or ten simple, stont teeth.  Anal tubercle forming an acnte angle;
thecaudal claw smooth, with a small basal tooth, the length of which
is abont equal to the diameter of the elaw.

Length, .5y depth, 350 width, 330,

Collected in considerable number from the surface in Marquette har-
hor at 5 a. m., August 11, 1839, and less abundantly August 9.
Chydorus globosus Baird.

Seemingly less abundant than the preceding.  Noticed only at ’Anse.
Bosmina longirostris O. I°. M. B

A few specimens of this common species—the only one of its genus
noticed—were taken repeatedly at Marquette, at White Fish Point, and
at PAnse.

Family DAPUNIID AL

Scaphloberis mucronata O. I°. M.
This abundant European entomostracan occurred in the very miscel-
laneous collections {rom PAnse, but was not. noticed clsewhere.
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Daphnia retrocurva Forbes, var. intexta.

This form, although remarkably constant in the collections made in
northern Michigan, both from Lake Michigan and the smaller lakes,
differs from retrocurva,* previously deseribed, only in the inferior de-
velopment of the hiead and the smaller size and number of the pectina-
tions of the caudal claw. It is probably to be regarded as a slightly
depauperate form of refrocurea.

The head, averaging two fifths the length of the body without the
spine, is helmeted, triangular, the apex antero-dorsal, recurved. Its
dorsal outline otherwise nearly straight or slightly concave; lower mar-
gin sometimes slightly sinnate near the rostrum, the latter produced
to or beyond the tips of the sensory hairs. Length of the borders of
the head subequal, but the antero-ventral margin commonly the longest_.T
Pigment speck wanting. Iyes small, about half as far trom lower as
from upper margin of the head, and cither equidistdnt from rostrum
and apex, or a little nearer the former.  Viewed from above, the head
is about half as thick at base ag it is Jong.

Dorsal outline of. the body more or less couvex, spine in the adult
nearly or quite equal to the depth of the valves.  The Iatter about three
fourths as deep as long, snrface conspicuously reticulate, Jower margin
very slightly spinose, with sparse, short appressed teeth, which are con-
tinued on to the terminal spine.  Dorsal abdominal processes quite dis-
tinet at base, brood cavity with 01,10'01' two eggs, Tho caudal elaws bear
a row of conspicuous teeth on the basal half, about twelve in number,
in two sets, those of the distal set the larger.  (In retrocurra these teeth
are about twenty i number, the smaller proximal set twelvo to fourteen,
and the distal more conspicuous set, about eight in number.) Beyond
these a row of very fine hairs continned nearly to the tip of the claw.
Posterior outline of the post-abdomen regular, bearing nine or ten
curved spines.

Total length, without spine, about 1.6,

This was tho only Daplnia taken in the longshore collections in Lake
Superior and in Lake Michigamme—the latter being, it will be remem-
bered, a body of water not directly conneeted with Lake Superior, but
emptying through the Menomince River into Lake Michigan.

This form adds to the characters of the section Hyalodaphnia the pee-
tinate claw of the group to which 7). pulex belongs, It is distinguished
from D. pellucida at once by the armature of the claw and the lack of
the pigment speck; from cuenllate and its varieties by the samoe char-
acters and by the fact that the dorsal abdominal processes ave distinet
at base. Trom hyalina and galeate it is separated Dy the lack of the
pigment speck and the form of the head.

This Daphnia stood nextin abundance in my Lake Superior collee-
tions to Cyclops thomasi, Diaptomus, and Ipischura, ocenvring in large
or moderate number in every hank

» Ameriean Natnralist, Xvi (18%2), p. 642
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Daphnia leevis Birge.
A single specimen of this strictly American species occurred in my
Lake Michigamme collections.

Daphnella brachyura Licvin,

Excessively abundanc in Lake Michigamme, where it was the common-
est erustacean, but not noticed in the Lake Superior material.
Sida crystallina O.1%. M.

Very abundant in the rather dirty waters of ' Anse Bay, but not seen
elsewhere.

Holopedium gibberum Zaddach.

A very remarkable form incladed among the pelagic species of the
European lakes, and hitherto reported in Ameriea only from the deeper
waters of Lake Michigan* Taken in moderate number at PAnse, in
shallow water from the pier.

The following lists will show how the species above mentioned were
agsocinted under the cirenmstances represented by my collections:

Marquette breakwater, August 9, surface, shallow water, sandy bot-
tom, bright weather, good wind. TFairly full collections.

Diaptomus sicilis, very abundant. Polypliemus pedicnlus, very rave.
imperfectus, very abun- | Chydorus sphavicus, few.
dant. . ! rugulosus, few,

. @ P
i Dosmina longirostris, fow,
Limnocalanus macrurus, rave. ¢ Daphnia interta, not unconnnon.
Cyclops thomasi, common. ||
Oft Light-House Point, near Marquette, August 9, 3 p. m., deeper
water, sandy bottom, bright weather, high wind, Net hauled at a
depth of about 40 feet. Collection scanty.
Diaptomus sicilis, econunon. | Cyclops thomasi, a few.
{mperfectus, common. U Leptodora hyaling, very few.
cpischura lacustris, a fow. l Dosmina longirvostris, reveral.
Limnocalanus macrurus, a fow. Daphnia infexta, o fow.

EIpischura lacustris, a few.,

Marquette breakwater, Angust 11, at 5 a. m., clear, still. A scanty
l b ’ b b
collection.
Diaplomus sicilis, common.
imperfeclus, conumon
Canthocamptus, sp., & few.
Cyclops thomasi, common.
Marquette harbor, Augunst 11, 9 p. m., clear, calm, shallow water, sur-
1 y g ’ ) y ’ y
face. A largo collection.

Diaptomus sicilis, very abundant. i Alona oblonga, fow.
imperfectus,very abundant, I Plenrozus procurrus, few.

Chydorus rugulosus, several.
Bosmina longirostyis, many.
Daphuia intexta, few.

Epischura lacustris, common. Chydorus sphericus, fow.
Cyclops thomasi, common. Bosmina longirostris, several.
agilis, less abundant, Daphnia inlexta, many.

Lurycercus lamellatus, several.
v On somo Entomostraca of Lake Michigan and Adjacent Waters.” Amer. Nat.,
Xxvi, p. G41.
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IAnse Bay, August 14, 1 p. m,, pier, shallow water, somewhat weedy
and dirty. A swift stream entoring about a quarter of a mile above.
Still.  Sun and shower. A good collection.

Diaptomus sicilis, common. | Alona, sp., several.
imperfectus, common. ‘ Pleuroxus procurvus, a fow.

Canthocamplus, sp., very fow. Chydorus globosus, u few.
Cyclops thomasi, fow. Bosmina longirostris, several.

gyrinus, a fow. . Scapholcberis mucronatus, several.

peetinifer, several. Daphuia interta, soveral.
Polyphemus pediculus, many. Simoceplalus vetulus, fow.
Leptodora iyalina, sevoral. Sida crystallina, abundant.
Eurycercus lamellatus, fow, Holopediwm gibberum, soveral.

Acroperus leucocephalus, few. |
White Fish Point, August 15, shallow water, sandy bottom, san,
high wind. Yair collection.

Diaptomus sicilis, common. Alona oblonga, a few.

imperfectus, common. Alona, sp., a fow.
Cyclops thomasi, abundant. Chydorus spharicus, few.
Polyphemus pediculus, sovoral. Bosmina longirostris, fow.

Leptodora hyalina, a fow. Daphuia intexta, sovoral.
Lake Michigamme, August 8, 3 p. m., sun, high wind. At surface

and about 15 feet below.  Very large collection.

Diaptomus sicilis, common. Alona, sp., a fow.

imperfectus, common. Chydorus spheericus, a few.
Epischura lacustris, common. Daphnia intexta, soveral.
Canthocamptus, sp., a fow. lwvis, rare.
Cyclopsedax, a fow. Daphnella brachyura, vory abundant,
Leptodora hyalina, wmany. below the surface.

The facts now known concerning the animal life of the Great Lakes
furnish an insufficient basis for a final discussion of the origins of this
fauna, but may noevertheless serve to indicate the genoral lines within
whicl: such a discussion must proceed. There are three such principal
origing possible; some of the Great Lalke species may have made their
way directly from the sea, undergoing meanwhile more or less modifi-
cation ; others may be a part of a general north-temperate fanna,
whose formerly continuous area of distribution has been broken up by
changes of level and climate, with consequent organic differentiation;
and others may have had an independent southern and southwestern
origin, possibly reaching back, in some instances, to a South American
starting-point.

Too littloe is as yet known concerning our southern Entomostraca, or
even those of our Atlantic and Pacific coasts, to make it possible to
point out with auny assuranco the clements of the Great Lake fauna
which are to be referred to these origins, and we can only undertake to
show which are related to the much better kuown fauna of the lakes of
northern Europe.

Three of the four Calanidm now reported from our Great Lakes are
80 closely related to those of Buropean lakes as to leave not tho slight-
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est doubt that they have had a relatively recent origin in common with
these Old World species.  On the other hand, the points of difference
between our species and their Kuropean ropresentatives, though slight
and scarcely entitled to specific rank unless on the-ground of their con-
stancy, indicate a separation long enough ago to permit at least incip-
ient ditferentiation. These facts seem to point to an origin connected
with the ¢glacial period”—whether immediately subsequent to that
period, as suggested by Ierrick,* or just previous to the time of actual
glaciation, when the milder climate and the greater land elevation
northwardt permitted a freer passage than now of fresh-water forms
across the north Atlantic, it wonld seem impossible to say until we
know more of the present northward limit of distribution of the species
concerned. If they now range far up into the arctic regions, it would
seem possible that they may have lived everywherein the icy waters of
the time of diminishing glaciation; but if their habitat is strictly
subarctic or temperate, their arca can not have been continuous with
that of the Iuropean specics since pre-glacial times,

That Epischura must have had a different history is a fact already
noticed, and considering the fact that its nearest known relative,
Heterocope, is both fresh water and. marine, it is not unlikely that it
came to us from tho sea. _

The four or five Cyclopida: of this paper, it will be noticed, are all
American but one ; but this large and difficult family has been far too
little studied to permit generalization, the current descriptions of even
the more abundant speeies not. commonly being given in sufficient detail
to permit careful comparison.

The list of Cladocera, on the other hand, is remarkable for the number
of unaltered Buropean species which it contains, all but four of the six-
teen here reported being quite indistinguishable from those described
from Rurope, while the fourexcepted have very closely allied Old World
kindred.

Finally I would remark npon the minuteness and physiologieal in-
significauce of the changes which so far seem to separate several of our
Entomostracan species from their [Buropean representatives. If more
extended collections and exhaustive study should show that the dif.

* List of tho Fresh-Water and Marino Crustacon of Alabama, with Descriptious of
the New Species and Synoptical Keys for identification, p. 49,

t«Tho progress of events scems to have boon about as follows: In the warm period
preceding the Glacial opoch, when the vegetation of the temperate zono flonrished
about the north pole, there was land connection between the continents, permitting
the larger species of the Old World to migrate to North America. At the samo time
the conditions in North Amorica wore favorable to thoe tropical spocies of animals
whieh had developed and flonrished in South Amorica. The refrigoration of the cli-
mats on tho approach of the Glacial periad, and the advanco of the ico from thenorth,
cut off retreat to the Old World specios, and gradually hommod thom in over the
southern portion of the continent, where all forms of lifo were compelled to re-adjust
themselves to new conditions.—(C. IFroderick Wright, in “The Ice Age in North
America,” p. 387.)
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feronces now apparent are indeed constaunt; if the presenco or absence
in the adult of that rudiment of the larval eye known as the pigment
speck, a slight inerease or decreaso in the size or number of teeth on
the caudal claws, the presence or absence of o suture Letween two sue-
cessive antennal joints, and other equally trivial differences, serve really
to distinguish animal groups which bave been separated from each
other by the physical division of their area of distribution, we shall have
“additional illustrations of the rise of specific and other distinctions as an
indireet consequence of simplé isolation.

INDKRKX.
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EXPLANATION OF PLATES.

PLATE 1.

. Epischura lacustris. Male.
. Same specice, female.  Fifth pair of legs.

Same species, male.  I'ilth pair of logs.

. Same gpocies. Mandible with palpus.
. Same specios.  Fourth pair of legs.
. Diaptomus sicilis. Female. Fifth pair of legs.

PLATE II.

. Ipischura lacustris.  Abdomen of male.
. Cyclops thomasi. Female.

.
10.
11.
12.

Cyclops gyrinus, n. sp. Female.
Same specics. Leg of first pair.
Same species. Leg of fourth pair.
Same spocics. Leg of fifth pair.

PLATE III.

Leptodora hyalina (after Lilljeborg).
Cyclops gyrinus, n. sp, Female. Terminal joints of antenna.
Cyclops cdaz, n. sp.  Abdomen of female.

PLATE IV.

Cyclops edax, n. sp.  Leg of first pair.
Sawmo species. Leg of third pair.
Same species.  Log of fourth pair.
Sameo species, Leg of fifth pair.
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Entomostraca.
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