IV.—NOTES ON ENT0ZOA OF MARINE TISHES OF NEW ENG-
LAND, WITH DESCRIPTIONS OF SEVERAL NEW SPECIES,

" BY EpwiN LINTON.

In the sammers of 184-’85 1 collected Entozoa from several of the
commoner species of food-fishes and Selachians at the swmmer station
of the U. 8. Fish Commission, Wood’s Holl, Mass.

Cestoid entozoa in the adult or strobile condition were found in great
humbers in the alimentary tracts of all the Selachians examined. Iin-
cysted forms of the Cestoides are for the most part confined to the
Teleostei and are found in greatest abundance in the submucous coat
of the stomach and intestine, although not infrequently met with in
the peritoneum, liver, spleen, ovaries, &c. In every specimen of such
fishes, as the Bluefish (Pomatomus saltatriv), Squeteague (Cynoscion
regale), Striped Bass (Roccus lineatus), &c., examined, the walls of the
alimentary tract were spotted thickly with minute cysts, which, when
opened, were found to contain larvie of some Cestods, most of them of
the genus Rhynchobothrium. Some from the submucous coat of the
S‘lueteague (C. regale) seem to bo larva of the species which I have
hamed R. bisulcatum.

In the gall-bladder of nearly every specimen of Squeteague (Cynoscion
egale) that I have examined, I found hundreds of larval Tetrabothria.
They are usually attached to the walls of the cystic duct in clusters of
Such size as to obstruct the passage: (Plate VI, Figs. 6 and 7.) They
are casily dislodged and often may be seen in vast numbers in the amber-
colored contents of the gall-bladder. These larve, when placed in sea-
Wa.ter, are quite active. Each moves by alternately thrasting forward a
pmr. of bothria and by alternate contraction and extension of the body.
Whlle this is in progress the body is constantly changing its form. At
times it ig long and filiform, at others short and broad. At rest it is
00'mmonly thickened or obtuse in front, tapering posteriorly. The body
of 'the larva consists of a thin limiting membrane about 0.05™™ thick,
ln§1(1e of which is a granular parenchyma, the latter a clear fluid filled
With highly refractilo globular masses averaging 0.01"= in diawecter.
The bothria are four in number, without hooks, and in the majority of
those examined, without ecostm. In some specimens there seems to be
the beginning of an auxiliary acetabulum at the apex of cach bothrium.
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The apex of the head, at times obtuse or even retuse, is frequently cle-
vated into a terminal papilla, disclosing a conical proboseis and termi-
nal os like that of Echencibothrium. The entire head is sometimes invagi-
nated. The length is diflicult to determine, on account of the extreme
variability of form, but the average length when at rest is not far from
2.5mm,  When placed in fresh water they are apt to assume a filiform
shape, with a length of from 4 to 6™». When disturbed they contract
to 1.5"m or less. Many of these larvie have two small red blotches im-
mediately behind the bothria. A water vascular system can be distin-
guished in most of them. This consists of a convoluted tube on cach
margin, becoming evidently double near the head and forming a loop
in front of the bothria and giving off brauches to the bothria. Larvee
resembling those from the gall-bladder, but smaller, were also found in
the intestine of the Squeteague (Cynoscion regale) and of the Angler
(Lophius piscatorius). ‘These, wherever noticed, were in myriads, float-
ing free in the chyle. (Plate VI, Figs. & and 9.)

Elongated cysts were found in the liver, or peritonenm, of most of
the Teleostei that were examined. These when opened set free an en-
docyst which is contractile and has the power of locomotion to some
extent. When subjected to the action of the compressor, lateral ves-
sels can be discerned which are evidently parts of a water vascular
system. When one of these endocysts (blastocysts Diesing), that is suffi-
clently developed, is opened, it will be found that an cwbryo has been
developed within, In some, this embryo seems to be free in the paren-
chyma, and when the wall of the blastocyst is ruptured, it is at once
freed from its living envelope. The development in this case scems to
be analogous to the development of Cercarie in a Sporocyst.

In other cases the neck of. the embryo is protruded from the side of
the blastocyst in the form of aloop. 'When further pressure is applied
the head is released, while the blastocyst remains attached to the scolex
much like the bladder of a Cystocercus. The embryo, however, it will
be observed, is not released by evagination, as in Tenia.

Nematods were fouud in most of the fish that were examined, both
free in the alimentary canal and cucapsuled in the peritonenm, gastric
caeca, liver, &e. They were found in the greatest numbers in the peri-
toneum of the Awngler (Lophius piscatorius), from a single specimen of
which hundreds of the Nematoid, dgamonema capsularia Dies., were
obtained.

Several Trematods were met with, most of them free in the stomach
of their host, but not so abundant as either the Cestoidea, Nematoidea, Or
Acanthocephala. These will be described in a subsequent paper.

The only fishes that were found comparatively free from intestinal
parasites were the Sca-Robins (Prionotus), while a Sturgeon (Acipenser
sturio) yielded but one specimen, a Newmatod from the alimentary canal,
and a few Trematods from the gills.
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In the descriptive part of this paper I have confined my attention to
the Cestoidea and the Acanthocephala, and with two exceptions, viz,
Dibothriwm alutere and Echinorhynchus sagittifer, to adult forms.

In the determination of genera I have been guided principally by
Diesing’s Revisions. Accepting the characters there enumerated, I
Lave been compelled to create three new generic naines, viz: Spongio:
bothrrium, Crossobothrium, and Phoreiobothrium.

Tor the determination of species I have madeuse of the publications of
Rudolphi, Diesiug, P. J. Van Beneden, Dujardin, Von Linstoyw, Wagener,
Krabbe, Olsson, Eschricht, Leuckart, Kiichenmeister, Ziirn, Von Sie-
bold, Leidy, Cobbold, and others.

Systematic work on the Intozoa is attended with much difficulty on
account of the confusion in which the earlier literatureis involved. In
this connection I take the liberty of quoting a brief passage from Vou
Linstow’s ¢ Compendium der Helminthologie,” Hannover, 1878:

“The number of well-founded species is indeed not quite so great as
the list indicates, for a host of older names, especially originating with
leolphi. figure in it, of which typical examples are no longer in ex-
Istence, and which have been deseribed imperfectly or not at all, so that
they must remain forever an unsolved riddle. For example, many rudi-
wents of Tenie discovered by this author, whose enumeration has been
of not the least advantage to science, and many descriptions of older
date have not since been recognized. One comes from their contem-
plation often in great perplexity of mind,and does not really know how
they ought to be represented. Moreover, to make tho entire literature
effective was impossible, since too many species are described in such
 way that it is not possible to recognize them again, and other specifi-
Cfttious are so immprobable that for this reason they must remain uncou-
Sidered; * * #* when further the description of a new species is dis-
posecl of with an enumeration of the length and breadth, when, finally,
for new species ounly the place where they are found is given, together
With or witliout an accompanying description, as is to be found in many
Works, then I think I am not at fanlt in citing such publications only
1 limited amount.”

It has heen my endeavor to give as full a description of each species
considered as the material at hand would justify. When only alcoholic
Specimens were accessible I have mentioned the fact in the proper
place.

As the development of many of the Cestoidea seems to boe quite differ-
ent, even in closely related forms, it is very important that the sys-
temat}c work which is done on them be so done as to leave no doubt in
the mind of the investigator what specics is being described, whether
2:002333‘1{ f‘ld.ollted fo%‘it: h{)lds or not. Appreciating the value of figures
in thié )ah) 11'11.1,13,]1(? lqentlt.y of sp.cmes, Ihave therefore.not 1.ncluded
Cient}ﬁfl"uxl‘(:;t( Lbcrl'l)tmlls of any forms unless :wcompmugd with suffi-

Y v make future identification reasonably certain.
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In giving the specific names of fishes mentioned in this paper, I have
used the nomenclature adopted by Prof. George Brown Goode in
“The Iisheries and Iishery Industries of the United States, Section
[.7 Washington, 1834,

The illustrations which accompany this paper are the work of my wife,
Margaret B. Linton.

OrpER CESTOIDEA.
Family DIBOTHRIIDAE Diesing.
DinoTERIUM Rudolphi.

Tenim spec. of Anthors.

Rlytelminthus, Rhytis, Alyselminthus, and Helsys Zedeor.
Bothriocephalus (Dibothrius) Rudolphi.
Diphyliohothrium Cobhold.

Dibothrium Dicsing.

Dibothrium manubriforme, sp. nov.
[Plate I, Figs. 1-4.]

Head cuneate, tetrangular, truncate in front, tapering posteriorly,
coustricted into a cylindrical neck-like part near posterior, then expand-
ing so that the posterior end of the head resembles one of the anterior
segments of the body. The general appearanceof the head when viewed
laterally is therefore somewhat like a ball-bat, the constrieted part rep-
resenting the handle.  Two longitudinal foss:w (bothria), laterally placed,
extend from the anterior part of the head to the constricted part. Each
of the marginal lobes thus formed is indented at the anterior extremity
by a short but deep secondary fossa, which, together with the two lat-
eral foss, give the head when viewed in front a four-lobed appear-
ance. The cdges of the Iobes bordering the lateral fosswe are thin-lipped
and flexible; anteriorly there is a transverse elevation forming both a
lateral and a marginal rim and making an obtuse angle between the
front and the side of the head. The marginal lobes, when at rest, have
a rounded outline, fullest in the middle, tapering posteriorly, appressed
slightly anteriorly, and raised into two small eminences on cach side of
the secondary fosse. The head in a marginal view is somewhat flask-
shaped. Secn from the front the head is squarish, with the angles
rounded and the sides deeply cleft, the clefts rounded, the lateral clefts
deeper than the marginal. Tmmediately back of the head the segments
are very narrow, and for a greater or less distance, depending on the
state of contraction, maintain about the same width as the base of the
head. In some individuals the small anterior segments continue much
farther back from the head than in tho oune figured (Plate I, Fig. 1).
The segments aro alternately short and long. This characteristic is
quite plainly marked in those segments which immediately follow the
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head, is still noticcable on the median segments and also on the poste-
rior ones, but is not so plainly marked on the latter as on the two former.
In one specimen examined the first six segments did not show this alter-
nation in size. In the next fourtcen segments, however, the alternation
was quite evident. The swmall anterior segments are terete, subtrian-
gular in outline, narrow in front, wide behind, the length nearly cqual
to the greatest breadth. Tho succeeding segments are much broader
than long.. At the widest part the ratio of the breadth to the length
is as much as fourteen to one. As the segments increase in width they
become much erowded together and thickened. Inone specimen, meas-
uring 140"», the segments increased in width uniformly for about 100w
from the head; from that point they remained about the same size until
hear the posterior end, where they began to be elongated and at the
same time became narrower and much thinner, The crowding together
of the median segments is not due to contraction, but seems to be a per-
Inanent characteristic of the species. In some very young specimens
the same character was observed. The general form of theso WOrInSs,
both young and adult, was persistent. Although kept for some time
in water they were not observed to change their form in any essential
particular from that given in the sketches.

In alcoholic specimens a dark median line will be noticed extending
from the posterior end to the middle or auterior third of the strobile.
This is due to the centrally situated ovaries, which are crowded with
¢ggs. The genital apertures are lateral and may be traced in an irreg-
ular zigzag line on one side from about the anterior third of the body.
In the mature segments they are rendered obscure, if not wholly oblit-
erated, by the mass of eggs with which the center of the segment is
filled. The eggs are white, opaque, oval; length, 045" ; breadth,
03mm, - Agsociated with these perfect eggs are masses of others which
become transparent when treated with oil of cloves or other strongly
refracting media. These seem to be imperfect eggs which have not be-
Come invested with the thick hard shell which covers the perfect eggs.

An adult specimen gives the following measurements :
Millimetersa,

L et 1 L U 133, 00
Length of first sorics of ETTL01 133 1 = R et tecceeteeeaaaan 17,00
T Y R ST 3,50
Breadth of head in front, widest part.... ... e eeeemeereecaeeeeeeeeneeaan . 1Loo
Averago length of sogmontsy in tirst BOIICB.ccacs cenarcnie iiiiii i it i 0.50
Breadth of widest segmonts, median......... et eeericaceccat e aaan 6. 50
Longth of widest sogments, Median ... ouveaee coee ceeieceeeaceee e eeenee. 0.20
Length of posterior, maturo BOZINCTIES . ¢ e e cacc ccccon canocecacmas cnnaceannns 1.00
Breadth of POSEETior, Mature sCgmMentS.ee s coeaee i e et iiee ceievenaaeianae 250

In another specimen the head and first segments give the following
nleasurelﬂents H

Millimeters,
Longth of 8robile ...o..veee ooee e e e e e e n ... 140. 00
Longth of head and first scries Of SOEMONES <ottt ieeeiiceeecaceeecaaaas 30,00

Length of hoad ........oo.........

P s N1
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Millimetors.
Breadth of head in front, widest part...cceoeoceeiiecieeaerncareretocnniannes 0.90
Breadth of head just behind the front rim........ Cereeeereeeeecaee e aanan 0.80
Breadth of marginal lobe, about the middle................... e reeteeaeaas 0.90
Breadth of head, narrowest PArt. ccvun voee coincine ittt e eecee aeeans
Breadth of first segment, widest (posterior) part.....oeueeoivanaaaan. ..
Breadth of first segment, narrowest (anterior) part ..o.coecev e vanan ..
Length of Jonger alternate segments, fivst 8eries ... vooooiiiiiiiecaiione..
Length of shorter alternate scgmeonts, first series...... ... heemeceesce it cannaas

" The segments of the first series are sometimes notched or crenulated

on the postero-lateral margin, with a single median indentation; in

others the edge is but slightly waving ; in others it is nearly entire.
The following measurements are from a young specimen :

Millimeters.
Length of strobile...... eemee ameameeacaesaaaaee sacceieeneesacrecmee e 20. 00
Length of Bead .o o ooet e e er et ceceaei e e cmmene trean rmnee e
Breadth of head, anterior. ..o coceeroecaeeaaereinnnan..
Breadth of head just back of anterior rim
Breadth of head, narrowest (constricted) part.... .o.ooo.ooiciao i
Breadth of first scgments, widest (posterior) part ... ..ol iil.l
Breadth of first segments, narrowest (anterior) part.... ..o ool e
Average length of segments, longer alternates ..o ooooiiiiieiii il 0.35
Average leugth of sogments, shorter alternates...c ... ooooceiean i aaaae.
Breadth of widest segments.....o..coooiiiianiianiaii il
Average length of widest segments ..........
Width of postorior segments.. ............
Length of posterior segments........... o eree et teeniee e cene e ey 0. 36

Habitat.—DBoth young and adult, one specimen of the former and six
of the latter, were taken from the intestine of a spear-fish (Tetrapturus
albidus Poey), August 8, 1885, at Wood’s Holl, Mass.

Dibothrium alutere, Sp. nov.
{Plate I, Figs. 5-8.7

Near Dibothrium microcephalum Rudolphi, Diesing, Systema Helminth., i, 592.
Ibid., Sitzungsb., xiii, 678, Revis. Ceph., Par. 241, Wagener, Nov. Act.
Nat, Cur., xx1v, Suppl, 16, 69, tab. vi1, 77. Van Beneden, in Bullet.
Acad. Belgique, xxii, ii, 521.

Bothriocephalus microcephalus Bellingham, Ann. Nat. Hist., xiv, 203. (Habitat,
Orthayoriscus mola.)

Ilead subsagittate with rounded apex; bothria oblong, lateral ; neck,
none; first joints distinct, about as long as wide, becoming much shorter
and crowded together, much wider than long; genital apertures un-
known.

Habitat.—Tile Fish (Alutera Schopfii), Wood’s ioll, Mass., August,
1884 ; 104 specimens from intestines of a single fish.

These specimens were all immatare, none of them had the genital
apertures developed. They ranged in length from 20t to 94m»,  The
Dbothria in the smaller specimens are convex (Fig. b), the central con.
vex portions thin and transparent. A lateral view shows the bothria
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to be much narrower than the first joint, with curved regular outlines,
except at the posterior edge, where there is a shallow notch. The front .
of the head is bluntly conical, expanding quickly, then moderately cor-
tracted, making a kind of knob or button at the apex; this knob is
nearly circular. Measurements showed that the lateral diameter was but
little greater than the marginal. Inthe larger specimens this convexity
of the bothria had entirely disappeared, the thin membrane having col-
lapsed and the typical foss:e of the Dibothriw make their appearance. In
the larger specimens, also, the bothria are much shorter in proportion to
their width than in the smaller specimens (Fig. 7). The first segments
are distinet, length as great or even greater than the width, triangular.
The median and posterior segments are much crowded, width as much
as or even more than ten times the length, alternately long and short,
sometimes roughened by transverse wrinkles toward the posterior end.
Posterior end bluntly rounded (IFig. 8).
The following measurewments are from alcoholic specimens :

T i '
Dimensions. " No.1. . No.2. [ No. 3. ! No. 4.
- i-... B : - l
e o,
o, wan, : MIN. M,
LONZth Of BEEODILG «evsvvsnennrnenenemnensansneneanmnsnanssoscsmonees | 0900, GO0 9800

Length of head....... .e- .-
D;xunomrol‘ head, lateral apex..... teeecvomeacsanns '
1amoter of head, marginal apex - R
Breadth of bothrium, widest part.... e [
Grentost marginal dinmetor of head. ereeieneesescccecncennann ’
Lateral diameter of first segmnent ...
arginal diameter of firet segment. . .
Lougth of firat segmount. ... .. . ad
Groatest width of 8rODIlE o veeeeerennnnnennns ‘
.
I

2,60 ¢

Average length of segments noear posterior . 0.17 |.
Longth of posterior segment ..o ooeeens 0.20 1.
Breadth of postorior SOEIODt.eeeee eemeenaens

1.40|.

It will be seen upon comparing Figs. 6 and 7 that there is great va-
riety of form to be found in the bothria of these worms. Other forms
could be given, but it is believed that those cliosen for illustration are
sufficiently typical to prevent mistakes in identification. In many
specimens the convex outline of the bothria is lost, while thoe other pro-
portions of Figs. 5 and 6 are preserved. In cases where care is not
taken the preserving fluid may distort the bothria.

I did not observe any indication of the hooks on the head, mentioned
by Wagener for D. microcephalum (Entwickelung der Cestoden, p. 69,
tab. vii, figs. 77 and 77a). The resemblance of this worm to Wage-
ner’s figure is sufficiently close to indicate a probable identity. The
close relationship of the hosts, Orthagoriscus mola and Alutera Schapfit,
does not lessen this probability.

.Iu the absence of positive proof of such identity, which can bo ob-
tained only by observing some other stages of development, I think it
best to classify this worm as a new species with the provisional name
D. alutere.
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Family TETRABOTHRIID A,
Ecne~NemBoTorIitM Van Beneden.
Echeneibothrium variabile Van Deneden,
[Plate T, Figs. 0-13.]

Echeneibothrinm variabile Van Deneden, Mém. Acad. Belgique, xxv, 117, tab.
iii, 1-4, 6-15.  G.R. Wagener, Nov. Act. Nat. Cur., xxiv, Suppl., 85, tab,
Xxii, 280-282. Van DBenedon, Mém, Vers Intest., 122 and 366, tab. xv,
6-8. Diesing, Revis,der Coph. Ab. Par,, 267. Olsson, Lunds Univers
Arssk., tom, iii, 38, 40, tab. i, 15, 16.

Tetrabothrium (Fchencibothrium) variabile Dicsing, in Sitzungsb., xiii, 1854,
581,

Larval state, Vau Beneden, Mém, Acad. Belgique, xxv, tab, iii, 5. Diesing,
Sitzungsh. der kais. Akad., xiii, 1854, 562, G. R. Wagenor, . c., £5, tab.
XXii, 79, Van Beneden, Mém. Vers Intest., 122, tab. xv, 5.

Bothriocephalus spharocephalus? Deslongchamps, Encyel. M6th., ii, 150,

Lichencibothrinm sphavocephaliom Diesing, Revis. der Ceph. Par., 267,

The characters. given for this species by Diesing, following Van
Beneden, are:

Bothria four, pedicellate and highly versatile,at times linear or oval,
at others cochleariform or calyciformn, with a few transverse costwe, and
divided into several loculi by a longitudinal partition. Muscular pro-
boscis (myzorbynchus) large, subglobose, retractile, with a circular aper-
ture (os) in the apex. Neck long. Anterior segments of body broader
than long, median quadrate, ultimate oval. Genital apertures mar-
ginal, alternate. Ienis armed with spines, scarccly bristly at base.
Length as much as 100™m,

In tho latter part of August, 1884, obtained several specimens of
EBcheneibothria from the spiral valve of the common Skate (Raia erinacen)
which I have for the present referred to E. variabile Van Beneden. Some
of the specimens possess characters which are given by Diesing as be-
longing to F. spharocephalum Dies. (Revis. der. Ceph. Par., 267). It is
probable, however, that these two species are identical, as indicated
by Diesing : « Species hwce (. variabile) cum prazcedente (E. spheroceph-
alum) fortasse identica.”

A few sketches and measurements were made of the specimens while
they were still alive, but a pressure of other duties prevented a careful
study of them then. When I found time to study them carefully they
had lain for some time in alcohol and many of the segments had sep-
arated. There are two distinct types of head, one represented in Tig.
9, made from the living specimen; the other represented in Fig. 13,
made from an alcoholic specimen. Other alcoholic specimens are iden-
tical in form with that shown in Tig.9. In the first mentioned the
bothria are somewhat oval; pedicels moderatcly extended; the border
of the sucking disks thickened, marked with radiating lines, and gath-
ered or puckered into a fow large folds, The proboscis is glohose, re-
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tractile. When the living specimen was viewed from the apex the aper-
ture (0s) could be seen surrounded by many radiatin g lines like the radiat-
ing muscles of theiris. Inaside view of a mounted specimen a globular
body about 0.2=m in diameter can be seen lying in the centerof the probos-
cis and about 0.1™» from the apex. This globular mass has an apérturo
which lies opposite the aperture of the proboscis. It probably repre-
sents the true apex of the myzorhynchus retracted. The head behind
the bothria is elongated into a neck-like part, which joins the true neck
or joiutless porticn of the body by a definite articulation, which bears a
faint resemblance to a ball-and-socket joint, in which the anterior part
of the neck represents the “ball.” There is also a difference in tissue,
the neck having, besides longitudinal fibers, transverse fibers and many
granular cells, while the neck-like portion of the head appears to be
composed almost entirely of fibrous tissue arranged longitudinally.

In the other type tho pedicels of the bothria are inflated and some-
what globose; the thickened border of the disk is not so much folded
asinthe first. The head behind the bothria is short and turgid. These
differences, although striking when extreme cases are considered, are
none of them so profound but that they may bo accounted for by sup-
posing them to represent different degrees of contraction. The bothria
in the living worm are susceptible of great variety of form.

The segments begin from 1 to 2" back of the head. At first they
are much broader than long, subsequently they become quadrate, then
longer than broad. As the segments begin to mature they show a
tendency to become narrowed anteriorly, with convex margins. A few
of the extreme posterior segments are four times as long as broad, ob-
tuse-pointed in front, posteriorly attenuate, with a truncato termination.
The genital apertures are marginal, opening a little behind the middle.
In some they are not exactly on the margin, but may be seen, in a lat-
eral view, to be situated near the margin and running obliquely toward
the center of the segment. The penis was retracted in all the specimens
examined. It could be seen lying coiled up in the angle formed by the
vagina wheroe the latter turns abruptly from the middle of the segment
towards the margin. The vagina could be traced from the ovaries in
the posterior part of the segment along the median lino until it recaches
a point nearly opposite the marginal opening, where it turns abruptly
towards the margin and opens immediately in {ront of the penis. The
vas deferens is represented by a convoluted mass of tubes in the center
of the segment. The anterior part of tho sogment is filled with large
globular massecs (ova). Thesec are surrounded by a thick transparent
membrane, and have a granular interior. A layer of oblong granular
masses, smaller than the interior globular masses, surronnds the latter.
This laycr is adjacent to the marginal wall of the segment and the
masses are at right angles to if.

In some specimens the median and posterior sogments are very irreg-
ular in shape. This irregularity is sometimnes produced by the appar-






