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The copepods of the family Argulidae, popularly known as fish-

lice, are of economic importance in that they cause serious depreda-

tions on fish populations of confined environments. Whole pools

and lakes have been depopulated as a result of their attacks. On the

other hand, under ordinary conditions these animals may be very

inconspicuous with their depressed bodies flattened tightly agamst

those of their hosts. They inhabit the gill cavities, the edges of the

eyes, the base of the fins, and other tender portions of the fish's body.

Wilson (1902) first brought together the literature and descrip-

tions of American and other species. Since that time he has described

a number of species in various periodicals, and many other descrip-

tions of new species have accumulated. At the present time, how-

ever, it is with great difficulty that a specimen may be identified imless

one is familiar with all the species. Usually it is necessary to have

an adult male to be positive of correct identification. Meanwhile,

already known species are being redescribed as new because of the

meagerness and incompleteness of the original descriptions. It is

hoped that by the use of this paper identification may be facilitated,

and it is the intention to bring the literature and knowledge of

American species together.

» Published by permission of the U. S. Commissioner of Fisheries.
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The argulids in the United States National Museum have been

examined, as well as some from other sources. In cases where

synonymy was suspected, specimens of both species were examined

before any decision was made. Dr. Waldo L. Sclnnitt and Clarence

R. Shoemaker, of the staff at the Museum, were more than kind in

their efforts to facilitate the completion of the work. The latter was

especially helpful in the final preparation of the manuscript. The
American Museum of Natural History lent me the type specimen of

Argulus ingens for study. Dr. C. B. Wilson gave considerable assist-

ance in many ways, including the loan of specimens of A. japonicus.

Examples of this same species were sent to me from Japan by Dr. T.

Tokioka, of the Mitsui Institute of Marine Biology, and by Dr.

Watanabe, College of Fisheries, Hakodate, Japan. Dr. A. S. Pearse

lent me a number of specimens. The Bass Biological Station at

Englewood, Fla., lent me specimens of A. varians for comparative

purposes, and specimens were received from one or two other sources.

One new species, Argulus floridensis^ is here described. The types

have been deposited in the collections of the National Museum.

MORPHOLOGY

For the purpose of description, it is necessary to designate the

appendages by name, but there is some confusion in the literature in

regard to the proper nomenclature. It is felt therefore that some

premise should be made for the application of the names used here.

Considerable controversy surrounds the occurrence of a pair of

appendages in the proboscis. Claus (1875) expressed the view that

the other pair of "appendages" in the proboscis were maxillae. Wil-

son supports him in this. Grobben (1908) made dissections and cross

sections of the proboscis and showed that the so-called appendages

were really outgrowths of the lower lip and could not be true append-

ages. Martin (1932) studied the development of the embryo and

found no maxillae in the proboscis, but there was a pair of outgrowths

on the lower lip with hollow spines on them, which she called labial

spines.

In some instances it seems that the true mandibles have been con-

fused with maxillae. Shortly before ecdysis the exoskeleton

loosens, leaving the mandible on the inside. In such a case one struc-

ture is the exact duplicate of the other. This is common on mature

specimens. An examination of cleared and other specimens from a

number of species has shown that Grobben and Martin are probably

correct, since no maxillae could be found. Labial spines are almost

always seen, sometimes projecting from the opening of the buccal

cavity.
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Martin has shown that the development of the buccal cavity is

from the basal segments of the mandibles and the lower and upper
lips. Reason indicates that the maxillae would have to develop be-

tween the upper and the lower lip in order to be in the proboscis.

This would be contrary to maxillary development in other Crustacea

where the maxillae lie behind the under lip. On the Caligoidea the

first maxillae are near the base and lateral to the second antennae,

and the second maxillae are at the sides of the suctorial tube.

Scott and Scott (1913) state that in copepods the various append-

ages develop in regular order and in the parasitic forms may then de-

generate. These appendages include two pairs of maxillae and a pair

of maxillipeds. No one has shown in a satisfactory manner that all

these ever occur on argulids. On the basis of the above evidence it

was decided that the two pairs of appendages between the mandibles

and the first swimming legs should be called maxillae, with only the

mandibles in the buccal cavity.

Among the argulids the body is depressed, as a result of adaptation

to their parasitic existence on the external surface or in the gill cavi-

ties of fishes. The carapace (fig. 21, 5) is composed of lateral lobes

or alae, which originate as folds of the posterior region of the cepha-

lon and are fused to the dorsal surface of the first segment of the

thorax. Dorsally the cephalon proper is separated from the first

thoracic segment by a transverse groove. Extending obliquely from
this groove on each side is a ridge, which sets off the cephalic area

and more distally extends outward on the carapace as a groove

ending at the edge in a slight sinus.

Extending forward from the transverse groove on the middorsal

surface of the carapace is a pair of ridges lying close together, the

dorsal ridges, which pass between the eyes and end some distance

forward. They may either be parallel or bow toward each other

just posterior to the eyes and away from each other just ahead of

the eyes. A median "nauplius eye" may be seen between the ridges

just anterior to a transverse groove or ridge some distance posterior

to the compound eyes. On two American fresh-water species the

dorsal ridges are branched at the anterior end; others are simple.

The alae extend backward over the thorax, leaving a sinus that

exposes the three free thoracic segments between them. These lobes

may extend to the third swimming legs or far enough back partially

to cover the abdomen. They may partly close the sinus by overlapping
slightly, as on some species where the alae extend over the abdomen,
or they may flare out leaving the sides of the sinus diverging.

The abdomen is unsegmented and bilobed at the posterior end,

forming the anal sinus. The anus is found at the base of this sinus,

while somewhere along the inner edges is a pair of anal furcae.
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of Argulus pugettensis.
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On the ventral side the various appendages can be seen (fig. 21, a).

On the anterior end of the body are two pairs of antennae. The
first segment of the anterior pair is chitinized, sometimes with a

spine at the base. The second segment is enlarged and prolonged

into a lateral hook. On the anterior surface of the hook there may
be a fingerlike prolongation with or without another anterior hook.

In a few instances this may be a mere knob or almost missing. Often

there is also a ventral spine on the posterior surface of the hook

mesial to the base of the flagellum which extends to about the length

of the lateral hook (fig. 21, c).

On the second antennae the proximal segments are enlarged, usu-

ally with a spine at the base. The distal segments are slenderer

and considerably longer than those of the first antennae. Near the

midline of the body just posterior to the antennae is another pair

of spines, the postantennal spines. All these spines will be used in

identification.

According to Martin (1932) the spine sometimes seen on the in-

terior of the lateral hook will become the exoskeleton after ecdysis.

The end of the hook is perforated with a gradually widening canal

leading back to a chitin-lined sac thrown into many folds with a large

number of chitinous hairs. It is probably gustatory in function.

In the longitudinal groove running forward mesially between the

antennae is a preoral sting, which is retractile into a sheath and at the

base of which is a poison gland. Posterior to this sting is the

proboscis, which also lies in the groove when at rest but which is

erected at right angles to the body when functioning. It is a

cylindrical bulbous structure somewhat larger in size than the sting

and carries the true mouth. The framework is of chitinous bars,

which enclose the buccal cavity and extend into the proboscis.

The buccal cavity is formed by the delicate upper lip and the more
bulbous lower lip. The anterior portion of the buccal cavity contains

a pair of swellings ending in hollow spines, the labial spines. They
come in contact with the host first. Martin has shown that very

early in embryonic life these develop from the lower lip.

The mandibles project from the sides and are completely enclosed by

the buccal cavity when at rest. The basal segments of the mandibles

assist in the formation of the proboscis in a very early embryonic

stage by fusion of the distal portions of the basal segments with the

lips. In this way the upper and lower lips form the dorsal and

ventral walls, and the mandibles the lateral walls, of the buccal

cavity.

The suction cups, or so-called sucking disks, develop from the

maxillae on each side of the preoral sting. They have a flat rim

covered by a chitinous exoskeleton with thickenings like ribs radiating
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outward. These ribs are variously broken up into segments, which

are more or less characteristic for a given species. They may be a

series of long or short rods (fig. 26, c), segments simulating imbricate

plates (fig. 27, a), or an elongate segment followed by a series of

overlapping plates (fig. 22, h). The number of plates in the ribs

varies only slightly for a given species. They will be used for identi-

fication purposes.

The next pair of appendages constitutes the second maxillae. They

have a triangular plate on the basal segment, which is divided pos-

teriorly into three teeth or lobes (fig. 26, a). The shape of these is

more or less constant for the species. On each side of the midline

of the body at the base of this appendage is a pair of spines, and

posterior to it, just ahead of the first thoracic appendage, is a second

pair. These two pairs of postmaxillary spines will be used along

with the teeth of the basal plate to aid in identification. These ap-

pendages are considered maxillae because they occur ahead of the

tranverse groove separating the head and thorax and have an excretory

gland, the so-called maxillary gland at their base, and because no

maxillae are found in the buccal cavity as sometimes stated.

The four pairs of thoracic appendages are made up of a protopod,

composed of the precoxa, coxa, and basis, and of two rami, the exopod

and endopod. The precoxa is very small in most species, but on a

few with long appendages it becomes sizable. The two anterior

pairs may have a flagellum extending mesially from its point of

origin (fig. 38, d) on the dorsal side at the base of the exopod.

On the female the thoracic appendages may be modified by having

a slight chitinous ridge armed with setae on the posterior ventral

surface of the coxa. Almost every species has a boot-shaped or

rounded natatory lobe extending from the posterior of the coxa of

the last appendage. On the male it may or may not be the same size

and shape as that of the female of the same species.

On the male the second, third, and fourth appendages are modified

for copulation. These specific modifications have hitherto been used

as practically the only positive means of identification. On the

ventral posterior axis of the second appendage is usually found a

bilobed prominence extending the full length of the coxa. It may
be variously modified or be entirely lacking. This structure is usually

covered with chitinous spines, which are very often truncate.

Typically the coxa or basis of the third appendage is modified on

posterior surface by the formation of the socket (fig. 32, c), the so-

called "semen capsule" or "semen pocket" of many authors. This is

formed by a fold of tissue from the posterior or ventral side of the

appendage turned toward the dorsum to produce a pocket. From
the ventral side it appears as a rounded or oblong lobe projecting

backward and overlaps the "peg" on the next appendage. From
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above, the opening is oblong or round and approximately the length

of the fold, usually with two elongate papillae forming a groove per-

pendicular to the axis of the appendage and directed toward the open-

ing. The opening is shaped and placed according to the structure and
shape of the peg on the next appendage.

On the interior of the pocket are three folds, of which the median
one is modified for the accommodation of the size of the pocket to

lit the peg and according to the size of the appendage of the female

that is clasped by this apparatus. There are other types of sockets,

which will be described in connection with the species concerned.

The peg on the fourth appendage is located on the distal edge of

the anterior surface of the basis near the base of the exopod (fig. 34, d).

It is variously shaped according to the species. Generally it is some
variation of a pear-shaped structure with a narrow tip turned later-

ally. On the proximal side and ventrally there is a chitinous ridge

around the base of the peg extending obliquely across the appendage.

It may be covered with very short spines or entirely unarmed.

The peg and socket apparatus is used entirely as a clasping medium.

The last appendage of the female is clasped from the dorsal side,

and the peg is fitted in the socket, which is enabled to accommodate

itself by the folds already described. The accessory organs on the

other appendages assist in this process. The abdomen of the male is

twisted around that of the female first on one side, then on the other,

so that the ejaculatory duct, located ventrally between the legs at the

posterior end of the thorax, is brought directly in contact with the

spermathecae of the female. These are located on the under side of

the abdomen close to the thorax.

The testes are a pair of elongate bodies lying on each side of the

midline in the abdomen. In the female the ovaries lie in the thorax

and the spermathecae appear as small rounded bodies in the anterior

end of the abdomen, often with a pair of tactile papillae projecting

posteriorly from near the opening.

Two respiratory areas are located on the ventral surface of the

carapace lateral to the body. The smaller of these may be anterior

to the larger or may be mesial to and partially surrounded by it.

Their function is considered as respiratory, because it has been found

that there are blood sinuses under them limited by a single layer of

hypodermal cells. In most instances these areas have a character-

istic shape for a given species.

The anterior portion of the carapace and a portion of the lateral

edges are flattened to fit against the body of the fish. These portions

are armed with small spines directed posteriorly. The various ventral

portions of the body of the animal that may come in contact with the

body of the fish are also armed in the same manner.
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CHARACTERS USED IN IDENTIFICATION

In a previous paper (Meehean, 1937) it was mentioned that many
of the specific characters used at present for identification are variable

in nature. Consequently positive identification is not possible unless

mature male specimens are available. For the same reason it is dif-

ficult for persons unfamiliar with the actual specimens to know posi-

tively whether the species has been described if only the females are

at hand. Therefore, it is felt that it would be of value to have some

method for identification based upon characters that are more or less

constant and that can be used for both sexes. A study of the speci-

mens in the National Museum has shown that certain characters or

combinations of characters can be used for this purpose and has in-

dicated that some species are synonymous with others already de-

scribed when the characters are fitted to them. So far there has been

only one exception to the reliability of the characters selected, and it

concerns a foreign species of which a more thorough study will be

made later when other data are available.

The characters utilized are suitable for all the American fresh-water

and salt-water forms. The most important of these are the respira-

tory areas. Wilson has said many times that they are specific, yet

many descriptions have failed not only to figure them but even to

mention them. In a few instances they are very similar in closely

related species but are always slightly different and when combined

with other characters serve to separate the species. Such examples

are maculosii^ and versicolor. As the characteristic shapes are dif-

ficult to describe, they are figured for each species.

The segments making up the ribs on the rim of the suction cups

are also specific. Although there is slight variation in the number

of segments, the formation is very characteristic. In only two species

examined was there any great difference in this respect. The male

of pugettensis has a smaller number of segments than the female,

with a basal segment of a different type. However, one vial con-

taining immature specimens had females with typical segments like

the male and stages between the two. Since these chitinous thick-

enings are known to develop at points of great stress, the difference

in the two sexes might be attributed to the fact that the male is

much smaller than the female and would probably develop fewer

segments. In other instances there is some similarity in the seg-

mentation, but when combined with other characters it loses its

significance.

The antennae have characteristic appearances for some species

and in many instances help in the identification. The number of

spines, the character of their arrangement, and whether a spine or

hook is found on the anterior surface of the first antennae are all of

assistance.
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On the second maxillae the teeth of the basal plate and the two

pairs near the midventral line of the body may be characteristic

in shape, size, or number.

Finally, the presence or absence of flagella on the swimming ap-

pendages, the shape of the swimming lobes on the posterior of the

fourth appendages of the female, and other more variable characters

may be used at times.

The maximum size as reported for each sex is given. Mature speci-

mens of either sex within a species may vary considerably in this

respect, and the sex difference may be great or small. Relative body

proportions are not a reliable index for specific determination, since

the proportions may change according to size, age, and stage of

development. In a general way they do hold for sex comparisons;

that is, the carapace may extend farther posteriorly on the male, or

the length and width of abdomen or its shape may be different on the

two sexes, etc., but on the whole they cannot be relied upon to estab-

lish specific identification. Color has been used in many instances,

but it too cannot be depended upon as the sole basis or even in combi-

nation with proportional measurements for specific determination.

All species are American fresh-water forms unless otherwise desig-

nated. All figures used are from camera lucida drawings of specimens

in the National Museum and from the t3'pes where practicable.

SYNONYMY

Certain of the species listed in the literature have proved to be

synonymous when studied according to the characters outlined for

specific indentification. A. iiram.'Osus Bere (1931) is identical with

appendiculosus Wilson (1907). Any differences are merely a mat-

ter of size. A. ingens Wilson (1912b) is the same as nohilis Thiele

(1904), as previously stated by Wilson (1924), but there seems to be

no reason for maintaining a variety as he has done. A. canadensis

Wilson (1916) is the same as A. stizostethii Kellicott (1880). There

are no flagella on the latter, contrary to Wilson (1902), and he failed

to note the complete respiratory area.

The male of A. niger has never been described, since it is the same

as pugettensis except that the former is very dark, as its name
indicates.

Vial 77810 (old number 60589) in the National Museum contains a
male labeled pugettensis that is entirely different from the described

male of that species and is from Key West, while the species has

always been reported on hosts indigenous to the Pacific coast. This

specimen has been given the new name floridensis. It was collected

by A. E. Verrill and dated 1884.

201701—40 2



468 PROCEEDINGS OF THE NATIONAL, MUSEUM vol.88

Specimens labeled A. m£galops var. spinosus in the Museum are

not different from the regular species except that they are lighter

in color; hence the spinous under portion of the body is more con-

spicuous. Color seems too variable to use in establishing differences.

A. varians, recently described by Bere from females, is similar to

A. megalops except for the great variation in the size of the carapace.

Four specimens from the Bass Biological Laboratory show these

gradations well.

The male of A. latus Smith (1873) has never been reported be-

cause it is identical with funduli Kr0yer (1864) so far as the available

specimens are concerned.

A. maculosus has been redescribed because no specimen was found

to match the original description. The species was figured as hav-

ing the characters of americcmus. It was established on the basis of

color. However, there are actual specimens of a species that may
be considered as representing maculosus. As the types in the Na-

tional Museum proved to be aniericanuSy it is necessary to designate

new types for maculosus.

A.piperatus 'Wilson (1920a) is identical with males of A.fiavescens

Wilson (1916), as described by Mueller (1936) and as collected by

myself in Florida. A. paulensis is apparently the same as A. salminei,

although no specimens of the latter are at hand.

Specimens of A. japonicus collected by Dr. Pearse in Japan and

those sent me from that country proved to be identical with A.

trilineatus, thus invalidating another species. There are, therefore,

21 North American, 2 South American, 2 Siamese, and 1 African

species available for study in the Museum. These include all the

North American species except some undescribed ones that Dr. Wilson

has at the present time.

It is suggested that the key be used in combination with the figures

of the respiratory areas in order that identification be accurate.

The other figures may also be used to advantage, especially those of

the male accessory copulatory organs.

DEVELOPMENT

Larval stages have been described for A. foliaceus, a European

species, and for A. funduli. A. m^galops^ A. americanus., A. macidosus,

A. catostomi., and A. stizostethii from this country. More recently

T. Tokioka (1936b) has given a very good account of A. japonicus

y

which is also common in this country. JSIartin (1932) described the

development of the proboscis from the early embryos of A. viridis

in England. A generalized description of larval development is

somewhat as follows:
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The eggs are laid on a hard substratum in single or multiple rows
and are arranged end to end or at slight angles to each other. As
they are laid they are coated with a gelatinous substance that hardens
on contact with the water, forming ridges, lumps, or wrinkles over the

surface of each egg and is firmly attached to the eggs and substratum.

Batches of 30 up to 500 or 600 may be laid, depending upon the

species, and vary in size from 0.375 by 0.25 to 0.64 by 0.43 mm.
The period of hatching is somewhat variable. Tokioka found that

the eggs of A. japonicus hatched in 12 days at 30° C. and in 60 days

at 15° C. On the other hand, Wilson noted that A. americanus

hatched in 18 days at 65° F. and in 17 days at 72° F., while A. meg-
alops required 60 days at the same temperature. Kellicott records a

period of 81 days for A. stizostethii at room temperature. According

to Wilson (1907), Clark observed A. foliaceus hatching at the end of

5 months 8 days, and 7 months 2 days where the eggs were laid in

the fall and hatched the following spring.

Martin's observations on the early embryos throw light on the

structure and development of the proboscis. At this time the mandi-

bles are incurved with apices directed anteriorly toward the mouth
opening and some distance behind it. The basal segment is large and

bears a 3-segmented palp with three rami on the terminal segment.

On later embryos the basal segment has increased in size all out of

proportion to the other segments. A rudiment of the lower lip be-

comes apparent in a position posterior to the mandibles, while the

upper lip occurs anteriorly between the bases. Apparently the distal

portions of the basal segments fuse with the upper and lower lips to

form walls for the buccal cavity. The cliitinous framework probably

forms along the lines of greatest stress, since there is a great deal of

individual variation.

First stage larva.—Larvae of this first stage may be of two kinds

—

one for the slower-hatching species, which are more fully developed

and lack mandibular palps, and another for those that hatch more

quickly and are less advanced in development. A. japonicus belongs

to the latter group and will be used as an example, since the imma-

ture stages have been fully described by T. Tokioka as each molt

occurred so that a most logical picture of development can be obtained.

The length of the hatching animal is 0.7 to 0.9 mm. Its carapace is

oval, with short alae and with all the legs, the thorax, and the

abdomen left exposed. Only the groove limiting the cephalic area is

apparent. The dorsal ribs are unforked, while the joint behind the

nauplius eye is lacking. The carapace, ahead of the brown compound

eyes, is fringed with chitinous ciliary processes and a few spinules.

Along the whole marginal area are many gland cells and some espe-

cially conspicuous ones at the base of the first antennae. The stomach

has a simple pair of branches, forked only once.
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The antennule is like that of the adult, but the proximal segment

is lacking. Behind the antennule is the antenna composed of two
basal segments with a spine on the posterior side of each. It has

an unsegmented palp on the second segment and a 3-jointed distal

portion ending in long plumose setae. The antennae are joined to

a transverse chitinous bar on each side of wliich is a forward process

and a backward spine—the postantennal spine of the adult.

A small sting is located at the base of the proboscis, which is es-

sentially the same as that of the adult except that it is very short.

The buccal fold is not yet serrated, and there are no labial processes or

labial spines. The mandible is pointed, with an acuminate process

on the lower margin near the tip, and the mandibular palp is attached

by a chitinous framework at the base of the proboscis just behind the

antenna. It is unsegmented, almost as long as the antenna, and ends

in three long plumose setae. It is supported at the base by a circular

framework of chitin, which forms a thickened area with a spine at

the point of attachment. This framework serves to support the

proboscis by means of the inner longitudinal rod already differen-

tiated and an outer longitudinal rod to be differentiated at the next

stage. Thus modified parts of the mandible proper form the supports

of the proboscis.

The first maxillae are found on each side of the proboscis. They
consist of three segments of which the basal one is bulky. On the

tip are two large curved claws, one with three small processes on its

anterior margin.

On the posterior distal corner of the basal segment of the 5-jointed

second maxilla is a spine corresponding to the middle of the three

spines found on the adult. The distal segment is provided with two

curved claws and a papilla on the tip. Two pairs of spines are

located near the midline of the body as in the adult—the postmax-

illary spines.

Only the first pair of thoracic appendages is functional ; the others

are rudimentary and immobile, each with an unsegmented exopod

and endopod. On the first appendage the coxa, basis, exopod, and

jointed endopod are complete, but the precoxa is indistinguishable.

The abdomen is only about one-tenth as long as the body and has

spinules along the posterior ventral side and margin. The caudal

furcae are comparatively large. Sexes can be distinguished by the

presence of rudimentary testes or small round seminal receptacles.

Second stage.—After three or four days the first molt takes place,

and the animal assumes more the shape of the adult. It attains a

length of 0.9 to 1 mm. The anterior margin of the carapace is

fringed with ciliary processes as far back as the first maxillae. The
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anterior marginal groove on the carapace is distinguishable, and the

joint in the dorsal ribs is just discernible.

On the first antennae the proximal segment is faintly defined and
has a spine projecting backward, while the third segment has de-

veloped a small process with two setae at the end. The palp on
the second antenna as well as the spine on the posterior margin of

the second segment has disappeared, but a seta has developed on the

anterior distal margin. The third segment is still small, the fourth

approximately the same as in the previous stage, while the fifth is

longest and ends in a number of long setae. Only a pair of post-

antennal spines remain where the transverse chitinous bar occurred

before the molt.

The mandibular palp has disappeared and the chitinous framework
that connected it to the mandible is a simple longitudinal support, but
the junction of this rod to the mandible is still thickened into a spine,

which gradually disappears with each successive molt. A chitinous

thickening occurs on each side of the anterior transverse bar along the

buccal fold foreshadowing the serrated margin of the adult. The
small labial processes are clearly seen although the labial spines are

absent. There is a pair of spines in front of the mouth opening.

The first maxillae consist of four segments by division of the basal

segment into two. The more distal of these has two spines on the

ventral proximal margin. A spine has developed on the posterior

margin of the second maxilla (the inner spine of the adult), and the

second segment has become somewhat longer than the more distal ones.

Spinules have made their appearance on the ventral side of the thorax,

and ramifications of the stomach have become slightly more complex.

All the swimming appendages have assumed the shape of those on

the adult and serve as locomotor organs in the place of the antennal

and mandibular palps. A number of plumose setae have developed on

each. The abdomen is one-seventh to one-sixth as long as the body,

with the lobes projected slightly backward and spinules on th©

margins.

Third stage.—^When the larva has reached an age of five to seven

days a second molt occurs. The main difference noted between second,

third, and fourth stage larvae is in the pattern of the first maxillae,

the number of spines on the basal segment of the second maxillae,

small differences in size and number of setae and spinules, and in the

pattern of the branches of the stomach.

The larva has reached a length of '1.0 to 1.2 mm. Behind the

nauplius eye the joint of the dorsal ribs is clearly visible, the posterior

transverse bar of the proboscis can be seen, and the buccal fold has a

process on its free margin.
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The first maxillae have reached the highest point of development as

a clasping organ and in the next stages will begin to degenerate. The
boundary between the basal and second segments is becoming in-

distinct, two spines on the second segment have disappeared, and the

framework of the suction cup is faintly seen within the basal segment.

On the second maxillae a small spine has been added to the basal

segment at the posterior distal corner (the outer spine of the adult)

,

and some minute spinules have made their appearance.

A few spinules occur for the first time on the ventral surface in

front of the anterior marginal groove and along the margin of the

carapace adjacent to the anterior respiratory area. Rudiments of the

flagella are formed on the posterior dorsal corner at the base of the

exopod of the two anterior pairs of swimming legs. On the female

a minute chitinous spine appears at the extremity of the duct of the

seminal receptacle.

Fourth stage.—A larva seven to eight days old molts for a third

time and has reached a length of 1.2 to 1.4 mm. The lateral lobes of

the carapace barely cover the second swimming appendages. Branches

of the lateral groove limiting the cephalic area are faintly seen extend-

ing inward. The anterior dorsal ribs show a rudimentary outer

branch, and the ciliary fringe of the carapace extends as far back as

the second maxillae.

Both pairs of antennae are the same as in the previous stage, but

the buccal fold of the proboscis has two teeth on the free margin.

On the basal segment of the first maxillae there is a considerable

expansion due to the formation of the suction cup. The circular

margin is fringed with minute triangular processes, and the muscles

attached to it can be seen through the chitinous exoskeleton. Buds of

the flagella on the first two pairs of thoracic appendages are still very

small and without any setae. On the male the posterior side of the

joint between the coxa and basis of the third leg is deeply cut where

it foreshadows the socket of the adult. The abdomen of the female

is slightly smaller than that of the male.

Fifth stage.—Three to four days after the third ecdysis a fourth

molt occurs, and the larva reaches 1.3 to 1.7 imn. in length. The
outer branches of the dorsal ribs are still short and the ciliated mar-

gin of the carapace has extended almost to the first thoracic segment.

The two basal segments of the second antennae have several setae

on the distal end. The third segment is small, the fourth twice as

long as the third, with the two setae that occurred on the segment in

the preceding stages moved to the distal end. The last segment is as

long as the fourth and is tipped with a few rather thick setae.

The labial spines are distinctly located on the floor of the buccal

cavity. Important changes have also occurred in the first maxillae.
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The basal segment has broken and the suction cup is exposed, although
the remaining segments are still intact. The suction cup is exactly

the same as that of the adult except that the number of segments in

the chitinous ribs supporting the margin is smaller. Each rib is

composed of one long and two short segments, with the distal one
only faintly defined. The basal segments of the second maxillae have
two long setae in the middle of the posterior margin of the scaled

area besides many scales on the surface.

The branches of the stomach have become fairly complex. On the

first thoracic leg the rudimentary flagellum has two setae while that

on the second leg has one. On the ventral posterior edges of the

coxa of the second leg of the male the bilobed prominence is laid

down. On the third leg the socket is indicated by two lateral folds

and a projection on the ventral side that will become the median fold.

The precoxa and coxa of each leg have small spinules or scales on
the ventral side. The abdominal lobes have grown considerably and
the anal sinus reaches about one-fourth the length of the abdomen.
Sixth stage.—The difference between the fifth, sixth, and seventh

larval stages is found in the residual portion of the first maxillae

and in the degree of development of the male accessory copulatory

apparatus. These stages cannot be distinguished in the female

because of the great variation in the size.

They have attained a length of 1.6 to 2.0 mm. The residuum of

the first maxillae shows no segmentation. On the second and third

legs the accessory apparatus is the same, but a rounded prominence

has made its appearance on the anterior distal corner of the basis

of the fourth leg where the peg of the male will be located. The
abdominal processes are faintly defined at the base of the abdomen
in the female.

Seventh stage.—The sixth and seventh stages are attained in 10

to 18 days. At this time the animal has reached a length of 2.0 to

2.2 mm. The lobes of the carapace have extended to cover the third

legs, and the dorsal ribs are distinctly forked. On the first maxillae

the residual degenerating portion consists of a small process pro-

vided with a minute spinule, while the ribs of the suction cups have

added a short segment.

On the first two swimming legs the flagella have become longer

and reach beyond the proximal margin of the basis. They are pro-

vided with several plumose setae. On the male the bilobed protu-

berances of the coxae of the second legs are fairly conspicuous, and
the socket of the third pair is almost complete, although the papil-

lated processes in front of the aperture are not yet apparent. On
the fourth leg the peg is almost like that of the adult. It is pro-

vided with a lobed process on the ventral side, and the tip ends in
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a terminal chitinous process with a small spinule. The chitinous

framework supporting the peg continues to the posterior proximal

edge of the basis across the dorsal side of the segment, where the

chitin is thickened conspicuously. On the female the posterior por-

tion of the coxa of this appendage protrudes and will be the natatory-

lobe of the adult.

The abdomen differs in shape with the sexes. On the male the

lobes are larger and bluntly pointed while the smaller ones of the

female are rounded.

After the seventh stage there is no well-defined characteristic; the

change brought about by molting is merely in grade. The earlier

stages are very regular, but the later stages, after the fourth, are

very irregular and hard to define.

Molting takes place by rupture of the exoskeleton along the mid-

line from the anterior marginal groove to the anterior thoracic seg-

ments. The animal draws out the thorax and abdomen through this

slit first. Then the anterior portion of the carapace is withdrawn

and finally the lateral lobes. This ecdysis occurs over the whole

body except the coat of the suction cups, which comes off after the

molting process of the other portions is through.

Subsequent developTnent.—From this time on the lateral lobes of

the carapace enlarge, and all the grooves on the dorsal surface be-

come distinct while the longitudinal groove appears later. The
ramifications of the stomach become more complicated, and pigment

spots on the oviduct appear about the twentieth day after hatching.

The suction cup loses the residual portion of the maxilla except a

tiny seta, which remains for a long time. A papillated process on

the anterior margin of the precoxa of the third leg and small proc-

esses in front of the aperture of the socket of the male are formed

at a later stage.

The abdomen grows somewhat and the animals become sexually

mature during these molts. Development is completed about one

month after hatching.

It will be noted that the account by Tokioka describes seven well-

defined larval stages with subsequent molts, which serve to bring

the animal to sexual maturity. Wilson was indefinite as to the num-
ber of molts, but in one place indicated that he had observed four.

It is also worthy of note that no mention is made of any maxillae

within the proboscis and that the two pairs of appendages imme-
diately behind the proboscis are called first and second maxillae.
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Family ARGULIDAE

Genus ARGULUS Muller

KEY TO THE SPECIES OF ARGULUS

. Anterior respiratory area prolonged laterally around posterior

one (club shaped).

6'. Teeth of basal plate of second maxillae sharp, widely sepa-

rated ; suction cups supported by about 10 to 12 plates plus

an elongate segment
;
posterior swimming lobe of fourth

appendage on female rounded, abbreviated on male; fresh

water stizostethii (p. 479)

h". Teeth of basal plate of second maxillae blunt, postmaxillary

spine small and blunt ; flagella present on first two swim-

ming appendages ; suction cups supported by 4 to 6 plates

plus an elongate segment ; respiratory area relatively nar-

row
;
posterior swimming lobe on female prolonged into a

fingerlike projection, only slightly prolonged on male ; fresh

water, Siam siamensis (p. 482)

'. Smaller respiratory area anterior, mesial, or in an anteromesial

notch of larger area.

6*. Entire smaller respiratory area anterior to larger.

c\ Teeth on basal plate of second maxillae sharp, distal one

more widely separated than other two ; ribs of suction cups

composed of 10 to 12 plates and an elongate segment

;

carapace just reaching third thoracic appendages ; anterior

hook on antennae slight or lacking, second antennae long

;

last thoracic segment very wide, flaring over abdomen

;

brackish and salt water alosae (p. 481)

<?. Basal iilate of second maxillae lobed or with slender blunt

teeth.

d\ Tips of maxillary teeth blunt, but plate not lobed.

e^. Ribs of suction cups supported by rods.

f. Ribs of suction cups composed of 3 rods ; knob or

hook lacking on anterior surface of first antennae

;

swimming lobe of fourth appendages boot-shaped,

heel pressed against end of thorax, toe extending

to or beyond edge of abdomen ; whole body appear-

ing circular ; anterior respiratory area minute,

posterior one very large and oblong; salt water,

Siam, Java indicus (p. 483)

f. Supports of suction cups composed of 4 to 6 rods,

distal ones may be compressed ; anterior hook pres-

ent on antennae, a seta two-thirds as long as two

distal segments of second antennae, and opposing

them, a long seta opposing tip of first antennae;

slight posterior lobe on fourth appendages rounded
or faintly boot-shaped ; fresh water fiavescens (p. 484)

el Suction cups supported only by imbricate plates or by

plates and a long basal segment.

f. Suction cups supported only by imbricate plates ; spine

at base of first antennae and near midline of body
(postantennal) broad and blunt.

201701—40 3
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g^. Plates of supporting ribs numbering up to 30 or

more ; knob present on anterior surface of first

autennae ; second maxillae slender ; salt water,

Pacific coast melanostictus (p. 487)

ff'. Plates in supports numbering about 15 to 20;

carapace reaching abdomen ; anterior hook pres-

ent on first antennae.

7t\ First two swimming appendages with fiagella

;

second maxillae short and stout with spinous

pads on ventral surface, postmaxillary spines

short and truncate ; antennae short ; salt water.

Pacific coast ? pugettensis (p. 487)

If. First two swimming appendages without fiagella

;

second maxillae about normal in size, proximal

tooth on basal plate broader, two pairs of

postmaxillary spines not truncate; second an-

tennae longer; salt water. Key West— floridensis (p. 489)

f. Suction cups supported by an elongate proximal seg-

ment and imbricate plates.

g^. First two pairs of swimming appendages without

fiagella.

h^. Respiratory areas small and widely separated;

proximal segment in ribs of suction cups

elongate and narrow ;
posterior lobe of fourth

appendages of female somewhat bilobed; ante-

rior knob present on first antennae ; salt water,

British Columbia borealis (p. 490)

h!^. Respiratory areas normal (one large and one

small).

i\ Maxillary spines about alike, posterior respira-

tory area large and irregular in shape ; swim-

ming lobe on posterior surface of fourth

appendages boot-shaped on female; salt

water megalops (p. 492)

i". Lateral spine on basal plate of second maxillae

blunt, other two more pointed; anal sinus

deep.

;\ Suction cups occupying almost full width of

carapace, supporting ribs composed of 6 to

10 imbricate plates and a rectangular basal

segment ; spine on ventral surface of hook

inconspicuous, all others broad; posterior

respiratory area reaching close to anterior

one and about same width for its full

length ; salt water bicolor (p. 517y,

f. Suction cups normal, supporting ribs composed

of 6 or 7 imbricate plates (12 to 14 on

female) with rectangular basal segment;

spine on ventral surface of hook prominent,

postantennal spines larger than others;

posterior respiratory area some distance

from anterior one, anterior half narrower

than posterior portion; salt water fuscus (p. 518)
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ff'. First two pairs of swimming appendages with

flagella.

7i\ Conspicuous anterior hook on first antennae,

antennae short, broad spine at base of first

antennae and broad postantennal spine ; second

maxillae broad and short with spinous pads

over ventral surface, postmaxillary spines short

and truncate, anterior pair on papillae; salt

water. Pacific coast $ pugettensis (p. 487)

H?. Knob present on anterior surface of first anten-

nae ; dorsal ridges branched at anterior end

;

posterior respiratory area somewhat reniform

;

fresh water, universal japonicus (p. 494)

<?. Basal plate of second maxillae lobed.

&. Lobes of second maxillae truncate ; hook present on

anterior surface of first antennae ; supporting ribs of

suction cups composed of rods.

f'. Lobes of second maxillae appearing worn, postmaxil-

lary spines truncate and inconspicuous, anterior

knob on first antennae long and fingerlike, with

slight anterior hook ; supports of suction cups com-

posed of 3 straight rods; salt water laticauda (p. 495)

f. Basal plate of second maxillae with truncate or

rounded teeth, postmaxillary spines conspicuous

;

supports of suction cups composed of 4 or 5 rods

;

posterior respiratory area reniform, anterior hook

on first antennae stout ; fresh water, Congo River,

Africa reticulatus (p. 497)

e". Lobes of second maxillae not truncate.

/\ Two pairs of postmaxillary spines missing, proximal

lobe of basal plate more distinctly separated than

the one or two lateral ones ; respiratory areas small

and widely separated; suction cups with about 16

plates in supporting ribs with a proximal plate

slightly longer than the others; anterior knob of

antennae almost wanting; swimming appendages

without flagella ; salt water. New Orleans to New
Brunswick funduli (p. 498)

f. Two pairs of postmaxillary spines present.

g^. Lobes of second maxillae and postmaxillary spines

very broad with spinous papillae on them ; sup-

ports of suction cups with one long and one oblong

rod ; spines at base of first antennae and post-

antennal spines extremely broad and blunt, ante-

rior hook broad at base and very long; anterior

respiratory area very small and posterior one

extremely long; fresh water, Uruguay violaceus (p. 500)

flr*. Edge of basal plate of second maxillae with broadly

rounded lobes, mesial lobe somewhat more promi-

nent, postmaxillary spines very blunt and short

;

knob present on anterior surface of first antennae,

distal segment opposed by a spine, second antennae

without much enlargement of basal segments,
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spines slight or indicated by protuberances at base

of fii-st antennae as are the postantennal spines

;

supporting ribs of suction cups tapering, composed

of 9 or 10 segments ; fresh water, Brazil salminei (p. 502)

6^ Smaller respiratory area mesial to larger or in an antero-

mesial notch of latter.

c\ Spine present at the base of first antennae.

(f. Three spines in a row on each side of midline of body,

including those at base of first antennae.

e^. Smaller respiratory area located anteromesially in a

notch of the larger one, both posterior to the second

maxillae ; supporting ribs of suction cups composed

of 2 or 3 segments ; distal lobe on basal plate of second

maxillae blunter and wider than others; basal seg-

ment of first antennae usually prolonged into a knob

directed toward the midline of body ; fresh water.

anaericanus (p. 504)

e". Smaller respiratory area in a notch proximal to and

some distance behind anterior end of larger ; support-

ing ribs of suction cups composed of more than 2

segments.

f. Second maxillae with slender teeth of basal plate

widely spaced; first segment of supporting ribs of

suction cups elongate and narrow followed by 2 or

3 oblong ones ; knob present on anterior surface of

first antennae ; carapace reaching abdomen ; ab-

domen subtriangular ; fresh water versicolor (p. 505)

f. Teeth of basal plate on second maxillae close together

and long ; supporting ribs of suction cups composed

of a rectangular basal and 2 distal segments in male

and 4 to 7 in female ; anterior hook present on first

antennae ; carapace extending to third appendages

;

abdomen somewhat rectangular ; fresh water.

maculosus (p. 507)

d^. Postantennal spines 2, suction cups with about 5 slender

segments in ribs extending two-thirds of width of rim

of disk ; lateral hook of first antennae curved in an arc,

tip of first antennae biramous ;
postmaxillary spines

very small ; broad posterior lamellae on basis and coxa

of fourth thoracic appendages ; animal characteristically

broad and leaflike in appearance ; fresh water.

mississippiensis (p. 509)

c^. No spine at base of first antennae.

d\ Basal plate of second maxillae lobed or with slender

blunt teeth ; no spine on ventral surface of first antennae

or at base of first or second antennae.

e\ Basal plate of second maxillae with 2 to 4 lobes, usually

3, postmaxillary spines absent; anterior knob present

on first antennae; ribs of suction cups with 7 to 9

short rods, fresh water castostomi (p. 511)

el Three slender blunt teeth on basal plate of second maxil-

lae ; only a slight indication of a knob on the anterior

surface of the first antennae, tip of flagellum biramous

;
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suction cups supported by 2 long segments in ribs

;

dorsal ridges of carapace branched at the anterior

end; fresh water appendiculosus (p. 512)

d^. Teeth of second maxillae very sharp ; no spine at base of

first antennae ; ribs of suction cups composed of rods.

e\ Ribs of suction cups with 8 or 9 rods : lateral hook of

first antennae short but curved back on itself; fresh

water lepidostei (p. 514)

e^ Ribs of suction cups with about 12 to 18 rods; tip of

first antennae biramous, with one of the branches

biramous ; abdomen heart-shaped in female, with lat-

eral projections on the anterior edges in male

;

fingerlike protuberances on distal anterior end of first

segment of endopod on third and fourth thoracic ap-

pendages; freshwater nobilis (p. 515)

ARGULUS STIZOSTETHII KelJicott

FlGIRE 22

Argulus stizostcthii Kellicott, 1880, p. 53.

—

Wilson, 1902, p. 713, pi. 17.

Argulus canadensis Wilson, 1916, p. 348, pi. 60; 1936a, p. 355, figs. 1-9.

Carapace elliptical, reaching to second or third swimming append-

ages, sinus shallow; cephalic area prominent, projecting slightly

anteriorly. Abdomen somewhat elongate with sides parallel, anal

sinus deep, tips of abdomen pointed and diverging somewhat, anal

furcae basal. The respiratory areas are peculiar in that the anterior

one is prolonged laterally around the posterior one in such a way as

to be club-shaped instead of rounded (fig. 22, a). As the type of

canadensis has a very broad mesial respiratory area, the inner edge

may easily have been overlooked by Wilson in his description.

The hook on the anterior surface of the first antennae is tight

against the body of the antenna in the type of canadensis instead of

having the usual elongate base ; spine present on midventral surface

of antennae and at the base. Spines located at the base of the second

antennae, near the midline of the body, and the postantennal spines

are stouter than the others. The ribs of the suction cups are com-

posed of a stout pedestal with 10 or more apparently imbricate

plates (fig. 22, h). Second maxillae stout; basal plate large and

broad with a large pad; teeth small and sharp, widely separated;

two usual pairs of spines are located near the midline of the body
but the anterior pair are stouter.

Flagella are lacking on the swimming appendages; female with

a small rounded natatory lobe on the posterior surface of the coxa

on the fourth appendages; basal segments stout. Second appendages

of male (fig. 22, c) with the usual bilobed flap on the coxa. Basis of

third appendages much abbreviated, with a papilla across the ante-
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rior surface; distal end of coxa has a larger papilla parallel to that

of the basis so that there appear to be two ridges across the anterior

side near the origin of the rami ; the coxa is widened somewhat to a

point near the middle, but no enlargement is formed for the socket.

The socket consists of a shallow groove running dorsolaterally from

the middle of the segment to a point just below the large papilla

with the deepest part farthest inward. On the fourth appendages

the peg is placed on the distal edge of the basis near the origin of

the exopod as a slight fingerlike papilla with the tip turned mesially,

a second mesial papilla bends outward to meet it. The usual chiti-

nous ridge runs obliquely around the base; natatory lobe is much
reduced. The exopod is attached to the basis by a bent kneelike por-

tion, thus separating the two rami considerably.

FiGDRB 22.- -Argulus stisostethii: a. Respiratory areas ; h, ribs of suction cups ; c, male
accessory organs of second, third, and fourth legs.

Females have been reported to 12 mm. and males to 8.5 mm. They
have been reported from the wall-eyed pike {Stizostedion vitreum)^

Niagara River, Buffalo, N. Y. ; Cynoperca canadensis^ Fairport, Iowa

;

Coregonus and Acipenser fulvescens, Le Claire, Minn.; brook trout,

stickle-backs, perch, and suckers, Cape Breton Island, New Bruns-

wick; Esox mmquinongy^ Vilas County, Wis.; skin of salmon, St.

John, New Brunswick ; swimming in Lake Erie.

The only difference that could be noted between stizostethii and
caivadensis is a slight variation in size and shape of body and some
structures. These were no greater than variations within the species.

There is some tendency for the occurrence of aberrant types of ex-

ternal respiratory areas in some specimens.
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ARGULUS ALOSAE Gould

Figure 23

Argulus alosae Gould, 1841, p. 340.—Wilson, 1902, p. 707, pi, 12, pi. 26, fig. 80;

1932, p. 17, fig. 6.

Carapace of female elliptical, male ovate ; cephalic area very prom-
inent; eyes comparatively large and set wide apart. Last thoracic

segment is very wide and flares over the abdomen. Abdomen with

points flaring, sinus shallow and wide, anal fiircae minute and basal.

Respiratory area reaching to the base of the suction cups, anterior

small one slightly oblong, posterior one reniform (fig. 23, a).

Figure 23.

—

Argulus alosae: a. Respiratory areas ; h, male accessory organs of third and
fourth legs ; c, ribs of suction cups.

Antennae with anterior hook, weak, but lateral hook curved back

some distance; spine on ventral surface fairly large, a large one at

the base; a medium one at the base of second antennae, and a very

large one at the midline. Second antennae comparatively long and

slender. Suction cups large, ribs in rim made up of 10 to 12 imbri-

cate plates with an elongate one at the base; marginal lappets long

and narrow with setae at the ends (fig. 23, c). Second maxillae with

wide basal plate, short, sharp teeth, widely separated, lateral one

more widely separated than the others. Both pairs of postmaxillary

spines pointed.

Swimming appendages without flagella, normal on the female

except for a posterior bilobed coxa on the fourth appendages. First

two pairs unmodified on male, peg merely a rounded papilla on the

dorsal distal edge of the basis which fits into a posterior rounded
cone-shaped lobe on the posterior surface of the third appendages,

so that the papilla appears to overlap the socket when viewed either

clorsally or ventrally (fig. 23, h).
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The female measures up to 12 mm. and the male up to 6 mm. It

has been found on the following hosts : Clupea vernaUs, Dorosoma

cepedianum, Pomolohus pseudoharengus^ P. strongyhwra marina^ and

Osmerus mordax from the Woods Hole region; Gasterosteus biacu-

leatus in the Gulf of St. Lawrence ; Microgadus tomcod^ Base Eiver,

Nova Scotia; Gtenolohrus adspeims^ Casco Bay, Maine, Great Egg
Harbor, N. J., Key West, Fla., Patapsco River, Baltimore City, a

fresh-water tow^ in the Shubenacadie River, Nova Scotia; and from

the "toadfish," Shell Point, Fla.

ARGULUS SIAMENSIS Wilson

FlGTTRE 24

Argulus siamensis Wilson, 1926, p. 361, pi. 22.

Carapace ovate, reaching fourth appendages in the female, over-

lapping abdomen in the male; cephalic area narrow, posterior sinus

broad. Abdomen elliptical, anal sinus deep, tips acute, slightly

divergent. Respiratory areas with anterior one club-shaped and

curved around posterior one, but slenderer than that of stizostethii

(fig. 24, a).

PiGUKB 24.

—

Argulus siamensis: a. Respiratory areas ; ft, male accessory organs of third

and fourth legs ; c, ribs of suction cups.

Antennae with slight anterior knob, lateral hook long; ventral

spine blunt, spine at base of first antennae long and blunt, that at

base of second antennae small and transparent, postantennal spine

long and blunt. First antennae relatively stout, second antennae

very long. Second maxillae with broad basal plate, teeth broad and

blunt, both pairs of spines near midline of body small and blunt.

Suction cups with ribs of four or five imbricate plates and a longer

basal one (fig. 24, c).
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Swimming appendages with flagella. Fourth leg with posterior

boot-shaped lobe in female, with toe drawn into a long fingerlike

tapering process. On third appendages of male (fig. 24, h) the pre-

coxa is slightly broadened ; the coxa is rounded posteriorly where the

socket is located, with a meager swelling anteriorly. On the fourth

appendages is a posterior bilobed process with a scant lateral pro-

longation suggestive of the female. There is a small chitinous ridge

around the peg. The peg itself originates a short distance back from
the distal edge of the basis and projects ventrally against the anterior

surface as a short fingerlike papilla.

The female is up to 6.55 mm. and the male up to 3.5 mm. Taken
on Cirrhma sp. and Triehopodus sp. from fresh water at Bangkok,
Siam.

ARGULUS INDICUS Weber

FiGUBE 25

Argulus indicus Webek, 1892, p. 544, fig. 1.

—

Van Kampen, 1909, p. 447, figs. 5,

6.—Wilson, 1927, p. 1, pi. 1.

Figure 25.

—

Argulus indicus: a, Respiratory areas; b, ribs of sucking cups; c, antennae.

Carapace broadly rounded, alae covering over half of abdomen so

that the whole animal is almost inclusive in a circle. Cephalic area

prominent; dorsal ridges branched anteriorly; eyes small, without

much pigment; abdomen wider than long, sinus deep, sides diverg-

ing, anal furcae subterminal. Wliole animal dark colored, flecked

with black. Anterior respiratory area minute, about opposite the

second maxillae, posterior oblong" area very large (fig. 25, a). Only
the female is known. It measures about 7.75 mm. The host is

Betta sp. from near Bangkok, Siam.

Lateral hook on first antennae short, without an anterior knob;

basal and post antennal spines large; flagellum of first antennae

201701—40 4
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small, second antennae long (fig. 25, c). All spines are dark colored.

Suction cups moderate, rim narrow, ribs composed of three rods,

marginal lappets long (fig. 25, 6). Second maxillae slender, basal

plate with three large teeth; two pairs of prominent postmaxillary

spines.

Thoracic appendages very long, first pairs with flagella; slight

prominence with setae on the distal posterior surface of the coxa of

third appendages on female; prominent boot-shaped natatory lobe

on posterior of fourth appendages extending laterally as far as the

base of the rami, with the heels pressed against the posterior end

of the thorax; slight setose posterior lobe on the basis.

ARGULUS FLAVESCENS Wilson

FiGUBE 26

Argulus flavescens Wilson, 1916, p. 349, pi. 61, figs. 7-12.—Mueller, 1936, p. 807.

Argulus piperatus Wilson, 1920a, p. 149, figs. 1-7.

Carapace longer than wide, sinus more than one-third the length;

abdomen ovate on female, elliptical on male, lobes rounded and often

touching on the inner margins on the female, sinus giving the im-

pression of being wider at the base; anal papillae basal, small, and
rounded.

On the type there are lateral expansions into the carapace. These

are called "lateral lobes of the stomach" by Wilson, but they are

really expansions from the egg-filled ovaries. They occur only on

gravid females, while those partially spent may have one side filled

or only a few eggs remaining. Thiele noted these expansions on

A. africarvus in the Berlin Museum.
The anterior respiratory area is small and subtriangular, while

the other is very large with a broader posterior portion (fig. 26, h).

The females reach up to 6 mm., while the males are smaller.

First antennae with a slender lateral claw, anterior knob with a

slight hook, flagellum about the length of lateral hook, tip biramous.

Second antennae long, distal joints slender, spine at base; postan-

tennal spines long and larger than others; ventral surface of distal

segments armed with setae.

Suction cups with the ribs on the rim made up of four to six rods,

the distal ones somewhat compressed (figure 26, c). Second maxillae

with three blunt teeth on the basal plate, long setae on the pad of the

basal disc (fig. 26, a). Postmaxillary spines fairly long. On southern

specimens any or all may have a worn appearance.



REVIEW OF GENUS ARGULUS—MEEHEAN 485

Swimming appendages with flagella on the two anterior pairs.

Second pair of male appendages with a posterior lobe on the ventral

side of the precoxa, and the usual spinous pad on the coxa (fig. 26, d).

Third pair of male appendages with a broader lobe on the posterior

of the precoxa than on the preceding appendages and a long lobe over

the coxa and basis that contains the socket. The peg is located on the

distal anterior angle of the basal segment with a very broad base. It

FiGCEB 26.

—

Argulus flavescetis: a. Basal plate of second maxillae and mesial spines;

b, respiratory areas ; c, ribs of suction cups ; d, ventral view of male accessory organs

of last three legs.

is divided longitudinally into two parts. The distal portion is slender,

while the proximal portion is broad with a broad bluntly rounded tip

and with transverse bands or chitinous ribs. On the ventral surface

is a fleshy lobe directed obliquely toward the appendage much like

that of A. japonicus. There is the usual chitinous ridge around the

base of the peg, and a boot-shaped (in some cases more rounded)

posterior lobe on the coxa. The total length of the basal segments

of the three posterior appendages is progi-essively shorter toward the

posterior. A large lobe is located at the opening of the ejaculatory

duct. Both sexes are flecked with pigment.
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The males of piperatus in the Museum are similar to Mueller's figure

of favescens and to specimens of the latter collected by mj^self in

Florida. The distribution extends from Nova Scotia to Florida.

They have been found on Ainia calva and Leptops oUvaHs at Fair-

port, Iowa ; free swimming in the Schubenacadie River, Nova Scotia

;

on HypenteliuTn nigricans from the Ohio River at Marietta ; on Huro
salinoides in the Myakka River and Amia calva in Lake Okeechobee,

Fla., and on Ameiurus nehulosus and Huro salmaides at "VVelaka, Fla.

Additional Florida hosts reported by Dr. R. V. Bangham include

:

Figure 27.

—

Argulus melanostictus: a, Ribs of suction cups ; b, respiratory areas.

Chub sucker (Erimyson sucetta sucetta) at El Jobean ; stump knocker

{Eupom>otis microlophus) at Naples, Englewood, and Lake Okeecho-

bee; gold-spotted killifish {Fundulus sp.) at El Jobean; yellow bull-

head {Ameiurus natalis), Myakka River; Amia calva at Joshua;

marbled bullhead {Ameiurus sp.) from Lake Okeechobee and Engle-

wood; largemouth black bass {Huro floridana) at Naples and Engle-

wood; channel catfish {Ictalurus punctatus)^ Lake Okeechobee; and

warmouth bass {Chaenwhryttus gidosus) from a roadside ditch at

Englewood. The list of hosts and the area of distribution are there-

fore very imposing.
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ARGULUS MELANOSTICTUS Wilson

Figure 27

Argulus melanostictus Wilson, 1935b, p. 776, pi. 25, figs. 1-4.

Carapace about as wide as long, extending to third thoracic

appendages; cephalic area projecting; eyes large, well separated;

dorsal ridges bending sharply laterally ahead of the eyes; posterior

sinus wide, sides flaring. Abdomen elliptical, lobes acute, sinus cut

past center, tips flaring starting at middle of sinus ; anal furcae basal.

Body flecked with dark color. Kespiratory areas include a rounded

one near the suction cups and a posterior, larger somewhat J-shaped

one posteriorly (fig. 27, b). Only the female of this species is known,

and it reaches 8 mm. in length. It was taken in a tow at Monterey
Bay, Calif., and there is a second record from Siam. Host unknown.

Antennae small, lateral hook short, anterior knob small, ventral

median spine of lateral hook broad and blunt, spine at base of first

antennae extremely large, that at base of second antennae long,

postantennal spine extremely broad and blunt. Suction cups with

edge supported by ribs composed of up to 30 or more apparently

imbricate plates (fig. 27, a). Second maxillae have the penultimate

segment enlarged and armed with spines. Basal plate very broad

with short blunt teeth; spines at base of limb near midline on a

broad prominence, second pair slenderer and more pointed and some-

what inconspicuously located.

Swimming appendages bearing flagella on anterior two pairs.

Fourth pair with small boot-shaped natatory lobe on the coxa. Slight

ventral posterior ridge on the coxa of the second and third

appendages. Tactile papilla not apparent.

ARGULUS PUGETTENSIS Dana

Figure 28

Argulus pugettensis Dana, 1853, p. 1351, pi. 94, fig. 2a, b.

—

Thorell, 1865, p.

60.—Wilson, 1902, p. 711, pi. 15.—Thiele, 1904, p. 32, figs. 77-82.

Argulus niger Wilson, 1902, p. 714, pi. 18.

Carapace of female elliptical, covering appendages and extending

onto the abdomen ; cephalic area prominent with lateral sinuses deep.

On the male the carapace is more nearly orbicular, covering only the

third appendages; eyes small and widely separated. Abdomen of

female ovate, lobes rounded, sinus very deep ; on male elliptical, lobes

pointed, sinus less than half the depth; anal papillae basal. The

respiratory areas are composed of an anterior small rounded portion

and a stout J-shaped larger area posteriorly (fig. 28, h). The male
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openings are near two small rounded papillae, while the tactile

papillae of the female are short and stout. The whole under surface

of both sexes is very spinous.

Antennae comparatively small; anterior hook very conspicuous,

flagellum very short; second antennae short; spines at base of first

and second antennae very stout, postantennal pair stouter, those on
ventral surface of lateral hook long and sharp. Suction cups on male
about one-fifth the width of carapace, ribs composed of basal pedestal

and 7 to 10 imbricate plates (fig. 28, c) ; those of female composed
of approximately 16 imbricate plates (fig. 28, d). Second maxillae

very stout and short, covered with armed padded areas; basal plate

broad with teeth blunt, anterior pair of postmaxillary spines short

and truncate, located on a large pad, posterior pair slender and blunt.

Figure 2S.—Argnlus pugettensis : a, Male accessory organs of third and fourth legs;

b, respiratory areas; c, ribs of suction cups (male) ; d, ribs of suction cups (female).

Swimming appendages bearing flagella ; boot-shaped natatory lobes

of fourth pair very stout on female. Precoxa of male elongated on

first three appendages ; basal segment of second appendages unusually

wide with a groove on the posterior surface, where it fits against the

next appendage. On the third appendage a thin-walled voluminous

sac extends the length of the coxa and part of the basis. Dorsally the

opening of the socket extends about two-thirds the length of the sac.

T]ie fourth appendage has a boot-shaped natatory lobe posteriorly,

and the usual chitinous ridge along the proximal side of the base of

the peg. The peg is odd in that it is composed of a triangular lamina

with the tip directed laterally and the base quite broad (fig. 28, a).

This is the only species studied where the ribs on the rim of the

suction cups show any considerable sex differences. The female has

been reported up to 18 mm. and the male 8 mm. This large difference
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in size may account for the difference in the structure of the ribs of the

suction cups. As far as can be determined niger is identical in every

respect.

All specimens have been taken on the Pacific coast. They have been

found free swimming and on the surf perch, blue perch {Taeniotoca

lateralis), Sahno irideus, OncorhyncJvas Jdsutch, Hyperprosopon
argeneu.3. and Gymatoga^ter aggregatus.

ARGULUS FLORIDENSIS, new species

FiGTJBE 29

A single male specimen labeled A. pugettensis and found in

U.S.N.M. vial No. 77810 is entirely different from typical pugettensis

and will therefore be given a new name. It was collected by A. E.

Verrill in 1884 at Key West, Fla. The host is not given.

FiGUKB 29.

—

Argulus floridensis: a, Respiratory areas; 6, ribs of suction cups; c, second

thoracic appendage (male) ; d, tbird thoracic appendage (male) ; e, fourth thoracic

appendage (male).

Although the specimen is in poor condition, the following measure-

ments were taken : Total length 5.85 mm., length of carapace 4.88 mm.,

width 4.28 mm., sinus 1.99 mm., abdomen 1.58 mm. long and 1.35 mm.
wide with the anal sinus 0.98 mm.
The carapace is ovate, sinuses shallow, cephalic areas broad, eyes

small, widely separated; alae reaching abdomen. Abdomen ovate,

narrower at the top near the thorax, sinus deep, tips divergent, anal

furcae small and basal. Dorsal ridges very stout, bowed inward
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behind the eyes and diverging ahead of them. Respiratory areas well

separated, almost equal in size and shape (fig. 29, a).

First antennae with an anterior hook; ventral mesial spine fairly

large, basal spine of first antennae very large, spine on second antenna

long and broad and postantennal spine very broad. These differ from

fugettensis in that the spines at the base of the first antennae and

near the midline are so very broad and the anterior hook is placed so

far laterally on the lateral hook.

Suction cups about one-fifth the width of the carapace, with 18 or 19

imbricate plates in the ribs (fig. 29, 5). This is very similar to the

female pugettensis. Second maxillae slenderer and without so prom-

inent spinous pads, with three broad blunt teeth, median one slightly

broader than the other two, postmaxillary spines fairly long, both

pairs pointing medially.

Swimming appendages without flagella. Second appendage with

broadly bilobed lamella on posterior ventral edge (fig. 29, c). Third

appendages with the dorsoanterior edge of coxa rounded proximally

and armed with spines, ventral distal edge with an upright fingerlike

papilla projecting anteriorly and a rounded papilla dorsal to it (fig.

29, d) . On the fourth appendage there is a small rounded lamella on

the posterior surface of the basis and a more broadly rounded blade-

like lamella on the posterior surface of the coxa. The usual chitinous

ridge extends obliquely across the basal segment with the peg orig-

inating on the dorsal distal end of the last basal segment and curved

medially above this basal part like a curved finger (fig. 29, e).

There seems to be no indication of the socket from the ventral side

of the animal, but on the dorsal side of the third appendage it may be

seen as a saddled-shaped depression on the distal end of the basis,

while the two rami are fused at their point of origin to form a broad

base. This armature, the absence of flagella on the swimming ap-

pendages, and the two very nearly equal respiratory areas are all

different from those of pugettensis.

ARGULUS BOREALIS Wilson

Figure 30

Argulus horealis Wilson, 1912a, p. 85, pi. 3.

Carapace slightly longer than wide, ovate ; cephalic area prominent,

eyes fairly large, alae reaching third appendages in female, fourth

appendages in male. Abdomen elliptical; anal sinus shallow; anal

furcae basal, tips diverging, testes extending almost full length of

abdomen. Color almost lacking in the body except a brown band

extending posteriorly from the edge of the cephalic areas paralleling

the edge of the alae; dorsal surface of abdomen somewhat rusty in

female; brown color on each side of testes in male. The respiratory
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areas are composed of an oblong one anteriorly near the base of the
second maxillae and smaller than the other, which is some distance
posterior to it (fig. 30, a). The females measure to 8.5 mm. and the
males to 4 mm. The hosts are Lepidopsetta hilinmta and Cymato-
gaster aggregatus from Departure Bay, British Columbia.

Figure 30.

—

Argulus borealis: a. Respiratory areas ; b, ribs of suction cups ; c, accessory
organs of second, third, and fourth legs.

Suction cups with the rims supported by ribs composed of an
elongate rod and four to six overlapping plates (fig. 30, b). Mar-
ginal lappets delicate. Second maxillae with a wide basal plate, teeth

long and pointed
;
postmaxillary spines also long.

Antennae very trim; spines narrow, lateral hook sharp, anterior

knob slender, ventral median spine prominent, spines at the base of

the antennae and near midventral line long. Flagellum of first

antennae longer than the lateral hook; second antennae extending

almost to the edge of carapace.

Thoracic appendages without flagella. The posterior surface of

the fourth appendage of the female with a somewhat bilobed fleshy

prolongation of the coxa. Second appendage of male with a slight

ventral posterior lobe (fig. 30, c). Third pair with an anterior

rounded swelling on the coxa and a broadening of the same segment

posteriorly where the socket is located. There is a posterior bilobed

natatory flap on the coxa of the fourth appendages; the basal seg-

ments of the appendage are short and broad, with a ridge around the

base of the peg on the distal anterior edge of the basis. The peg is

a large, round prominence near the base of the exopod with a con-

cavity around it. There is a bulbous papilla at the posterior end of

the thorax near the male opening.
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ARGULUS MEGALOPS Smith

FiGUEE 31

Argulus megalops Smith, 1873, p. 575.

—

Wilson, 1902, p. 706, pis. 11, 26; 1932,

p. 16, fig. 5.

Argulus varians Bebe, 1936, p. 579, pi. 1, figs. 11-16.

Carapace elliptical, male more rounded, in most instances reaching

third appendages on both sexes, but on Florida specimens it may
extend onto abdomen ; cephalic area prominent, eyes large, well sepa-

rated; posterior sinus broad, alae rounded; last segment of thorax

broadened laterally, almost as wide as abdomen. Abdomen of female

subtriangular, sinus shallow ; male elliptical, connected to thorax by a

narrow neck, almost as long as female, sinus shallower, anal furcae

basal. The respiratory areas well separated, anterior one compara-

tively large, posterior with lobed margin (fig. 31, h). Female up to

7 mm. in length and male the same size. U.S.N.M. No. 60462, labeled

A. megalops var. spinosus, is apparently not different from the reg-

ular species, except that there is less color and the spines on the

ventral surface of the carapace show up better. Both have a very

spinose under surface. Specimens labeled A. varians in the Bass

Biological Laboratory differ only in a considerable variation of the

size of the carapace. Other characters are identical.

Antennae slender, spines and hooks slender, lateral hook short,

curved back on itself sharply, anterior knob long, with slight hook;

spine on ventral surface of hook long and curved; slender spines

present at base of first and second antennae and at midline; second

antennae reaching almost to edge of carapace, many setae at each

joint and on tip.

Suction cups small, separated somewhat, rim supported by ribs

made up of an elongate rod and four to nine apparently imbricate

plates (fig. 31, a). Second maxillae with broad basal plate having

three slender widely spaced teeth; two postmaxillary pairs also

slender.

Swimming appendages without flagella. Female with slender

boot-shaped lobe with a broad heel and slender toe on posterior sur-

face of fourth appendage. This varies somewhat in size. Tactile

papillae slender and small.

Male third appendage with a fingerlike projection on the dorsal

anterior distal edge of the coxa pointing anterolaterally, and on the

posterior surface of the same segment is a large rounded lobe con-
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taining the socket (fig. 31, c). The fourth appendages have a pos-

terior flap, which is squarely truncate. There is the usual chitinous

ridge surrounding the base of the peg. The peg is a rounded ball on

a narrower neck at the distal anterior edge of the basis. Mesial to

this is a triangular flap projecting anteriorly and turned ventrally

at the tip. The top of the peg seems to be faceted. There is a broad

papilla at the male opening between the bases of the fourth

appendages.

FiGDKB 31.

—

Argulus megalops: a. Ribs of suction cups ; h, respiratory areas ; c, male
accessory organs of third and fourth legs.

The host and localities have been reported as follows : Myoxoceph-
alus octodecimspinosus, Salt Harbor, New Brunswick; Pseudo-

pleuTonectes americanus^ Pardlichthys dentatus^ Hippoglossoides

plate8Soides^ Lophoj^setta macidata^ Pt^onotus carolinus^ Myoxoceph-
dlus octodeciTrispinosus^ Lophius piscatorius^ Microgadus tomcod^

and from tows in the Woods Hole region; and finally from the bat-

fish {Ogcocephalus sp.), the pinfish {Lagodon rhomhoides) ^ the

suckingfish {Echeneis naucrates), and the spiny toadfish {Chilo-

mycterus spinosus), on the Gulf coast of Florida.
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ARGULUS JAPONICUS Thiele

Figure 32

Argulus japonicus Thiele, 1900, p. 48; 1904, p. 39, figs. 94-98.—Wilson, 1902,

p. 727.—ToKiOKA, 1936a, p. 334, pi. 21, figs. 1, 2.—Yamaguti, 1937, p. 781,

figs. 1-9.

Argulus trilineatus Wilson, 1904, p. 651, figs. 34-38.—Gtjbeelet. 1928, p. 35,

figs. 1-7.—Meehean, 1937, pp. 288-292, pi. 1.

Carapace elliptical, covering third swimming appendages or reach-

ing fourth ; eyes well separated, cephalic area not very broad ; sinuses

shallow; abdomen small and spindle shaped; anal sinus deep, anal

furcae basal, sides flaring on female, not on male. Anterior respira-

tory area small, subtriangular, posterior one large and reniform

(fig. 32, &). The dorsal ridges are branched. Both males and females

have been reported up to about 6 mm. in length.

Figure 32.

—

Argulus japonicus: a. Ribs of suction cups; b, respiratory areas; c, male
accessory organs of second, third, and fourth legs.

Antennae small, an anterior knob on the base of the first pair,

spines at the base of both pairs and near the midline. Suction cups

with an elongate basal segment and five to seven imbricate plates in

the ribs (fig 32, a) ; marginal lappets about six or seven between

the ribs. Second maxillae with broad basal plate having blunt teeth

widely separated; spines near midline about the same size as the

teeth.

Swimming appendages with flagella, posterior surface of coxa on

fourth appendage of female with fleshy rounded lobe. On the male

the second appendages have a bilobed posterior protuberance with

truncate spines along edge. It is placed somewhat obliquely across

the coxa with the mesial lobe more dorsal and the distal portion of lobe
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somewhat longer. Between the second and third swimming legs is

a slight spinous lobe on the lateral edges of the thorax directed from

the base of the third thoracic appendage anteriorly (fig. 32, c). On
the third and fourth appendages the basal segments are only about

half as long as those of the two anterior pairs. The basal segment

of the third pair is very broad, and a posterior lobe containing the

socket extends about two-thirds the length of the segment. The
peg is composed of a chitinous shovel-shaped lobe projecting laterally

from the distal end of the basis, with a fleshy protuberance directed

toward the appendage on the ventral side. Around the base of the

peg is the usual ridge ; the basis is enlarged posteriorly and a fleshy

posterior lobe is located on the coxa. There is a large papilla at

the ejaculatory duct on the end of the thorax.

The host in this country is the goldfish {Carassius auratus), and

the species has been reported from almost every region where goldfish

are found.
ARGULUS LATICAUDA Smith

FlGtTRE 33

Argulus laticauda Smith, 1873, p. 574.

—

Wilson, 1902, p. 705, pi. 10.

Carapace longer than wide, alae reaching fourth appendages of

male and abdomen on female; cephalic area broad and prominent,

with deep sinuses, posterior sinus broad. Abdomen orbicular, about

as wide as long; sinus about one-fourth the length of carapace and

broad; anal furcae basal. The respiratory areas consist of an

anterior smaller one opposite the maxillae and a posterior E-shaped

larger one (fig. 33, a). Females have been reported to 7 mm. and

males to 6 mm.
Lateral hook of first antennae short but turned back on itself;

anterior knob long with slight indication of a hook at the end;

ventral spine on base of hook stout, spine at base of antenna broad

with a blunt end; flagellum just reaching beyond lateral hook.

Second antennae long, almost reaching the edge of the carapace;

spine at base very broad, postantennal spine very broad and long.

Suction cups small, rims supported by ribs made up of three or

four straight rods (fig. 33, 5). Marginal lappets very large. Second

maxillae with narrow basal plate flaring widely into three truncated

lobes, which may be squarely cut but usually appear to be worn in

the center to give a slightly bilobed appearance. Postmaxillary

spines short, broad, truncated, and fairly inconspicuous.

Swimming appendages with flagella. Female with small boot-

shaped natatory flap on posterior surface of coxa on fourth a^Dpend-

ages. Male accessory apparatus extremely complicated. Precoxa of
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second appendages on ventral side with a narrow cliitinoiis strip,

which projects posteriorly beyond the edge of the appendage (fig.

33, c) . Coxa extremely broad with a broad, flat lobe along the whole

posterior side, which has a machete-shaped lobe on the distal part

of the appendage projecting ventrally from the posterior lobe so

that it stands out from the appendage. The third appendages have

the combined basal segments telescoped. Posteriorly there is a chi-

tinous lamina projecting toward the body similar to the narrower one

on the anterior appendage; it is about three times as broad as the

latter. The remainder of the segments form a saddle over the fourth

appendage by means of a ventral lobe on the distal end of the coxa

and a dorsal lobe proximal to it. The exopod is broad at the base

PiGDBB 33.

—

Argulus laticauda: a. Respiratory areas ; b, ribs of suction cups ; o, accessory

organs on last tliree legs of male.

with a large hump anteriorly which fits under the lobe of the

anterior appendage. The fourth appendage also has short basal

segments. Anteriorly the broad peg occupies more than half the

space. It is projected out as a large papilla tipped on the distal

edge by two chitinous cylindrical tips which extend down the side

of the papilla. The posterior edge of the basis is expanded into a

hatchet-shaped projection, while the coxa has a roughly boot-shaped

one. The exopod is expanded slightly at the base.

This species has been collected in tows at Vineyard Sound, Mass.

;

on Anguilla rostrata^ Pseudopleuronectes americanus, Paralichthys

dentatus^ Microgadus tomcod^ Myoxocephalus scorpms, Opsanus tau^
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all from the Woods Hole region ; Promicrops itaira^ Dry Tortugas

;

and from Opsanus tau^ Pteroplatea maclwra^ and Amphotistius say

in the Gulf of Mexico.

ARGULUS RETICULATUS Wilson

FiGXIRE 34

Arffulus reticulatus Wilson, 1920b, p. 2, pi. 1.

Carapace elliptical; cephalic area slightly prominent, posterior

sinus shallow and rectangular; eyes small, widely spaced; alae over-

lapping abdomen on female and about reaching it on the male. Ab-
domen ovate, anal sinus shallow and narrow. Anterior respiratory

area subtriangular, posterior one very large and reniform (fig. 34, & )

.

Figure 34.

—

Argulus reticulatus: a, Rib of suction cup ; b, respiratory area ; c, accessory

organs of second and third legs of male ; d, fourth leg with peg.
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Antennae short ; anterior hook with broad base ; spines present on

the ventral surface of the hxteral hook and at the base of the first

and second antennae and near the midline of the body. The two

latter somewhat stout. Suction cups with ribs composed of a series

of rectangular rods, the distal one pointed (fig. 34, a). Maxillae

slender, basal plate with three rounded teeth ; first pair of maxillary

spines pointed, second pair rounded.

Thoracic appendages with flagella. Second appendages of male

with a bilobed protuberance on the posterior surface of the coxa.

Third appendages with a large circular lobe containing the socket

projecting posteriorly from the coxa, but overlapping part of the

basis (fig. 34, c). On the fourth appendages is the usual natatory

lobe on the posterior surface of the coxa. The peg is very much en-

larged, but with the usual small tip. Extending along the ventral

surface of the peg toward the appendages is a fleshy papilla some-

what like that on japonicus (fig. 34, d).

The female measures to 8 mm. and the male to 6 mm. The host

is Hydrocyon goliath from the Congo River, Africa.

ARGULUS FUNDULI Kr0yer

FiGUEE 35

Argulus funduU Kr0yeb, 1863-64, p. 94, pi. 2, fig. 1.

—

Wilson, 1902, p. 710, pi. 14

;

1932, p. 13, fig. 1.—Thiel, 1904, p. 34.

Argulus latus Smith, 1S73, p. 574.—Wilson, 1902, p. 704, pi. 9; 1932, p. 14.

fig. 2.

Carapace about as wide as long; cephalic area broad and prom-

inent; eyes large and well separated; posterior sinus broad, alae

reaching third appendages on both sexes. Abdomen of male el-

liptical, half as wide as long, with the testes extending the full

length to the sinus; female abdomen broader in proportion, with

tips more widely separated; anal furcae basal. The respiratory

areas are small and widely separated, somewhat circular in appear-

ance; the anterior one ahead of the second maxillae and the posterior

larger one behind the first swimming appendages (fig. 35, h).

The antennae are small, with a slight indication of an anterior

knob ; spine at base large, postantennal spines broader. Spine at base

of second antennae smaller than those on first. Suction cups large,

about one-third the width of the carapace; ribs in rim supported

by 15 to 22 imbricate plates and a more elongate basal one (fig. 35, a).

Marginal lappets very small. Second maxillae slender; basal plate

broad and irregularly triangular, with one to three blunt teeth; the

two pairs of postmaxillary spines lacking.

Swimming appendages without flagella; fourth coxa of female

with a small, rounded posterior lobe, whole protopod broader than
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on anterior appendages. Third appendages of male have an anterior

trianguLir flap from the distal edge of the coxa extending over the

basis; the posterior surface of the same segment is enlarged where
the socket is located (fig. 35, c). The socket itself is merely a shallow

cup with a fleshy lip around it on the posterior surface of the seg-

ment in contrast to the usual opening on the dorsal side.

The peg appears as a fingerlike lobe curled mesially, with a second

lobe proximally and pressed up against it. They are both located

on the dorsal side of the segment in line with the end of the exopod.

There is a chitinous ridge around its base, as in other species.

iMft:^'''!'''*'^

FiGDEE 35.

—

Argulus funduli: a. Ribs of suction cups ; b, respiratory areas ; e, male
accessory organs of tliird and fourth legs.

Smith's description of A. latus is not full enough to enable one to

determine whether he has established a true species. The specimens

of A. funduU and A. latiis in the National Museum seem to be iden-

tical in every respect. Both have a slight lobe on the mesial side of

the basal plate of the second maxillae, and they lack spines near the

midline between them. They have 15 to 22 imbricate plates in the

rim of the suction cups, with a slightly enlarged one at the base.

The respiratory areas are similar on the two; the posterior lobe on

the fourth swimming appendages of the female are alike. The

antennae have a slight indication of an anterior knob on both species,

with the spines at the base of the first antennae and the postantennal

ones larger than the others. The carapace reaches or covers the

third thoracic appendages. U.S.N.M. No. 60452 contained some

immature males labeled A. latus along with some females. The males

were immature so that the accessory copulatory apparatus was not

developed far enough to tell whether there were any specific differ-

ences. It is therefore proposed that until the males are found these

species be considered as synonymous.
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A. latus has been taken in surface tows at Vineyard Sound, Mass.,

in a brackish pond on Chappaquiddick Island, Mass., and in Casco

Bay, Maine.

A. funduli was described from specimens taken on Fundulus ocel-

laris near New Orleans, La. ; others from many fish at Waquott Hole

and Woods Hole, Mass., and Long Island Sound; from Fundulus

majalis at Beaufort, N. C. ; FuTidulus heteroclitus^ St. Andrews, New
Brunswick; a brackish pool atMeveitta, Fla. ; on Menidia notata and

Pseudopleuronectes araericanus from the Passamaquoddy region;

and on Lagodon rhoniboides from the Gulf of Mexico. The females

measure to 5 mm. and the males to 4 mm.

ARGULUS VIOLACEUS Thomsen

FiGUEE 36

Argulus violaceus Thomsen, 1925, p. 185, figs. 1-15.

Carapace elliptical, covering second appendages on female and

reaching third ones on male; posterior sinus broad, eyes widely

separated; cephalic area prominent and sinuses deep. Abdomen of

male subtriangular, with broadest portion near anterior end ; almost

rectangular on female, with narrow neck attached to thorax; sinus

broad, uniform in width, anal furcae basal, rounded. The testes

extend almost the full length of the abdomen.

Antennae arranged to accommodate them to the narrowness of the

cephalic area. The lateral hook is pushed forward and bends back

very far ; anterior hook pushed mesially, very broad at base and long

with a minute hook. A large spine located on the ventral surface

of the lateral hook, spine at base of second antenna long and blunt,

that at base of the first is broader and those near the midline very

broad and blunt. Second antennae extending to the edge of the

carapace.

Suction cups small and widely separated. Him narrow with ribs

composed of a somewhat J-shaped basal rod and an oblong distal

one, marginal lappets blunt and rounded (fig. 36, a). Second maxil-

lae slender, basal plate with three broad rounded lobes, and both

pairs of spines near the midline rounded with spinous pads on them.

Anterior respiratory area subtriangular located near suction cups,

with the posterior one extending to the end of the alae (fig. 36, h).

Thoracic appendages with flagella, very stout and short on the

female; thorax slightly widened between third and fourth pairs; on

the male the coxa is slightly broader than the width of the second

appendage. The third appendages are peculiar in that the basal
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segments are only as long as the coxa of the second one; coxa with

a bilobed papilla on the anterior surface; basis short and mnnodi-

fied. The first segment of the endopod is very broad, with a spine

in the middle of the ventral surface and a longer sharper one on the

anterior distal surface at the base of the distal segment. The distal

segment is curved, with long curved setae that fold over from both

edges, which are peculiar in that they bend toward the posterior of

the segment and are found on both edges instead of only one as in

other species. The exopod originates on the dorsal surface of the

basis and curves laterally reaching to the middle of the distal segment

of the endopod. The socket can be seen from the dorsal side as a

lobe rounded posteriorly from the coxa (fig. 36, c).

FiGDEB 36." -Argulus violaceus: a. Ribs of suction cups ; 6, respiratory areas ; c, accessory

organs of tbird and fourth legs of male.

The fourth appendages have a slight rounded lobe on the posterior

of the coxa. Anteriorly there is a slight indication of a chitinous

ridge around the base of the peg. The peg is a mounded, button-

shaped, chitinous papilla, with a slight concavity on the top. The

exopod originates on the dorsal side of the basis as on the third

appendages, with a triangular flap over the peg, as seen from the

dorsal side. The basal segments of the fourth appendages are cov-

ered by the abdomen.

The female is 6.5 mm. and male 5 mm. The hosts are Pledostomus

com/mersonii from Uruguay and Rhamdia quelea.
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ARGULUS SALMINEI Kr0yer

Figure 37

Argulus salminei Kr0yer, 1863-64, p. 89, pi. 1, fig. 1.

Argulus paulensis Wilson, 1924, p. 4, pi. 1, figs. 1-5.

Carapace wider than long, reaching third appendages on male and

overlapping them on the female. Cephalic area prominent, sinuses

shallow. Eyes light colored and widely separated; dorsal ridges

divergent anteriorly, extending very far anteriorly toward the edge

of the carapace. Abdomen of female wider than long, anal sinus

one-fourth the length, seminal receptacles large; male abdomen

longer than wide, anal sinus very shallow and broad, testes occupy-

ing most of the available space; anal furnace basal, elongate.

Antennae slender, slight knob on anterior of lateral hook, which

is bent in an arc, distal end of flagellum opposed by a prominent

seta; second antennae so slender that the basal segments grade into

the distal ones, spines slight, chitinous protuberances almost absent

at base of second antennae but larger on ventral of first antennae

and at base and near midline of the body. There is not so great a

differentiation of the segments of the antennae as in other species.

Suction cups with narrow rims, supporting ribs tapered and

broken into 9 or 10 segments, marginal lappets numerous between the

ribs (fig. 37, c). Second maxillae with broad basal plate slightly

lobed, medial lobe somewhat longer and narrower; two pairs of

postmaxillary spines conspicuous or not, but present at least as

chitinous prominences.

Swimming appendages with flagella, which are very stout on the

female and tipped with very long setae. Appendages of female

normal, with a small, boot-shaped, natatory lobe on fourth. Second

swimming appendage of male has the usual posterior bilobed lamella

but with the proximal lobe abbreviated and the distal one elongate

(fig. 37, a). The lobe enclosing the socket on the posterior of the

third appendage is located dorsally over the groove dividing the

basis and coxa, so that the location of the socket cannot be noted from

a ventral view, because the opening is on the segment proper rather

than on the lobe. The peg is a triangular prolongation of the anterior

edge of the basis ending in a number of points; dorsally the end is

an oddly shaped movable hook with a flat surface underneath. On
the ventral surface of the peg is a fleshy papilla projecting medially

much as in japonioiis. The coxa has a small, boot-shaped, natatory

lobe posteriorly, well armed with long setae. There is a broad papilla

near the male opening.

The respiratory areas are composed of an anterior subtriangular

smaller one and a posterior large one with a notch in the middle of
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the mesial side (fig. 37, h). The females measure up to 8 mm. and
the males to about half that size. The host is the "Italrirana" in

Brazil. It is a fresh-water species.

Thiele (1904) showed a pair of spinous prominences on the ante-

rior surface of the basis on the third swimming appendage. The
specimens at hand have one prominent one on the dorsal side of this

appendage, with the rest of the anterior appendage rounded to fit

under the lobe or pad projecting from the posterior surface of the

second appendage.

Figure 37.

—

Argulus salminei: a. Accessory organs of last three legs of male ; b, respiratory

areas ; c, ribs of suction cups.

On the dorsal side the base of the coxa projects posteriorly as a

rounded prominence, so that from a ventral view the tip appears as

a spinous pad median to the rounded voluminous swelling enclosing

the socket. The opening of the socket is an oblong slit, which is very

long to correspond to the size of the large pad.

Two specimens labeled A. nattereri (Heller), No. 1261-91/435, are

identical with A. paulensis Wilson. The largest of these was 10.4 mm.
long. They do not fit Thiele's description of the type for nattereri

in two particulars—the anterior protuberance on the first antenna is

a knob rather than a hook, and the teeth on the basal plate of the

maxillae are short and broadly rounded rather than long and slender.

Both groups of specimens seem to fit the description of A. salminei

Kr0yer. as given by Thiele, in every detail except one. He says that

there are about seven segments in the ribs of the suction cups. The

two groups in the Museum have about 16, and 9 or 10, respectively.

Since these divisions are somewhat dependent upon the size of the

animal and are the same in shape, the number of segments is not

significant. The male accessory appendages of paulensis and sahninei

are alike. The former therefore becomes synonymous with the latter,
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and the specimens labeled nattereri are really the same as these. No
respiratory areas have been figured for any of these. They are,

however, included in the present description.

ARGULUS AMERICANUS Wilson

Figure 38

Argulus americanus Wn-SON, 1902, p. 718, pi. 21, pi. 26, figs. 84-86 ; 1904, p. 627,

figs. 1-21.

Carapace about as wide as long, overlapping the abdomen in both

sexes, alae overlapping thorax and truncate on large females;

cephalic area prominent, sinuses not deep. Abdomen subtriangular,

about as wide as or wider anteriorly than the length; sinus one-fifth

to one-fourth length of abdomen, sides diverging, anal furcae subter-

minal and large. The respiratory areas are peculiar in that the

papi//a

Figure 38.

—

Argulus americanus: a, Male accessory organs of last three legs ; 6, ribs of

suction cups ; c, respiratory areas ; d, dorsal view of second male appendage.

smaller is oblong and located in a notch in the larger one, mesially

and anterior to it (fig, 38, <?). Females have been reported up to

12 mm. and males of about the same size.

Antennae deeply sunk into carapace, very characteristic since bases

of first antennae are usually prolonged mesially into a knob ; there is

an extra spine between that at the base of the first antennae and the

postantennal spine, making three pairs in a row. The lateral hook

is bent posteriorly; base of segment enlarged into an anterior knob,

rather than the usual more mesial one; ventral spine large; second

antennae with large spine at the base ; basal segments not very large,

others progressively smaller and armed with setae.

Suction cups with rims supported by ribs composed of two or three

elongate rods, interior ones longer than outer (fig. 38, b). Second
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maxillae about normal, basal plate with the two mesial teeth more
pointed than lateral broad one; postmaxillary spines blunt and
rounded.

Swimming appendages with flagella. Female with boot-shaped

lobe on posterior surface of fourth coxa; tactile papillae long and
stout. Second appendage of male with a lobe on the posterior surface

of the coxa prolonged laterally almost as long as the basis, a short

flagellumlike papilla on the middle posterior surface of the coxa

underneath the posterior ventral lobe (fig. 38, d). Third appendage
with a club-shaped lobe on the anterior distal edge of the coxa extend-

ing over the basis to the exopod ; on the posterior surface of the basis

is a flat lobe with the socket opening on its dorsal surface (fig. 38, a).

The peg, with an armed ridge around its base, is located on the basis

of the fourth appendage; the posterior boot-shaped lobe extends

laterally about to the distal end of the basis and is covered entirely

by the abdomen.

From the host Amia calva it has been reported from Ann Arbor,

Mich.; Lake Maxinkuckee and Kankakee River, Ind. ; Fairport,

Iowa ; from Umbra limi at Fairport, Iowa ; from Amia calva, Ocean
Pond, Lake City, Fla. ; and from Esox nohilior, Clayton, N. Y.

Approximately one-third of the type specimens of americanuSy

U.S.N.M. No. 20940, are spotted like maculosus. In the same way
many specimens of the latter are unspotted, so that the color is not

a specific character.

ARGULUS VERSICOLOR Wilson

FiGUBE 39

Argulns versieolor Wilson, 1902, p. 716, pi. 20, pi. 26, fig. 83; 1904, p. 643, figs.

22-33.

Carapace only slightly longer than wide, alae overlapping abdomen
slightly on the male and just reaching it on the female; cephalic area

prominent, lateral sinuses not deep. Abdomen ovate in female, sub-

triangular in male; anal sinus very shallow, furcae subterminal and

fairly large. Distinctive dark coloring along depressions in alae and

posterior of cephalic areas, between dorsal ridges and along intestinal

tract through abdomen. Wilson states that these are variegated in

natural color. Smaller respiratory area rounded and located in a

notch on the mesial side of the larger one (fig. 39, a). Females are

reported up to 6 mm., males to 4.5 mm. The hosts and localities are

as follows : Esox reticularis, Warren and Worcester, Mass. ; Patapsco

Relay, Md. ; Lake Maxinkuckee, Ind.; "pickerel," Valdosta, Ga.

First antennae with anterior knob, broad ventral spine, and large

spine at base; second antennae with broad spine at base; broad post-
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antennal spine and an extra one between that and the one at the base

of the first antennae, making tliree in a row.

Suction cups have ribs made up of an oblong basal plate and two

to four somewhat oblong shorter ones (fig. 39, h). These differ from

maculosns in that the distal plates are oblong rather than rectangular

and the basal plate is long and narrow without a broad base. The
second maxillae have long widely spaced teeth, with the two pairs of

spines near the midline of the body stout and long, the posterior pair

very near the basal j)late. These teeth are slenderer than in mdculosus.

Figure 39.

—

Argulus versicolor: a, Respiratory areas ; b, ribs of suction cups ; c, male
accessory organs of last three legs.

Flagella are present on the swimming legs. There is a slight lamella

on the posterior of the coxa of the third appendages of the female;

the usual natatory lobe on the posterior of the fourth appendage but

without a heel; large females may have a lamella on the basis also,

tactile papillae very long.

On the male the second appendages have the usual bilobed pad on

the posterior ventral side of the coxa armed with short spines (fig.

39, c). On the third appendages there is a lamella on the posterior

surface of the basis, with a rounded lobe on the coxa that accommo-
dates the socket. Dorsally there is a large rounded papilla on this

segment, with a groove running posteriorly to the opening of the

socket. The fourth legs of the male have a posterior lamella ex-

panded somewhat laterally over the basis. Anteriorly there is the

usual chitinous ridge medially around the base of the peg, while the

peg itself is pear-shaped, with a broad base and narrow tip projected
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laterally. The exopods are distinguished from those of other species

by being dark in contrast to the endopods.

ARGULUS MACULOSUS Wilson

FiGTJEE 40

Argulus maculosus Wilson, 1902, p. 715, pi. 19, pi. 26, fig. 82; 1907, p. 416,

pi. 31, figs. 15-22 ; 1914, p. 354. •

Carapace about as wide as long; sinuses sharp but not deep, alae

reaching or covering third appendages; abdomen on male almost

rectangular, but subtriangular on female; anal sinus fairly deep,

with sides flaring somewhat. Tactile papillae very prominent. The
respiratory areas consist of a small one in a notch on the mesial

side of the larger (fig. 40, a).

Antennae with three spines along the midline, the posterior one

broader and longer. There is an anterior hook on first antennae

as compared with a knob on americanus, but the knob on proximal

edge of basal segment of first antennae is not so prominent. There

is a slight papilla above spine at base of second antennae. Suction

cups supported by ribs composed of three to eight rods, as compared

with two in americcmus (fig. 40, h). Basal plate of second maxil-

lae with long teeth, plate narrow, postmaxillary spines long.

Swimming appendages with flagella; fourth appendage of female

with boot-shaped lobe with broad heel, extending beyond the ab-

domen; third appendages with slight posterior ridge, precoxae long,

especially on male. Second thoracic appendages of male with the

usual posterior lobe but extended laterally (fig. 40, c). It does not

have the papilla under it that is found in americanus. Third ap-

pendage with anterior flap on coxa extending over basis; basis ex-

panded posteriorly with socket. The peg is very broad at the base

extending over the whole anterior surface of the basis; the tip is

unusually large and turned somewhat anteriorly. The posterior lobe

of the coxa is extended laterally around the basis.

There is considerable similarity between americanus and maculo-

sus and between the females of versicolor and the other two. A. ma-

ddosus can be separated from americanus by the following points

of difference: On the former the rounded anterior respiratory area

is small and mesial, but on the latter it is large and at the antero-

mesial corner of the larger, more posterior one. The former has an

anterior hook on the first antennae, while on the latter there is a

knob. On maculosus the third spines at the midline near the an-

tennae are longer and larger, and the mesial knob at the base of

the first antennae is not very prominent. There are four to six rods

in the sucking disks of maculosus and only two in americanus. The
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teeth on the basal plate of the maxillae of maculosus are long com-

pared with a lateral broad one in aniericarvus; the extra flagellum-

like papilla under the posterior lobe on the second thoracic ap-

pendages of the male of americanus is missing in maculosus.

A. versicolor differs from americcunus in that it has respiratory

areas like those in maculosus. It has an anterior knob on the an-

tennae instead of the anterior hook, and the teeth of the basal plate

on the second maxillae are slender.

o

Figure 40.

—

Argulus maculosus: a. Respiratory areas; b, ribs of suction cups; c, male
accessory organs of last three legs.

It differs from maculosus in that the three spines at the base of

the antennae are about the same size. The rods in the ribs of the

suction cups are composed of a narrow elongate basal and distal

oblong segments as compared with a broad basal and rectangular

distal segments on maculosus. The teeth on the second maxillae

are very slender and widely spaced as compared with the closely

spaced ones on nmculosus. The male accessory apparatus is entirely

different and characteristic.

This species has been reported from Ameiurus nehulosus, A. nata-

lis, and Amhloplites rupestr^is from Lake Maxinkuckee, Ind. ; and

from Ameiurus natalis^ Lost Lake, Ind. Females measure to 10 mm.
and males to 7 mm. in length. This species also occurred in a col-

lection sent me by Dr. Bangham from Woodmere, Fla., on the chub

sucker {EHinyzon sucetta).

The type specimens for maculosus., U. S. N. M. No. 28937, are

typical americanus^ as well as No. 12226. Judged from Wilson's
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description and figures (1902, pp. 715-716, pi. 19), he seems to have

separated the species according to the presence or absence of pig-

ment spots. On about one-third of the types of americanus one may
note the typical flecks that he indicates as characteristic of maculosus.

The remaining vials do contain specimens with the characters

outlined above, some of which may be designated as types for the

species. There is no such specimen as that from which he described

the species and which was probably aberrant.

ARGULUS MISSISSIPPIENSIS Wilson

FlQUKE 41

Argulus mississippiensis Wilson, 1916, p. 350, pi. 61, figs. 13-15; pi. 62, fig. 21;

pi. 63.

Carapace subcircular, wider than long, alae somewhat truncate

posteriorly so that lobes just about reach abdomen; eyes small and

widely separated; abdomen one-fourth the total length of the body.

FiGUBE 41.

—

Argulus mississippiensis: a, Accessory organs of last three legs of male;

6, respiratory areas ; c, ribs of suction cups.
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roughly rectangular in shape ; anal sinus deep, sides flaring on female

and in contact on male, lobes pointed with anal furcae simulating a

second more median tip to the lobes of the abdomen ; anterior end of

abdomen square. The whole effect of the animal is very flattened

and leaflike, flecked with brown.

The lateral hook on the antennae is curved in an arc instead of

being more sharply bent; anterior hook curved as well as the spine

on the midventral surface of the hook. Spine at base of first antennae

small, those near midline of body larger, all sharp. Tip of first

antennae biramous, second antennae short.

Suction cups small, edge supported by ribs composed of three or

four rods, with slight indications of others; about four triangular

lappets on the edge of the disk between the ribs (fig. 41, c) . Second

maxillae short and stout, basal plate with sharp teeth ; anterior pair

of postmaxillary spines very small, posterior pair hardly discernible

or lacking.

Swimming appendages with flagella on the two anterior pairs.

Each of the first three pairs on the female with posterior ventral

ridges or lobes on the coxa progressively larger toward the third one.

Fourth appendage with a broadly rounded lamella on both the coxa

and basis. Tactile papillae fairly large.

First swimming appendage of the male with a slight ridge across

the posterior ventral edge of the coxa. Second appendage with a

broad irregular lobe on posterior edge of coxa with distal edge longer.

On the dorsal side the posterior edge of the coxa is prolonged into a

machete-shaped flap directed toward the body over the base of the

third appendages (fig. 41, a).

The third appendages have the precoxa somewhat enlarged; pos-

terior ventral edge of the coxa lobed, with the distal edge prolonged

laterally over the basis and the anterior distal edge prolonged as a

flap over it. The toe of the posterior lobe covers the broadened por-

tion of the basis, which contains the socket. There is a slight knob on

the distal anterior end of the endopod.

There are two posterior lamellae on the fourth appendages similar

to those of the female. The peg is very stout but ends in a narrow

curved tip with a blade-shaped chitinous process under the tip. It is

surrounded with a chitinous ridge, as in other species. The smaller

rounded respiratory area fits into a concavity in the side of the semi-

lunar large one that extends to the second maxillae (fig. 41, h).

The females have been reported to 19 mm. and the males to 12.5 mm.
A. Tnississippiensis is about as large as A. nobilis but very much more

flattened and expanded. The hosts are Lepisosteus osseus and Cylm-

drosteus platostomus from Fairport, Iowa.
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ARGULUS CATOSTOMI Dana and Herrick

FiGxm.B 42

Argulus catostomi Dana and Herrick, 1837, p. 297, pi. 1, figs. 1-11.

—

Milnb
Edwards, 1840, p. 445.—Thorell, 1865, p. 60.—Wilson, 1902, p. 709, pi. 13.—
Thiele, 1904, p. 25, figs. 53-58.

Carapace orbicular, usually wider than long, about reaching abdo-

men; abdomen relatively small, rounded, with sinus one-fifth to one-

third the length. First antennae without spine at the base or on

ventral surface of hook; anterior knob present, flagellum with seta

opposing the distal segments; second antennae without a spine at the

base, spine present near midline of body. The respiratory areas are

composed of the smaller rounded one set in a notch mesially, about

the middle of the larger, and about opposite the second maxillae (fig.

42, a). The females have been reported up to 12 mm. long and the

males to 6 mm.

FiGDEE 42.

—

Argulus catostomi: a. Respiratory areas ; b, male accessory organs of last

three legs ; c, ribs of suction cups.
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Suction cups supported by a series of seven to nine short rods becom-

ing progressively smaller toward the edge of the rim, distal ones with

only one side of rod thickened giving a C-shap©d effect (fig. 42, c)^

Second maxillae stout, basal plate broad with three (sometimes two or

four) broad stout teeth on the edge, lateral tooth stouter than others

;

the usual two pairs of postmaxillary spines absent.

The swimming appendages have flagella. Female with a flat lamella

on the basis of the fourth appendages and a somewhat boot-shaped

lamella on the coxa. There is a slight widening of the coxa of the

third appendage to form a posterior ridge.

Second appendage of male has the usual posterior armored pad on

coxa, which is peculiar in that it is highest on the distal end of the coxa

and forms a saddle to fit over the next appendage. The third append-

age has a flap on the anterior distal edge of the coxa extending over

the basis to the exopod (fig. 42, b). From the posterior of the same

segment extends a battle-ax-shaped flap over the fourth appendage

and laterally over the basis covering the lobe containing the socket.

The exopod has a knee at the base. The fourth appendage has the

usual peg with a small prolongation to form the tip which is some-

what enlarged with a ridge around the base. The posterior surface

of the coxa is prolonged into a boot-shaped flap.

This species has been taken on carp {Cyprinus carpio) at Fairbury,

111. ; from Erlmyson sucetta ohlongus at Warren, Mass. ; Oatostonius

commersonii at New Haven, Conn., Woods Hole, Mass., and Lake

Champlain and Oneida Lake, N. Y. ; and on C. commersonii, G. nigri-

cans, and G. catostomus in Lake Maxinkuckee, Ind. In Connecticut

and Massachusetts it was found in brackish water, but in fresh water

elsewhere.
ARGULUS APPENDICULOSUS Wilson

Figure 43

Argulus appendiculosus Wilson, 1907, p. 419, pi. 32, figs. 23-30.

Argulus Mramosus Bebe, 1931, p. 428, figs. 1-7.

Carapace slightly longer than wide, reaching abdomen in male^

shorter on female; cephalic area not prominent. Abdomen spindle-

shaped, lobes pointed; anal furcae almost basal, diverging laterally

and truncated; sinus about half the length of the abdomen. The
respiratory areas consist of a small mesial rounded one fitted into a

notch in the larger lateral one (fig. 43, &) . The male has been reported

up to about 10 mm. in length and the female considerably larger.

First antennae with no anterior knob, no spine on ventral median

surface or at base; flagellum biramous. Second antennae with no

spine at base, spine near midline long and blunt, flagellum well sup-
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plied with setae. Suction cups about one-fifth width of carapace, rim
supported by ribs with two segments, edge with truncated lobes armed
with delicate setae as opposed to triangular lobes of other species (fig.

43, «) . Second maxillae with blunt teeth and two pairs of blunt post-

maxillary spines near midline.

FiGURB 43.

—

Argulus appendiculosus: a, Ribs of suction cups; b, respiratory areas; c,

male accessory organs of last three legs.

Swimming appendages with flagella, female with boot-shaped

lamella posteriorly, which extends beyond the margin of the abdo-

men; on the male the lamella is prolonged and turned anteriorly

so that the end is parallel with the anterior edge of the fourth ap-

pendages. The second appendage of the male has a broad lobe on

the posterior ventral edge of the coxa, which is slightly prolonged

laterally with long setae on it (fig. 43, c). On the third appendage

the coxa has a triangular lamella extending over the basis and a

posterior one also projecting laterally. The posterior surface of

the basis beneath the lateral lobe of the posterior lamella is slightly

enlarged to accommodate the socket with its opening directed dor-

sally. The basal joint of the endopod of the fourth appendage is

broad and the terminal joint abbreviated on most mature males.

The peg consists of a typical pear-shaped organ with a narrow tip

directed laterally; around the base is the usual chitinous ridge run-

ning obliquely across the basis; posteriorly this segment is rounded

into a lobe. The posterior lamella has already been mentioned.

The hosts and localities are as follows: Sucker {Catostomus sp.),

Montpelier, Vt. ; Ictalurus pimctatus, grunt, Cumberland Falls, Ky.

;
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Micropterus salmoides^ Ictiobus cyprinella^ I. hulbalus, Fairport,

Iowa; Dorosoma cepediarvmn, Promoxis cmnularis, Roccus chrysops,

yellow perch {P&rca flavescens), Little Star Lake, Wis.; Catostomus

commersonii, Shenandoah River, Strasburg, Va. ; Ameiurus nebulosits

in Lake Erie ; and on catfish in Lake Dallas, Tex.

The remains of specimens of hiramosus in the U, S. National

Museum are identical in every respect with appendiculosus.

ARGULUS LEPIDOSTEI Kellicott

FiGIXBE 44

Argulus lepidostei Kellicott, 1877, p. 214, figs. 1, 2.—Wilson, 1902, p. 712, pi. 16

;

1916, p. 351, pi. 62, figs. 16-19, pis. 64, 65.—Thiele, 1904, p. 27.

Carapace elliptical, covering third appendages on female, almost

to abdomen of male ; abdomen ovate, broad at top on male, covering

base of fourth appendages of both sexes ; anal sinus deep, anal furcae

over halfway from base, tips rounded. The respiratory areas ex-

tend only as far forward as the second maxillae. The smaller one

is set in a notch in the upper mesial side of the larger with a second

notch below it and a widened posterior portion (fig. 44, h).

Figure 44.

—

Argulus lepidostei: a, Male accessory organs of last three legs ; 6, respiratory

areas ; c, ribs of suction cups.

First antennae with the lateral hook curved back, the anterior

hook and midventral spine present, but no spine at the base. The

tip of the flagellum is opposed by a slender branch. A larger spine

is located at the base of the second antennae and a very large one

near the midline of the body. The basal segments are not very stout.

The suctions cups are large and close together; rims supported by ribs

made up of a series of eight or nine short rods progressively smaller
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toward the edge (fig. 44, c). Marginal lappets long and slender.

Second maxillae with a narrow basal plate, teeth standing out

abruptly from it and very sharp. Two median pairs of spines very

sharp, proximal tooth on plate more widely separated than other two.

Swimming appendages with flagella. Prominent boot-shaped

lamella on posterior surface of fourth appendage of female, tactile

papillae prominent and long. Male second appendages with a very

broad thin lamella on ventral posterior edge of coxa extending con-

siderably back over the next appendage with a lateral prolongation

of distal edge. Third appendages with a long somewhat triangular

flap on the anterior surface extending from the distal end of the

coxa over the basis to the base of the exopod. The basis is rounded

posteriorly where the socket is located; there is a slight protuber-

ance on the ventral side of this segment. The fourth appendage has

a boot-shaped lamella of considerable size without a heel. The peg
is located on the distal edge of the basis near the origin of the exopod

and is pear-shaped, with a broad base and a narrow short projection

laterally (fig. 44, a). Around the base obliquely across the segment

is a chitinous ridge armed with short spines. The male opening is

indicated by a stout cylindrical papilla at the end of the thorax

between the appendages.

Females have been reported up to 11 mm. and males to 8 mm.
Found on Cylindrosteiis platostoTnus and Lepisosteus osseus at De-

fiance, Ohio; Fairport, Iowa; New York Aquarium (probably from

Southern States) ; Buffalo, N. Y. ; Kingston (State not indicated by

Thiele) ; and Put-in-Bay, Ohio. Specimens were collected at Reel-

foot Lake by Dr. C. L. Baker from the short-nose gar {Lepisosteus

sp.). Dr. Bangham collected them in Florida on the spotted gar

{Lepisosteus sp.) at Naples and in the Everglades Canal at Wood-
mere and Englewood.

ARGULUS NOBILIS Thiele

FiGUKE 45

Argulus nohilis Thiele, 1904, p. 28, figs. 64-76.

Argulus ingens Wilson, 1912b, p. 233, pi. 30, pi. 31, fig. 7.

Argulus noMlis var. ingens Wilson, 1924, p. 2.

Carapace elliptical ; cephalic area prominent in male, not so prom-

inent in female ; sinus extending to the middle of carapace or beyond

;

alae reaching to the edge of the abdomen. Abdomen heart-shaped

in female, with anterolateral projections in male; anal sinus extend-

ing almost to middle of abdomen in male, reaching middle in female;

tips of abdomen pointed, sides of sinus flaring; anal furcae one-tliird
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to one-half distance to the base of sinus. Respiratory area as in

figure 45, a.

First antennae with anterior hook and a ventral spine, none at

base; flagellum with biramous tip, one branch secondarily branched;

second antennae with spine at base; third spine near midline.

Suction cups with 12 to 14 segments in ribs supporting the rim

(fig. 45, h). Second maxillae stout, rounded papilla on posterior

ventral surface of third joint opposing claws of terminal joint on
male; basal plate with three sharp teeth, papilla small and round,

armed with long setae; two pairs of postmaxillary spines sharp.

Figure 45.

—

Argulus notilis: a, Kespiratory areas; Ty, ribs of suction cups; c, accessory

organs of last three legs of male.

First two pairs of swimming legs with flagella ; anterior distal end

of proximal segment of endopod with a fingerlike projection; boot-

shaped lamella on posterior coxa of fourth legs of female, lamella

merely prolonged laterally on the male. Male first appendage with

posterior lamella on coxa and a row of setae along posterior ventral

edge ; second appendage with usual bilobed lamella on coxa but distal

end with perpendicular papilla, proximal part of lamella saddle-

shaped from a lateral view (fig. 45, c) ; coxa of third has a long finger-

like flap extending from the anterior distal edge of the segment over

the basis to the expod
;
posteriorly the coxa is fringed with long setae.

The socket is indicated by a rounded pocket on the posterior margin

of the basis ; the endopod is bent posteriorly at its origin and bowed
anteriorly toward the joint. The fourth appendage has a lamella

bearing setae on the posterior edge of the coxa, which is prolonged
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laterally almost to the base of the endopod. The basis has a slight

posterior rounded prominence with a few setae. The peg is set firmly

on the anterior distal edge of the basis near the base of the exopod. It

has the usual chitinous ridge running obliquely across the segment

around its base; two rounded papillae indicate the opening of the

ejaculatory duct at the end of the thorax. On the thorax of the male

between the second and third swimming appendages is a pair of tri-

angular flaplike structures, with the points of the flap directed

anteriorly on each side of the body near the base of the appendage.

Length of female up to 25 mm., males about 16 mm. The hosts are

the alligator gar (Atractosteits tristoechics) , from Louisiana, Texas,

and Mississippi, and the long-nosed gar {Lepisosteus osseus), from

Ocean Pond, Lake City, Fla.

ARGULUS BICOLOR Here

FlGtJEE 46

Argulus Ucolor Beee, 1936, p. 580, pi. 2, figs. 17-23.

Carapace longer than wide, rounding forward into lateral sinuses,

cephalic area projecting forward prominently, posterior sinus broad

;

alae reaching fourth swimming appendages of female, extending onto

abdomen in male ; last thoracic segment broad, attached to abdomen

by a slender neck; anterior respiratory area small, slightly oblong,

posterior one about the same width, three times as long and slightly

curved (fig. 46, a). Abdomen about one-third covered by carapace

in male, anal sinus nearly half its length, papillae inconspicuous;

anal sinus of female more than half the length of abdomen.

FiGDBE 46.

—

Argulus hicolor: a, Respiratory areas ; 6, ribs of suction cups ; c, male

accessory organs of last three legs.
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Antennae somewhat compressed with a prominent anterior hook,,

lateral hook curved back on itself; spine at base of first antennae

larger than those at base of second antennae and on ventral surface

of lateral hook, postantennal spines still larger, all three very broad

;

second antennae long. Suction cups occupying almost full width of

carapace; ribs composed of 6 to 10 imbricate plates and an elongate

basal segment (fig. 46, h). Second maxillae with two mesial spines

of basal plate fairly sharp and short, lateral one broader with the

spinous pad extending onto it. Postmaxillary spines very prominent.

Swimming appendages short, without flagella, very broad dorso-

ventrally; first, second, and third progressively longer, fourth short

and stout, unmodified except broad coxa on male ; female with bilobed

natatory lobe on coxa; precoxa not apparent except natatory lobes,,

which are prominent and extend posteriorly in the male.

Slight concavity on coxa of second swimming appendages with

minute spines around the edge. The socket is a large rounded con-

cavity on the coxa of the third appendages that fits over a swollen

anterior surface of the coxa on the fourth leg rather than being a

true peg. The precoxa is indicated by a somewhat triangular swim-

ming lobe closely attached behind the abdomen (fig. 46, c).

Taken on the needlefish {Strongylv/ra notata) and sand bream
{ArchosarguB unifnaculatus) in Lemon Bay, on the Gulf coast of

Florida.

ARGULUS FUSCUS Bere

Figure 47

Argulus fnscus Beke, 1936, p. 578, pi. 1, figs. 2-10.

Carapace elongate, lateral sinuses shallow, cephalic area well

marked ; carapace reaching onto abdomen
;
posterior sinus about one-

fourth its length, very narrow. Anterior respiratory area oblong,

posterior one considerably wider and flaring to double the width of

the anterior portion about halfway back (fig. 47, a). In the male the

abdomen is about one-third the total length, somewhat rectangular

in shape, sinus shallow, sides flaring, anal furcae basal, testes very

long, reaching sinus; abdomen oblong in female, with smus reaching

over half its length.

Antennae with a prominent anterior hook, tip of lateral hook
curved back on itself, flagellum of first and second antennae extend-

ing beyond lateral hook, which is short. Ventral spine prominent,

basal spines of first and second antennae much smaller than post-

antennal spines. Suction cups with ribs composed of 6 or 7 imbricate-

plates and a rectangular segment (fig. 47, b) in male and 12 to 14 in

'female, with the basal segment almost square. Second maxilla©
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witli two mesial spines of basal plate narrow and blunt, distal one

broad
;
postmaxillary spines long.

Swimming appendages about the same length, quite stout in male,

elongate in female; without flagella. Two anterior appendages of

male unmodified. Third one with a rounded knob on the dorsal

anterior side of the coxa, basis elongate with the socket extending

Figure 47.

—

Arguhis fuscus: a, Respiratory areas ; h, ribs of suction cups ; c, male accessory

organs of last two legs.

along the full length of the posterior edge, which is drawn out into a

ventral flap. Fourth appendages of male very short and broad

dorsoventrally. Peg a large knob on the anterior surface of the

coxa; basis stout and horny, with a ridge forming a cup around the

peg. Precoxa a triangular-shaped segment with base of triangle

directed posteriorly and slightly lobed to form a natatory lobe

(fig. 47, c) ; in female modified into a boot-shaped natatory lobe

posteriorly.

Taken on hogfish {Orthopristis chrysopterus) and silver perch

{Bairdiella chr'^ysv/ra) in Lemon Bay, Gulf coast of Florida.



LITERATURE CITED

Bere, Ruby.

1930. The parasitic copepods of the fish of the Passamaquoddy region.

Contr. Can. Biol, and Fish., new ser., vol. 5, pp. 42^-430, 2 pis.

1931. Copepods parasitic on fish of the Trout Lake region, with descrip-

tions of two new species. Trans. Wisconsin Acad. Sci., Arts and

Lett., vol. 26, pp. 427-436, 2 pis.

1936. Parasitic copepods from Gulf of Mexico fish. Amer. Midi. Nat., vol.

17, pp. 577-625, 12 pis.

Claus, Gael.

1875. Ueber die Entwickelung, Organization und systematische Stellung der

Arguliden. Zeitschr. Wiss. Zool., vol. 25, pp. 217-284, 5 pis.

CXTNNINGTON, WILLIAM ALFKED.

1931. Reports of an expedition to Brazil and Paraguay in 192&-27, sup-

ported by the trustees of the Percy Sladen Memorial Fund and the

executive committee of the Carnegie Trust of Scotland. Argulidae.

Journ. Linn. Soc. London, vol. 37, pp. 259-264, 2 pis.

Dana, James Dwight.

1853. United States exploring expedition . . ., vol 14, pp. 691-1618, 96 pis.

Dana, James Dwight, and Heeeick, Edward Ciaudius.

1837. Description of the Argulus catostomi, a new parasitic crustaceous

animal. Amer. Journ. Sci., vol. 31, pp. 297-308, 1 pi.

Gould, Augustus Addison.

1841. Report on the Invertebrata of Massachusetts, comprising the MoUusca,

Crustacea, Annelida, and Radiata, 373 pp., 213 figs.

Gbobben, Karl.

1908. Beitriige zur Kenntnis des Baues und der systematischen Stellung

Arguliden. Sitz.-Ber. Akad. Wiss. Wien, math.-nat. Klasse, voL

117, pp. 191-233, 6 figs., 3 pis.

GuBERLET, John Earl.

1928. Notes on a species of Argulus from gold-fish. Univ. Washington Publ.

Fisheries, vol. 2, No. 3, pp. 31^2, 7 figs.

JUEII«fE, Louis filS.

1806. M^moire sur I'Argule foliac6 {Argulus foUaceus). Ann. Mus. Hist.

Nat, vol. 7, pp. 431-458, 1 pi.

Kampen, p. N., van.

1909. tJber Argulus lelones n. sp. und A. indicus M. Weber aus dem

Indischen Archipel. Zool. Anz., vol. 34, pp. 443-447, 6 figs.

Kellicott, David Simons.

1877. Description of a new species of Argulus. Bull. Buffalo Soc. Nat. Sci.,

vol. 3, pp. 214-216, 2 figs.

1880. Argulus stizostethii, n. s. Amer. Journ. Microsc. and Pop. Sci., vol.

5, pp. 53-58, 5 figs.

1886. A note on Argulus catostomi. Proc. Amer. Soc. Microsc, vol. 8,

p. 144.

KB0YER, HeNRIK.

1863-64. Bidrag til kundskab om Snyltekrebsene. Naturh. Tidsskr., Raekke

3, Bind 2, pp. 75-426, 18 pis.

520



REVIEW OF GENUS ARGULUS MEEHEAN 521

Leydig, Fkanz.

1850. Ueber Argulus foUaceus. Ein Beitrag zur Anatomie, Histologie, und
Entwickelungsgeschichte dieses Thieres. Zeitschr. Wiss. Zool.,

vol. 2, pp. 323-364, 2 pis.

Maetin, M. F.

1932. On the morphology and classification of Argulus. Proc. Zool. Soc.

London, 1932, pts. 2, 3, pp. 771-806, 5 pis.

Mekhean, Otis Lloyd.

1937. Additional notes on Argulus trilineatus (Wilson). Ohio Journ. Sci.,

vol. 37, pp. 288-292, 1 pi.

Milne Edwards, Henri.

1840. Histoire naturelle des crustac^s . . ., vol. 3, 638 pp. Paris.

MoNOD, Th]6odoee.

1928. Les argulides du Mus^e du Congo. Rev. Zool. et Bot. Africaines,

vol. 16, pp. 242-274, 1 fig., 10 pis.

Mueller, Justus Frederick.

1936. Notes on some parasitic copepods and a mite, chiefly from Florida

fresh water fishes. Amer. Midi. Nat., vol. 17, pp. 807-816, 3 pis.

1937. Parasitic copepods of the Syracuse region. Papers in Helminthology,

30-year Jubilee Papers in Honor of K. J. Skx-jablin, All-Uniou
Lenin Acad. Agr. Sci., Moscow, pp. 412-417.

SooTT, Thomas, and Scott, Andrew.

1913. The British parasitic Copepoda, vol. 1, 256 pp., 2 pis. Ray Society,

London.

Smith, Sidney Irving; Verbhx, Addison Emory; and Haegee, Oscae.

1873. Catalogue of the marine invertebrate animals of the southern coast

of New England, and adjacent waters. Rep. U. S. Fish Comm. for

1871-72, pp. 537-747, 38 pis.

Thiele, Johannes.

1900. Diagnosen neuer Arguliden-Arten. Zool. Anz., vol. 23, pp. 46-48.

1904. Beitriige zur Morphologic der Arguliden. Mitt. Zool. Mus. Berlin^

vol. 2, No. 4, 55 pp., 4 pis.

Thomsen, Ricaedo.

1925. "Argulus violaceus" nov. spec. Cangrejo parasite del bagre. Physis^

vol. 8, pp. 185-198, 15 figs.

Thoeell, Tameelan.

1865. Om tvenne Europeiska Argulider. Ofv. Vet.-Akad. Forh., 1865, pp.

7-72, 3 pis.

Tidd, Wilbue Metellus.

1931. A list of parasitic copepods and their fish hosts from Lake Erie.

Ohio Journ. Sci., vol. 31, pp. 453-454.

Tokioka, Takasi.

1936a. Preliminary report on Argulidae found in Japan. Annot. Zool. Jap.,

vol. 15, pp. 334-343, 1 pi.

1936b. Larval development and metamorphosis of Argulus japonicus. Mem.
College Sci. Kyoto Imp. Univ., ser. B, vol. 12, pp. 93-114, 25 figs.

Waglee, Eeich.

1935. Die deutschen Karpfenlause. Zool. Anz., vol. 110, pp. 1-10, 3 figs.

Webee, Max.
1892. Die Siisswasser-Crustaceen des indische Archipels . . . Zool. Ergebn.

Niederl. Ost-Indien, vol. 2, pp. 528-571, 22 figs., 1 pi.



522 PROCEEDINGS OF THE NATIONAL MUSEUM vol.83

Wilson, Chables Branch.

1902. North American parasitic copepods of the family Argulidae, with a

bibliography of the group and a systematic review of aU known
species. Proc. U. S. Nat. Mus., vol. 25, pp. 635-742, 23 figs., 20 pis.

1904. A new species of Argulus, with a more complete account of two

species already described. Proc. U. S. Nat. Mus., vol. 27, pp.

627-655, 38 figs.

1907. Additional notes on the development of the Argulidae, with descrip-

tion of a new species. Proc. U. S. Nat. Mas., vol. 32, pp. 411^24,

4 pis.

1908. North American parasitic copepods: A list of those found upon the

fishes of the Pacific coast, with descriptions of new genera and

species. Proc. U. S. Nat. Mus., vol. 35, pp. 431-481, 18 pis.

1912a. Parasitic copepods from Nanaimo, British Columbia, including eight

species new to science. Contr. Can. Biol., 1906-1910, pp. 85-101,

7 pis.

1912b. Descriptions of new species of parasitic copepods in the collections

of the United States National Museum. Proc. U. S. Nat. Mus., vol.

42, 233-243, 5 pis.

1916. Copepod parasites of fresh-water fishes and their economic relations

to mussel glochidia. Bull. U. S. Bur. Fish., vol. 34 (1914), pp.

333-374, 15 pis.

1918. The copepod parasites [of Lake Maxinkuckee] . Proc. Indiana Acad.

Sci., 1918, pp. 230-231.

1920a. Argulidae from the Shubenacadie River, Nova Scotia. Can. Field

Nat., vol. 34, pp. 149-151.

1920b. Parasitic copepods from the Congo Basin. Bull. Amer. Mus. Nat.

Hist, vol. 43, pp. 1-8, 3 pis.

1923. New species of parasitic copepods from southern Africa. Gotesborgs

Kungl. Vet.-Samh. Handl., ser. 4, vol. 25, art. 6 (Medd. Got. Mus.

Zool., Avd. 19), 12 pp., 2 pis.

1924. New North American parasitic copepods, new hosts, and notes on

copepod nomenclature. Proc. U. S. Nat. Mus., vol. 64, art. 17,

22 pp., 3 pis.

1926. A new parasitic copepod from Siam. Journ. Siam Soc, Nat. Hist.

Suppl., vol. 6, pp. 361-363, 1 pi.

1927. A copepod {Argulus indicus) parasitic on the fightingfish in Siam.

Journ. Siam Soc, Nat. Hist. Suppl., vol. 7, pp. 1-3, 1 pi.

1932. Copepods of the Woods Hole region, Massachusetts. U. S. Nat.

Mus. Bull. 158, 635 pp., 41 pis.

1935a. Parasitic copepods from the Dry Tortugas. Carnegie Inst. Wash-

ington Publ. 452, pp. 327-347, 6 pis.

1935b. Parasitic copepods from the Pacific coast. Amer. Midi. Nat., vol. 16,

pp. 776-797, 6 pis.

1936a. Argulus canadensis from Cape Breton Island. Journ. Biol. Board

Canada, vol. 2, pp. 355-358, 9 figs.

1936b. Copepods from the cenotes and caves of the Yucatan Peninsula,

with notes on cladocerans. Carnegie Inst. Washington Publ. 457,

pp. 77-88, 18 figs.

Yamaguti, Sattu.

1937. On two species of Argulus from Japan. Papers on Helminthology,

30-year Jubilee Papers in Honor of K. J. Skrjablin, All-Union

Lenin Acad. Agr. Sci., Moscow, pp. 781-784.

o




