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I. Introduction.

The observations recorded in this Monograph have extended over

several years and have been made with special reference to the

variability of the Cyclops of fresh water. While in many instances

too few individuals of a species have been studied to permit of the

drawing of conclusions in regard to the tendencies of the species

to vary in any given direction, special care has been taken to record

such differences as have been observed between the Long Island

forms and those described and figured by earlier American

authors.

The plates illustrate such forms as have been seen mainly in

the waters of the western section of Long Island.

The figures have all been drawn to the same scale in order to

preserve the relative sizes of the various forms, and care has been

taken to reproduce accurately all such details as have been con-

sidered. Numerous experiments have been made in the rearing of

certain species to test the relationship of closely allied forms

and some few relationships have been clearly established through

this method which alone can be trusted to yield definite results

among forms as varied as are the fresh water Cyclops.

This work has been carried on during two summers at Cold

Spring Harbor, Long Island, at the Laboratory of the Brooklyn

Institute of Arts and Sciences. My best thanks are due Professor

C. B. Davenport, Director of the Laboratory, for having placed at

my disposal the fullest facilities of the station, and for having read

the manuscript.

Cyclops Ater (Plate I).

Description of the Tzvo Forms.—Cyclops ater is one of the

more common forms of Cyclops found at Cold Spring Harbor,

Long Island. The adults present two distinct appearances ; the

distinctions are, however, limited to color, so far as my observa-

tions show.

The two forms were collected in localities subjected to widely

different conditions. One form was found in pools of cold spring

water, completely covered by a dense growth of duck weed. It
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was also collected along the borders of a shallow pond fed by the

cold water from a woodland brook, and overgrown with water

weeds along its banks.

This Cyclops was very deeply pigmented, especially on the

cephalo-thorax, the posterior thoracic segments, the outer margins

of the abdomen and the stylets. The outer rami of the swimming
feet were deeply and uniformly pigmented. The inner rami of the

fourth feet were quite colorless. This is the appendage to which

the male attaches itself during copulation. The ovaries and the

embryos of this Cyclops were almost colorless.

The second form of ater was taken from an unshaded pond

where the shallow water became uniformly heated, and where the

temperature was considerably higher than in the pools mentioned

above. The Cyclops from this locality contained much less pigment

and appeared banded, having dark lines across the thorax. The
appearance of this form was made very striking by the bright

orange color of the ovaries.

All the forms of ater agreed in the number of antennal seg-

ments, in the armature of the swimming feet and in the fifth foot,

as well as in the general proportions of the body.

The number of hairs on the seventeen antennal segments of C.

ater, counting from the base is as follows: 8, 4, 2, 6. 4. 2, 2, i, i,

o, I, 2, o, I, 2, 3, 8.

The armature of the terminal segments of the swimming feet

is as follows

:

Foot No.

Ramus, Outer or Inner.

Outer Spines

Apical Spines

Apical Seta . .

Inner Setse .

.

I
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one on the apex and one on the outer angle. The posterior mar-

gins, dorsal and ventral, of the last abdominal segment are serrated.

The stylets are armed with four plumose setae and two short hairs,

often without barbs. While not a profusely hairy form, hairs are

often present on the rami of the swimming feet of this species,

particularly on the outer margins of the segments of the inner

rami. The margins of the segments are often strongly serrated as

well as hairy.

Herrick's notes on C. ater are very brief. He describes ater as

"our most characteristic American species ; color deep blue or gray
;

ovisacs pale." He also finds young with "a deep band of color

crossing the thorax near the middle", but makes no mention of the

color of the ovaries which is so striking that, had he observed it,

he could hardly have failed to mention the fact in his writings.

Professor Marsh quotes Professor Reighard's description of C.

ater with which the banded form from Cold Spring Harbor agrees

very closely. He also observed the orange colored ovaries.

In the proportion of parts and in the armature of the appendages,

the two forms agree ; but, as in the case of C. serrulatns, the sig-

nificance of the occurrence of differently colored ovaries with a

uniformly different distribution of pigment needs further study.

Without further acquaintance with the two forms, the differences

are sufficiently striking to suggest that they might be well marked

varieties.

Variations of C. Atcr.—T\\& Cold Spring Harb<:)r forms of ater

present little variation in their armature. They differ, however,

from the forms described by Professor Herrick, who found the

"setae all short and stout," whereas the setae are quite long and well

formed in the ater found at Cold Spring Harbor. They differ

also from the forms described by Professor Marsh in that they

have a well formed spine in the apical position on the outer ramus
of the first foot, where Professor Marsh finds a seta. This outer

"seta" on the apex of the outer ramus of the first foot is, as Fig.

6, Plate I., shows, clearly a well formed seta on the median side

and a spine on the outer margin. This shows that set;e and

spines are interchangeable and hence can be accorded little value

in the determining of species.

As for the fifth foot, the Cold Spring Harbor forms of C. ater
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agree with Professor Marsh's account in having a strong spine

on the inner angle and two setse, one median and one on the outer

angle. The median seta reaches to the posterior margin of the

first abdominal segment. The setae may or may not be without

hairs. Herrick observed "three subequal spines" on the distal

margin of the fifth foot.

Cyclops ater is one of the largest Cyclops seen in the Long Island

waters. It represents a very well marked species, in which there

appears to be but very little variation.

Associated with C. atcr is a little water mite belonging to (he

genus Arrhenurus. This fact was observed by Professor Marsh
in 1895 and I also have observed this Arrhenurus. It was first

called to my attention by the fact that it and C. ater resemble each

other not only in size and color, but also in their manner of

movement. C. ater does not dart through the water as do many of

the Cyclops, but potters about with short jerk movements, thus

greatly increasing its resemblance to the accompanying form. Fur-

ther observation showed, however, that the water mites are not

always dark like the Cyclops ; sometimes they are mottled and some-

times bright red.

Cyclops Signatiis, Koch,

General Description.—Cyclops signatiis is one of the largest

and most abundant species found at Cold Spring Harbor, attain-

ing and often exceeding a length of 1.5 mm. The species is

represented by two forms

—

coronatus and aiiniilicornis—which

occur side by side and closely resemble each other. The presence

of these two forms with their transitional stages in the same locality

offers not a little difficulty to the student who is unacquainted with

the varietal characteristics of the species.

The species can readily be identified even in early stages by the

presence of a two- jointed fifth foot, in which the outer basal seg-

ment bears on its outer angle, a seta without barbs or with barbs,

according to age; and in which the distal segment bears a median

seta and two lateral spines also with or without serrations according

to age.

The antenuce in the adults contain seventeen segments and reach

to the abdomen. The armature of these segments is extremely
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constant; the typical number of hairs on each segment is indicated

by the following series of figures, counting from the base: 8, 4, 2. 6,

4, 2, 2, I, I, o, I, ?, o, I, 2, 2. 8.

The armature of the twelfth segment shows a tendency to vary;

occasionally but one distal hair is present; again two are present,

in which case one is larger than the other.

Cyclops Sigiiatus, var. Coronatus^ (Plates II., III.).—This form

(also known as Cyclops fusiics, Jurine) has a short second

joint in the antennule, PI. II., Fig. 3, serrations in the hyaline piate

on the two distal segments of the antennae (Fig. 4), a short, almost

square, basal segment in the fifth foot (Fig. 5), and numerous hairs

on the inner margins of the caudal stylets (Fig. 6). The notches

in the hyaline plate of the antennae form gradually and may or may

not be present. In Fig. 4, they are seen on the last segment only.

The adult armature of the terminal segments of the swimming

feet is as follows;

Foot No

Ramus, Outer or Inner . .

Outer Spines

Apical Spines

Apical Seta

Inner Setse

II

I

l(sa)

1

1

3

I

l(sa)

1

1

3 .

Ill

I

1 (saj

1

1

3

\\

I

l(sa)

1

1

sa=seta in place of spine.

The older forms of coroiiafits are usually densely pigmented,

brown and blue tones prevailing. They often become very coarsely

serrated and hairy. The ova are dark and the ovisacs are carried

closely pressed to the abdomen.

Few striking variations have been observed in these forms. They

* I have used the more recent name, C. si^iiatits, variety coroiiatits, instead

of the older name, C. fuscus. Jurini:, because it expresses more clearly the

evidently close relationship that exists between C. sigiiatus, variety coronatus,

and the allied form, C. sigiiatus, variety annulicoruis, called C. albtdus by

Jurine.
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seem to belong to a fixed type, and agree very closely with the

descriptions already given by earlier authors.

Transitioial Stages of C. Sigiiatus, Coronatus.—Accompanying

the adult forms, are the later transitional stages of the species.

These are conspicuous both for their size and numbers. Atten-

tion has been called elsewhere (Byrnes, 1906)* to. the constancy

with which correlated characteristics occur in the young

of Cyclops. Plate III. reproduces two of the more striking correla-

tions. It shows that when the young have ten segments, or even

nine in the antennae, they have two-jointed rami in the swimming

feet. When they have acquired eleven segments in the antenn?e, the

rami of the swiinming feet have become three-jointed. /. r., have

reached their adult condition.

The Figs, i, 5, and 3, Plate III., show, furthermore, that all the

characteristics common to the variety, the short second segment of

the antennule, the square basal segment of the fifth foot and the

inner fringe of hairs on the inner margins of the caudal stylets, are

often present in comparatively young forms.

C. Signatus, var. oiiiniliconiis (also known as C. albidns

JuRiNE), Plate IV., is likewise very abundant at certain seasons in

the Long Island waters. It has been found in the greatest numbers

in cool, spring-fed pools. In general appearance, in color and in

the proportions of the body, aniiiiliconiis closely resembles coro-

natus, which it sometimes accompanies ; or it may be found with

widely different species. The characteristics by which anmdicornis

can be identified are first, a long second segment in the antennule

;

second, a relatively long basal segment in the fifth foot ; third, the

absence of hairs on the inner margins of the caudal stylets; and

fourth, the characteristic armature of the inner margin of the distal

segment of the inner ramus of the fourth swimming foot. In

coronatus this position is occupied bv two seta?. In aiiiutlicoruis

the more distal seta is greatly reduced or is wholly wanting,

its site then being marked by a cluster of very short hairs.

The antennae of amiulicoDiis are characteristically long and in

their armature they resemble those of coronatus.

* Byrnes, E. F. "Two Transitional Statfcs in the Development of Cyclops

Signatus, var. Coronatns." Biological f^uHrtin. vol. x., No. 5, April, 1906.
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The rami of the swimming feet are three-jointed. The armature

of the terminal segments is as follows:

Foot No
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Variations in C. Signatiis, var. Anniilicornis.—In the fourth

swimming feet I have recorded five cases in which "a tiny seta"

is present in the distal position on the inner margin of the distal

segment of the inner ramus, and four cases in which this position

was occupied by "a tiny bunch of hairs." Sometimes only two

or three hairs are present.

In the outer ramus of the first foot, I have observed an interest-

ing case of variation, similar to the one noted in C. atcr, where a

seta has given place to spiny serrations on its outer margin. The
outer apical spine has become modified in this case, so that on its

outer side it is clearly a spine; while on its inner side it is as

clearly a seta. Such instances show the ease with which a spine

and a seta may become interchangeable, and throw doubt on the

value of these structures as organs of specific value.

The synonymy of the two forms that I have in this paper

designated as C. signatus coroiiatus and C. signatns annulicornis

is very complicated. Herrick (1895) regarding annulicornis as

synonymous with tcniiicornis, recognizes only the varieties coroiiatus

and teniiicornis. His diagnosis is as follows: He states that the

two varieties have similar armature on the swimming feet, but that

tenuicornis differs from coroiiatus in the absence of serrations on

the antennal lamellae and in the divarication of the ovisacs. Now,
as stated above and as shown by a comparison of Figs. 7 and 4
(Plates II. and I\^.), there is typically a difference in the arma-

ture of coronatiis and annulicornis {tenuicornis Herrick). The

antennal lamella of annulicornis sometimes bears serrations (Plate

IV., Fig. 5) and coronatus sometimes bears its &gg masses in a

divaricate position, as I have found in attempting to distinguish the

two forms by this character. Consequently Herrick's diagnosis is

untenable. Marsh also recognizes the distinctness of the two

forms, which he describes under the names C. fuscus and C. albidus,

JuRiNE : earlier names given to corresponding European species.

The form designated C. gyrinus by Forbes is undoubtedly annuli-

cornis.

While all of the forms of the signatus type that have thus far

been encountered in Long Island waters have been unequivocally

either coronatus or annulicornis, nevertheless there are wide ranges

of variability in the reduced seta on the inner ramus of the fourth

foot of annulicornis and in the hyaline plate of the antennai of
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both varieties—in short in the most important differential charac-

ters of the two varieties.

Cyclops Aiiiencaitns, Marsh (Plate V., Figs. 1-3).

Any one who studies the fresh water Cyclops will note that

underlying the many diverse forms under which they appear, there

are easily recognizable types to which many of them may be

referred. One of these types is represented in C. viridis. The
viridis type is characterized by a relatively long slender body that

tapers gracefully from the cephalo-thorax to the caudal stylets.

The antennae contain seventeen segments and reach nearly to the

posterior margin of the cephalo-thorax. The caudal stylets bear

but two long sets and the fifth foot is two-jointed: the basal seg-

ment may vary in breadth, but it carries a single seta on its outer

angle. The distal segment may likewise vary somewhat in length

and breadth, but it carries an apical seta and a spine on its inner

angle. Sometimes the spine is well developed but often it is

very diminutive. The striking features of the type are illustrated

in a general way by Fig. i and Fig. 3 of Plate V., C. Americanus

,

Marsh (C insectus, Forbes).

C. Americamis is a relatively large Cyclops found in different

localities—in sphagnum swamps, in stagnant water and in fresh

water lakes. It is one of the most widely distributed forms encoun-

tered in the Long Island waters.

The characteristic distinctions by which C. Americanus (Marsh),

can be identified among the various members of the viridis type

are to be found chiefly in the armature of the swimming feet which

agree in every detail with Marsh's description of them (Plate

v., Fig. 2; cf. feet of C. parens, Plate VI., Fig. 3).

Foot No

Ramus, Outer or Inner

Outer Spines

Apical Spines

Apical Seta"

Inner Setfe

II III

I

1 (sa)

1

1

3

I

l(sa)

1

1

3

I

1 (sa:

1

1

3

IV

l(sa)

2
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Cyclops Parens, Herrick (Plate VI.).

C. parens, Hkrrick (Plate VI., Figs, i and 2), is especially

abundant in the collections made in the early spring on Long

Island, and the adult is often accompanied by the later transitional

stages of the young.

The form closely resembles C. Ajiicrieaiiiis, Marsh. As in the

case of the latter species, the thoracic segments appear when slightly

pressed to be loosely articulated.

The antennae contain seventeen segments and reach about to the

posterior margin of the cephalo-thorax. The armature of the seg-

ments is very constant, the typical number of hairs being as follows

:

8, 4, 2, 6, 4, 2, 2, I, I, o, I, 2, o, I, 2, 3, 7.

The caudal stylets are relatively long and slender, and bear two

long setae, the median seta exceeding the outer one in length. The

remaining hairs are short and inconspicuous. They may become

slightly setose or remain unchanged.

The armature of the swimming feet of the adults is as follows:

Foot No

Ramus, Outer or Inner.

Outer Spines

Apical Spines

Apical SetK

Inner Setae

II III

1

1

3

11

1

1

3

IV

^seta. ^weak.

The rudimentary fifth foot of C. parens has a basal segment

wider than long and bears a single seta. The distal segment is

longer than wide and carries a single seta and a short spine of

variable size (Plate VI., Figs. 4, 7). The receptaculum seminis

of parens resembles that of C. brezHspiiiosus (Plate VI., Fig. 8, and

Plate VII., Fig. 4).

During development the number of segments in the rami of the

swimming feet increases in correlation with that of the antennae.

For when the antennae have nine or ten joints, the rami have two
segments, but when the antennae acquire eleven joints the rami
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have three. The three segments are derived from two by a trans-

verse division of the distal one. as Fig. 2. Plate XI.. plainly

shows. The same figure shows that the armature is coiuplete

—

all setse and spines being fully formed— before the segmentation

of the ramus begins. At the stage of Fig. 2 the armature is

as follows

:

Foot No

Ramus, Outer or Inner.

Outer Spines

Apical Spines

Apical Setce

Inner Seta;

^seta.

II III IV

2

Inspection of this armature will show that when the segmentation

of the ramus is complete it will have reached its adult condition.

The proportions may change somewhat as the distal segment com-
pletes its separation, but the armature remains the same.

Although repeated search has been made for the transitional

forms they have very rarely been seen.

A comparison of C. Aiiicricanns and C. parens shows such a

very striking agreement between the two forms in many respects

as to suggest the probability of a very close relationship. This

suggestion is further strengthened by the occasional finding of an

adult Cyclops unmistakably C. Aviericanns, ^'I.vrsii, in which most
of the swimming feet agree with C. Americanns in having three

outer spines on the terminal segments of the rami, while others

are in the condition characteristic of C. parens, Herrick ; i. e.,

having but txi'o outer spines on the terminal segments of the rami.

These forms are rather rare, as might be expected, but they serve

to suggest that the two adult forms that live side by side in the same
localities are differing forms of the same species. The suggested

relation of C. parens and C. Amerieainis is not based whollv on

the variations that occur in the armature of the rami, but partly

on analogy with a similar case in C. hrevispinosus, where

heterogeny has been definitely determined by experiments in the
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rearing of young from two forms that are found side by side, and

that dififer from one another precisely as C. parens differs from

C. Americamis, Marsh.

In companies of Cyclops of the viridis type, C. Americamis

may predominate and only a few forms of C. parens may be pres-

ent, or C. parens may predominate. Or, as is frequently the case,

one of the heterogenous forms may be wholly absent. That

heterogeny and polymorphism occur among the Cyclops is well

known and fully stated by authors, but in none of the works to

which I have had access have any of such forms been either

figured or described.

The first Cyclops of the viridis type described in America was

C. inseetus, in 1882, by Dr. Forbes; later in the same year Herrick

described C. parens which seems to have agreed very closely with

C. inseetus. C. Amerieanns, Marsh, described in 1892, also resem-

bles C. inseetus and may be regarded as a synonym for C. inseetus,

according to Forbes.

The close agreement between C. parens and C. Amerieanns in

their resemblance to the form Dr. Forbes described as C. inseetus

is, it seems to me, explained by the probability that they are hetero-

genous forms of the same species.

Cyelops Brevispinosus, Herrick (Plate VII.).

General Deseription.—Cyelops brevispinosus is an inhabitant

of stagnant pools. It is a well defined Cyclops closely resembling

C. Amerieanns, Marsh, and C. parens in its larger outlines. Com-
pare Plates v., VI. and VII. It dififers, however, in some details

from both of these forms and the differences are relatively con-

stant. The fifth foot is usually broader in proportion to its length

than in either parens or Americanus. The caudal stylets are not

quite so long, and the armature of the swimming feet is charac-

teristic and constant in its production of spines in definite places

instead of setae.

The armature of the terminal segments of the swimming feet is

as follows

:
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Armature of adult C. brevispinosus.

17

Foot No.

Ramus, Outer or Inner.

I II HI IV

O

Outer Spines 3

Apical Spines

Apical Setiy 2

Inner Seta; 2
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Armature Formula of C. brevispinosus " parcus-stage."

Foot No.

Ramus, Outer or Inner..

I

Outer Spines

Apical Spines

Apical Setie. .

Inner SetiK . .

II III IV

The fifth foot is shown in Fig. 9, Plate VII. The labrum and

receptaculum agree with corresponding organs of C. brevispinosus.

For a long time I sought to link this Cyclops with C. parens

because of the general resemblance, but more careful study showed

the distinctness of the two forms. Some light was thrown on its

true relationship, by finding, occasionally, a transitional stage,

in which the adult conditions were not fully reached. For example,

two cases of C. brevispinosus occurred in which the fourth swim-

ming feet were in the "parcus-condition," i. e., having tivo outer

spines on the distal segment of the outer ramus, while the remaining

feet were thoroughly typical of C. brevispinosus, i. e., having three

outer spines on the distal segment of the outer ramus. The arma-

ture was as follows

:

Foot No.

Ramus, Outer or Inner.

Outer Spines

Apical Spines

Apical Setie. .

Inner Setre . .

II III

1

12

3

IV

^seta. ^sejQsg spine.

The variation is seen in the fourth swimming foot where two

outer spines appear in the place of the usual three outer spines of

C. brevispinosus. In one case, both right and left rami were alike
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in having the reduced number of spines: in the other case the

variation occurred only on one side of the body.

As the fourth feet develop more slowly than the more anterior

ones, in accordance with the method of development of appen-
dages in the Crustacea generally, it seemed not improbable that

the forms with the three outer spines on the terminal segments

of the rami might represent older forms that had passed through

the condition with only two outer spines.

To evidence of relationship taken from variation in the armature

of the swimming feet was added that of the succession of the

two types in an aquarium kept under comparatively constant con-

ditions for nearly two years.

In February and March of 1904 all the individuals taken from

this aquarium were without exception Cyclops of the viridis type,

having three external spines.

Nine months later I again had occasion to search the aquarium
for these same forms, but failed to tind a single one. The only

forms present were Cyclops in the "parcus-stage" with tzvo outer

spines, although the characteristic. spine of C. brevispinosus on the

outer margin of the inner ramus of the fourth foot, was present.

C. brevispinosus was then reared to determine the relationship

of these two forms experimentally. In the summer of 1905, steri-

lized aquaria were set up at Cold Spring Harbor and stocked, each

with female C. brevispinosus. The conditions under which Cyclops

can be reared without introducing sources of error are necessarily

ones which influence and limit the food supply and consequently

affect growth. All of the water used in these experiments was
filtered and the food, consisting of decayed leaves and water

plants, was boiled.

These aquaria were examined on the 15th of the following

September and a few young forms were found in two different

stages. The younger form had the following correlated charac-

teristics: nine segments in the antennae and two segments in the

rami of the swimming feet. The spines of C. brevispinosus were

very distinct in the fourth foot, inner ramus, even at this early

stage. This distal joint, which in this younger stage is the second

instead of the third segment, is armed as follows:
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FOURTH FOOT

Outer Ramus

Outer Spines '. 3

Apical Spine 1

Apical Seta 1

Inner Seta: 4

Inner Ramus

Outer Spine (Immature) 1

Apical Spines 2

Inner Setii; 3

These terminal sections of the rami must break into two in

order to form the characteristic three-jointed rami of the adult.

The older form had the following correlated characteristics:

Ten segments in the antennae and three segments in the rami of

the swimming feet. The distal segment of the older form is

armed as follows

:

Outer Ramus

Outer Spines 3

Apical Spine 1

Apical Seta 1

Inner Setae 3

Inner Ramus

Outer Spine 1

Apical Spines 2

Inner Set;£ 2

This is the adult armature of the fourth swimming feet in C.

brevispinosus, and the experiment shows that the adult condition

is reached at an early stage in the life of the individual.

Just what happens in the transformation from the two-jointed

to the three-jointed stage in the formation of spines I have not

been able to follow.

This experiment threw no light on the relation of the individual

in the "parcus-stage" to C. brcz'ispijwsus, because the appendages

of the young were precisely like the parent forms as soon as they

reached the three-jointed condition. It showed, liowever, that the

characteristic spines of C. brevispinosus form at an early period,

and that if a spine is to be present, it is present as a spine from the

beginning.

Again the young were reared from fertile females and the forms

were obtained figured in Plate V. The anterior feet are more

fully developed than the posterior ones, especially the fourth foot

which is, as yet, wholly unsegmented.

Should these distal segments of the first and second rami sepa-

rate into two segments as was seen in C. parens, Fig. 2, Plate XL.
it would result in the formation of a "parcus-stage" having two

outer spines on the distal segments, in place of three. I have,

however no proof that such a separation occurs without the forma-

tion of additional spines.
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It has been repeatedl}- noticed that the proximal spine on the

terminal joint of the outer ramus of C. brevispinosus is usually

smaller than the more distal ones (Fig. 8, Plate VII.). This

smaller size probably means a more recent formation, but I have

been unable to find any direct proof of this. I have not seen the

origin of this spine.

Failing to obtain proof of the descent of the "parcus-stage" from

C. brevispinosus, fertile females of the "parcus-stage" were isolated

and from these individuals were reared C. brevispinosus with the

three outer spines. All of these young that were observed were

males. Whether or not they produce only males 1 am not prepared

to say.

This experiment entirely establishes the true relation between the

two forms, however, and illustrates a striking case of heterogeny.

Just wdiat relation these two heterogenous forms bear to one

another in the line of descent has not been fully determined. But

of their close relationship no doubt remains. They are both abun-

dant, similar in appearance and both attain to the later stages of

sexual maturity side l)y side, but maintain a marked difference in

armature that might almost seem to indicate a distinct difference

in the species of the two forms.

Variations i'l Cyclops Ih-C7'ispinosus.—A marked variation in

C. brez ispinosus is seen in certain individuals that show a modifi-

cation in the armature of the outer ramus of the fourth swimming

feet. The usual armature of the inner margin of the outer ramus

is three seta; (Fig. 2, Plate A II.). In the modified form one or two

of these seta? become distinct spines, so that the entire armature is

as follows

:

Foot No.

Ramus, Outer or Inner. O

Outer Spines

Apical Spines H

Apical Setie ' "2

Inner Seta;
,

3

11

1

1

3

II III IV

I
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A comparison of this armature with the typical armature of

C. hrevispinosus shows that the modified form has a marked ten-

dency toward the formation of spines.

A table of armatures setting forth the variations in a series of

eighteen individuals shows seven individuals with one spine and
one seta on the apical border of the inner ramus of the third foot,

and eleven with tzvo large spines. Of these eleven, three had apical

spines on all the rami of the third and fourth feet. This shows a

tendency toward a correlated variation in armature, although I

have detected no correlated variation in other structures. Should

this tendency toward the production of spines become fixed, it

would lead eventually to the formation of a new variety.

Cyclops Ingens? (Plate MIL).

A somewhat rare Cyclops of large size and characteristic appear-

ance is occasionally found in connection with C. hrevispinosus. This

form is of the inridis type. In color it is pale }ellow (moon-

color), with greyish swimmerettes and greyish markings on the

borders of the segments. I am inclined to think this may be C.

ingens of Herrick, a 'form he describes as "the largest yet encoun-

tered in America; it is simply an exaggeration of the last," /. e.,

Cyclops Americanus, Marsh, "there being no obvious distinctions

except in size."

I have found only the females of this form. They agree with

C. hrevispinosus rather than with C. Americanus, Marsh, for they

have the spine that is so characteristic of this species in place of

the seta of the species described by Professor Marsh. Moreover,

they present the two heterogenous forms that are common to C.

hrevispinosus. The resemblance between this larger Cyclops and

hrevispinosus is further increased by finding the same pale yellow

color in some of the individuals of the latter species. It may, there-

fore, be doubted whether these larger individuals represent even a

distinct variety, so similar are they to hrevispinosus in both of its

phases.

All of these larger Cyclops were taken from larger bodies of

water, and their larger size may be the result of their environment,

such as a more abundant supply of oxygen and of food.
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Cyclops Virido-Signatiis (Plate IX.). New Species.

This Cyclops, figured on Plate IX., seems to be an unnamed form
peculiar to its locality. It was taken from a sphagnum swamp at

Jamaica, Long Island, and was so abundant in that locality that

adult males and females were taken in a single collection, together

with the later stages of the young. Although frequent collections

had been made from this locality in previous years tlie form had

not been previously encountered there. Accompanying it were

several Cyclops of the znridis type, especially C. Americaniis, Marsh,
which it resembles in color and in general appearance. The out-

line of the body of this form is shown in Fig. i, Plate IX., in an

adult female in which the antennae contain only twelve segments.

There was no sign of further segmentation in the segments of these

antennae, although the hairs on the longer segments occupied such

positions that, should the segments break up into smaller ones at the

level of the hairs, seventeen segments could arise with an armature

corresponding very closely to the usual armature of a typical seven-

teen -jointed antenna.

The labrum carries only eight large teeth on a narrow plate.

The abdomen contains five segments in the male and four in the

female. The caudal stylets are profusely covered with hairs over

the entire surface. The stylets carry but two long set?e as in the

z'iridis type, but even the short hairs are strongly setose. The

armature of the swimming feet agrees with that of C. parens, as

follows

:

Foot No

Ramus, Outer or Inner

Outer Spines

Apical Spines

Apical Set;e

Inner Setre

II III IV
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one on either side of the seta. The foot strongly suggests the

fifth foot of C. signatus, but the spines are much shorter. Among
the individuals of this group there was a great uniformity in the

armature of the fifth foot. Because of the combined characteristics

of the two types, ririclis and signatus, seen in this Cyclops, I have

designated it C. virido-signotns.

The receptaculum seminis seems to consist of three broadly oval

masses tapering slightly posteriorly.

In the male the characteristics of the female are repeated in the

armature of the swimming feet, in the fifth feet and in the stylets.

The first abdominal segment is almost circular in outline when

seen from above, so wide is it. In the young of the form, the pos-

terior margins of the abdominal segments are all very coarsely

serrated as is also the posterior margin of the fifth thoracic seg-

ment.

In the young forms there is the usual correlation between the

ten-jointed antennas and the two-jointed condition of the rami as

has been noted for other Cyclops.

Cyclops Piilchclhis (Herrick). (Plate X.)

The form here identified as C. piilchclhis (Herrick) is a com-

paratively small Cyclops of marked transparency even when loaded

with ova, which it produces in great abundance. The color is a

delicate blue. This species was taken from a sphagnum sw^amp

together with C. virido-signatus, figured on Plate IX.

The cephalo-thorax is noticeably pointed in front and is broadest

near its middle region. The abdomen is long and slender with

comparatively elongated caudal stylets that carry two long plumose

setae. The antenme reach about to the third thoracic segment and

contain seventeen segments. The basal segment is very long and

narrow and the last three segments grow progressively longer, as

Herrick pointed out.

The receptaculum seminis appeared very sharply outlined in the

adult females (Fig. 3, Plate X.). It consists of a wide low arch

directed anteriorly and of a narrower and deeper arch directed

posteriorly. In the middle region the sac is constricted. The labrum

is edged with thirteen very small teeth. The swimming feet are

armed as follows:
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Foot No

Ramus, Outer or Inner

Outer Spines

Apical Spines

Apical Setio

Inner Seta;

]
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chcllus. In C. biciispichitiis the caudal stylets are relatively shorter

and more delicate than in the other members of the viridis type.

Forbes records having found intermediate forms of Cyclops

that bridge the gap between C. bicitspidatiis and C. pnlclielltis, variety

Naviis (Herrick). He also states that there is no need of con-

sidering C. thomasi even as a variety. Forbes finds C. hicnspidatns

very widely distributed in America and subject to a very wide range

of variation : It is a common pelagic form but is found also in

ponds.

Life in ponds, according to this author, tends toward the develop-

ment of more robust forms; while the more slender forms are

found in the deeper waters of lakes. In the Long Island collec-

tions, I have encountered this form in a very limited locality in a

ver\' shallow pool abundantly filled with water plants. Collections

have usually been made in this locality in the spring, when it is

characteristic of the form to become sexually mature while the

antennae contain but thirteen segments (Fig. 5, Plate X.), although

ultimately the antennas acquire seventeen segments (Fig. 4,

Plate X.).

Cyclops Modestns (Plate XL, Figs. 4 and 5).

This is a comparatively small species with very characteristic

color markings. The whole body is suffused with a pinkish tint

while the swimming feet are strongly colored a deep purplish red.

This color belongs rather to the chitin than to the protoplasm and

persists for many months in specimens preserved in glycerine.

C. modestus was found at Cold Spring Harbor in shallow spring

fed ponds. It was especially abundant in collections made from the

bottom in the summer of 1905, though collections made from this

same locality in previous years contained no Cyclops of this species.

In general morphology the Cold Spring Harbor form agrees

with Professor Marsh's description of C. modestus, found in the

region of the Great Lakes, but it differs in some details from Pro-

fessor Herrick's account of C. modestus. The fifth foot is very

distinctly three-jointed not "obscurely" as Herrick observed.

The antennae are characterized l)y greatly elongated hairs on the

first, second, fifth, tenth and thirteenth segments, although several

of the other segments also produce long hairs.

The armature of the swimming feet is as follows

:
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Foot No.

Ramus Outer or Inner.

Outer .Spines

.\pical Spines ,

Apical Seta . .

Inner Set;\:- . . ,

II
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Herrick records an outer spine instead of a seta on the inner-

ramus in the third and fourth feet. As all the forms I have exam-

ined agree in the armature, this variation is probably more or

less constant in the forms from the two localities, i. e., west and

east.

It is very characteristic of C. scrriilatus that the first pair of

swimming feet is disproportionately small in comparison with the

corresponding feet of other species. This fact often afifords a ready

means of immediate recognition.

I attempted to rear the young of C. semilatus to determine the

significance of the different colors of the ova in the two types, but

I have as yet no light to throw on the relationship of these forms.

Cyclops Fluviatilis, Herrick (Plate XV., Figs, i and 2).

This species, as found by me on Long Island, is so small as to

be easily overlooked. Under the microscope it is, however, recog-

nized with facility by its color markings. The cuticula is yellow

and strongly splotched with dull bluish-green patches rather irregu-

larl}^ scattered over the body. Herrick* (1895, p. 114) speaks of

"a smaller age form which is barely visible to the eye," and of a

"larger and more highly colored condition." Only the smaller

form has been seen in the Long Island waters. It is, however,

sexually mature as is indicated by the enlarged first segment of the

abdomen, by ova within the body and by appended embryos wdiich,

though few in number are of relatively large size.

C. fliiviatilis was abundant in the collections made in the summer
of 1905, at Cold Spring Harbor, though I had not encountered it

there previously.

The Cold Spring Harbor form agrees very closely with Herrick's

description. The antenn?e reach about to the abdomen and contain

greatly elongated segments, from the seventh to the ninth, as

Herrick pointed out.

The swimming feet are likewise armed with very long set?e. The

armature of the terminal segment of the swimming feet is as

follows

:

* "Copepoda, Cladocera and Ostracoda of Minnesota." Geological and

Natural History Survey of Minnesota. 1895.
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Foot No.

Ramus, Outer or Inner..

Outer Spines . .

Apical Spines . .

Apical Seta . . .

Inner Seta; ....

II

11

2

3

11

1

1

3

III IV

11

1

1

3

^seta.

In the armature of the second and third swimming feet Herrick

records two apical setse in place of one apical spine and one apical

seta. In this form, however, the long spines are so weak that they

sometimes suggest setae, only they are broader. The distinctions

between spines and setae are often not very clearly marked in Hnvi-

atilis, but this lack of strong differentiation is not attributable to

age, since it is found in sexually mature forms.

"The labrum has about twelve small teeth," according to Herrick.

The Long Island form has twelve small teeth between two tooth-

like projections at the outer angles of the labrum, making a total

number of fourteen.

Cyclops Bicolor (Plate XIII.)

.

This species was taken but once at Cold Spring Harbor and has

not been seen in any of the other collections made on Long Island.

It was found in a fresh water pond choked with a dense growth of

Utricularia.

C. bicolor is a comparatively small Cyclops of rather striking

appearance. The thorax and abdomen are of a pale yellow color

(moon-color"), while the rami of the swimming feet are flushed with

a delicate purplish blue.

The antennae reach barely to the posterior edge of the cephalo-

thorax and are provided with several enormously long hairs. They

contain each twelve segments.

The complete armature of the terminal segments of the swim-

mingf feet is as follows:
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Foot No.

Ramus, Outer or Inner..

Outer Spines

Apical Spines

Apical Seta . .

Inner Setre . .

II

11

1

1

III IV

11

1

1

4

11

22

3

•l-seta. ^unequal.

Herrick does not give the armature of the first, second, and third

feet of the inner ramus, and on the outer margin of the inner ramus

of the fourth foot, he records a spine. The fifth foot bears one

long hair without barbs or serrations on its apex. It consists of a

single cylindrical segment, of which the length is approximately four

times the width. The abdomen is rather slender and bears the

usual caudal stylets, armed with two long terminal setse. The

median seta is longer than the outer one. At the base of the setae

are three short stout hairs without barbs or serrations ; a delicate one

on the median side of the long setse, and a stouter one on the outer

angle of the stylet. The third hair is posterior and small. From

the side of the stylet, near its middle region, projects a stout hair,

almost at right angles.

The particular Cyclops studied was a female without ova and

containing numerous orange colored spheres, characteristic of young

individuals; but that the form was sexually mature is shown by

the enlargement of the first abdominal segment as well as by the

enlarged receptaculum seminis.

Its antennre were twelve-jointed ; rami of the swimming feet, two-

jointed; fifth foot, one-jointed.

The species C. bicolor is usually placed (e. g., by Marsh) among

Cyclops having ten or eleven segments. The occurrence, there-

fore, of a twelve-jointed antenna shows that considerable varia-

tion may occur in this organ. Except in this respect the form from

Cold Spring Harbor agrees with Professor Marsh's description.

Herrick* (1895, p. 119) finds the fifth foot consisting of "a

fleshy basal segment more or less coalesced with the last thoracic

* "Copepoda, Cladoccra and Ostracoda of Minnesota." Geological and

Natural History Survey of Minnesota. 1895.



BYRNES: CYCLOPS OF FRESH WAIKR. 31

segment and bearing a curved spine externally and a terete termi-

nal segment . . . which has an apical seta, four times its own
length." The Cold Spring Harbor Cyclops of this type gives no

evidence whatever of having more than a single segment in its

fifth foot. Following the nomenclature of Professor Marsh, how-

ever, this form is nevertheless to be regarded as C. bicolor in which

the fusion alluded to by Herrick is complete, if indeed we are justi-

fied in assuming that the fifth foot ever contained more than one

segment. Having but a single specimen, it is not possible to dis-

cuss this point profitably, but in the instance cited, the relation

of parts is unequivocal.

Cyclops Phalcratus (Plate XIV.).

C. phalcrafiis has been found rather widely distributed in the

collections made on Long Island, though it has not been found

abundant in any one locality. In my experience it frequents shal-

low fresh water j^^nds. It can be easily recognized by its plung-

ing movements in the water and by the ease with which it crawls

over dry surfaces.

In general apearance C. phalcratus is opaque. It is relatively

thick in body, the abdomen tapering but slightly behind the cephalo-

thorax. C. phalcratus is often highly colored ; orange tones pre-

vailing over the body excepting the second thoracic segment which

is usually quite colorless, although some authors call it blue. The

ova within the body are a dull blue.

The antenn?e contain as a rule eleven segments ; in a single

instance one individual had ten segments in one of its antennre,

but onl\- on one side of the body. h^ig. 3. Plate XI\'.. shows the

left antenna with ten segments; the right antenna of the same

individual is shown in Fig. 4, with eleven segments. The eleventh

segment is evidently formed by the division of the elongated sixth

segment at the level of the long hair it carries. This division

results in the formation of a small sixth segment and a longer

seventh segment in the eleven-jointed antenna. Herrick noted

that the antennae were usuall\- ten-jointed, but were frequently

eleven-jointed. It seems probable that the greater number of seg-

ments is to, be regarded as the ultimate condition of the species

rather than as a case of variation. The rami of the swimming

feet are three-jointed with a terminal armature as follows

:
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Foot No.

Ramus, Outer or Inner.

Outer Spines

Apical Spines

Apical Seta . .

Inner Setn; . .

II III IV

11

2

^seta. ^1 large and 1 small.

On all of the segments the outer margins of the rami are very

strongly spinous or hairy.

The fifth foot is peculiar; the three characteristic "spines" grow-

ing right out of the posterior edge of the fifth thoracic segment. I

have been unable to detect any trace of a joint in the fifth foot of

C. phaleratus. The foot is outlined in camera drawings in Figs.

6 and 9, Plate XIV. A distinct transverse marking occurs below

the middle seta in Fig. 9, and this may indicate where a joint has

been; but the seta to the left grows directly out of the edge of

the fifth thoracic segment as does also the seta to the right.

There is some variation in the spinous processes that occur on the

fifth feet, as can be seen by a comparison of Figs. 6 and 9, Plate

XIV. This difiference might easily be due to a difference in the

ages of the two forms represented.

Forbes describes the fifth foot in C. phaleratus as consisting of

a flange-like projection more lateral than ventral, bearing the

characteristic armature. The Long Island form differs but little

in the shape of the fifth foot from Forbes' description, but shows a

distinct variation in the armature of this organ.

Another variation is in the armature of the caudal stylets. The

apical structures in the Cold Spring Harbor form are strongly

serrated externally. On the inner surface they produce very small

hairs (Fig. 5, Plate XIV.).

The posterior edge of the fifth thoracic segment is strongly

serrated ventrally as is likewise the posterior ventral edge of the

last abdominal segment. The spines are extremely coarse and pro-

ject over the caudal stylets. There is, in general, in C. phaleratus,

a strong tendency toward the production of spines.
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The receptaculum seminis is very characteristic, appearing as

two broadly oval masses (Fig. 2, Plate XIV.).

Cyclops Fiiiibnatns, Fischer (Plate XV.).

Cyclops fimbriatns has been taken in great numbers in some of
the collections made in the Long Island waters, especially in col-

lections made in the early spring. At other seasons it has been
found only sporadically.

The form figured in Plate XV. was found in Jamaica. Long
Island. It agrees so closely with Herrick's description of fimhria-

tiis in his report on the Entomostraca of Minnesota, that little

further account need be given of it. The variations noted are

slight and unimportant.

The characteristics of C. Umbriafus are as follows:

The antennas contain but eight segments: they are short and are

characterized by two well developed setse.

The spines and setre of the swimming feet are without any
well defined character, although the sexual maturity of the form
implies that it is fully developed. The armature of the terminal

segments of the swimming feet is as follows:

Foot No.

Ramus, Outer or Inner. O

Outer Spines 3

Apical Spines

Apical Seta 2

Inner Set:e

II III

11

1

1

3

IV

2

^seta. %eta. ^large. ^unequal.

The inner margins of the swimming feet are strongly serrated

and hairy. The fifth foot is one-jointed and bears a coarse inner

spine and two setae. Herrick states that the fifth foot bears three

spines.

The most striking variation iii C. Hmhriatus is a tendency toward

a reduction in the armature of the inner ramus of the first swim-
ming feet, where in the apical position, for example, a single large

spine replaced two setcX or a spine and a seta which is the tvpical

armature of the organ.
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Summary.

Distribution.—A survey of the Cyclops from the Long Island

waters shows that they agree in general with the forms from the

western lakes and indicates a rather wide distribution of these

species.

Cyclops appear in swarms in certain localities when conditions are

favorable and after a period of activity die out, leaving but few

representatives. Because of this, forms which are most abundant

at one season may become very scarce at another. It is probable,

therefore, that the species or varieties reported as sporadic in a

locality, such as C. hicolor, may have a season of activity when

they are far more numerous than might be inferred from the find-

ing of a single individual.

Variations in Cyclops.—The differences that occur between the

western species of Cyclops and those encountered in the waters of

Long Island, such as the differences in the number of spines and

set?g in the armatures of the swimming feet ; differences in the

proportions of the body, etc., are evidently of a varietal nature.

Although the armatures of stable types are relatively constant,

spines and setae are interchangeable as is seen in the occasional

substitution of a spine for a seta and in the occurrence of half

spines in which one side of a spine becomes very strongly plumose,

while on the opposite side are equally developed serrations.

These half spines may evidently occur anywhere, but it is sig-

nificant that they usually occupy either apical positions or lateral

positions which approach the apex, where spines and setae occur

side by side. This form of variation has been found in widely

different types such as C. atcr, C. signatns and C. viridis.

An interesting case of variation occurs in the armature of C.

signatns annnlicornis, where in the fourth pair of swimming feet

the distal seta on the inner margin of the inner ramus has suffered

a reduction so that it may be present as a long seta more slender

than the other setse, or it may appear as a very short slender struc-

ture without barbs, or, as is often the case, it may be wholly want-

ing, its site then being marked by a cluster of very diminutive

hairs, as shown in Plate IV., Fig. 4.

An apparent variation in the spines of Cyclops is often due to a

retardation of growth in the posterior appendages. Retarded
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growth in the third and fourth feet of C. signatiis coronatus is

shown in a young Cyclops with ten antennal segments and two-

jointed rami. In this Cyclops the swimming feet have such an

armature that should the first and second feet become three-jointed,

they would be fully armed as in adults. If, however, the third

and fourth feet should become three-jointed, they could not acquire

the adult armature without the formation of new hairs which when

they first appear are quite short. In such instances the apparent

variation in the size of the setae is not real variation in the usual

sense of the word, but belongs to an entirely different category of

phenomena;—to sequence in the development of organisms that

undergo slow metamorphic changes and in which the more posterior

structures develop later than corresponding anterior ones. Such

instances have been observed in C. signatus, C. Amcricamis Marsh,

and in C. brcvispinosus. This marked reduction in the size of the

lower spine on the terminal segments of the swimming feet has

also been observed in C. serrulatus. It is therefore of general

occurrence but is indicative of recent formation rather than of any

marked tendency to vary in that particular respect.

In the development of spines and setse on the swimming feet

of Cyclops the more distal structures form first. This explains the

absence of the lower seta on the basal segment of Fig. 4, Plate

III., where there is no inner seta in a young form having eleven

antennal segments. In adults, this basal segment invariably carries

a seta. The later development of this seta is also expressed in the

adult by its relatively small size when compared with the more

distal setae of the same ramus.

Herrick recognized two sub-species of the species Cyclops vir-

idis, JuRiNE (1820). The American subspecies he designated C.

American Its, Marsh, and as varieties under the subspecies, he

grouped C. viridis, Cragin (1883); C. parens, Herrick (1883);

C. hrevicornis, Herrick (1884); C. Americaniis, Marsh (1893),

and C. viridis, Turner (1892). The occurrence of so many forms

belonging to the same type and concerning whose identity there

exists such a wide difference of opinion, is in itself evidence of a

wide range of variation. Forbes records having found forms which

completely bridge the difference between two extremes of a series

which have been named as separate species, i. e., C. bicuspidatis

and C. naviis of Herrick.
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Among the Long Island forms a wide range of variation occurs

among the members of the viridis type. In C. brevispinosns, for

example, the type ranges from the smaller forms of the heteroge-

nous form to the largest representative of the group, C. ingensf

The size of Cyclops seems to be greatly influenced by the habi-

tat. Brevispinosns reared in a small aquarium in a dark closet for

more than two months were much smaller than were adult forms

taken directly from pools where the food and air supply were

unrestricted. This variation in size has been observed in almost

every abundant species even in a state of nature.

The study of variation among the Cyclops is greatly complicated

not only by the occurrence of sexual precosity (psedogenesis) and

by the occurrence of heterogenous forms in certain groups, but

also by retardation of metamorphic changes which have super-

ficially the appearance of variations, but which disappear in later

stages of development when all the metamorphic processes have

been completed.

It is significant, however, that the greatest ranges of variability

have been found among those forms that inhabit stagnant water

where conditions are most variable and where only plastic forms

could live permanently by adjusting themselves to their varying

conditions of life.

Girls' High School, Brooklyn, N. Y.,

June, 1906.
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THE FRESH WATER CYCLOPS OF LONG ISLAND.

E. F. BYRNES.

LIST OF PLATES.

PLATE I. CYCLOPS ATER.

Camera Drawings. Leitz.

Fig. I. An adult female, showing the general proportions of the body, the

antennae and the caudal stylets.

Fig. 2. Tlie receptaculum seminis of Fig. i.

Fig. 3. The rudimentary fifth foot of Fig. i.

Figs. 4, 5, and 6. Three spines from the swimming feet, showing variation

in the form of the spines. Fig. 6 represents the transition of a spine into a

seta.

PLATE IL CYCLOPS SIGNATUS (Coronatus).

Camera Drawings. Leitz.

Fig. I. An outline showing the general proportions of the body in an adult

female as seen from the side.

Fig. 2. The outline of an adult male.

Fig. 3. The antennule of Fig. i, showing the short second segment, which

is characteristic of the variety, coronatus.

Fig. 4. The two distal segments of the antenna of Fig. i, showing the

formation of serrations in the hyaline knife edge on the last segment. These

serrations are considered characteristic of the variety.

Fig. S. The rudimentary fifth foot of Fig. i, with its square basal seg-

ment, characteristic of the variety.

Fig. 6. The caudal stylet showing the characteristic hairs on the inner

margin.

Fig. 7. The outer and inner rami of the fourth pair of swimming feet.

PLATE in. CYCLOPS SIGNATUS (Coronatus). Young Forms.

Camera Drawings. Leitz.

Fig. I. A young form showing the general proportions of the body, the

antennas and the caudal stylets. The antennae contain but eleven segments.

The almost uniform size of the abdominal segments indicates immaturity. The

characteristics of the variety, coronatus, are indicated in the short second

joint of the antennule and in the presence of a fringe of hairs on the inner

margins of the caudal stylets.
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Fig. 2. The right outer ramus of the fourth swimming foot of Fig. I, show-
ing three segments. The three-jointed ramus is almost invariably correlated

with the eleven-jointed stage of the antennae.

Fig. 3. A young form, showing the general proportions of the body when
there are ten segments in the antennre. The varietal characteristics, i. e., the

short second segment of the antennule and the fringe of hairs on the inner

margin of the caudal stylets are already present.

Fig. 4. The right outer ramus of the fourth swimming foot of Fig. 3,

showing but two segments. The two-jointed ramus is almost invariably

correlated witli the ten- and nine-jointed stage of the antennas.

Fig. 5. The rudimentary fifth foot of Fig. i, showing the characteristic,

short, basal segment of the variety signatus coronatus.

PLATE IV. CYCLOPS SIGNATUS (Annulicornis).

Camera Drawings. Leitz.

Fig. I. An outline of an adult female with seventeen segments in the

antennae, showing the general proportions of the body. The stylets are

without the inner fringe of hairs. The form is slightly distorted by pressure

but shows the general relation of parts.

Fig. 2. The antennule of Fig. i, showing the elongated second segment,

characteristic of the variety annulicornis.

Fig. 3. The last two segments of the antennas of Fig. i., showing the

hyaline knife edge. The distal half of the edge of the last segment is very

finely serrated.

Fig. 4. The rami of the fourth pair of swimming feet of Fig. i. showing

the characteristic tuft of hairs in place of a seta on the inner surface of

the distal segment of the inner ramus

Fig. 5. The rudimentary fifth foot of Fig. i, showing the elongated basal

Segment characteristic of the variety.

Fig. 6. An outline of a young female of the same variety, having but

eleven segments in the antennas. Rami three-jointed. The fringe of hairs

on the inner surface of the stylets is wanting, as in the older forms of the

variety.

PLATE V. CYCLOPS AMERICANUS. Marsh.

Camera Drawings. Leitz.

Fig. I. An adult female drawn from the dorsal view, showing the general

proportions of the body. The loose articulation of the thoracic segments

appeared to be entirely normal and was not due to pressure.

Fig. 2. The outer and inner rami of the fourth pair of swimming feet

of Fig. I. They show the" three characteristic spines on the outer margin

of the distal segment of the outer ramus and the characteristic seta on the

outer margin of the distal segment of the inner ramus.

Fig. 3. The rudimentary fifth foot of Fig. i.
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CYCLOPS BREVISPINOSUS. Herrick. Young Form.

Camera Drawings. Leitz.

Fig. 4. An outline of a young cyclops illustrating the general proportions

of the body. Antennae nine-jointed.

Figs. S, 6, and 7. Outlines of the outer rami of the first, second and third

swimming feet, when they contain but two segments.

Fig. 8. Outline of the outer and inner rami of the fourth swimming feet.

The fourth feet develop more slowly than the more anterior appendages, but

the characteristic outer spine on the distal segment of the inner ramus is

already present. Both rami are unsegmented.

PLATE VL CYCLOPS PAROUS. Hkrrick.

Camera Drawings. Leitz.

Fig. I. The outline of an adult female, showing the general proportions

of the body. The antennse contain seventeen segments. Maturity is indicated

by the greatly enlarged first abdominal segment, as well as by the presence

of the appended ova.

Fig. 2. The outline of an adult male.

Fig. 3. The fourth pair of swimming feet of a male. Both the inner

and outer rami are three-jointed.

Fig. 4. The rudimentary fifth foot of the female shown in Fig. i.

Fig. 5. The side view of an adult female.

Fig. 6. The dorsal view of the abdomen and caudal stylets of Fig. 5.

Fig. 7. The rudimentary fifth foot of Fig. 5, showing a broad flat spine in

place of the usual short blunt one.

Fig. 8. The receptaculum seminis of Fig. 5, seen in outline from the

ventral view.

PLATE VIL CYCLOPS BREVISPINOSUS. Herrick.

Camera Drawings. Leitz.

Fig. I. An adult female drawn from the dorsal side and illustrating the

general proportions of the body.

Fig. 2. The outer and inner rami of the fourth pair of swimming feet

of Fig. I, showing the characteristic outer spines on the distal segment of

the outer ramus and the single outer spine on the distal segment of the inner

ramus.

Fig. 3. The rudimentary fifth foot of Fig. I.

Fig. 4. The receptaculum seminis of Fig. i.

Fig. 5. A young female brevispinosus, having but eleven segments in the

antennae, and abdominal segments of uniform size.

Fig. 6. The rudimentary fifth foot of Fig. 5.

Fig. 7. The second and third segments of the outer ramus of the fourth

swimming foot of C. brevispinosus in the "parcus-stage," showing but two

outer spines in place of three.
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Fig. 8. The second and third segments of the outer ramus of the fourth

swimming foot of Fig. 5, showing the small proximal spine.

Fig. 9. The rudimentary fifth foot of the "parcus-stage" of C. brevi-

sinitios us.

PLATE VIII. CYCLOPS INGENS (?)

Camera Drawings. Leitz.

Fig. I. A typical though greatly enlarged Cyclops of the viridis type, hav-

ing the complete armature of Cyclops brcvispinosus.

Fig. 2. Three segments of the outer ramus of the fourth swimming foot

of Fig. I, with the three characteristic spines on the outer margin of the

distal segment.

Fig. 3. A form resembling Fig. i in size, proportions and color, but differ-

ing from it in the armature of the swimming-feet. Fig. 3 contains a parasite.

Fig. 4. Three segments of the outer ramus of the fourth swimming foot

cf Fig. 3, with two spines on the outer margin of the distal segment. I have

designated this form the "parcus-stage" of brcvispinosus.

PLATE IX. CYCLOPS VIRIDO-SIGNATUS. New Species.

Camera Drawings. Leitz.

Fig. I. An adult female, showing the general proportions of the body.

The antennae contain twelve segments and reach barely to the posterior

margin of the cephalo—thorax. There is no evidence of further segmentation

in the antennae. Maturity is indicated by the great elongation and lateral

enlargement of the first abdominal segment. The caudal stylets are pro-

fusely hairy. The stylets are armed as in the typical parens forms.

Fig. 2. An adult male, showing geniculate antennas.

Fig. 3. A young form having ten antennal segments and two-jointed rami

in the swimming feet.

Fig. 4. A lateral view of Fig. 3.

Fig. 5. The rudimentary fifth foot of Fig. I.

Fig. 6. The rudimentary fifth foot of Fig. 3.

Fig. 7. The labrum of Fig. i, showing eight coarse teeth.

Fig. 8. The receptaculum seminis of Fig. i.

PLATE X. CYCLOPS PULCHELLUS. Herrick.

Camera Drawings. Leitz.

Fig. I. A mature female, showing the general proportions of the body.

Fig. 2. The fifth foot of Fig. i.

Fig. 3. The receptaculum seminis of Fig. i.

CYCLOPS BICUSPIDATUS. Forbes.

Fig. 4. An adult female C. bicuspidatis having seventeen segments in the

antennae.
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Fig. 5. A mature Cyclops from Cypress Hills, L. I., showing the general

proportions of the body. The antenn?e contain thirteen segments. The rami

are three-jointed with the armature of C. parens. Although the antennae are

immature, the form is sexually developed, as is indicated by the enlarged

first abdominal segment and the condition of the receptaculum seminis.

Fig. 6. The rudimentary fifth foot of Fig. 5.

Fig. 7. The receptaculum seminis of Fig. 5.

PLATE XI. CYCLOPS PARCUS. Herrick. Young Form

Camera Drawings. Leitz.

Fig. I. The outline of a young Cyclops, showing the general proportions

of the body. Immaturity is indicated by the small number of segments in

the antenna; ; by the presence of two segments instead of three in the rami

of the swimming feet ; and by the uniform size of the abdominal segments.

Fig. 2. The right outer and inner rami of the fourth pair of swimming

feet of Fig. i, showing two segments. The distal segment is beginning to

break into two, the second and third of the adult condition. The position of

the setse and spines with relation to the adult condition is determined before

the segments are actually formed. The seta on the outer margin of the inner

ramus of the fourth foot and the two spines on the outer margin of the outer

ramus, indicate that the form is C. parens (Herrick).

Fig. 3. The rudimentary fifth foot of Fig. i.

CYCLOPS MODESTUS.

Fig. 4. An outline of an adult female, showing the general proportions

of the body, the antenna; and the caudal stylets.

Fig. 5. The ventral view of the fifth thoracic segment with the rudimentary

fifth feet. The fifth feet are clearly three-jointed and the first abdominal

segment is greatly elongated.

PLATE XII. CYCLOPS SERRULATUS.

Camera Drawings. Leitz.

Fig. I. An adult female, showing the general proportions of the body.

Fig. 2. A side view of an adult female, showing the general proportions of

the body.

Fig. 3. The first pair of swimming feet of Fig. i. They are dispropor-

tionately small.

Fig. 4. The fourth pair of swimming feet of Fig. I, drawn for comparison

with Fig. 3.

Fig. 5. The rudimentary fifth foot of Fig. r.
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PLATE XIII. CYCLOPS BICOLOR.

Camera Drawings. Leitz.

Fig. I. An adult female, showing the general proportions of the body.

The figure shows the body slightly twisted, so that the thorax is seen from the

side, while the abdomen is seen from a dorsal view.

Fig. 2. The left antenna of Fig. i, showing twelve segments. C. bicolor

has usually but eleven segments in the antennas.

Fig. 3. The caudal stylets of Fig. i.

Fig. 4. The fourth pair of swimming feet of Fig. i, showing two-jointed

rami.

Fig. 5. The ventral view of the fifth thoracic segment with the rudi-

mentary fifth feet and the first abdominal segment.

PLATE XIV. CYCLOP.S PHALERATUS.

Camera Drawings. Leitz.

Fig. I. An adult female, showing the general proportions of the body. The
antennae show ten and eleven segments.

Fig. 2. The ventral view of the abdomen of Fig. i, showing the recep-

taculum seminis and the serrated margins of the fifth thoracic and the fourth

abdominal segments.

Fig. 3. The left antenna of Fig. i, showing eleven segments present.

The right antenna of Fig. i, showing but fen segments present.

The caudal stylet of Fig. i. Ventral view.

The left rudimentary fifth foot of Fig. i.

An adult female.

The caudal stylet of Fig. 7, showing oblique rows of spines. Dorsal

The left rudimentary fifth foot of Fig. 7.

PLATE XV. CYCLOPS FLUVIATILIS.

Camera Drawings. Leitz.

Fig. I. An adult female, showing the general proportions ot the body.

The antennae contain twelve segments. The first, fourth and ninth segments

of the antennae bear exceptionally long hairs and setas.

Fig. 2. The rudimentary fifth foot of Fig. i.

CYCLOPS FHIBRIATUS.

Camera Drawings. Leitz.

Fig. 3. An adult female, showing the proportions of the body. The

antenna? contain eight segments.

Fig. 4. The left antenna of Fig. 3-

Fig. 5. The caudal stylets of Fig. 3, seen from the ventral view.

Fig. 6. The left antennule of Fig. 3.

Fig. 7. The rudimentary fifth foot of Fig. 3.

Fig.
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